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The “Write Stuff”: What Do We Know About
Developmental Dysgraphia?

Catherine McBride and Zebedee Rui En Cheah
The Chinese University of Hong Kong

Editor’s Note: Catherine McBride had been selected by the Academy to deliver the 2020 Cruickshank Memorial
Lecture. That lecture was canceled along with the annual conference.

Abstract

As researchers come to recognize the origins of dysgraphia, we can better suggest optimal
approaches to remediation. In defining dysgraphia, we review the writing process, research
on the development of writing, and various factors related to either spelling difficulties, vi-
sual-motor difficulties, or both, that might interfere in the process of writing. We conclude
by exploring some potentially helpful remediation techniques that should be considered as
educators, clinicians, researchers, teachers, and parents work together to ameliorate the po-
tentially devastating consequences of dysgraphia.

Keywords: Writing, dyslexia, multiscriptalism, motor skills, visual-spatial skills, spelling,
dictation, copying, handwriting, dysgraphia remediation

y (e.g., McBride, 2019) interest in dysgraph-
‘ \ / | ia developed gradually. I have taken les-
sons in Chinese on and off over the years.
Each time I do, I try to write the Chinese characters
assigned to me clearly and neatly, and every time I
fail. My writing of Chinese looks out of proportion
and often unclear, writing that might have been done
by a child in kindergarten or first grade. I am further
compelled to mention that I received the grade of
C in handwriting in second grade (age 7). This was
lower than most of the other grades I ever received,
and I remember feeling shame at this evaluation. At
the same time, however, I was quite a good speller, so
handwriting and spelling for me were not conflated.
Given my interest in cross-cultural literacy, I came
to the research topic of dysgraphia relatively late. What
particularly piqued my interest was a former student
who did a project on Chinese dysgraphia (see McBride,
2019). The project was well researched, and the student’s
personal story was even more compelling: He had
always had great difficulties in writing but never had
problems in reading, in either Chinese or English. Before
I got to know him and his story, I had always assumed

that dysgraphia was primarily a by-product of the much
better understood phenomenon of dyslexia. Now I
realize that the phenomenon of dysgraphia is more
complicated.

A focus on handwriting per se can help us to
identify children with specific learning disabilities,
such as dyslexia and dysgraphia. Although those with
dyslexia are typically characterized as manifesting
pronounced difficulties in spelling and word reading
(Lyon et al., 2003), they also have distinctive hand-
writing characteristics. That is, children with dyslexia
often manifest slow and poor-quality handwriting
(Gosse & Van Reybroeck, 2020). Compared to those
without dyslexia, Chinese children with dyslexia
write significantly more slowly, with lower accuracy,
greater character size, and more size variability (Lam
et al., 2011), whereas children with dyslexia in alpha-
betic scripts tend to have greater spelling error rates
attributable mainly to their impairments in phonolo-
gy (Sterling et al., 1998). Given these writing-related
correlates of dyslexia, it is important to consider more
precisely the nature of dysgraphia. What is it, and
how can we separate dysgraphia from dyslexia?
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In this article, we begin by defining dysgraphia.
Conceptualizations of dysgraphia are perhaps even
more confusing and variable than are concepts of dys-
lexia. Nevertheless, it is crucial to settle on a consistent
definition as well as to understand how dysgraphia is
diagnosed across cultures. We then consider the writing
process more generally. In order to understand writing
difficulties, we must first grasp how writing progresses
in a typically developing child or, indeed, in an adult
learning to write in a new script. In reviewing the writ-
ing process, we particularly highlight the motoric and
visual-orthographic skills required for writing across
scripts. Our discussion concludes with a review of
some approaches to remediation techniques for help-
ing those with dysgraphia.

Defining Dysgraphia

According to the 5th edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5), dys-
graphia is categorized as a specific learning disorder
(American Psychiatric Association, 2013), with an es-
timated prevalence of around 7-15% (Katusic et al.,
2009). Writing difficulties may be associated not only
with dysgraphia but also with other disorders such as
developmental coordination disorder (Biotteau et al,
2019), dyslexia (Gosse & Van Reybroeck, 2020), autism
(Mayes et al.,, 2019), and attention deficit hyperactive
disorder (Rosenblum et al.,, 2008). Dysgraphia can ap-
pear alone, but it can also co-occur with other develop-
mental disorders (Chung & Patel, 2015). Therefore, to
ensure accurate identification, it is imperative for a test
used to diagnose dysgraphia to be valid and reliable.

What is the definition of dysgraphia? These are
two of the definitions that have been offered in an
attempt to describe this difficulty precisely: Ham-
stra-Bletz and Blote (1993) defined dysgraphia as a
disturbance in the production of written language
in relation to the mechanics of writing. In contrast,
Chung et al. (2020) defined dysgraphia in a more
comprehensive way, describing dysgraphia as a“dis-
order of writing ability at any stage, including prob-
lems with letter formation/legibility, letter spacing,
spelling, fine motor coordination, rate of writing,
grammar, and composition” (p. S46).

Children have been estimated to spend around
31-60% of their school day performing tasks involving
handwriting and fine-motor tasks (Feder & Majnemer,
2007). Although attitudes about handwriting may be
changing given the prevalence of computers and cell
phones, good handwriting skills remain important
(e.g., Askvik et al., 2020; Kiefer et al., 2015). Poor writing

and speaking development are related to various neg-
ative outcomes, including academic difficulties, as well
as social-emotional and behavioral problems (Grigo-
renko, 2007). As a result, early identification is crucial
for children with dysgraphia.

Deuel’s (1995) classification of dysgraphia into
three categories is potentially useful for a precise di-
agnosis of dysgraphia (McBride, 2019). This classifica-
tion focuses on various abilities that contribute to the
writing process as a means of identifying the specific
difficulties of each individual who exhibits symptoms
of dysgraphia. For example, Deuel (1995) focused on
four tasks that are used to test for dysgraphia in chil-
dren; these are oral spelling skills, copying skills, draw-
ing skills, and finger-tapping speed. By focusing on
strengths and weaknesses across these skills, one can
potentially distinguish across three types of dysgraph-
ia, namely, dyslexic dysgraphia, spatial dysgraphia, and
motor dysgraphia.

The three subtypes of dysgraphia distinguished by
Deuel (1995) are defined based on strengths and weak-
nesses of subskills as follows. Dyslexic dysgraphia im-
plies struggles related to writing that are caused by cor-
responding difficulties with spelling. Insecure spellers
may write sub-optimally because of confusion around
how to represent symbols. However, these children
do not have spatial or motor difficulties per se. Rather,
their main difficulties have to do with spelling or dic-
tation; such children have difficulties in spelling orally,
but their spatial and motor skills are largely intact. In
contrast, those with spatial dysgraphia have difficul-
ties in the production of writing in both spontaneous
and copied written text (Deuel, 1995). Although these
children have problems in representing text as well as
two-dimensional drawings or other symbols, they do
not struggle with motor movements; importantly, they
do not have difficulties in spelling when asked to do so
orally. Finally, those with motor dysgraphia, in addition
to manifesting illegible writing in both spontaneous
and copied contexts, demonstrate abnormal drawing
and handwriting velocity (Deuel, 1995).

A group of researchers has distinguished move-
ments involved in handwriting apart from cogni-
tive-linguistic skills related to spelling or dictation it-
self. For example, analyzing variables from 42 studies
on handwriting movements in relation to dysgraphia,
Danna et al. (2013) described the variables as falling
into the three main categories of temporal, kinematic,
and dynamical.

There is some support for each of the three sub-
types of dysgraphia considered by Deuel (1995). For
example, some researchers have focused on the overlap
between dysgraphia and developmental dyslexia (Doh-
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la et al., 2018). Dohla and Heim (2016) presented a re-
view showcasing the similarity in underlying cognitive
skills across dyslexia and dysgraphia; these include, for
example, a phonological awareness deficit and an au-
tomatization deficit (Nicolson & Fawcett, 2011). How-
ever, some research has found that a central distinction
between those with dyslexic dysgraphia and those with
dyslexia only is that, typically, students with dyslexic
dysgraphia tend to read at grade level, whereas those
with dyslexia do not (Brown, 2019). Another distinction
between dyslexia and dysgraphia involves differences
in language mapping processes. Specifically, Berninger
(2008) suggested that dysgraphia is a consequence of
an inefficient mapping process involving verbal memo-
ry only in the direction of phonological to orthographic,
whereas dyslexia results from inefficiency in mapping
in both directions, namely, from orthographic to pho-
nological and from phonological to orthographic.

In contrast, spatial dysgraphia is presumably
caused primarily by visual-spatial difficulties, which,
in turn, contribute to the prevalence of handwriting
difficulties (Tal-Saban & Weintraub, 2019). Hécaen
and Albert (1978, as cited in Rode et al., 2006) defined
spatial dysgraphia according to four main features:
(a) right-page preference, with writing often crowded
onto the right side of the page; (b) inclination, partic-
ularly a failure to produce oblique lines and to write
horizontally; (c) broken lines (i.e., leaving unusually
large spaces between words leading to fragmentation
of lines into small segments); and (d) graphic errors,
including incorrect productions of strokes of given
letters or characters. Presumably, these features could
be generalized to various writing systems, such as
Arabic or Persian, in which writing takes place from
right to left (see McBride & Mohseni, 2020). Individ-
uals with visual-spatial dysgraphia likely do not man-
ifest oral spelling difficulties, but show distortions in
how they copy or draw symbols or pictures.

Finally, dysgraphia is also sometimes associat-
ed with poor motor control (Smits-Engelsman & Van
Galen, 1997). Smits-Engelsman and Van Galen (1997)
found that handwriting movement with dysgraphia
produces greater “noise” and that often poor writing is
related to failure to obey spatial constraints, resulting in
alack of consistency in handwriting. On the other hand,
Nicolson and Fawecett (2011) suggested that dysgraphia
may reflect a lack of automaticity at the cognitive level,
including an impairment in the cerebellar-motor circuit.
Further, adopting a test of tapping ability, Ben-Pazi et
al. (2007) demonstrated that some children with poor
handwriting quality manifested dysrhythmia.

Other tests of finger tapping or finger succession
(touching every finger to the thumb) can distinguish

some children with writing difficulties, presumably
because these children have specific difficulties with
motor control (Berninger et al., 2006; Deuel, 1995).
There is still a lot to be learned about dysgraphia
across scripts. Deuel’s (1995) classification of forms of
dysgraphia is helpful, but in practice more research
studies on different aspects of dysgraphia are needed.

Some aspects of dysgraphia must also be con-
sidered in relation to the individual script. In par-
ticular, writing in Chinese is deemed more difficult
than writing in English, given that Chinese requires
greater visual discrimination of the fine differences in
the forms and positions of strokes (Lam et al., 2011).
McBride (2016) concluded that learning to both read
and write in Chinese demands greater visual skills
than in alphabetic orthographies. In addition, the
writing styles in alphabetic and non-alphabetic writ-
ing systems differ. Alphabetic languages stress the
importance of smoothness and continuity in writing
(Rosenblum et al., 2003), whereas writing in Chinese
often involves sharp turns of strokes and more pen
lifts (Tseng, 1998). The differences in both the nature
of the scripts and the writing styles in Chinese high-
light the importance of research on different scripts
in order to shed light on additional issues related to
dysgraphia.

Testing for Dysgraphia

Despite a relative lack of consensus on the nature
of dysgraphia worldwide, some fairly popular tests of
handwriting have been used to diagnose dysgraph-
ia. For example, the Concise Assessment Method for
Children’s Handwriting (BHK; Hamstra-Bletz et al.,
1987), a test of dysgraphia in Latin-alphabet-based
writing (Asselborn et al., 2018), can be used to evaluate
both quality and speed of writing (Van Waelvelder et
al., 2012). The BHK consists of 13 criteria that are be-
lieved to provide a detailed analysis of the handwriting
profiles of children who are either at risk for reading
difficulties or who actually have dysgraphia (Overvelde
& Hulstijn, 2011). Another test for dysgraphia in alpha-
betic writing is the Children’s Handwriting Evaluation
Scale-Manuscript (CHES-M; Phelps & Stempel, 1988).
Handwriting characteristics scored on this test include
letter form, spacing, rhythm, and general appearance
(Feder & Majnemer, 2003). However, the validity and
reliability of the CHES-M have been questioned (Van
Waelvelder et al., 2012).

In Chinese, a few diagnostic tests of Chinese
handwriting have also been developed, including the
Chinese Handwriting Analysis System (CHAS; Li-
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Tsang et al.,, 2013) and Tseng’s Handwriting Speed
Test (Tseng & Hsueh, 1997). Tests of visual-motor in-
tegration (e.g., Beery-Buktenica Developmental Test
of Visual-Motor Integration; Beery et al., 1997) may
also be used for the diagnosis of dysgraphia (Chung
& Patel, 2015). Visual-motor integration skills are re-
lated to writing across the different scripts of English
(Chung & Patel, 2015), Korean (Lee et al., 2019), and
Chinese (Chung et al., 2018).

What Does the Writing Process Entail?

Having reviewed some important diagnostic
tools that are sometimes used to evaluate writing
difficulties, we must take a step back and consid-
er the skills that are required for writing. Writing is
a fundamental component of literacy. Children and
adults who struggle to acquire writing skills face
multiple impediments to their daily lives in activities
such as note taking or providing signatures on doc-
uments (McCloskey & Rapp, 2017). In the context of
dysgraphia, writing involves both visual-motor skills
(i.e., the physical capacity to write) and sufficient or-
thographic/spelling/dictation knowledge to produce
a given word in a given script. These two broad ele-
ments of the motoric and visual-orthographic aspects
of word writing development and impairment can be
considered somewhat separately.

In the research of reading and writing, different
models of word writing have been proposed; some
of these even extend to writing composition (Bereiter
& Scardamalia, 1987; Hayes & Flower, 1980; Kellogg,
1996). One mode of the word writing process comes
from McCloskey and Rapp (2017).

In this spelling-to-dictation model (McCloskey
& Rapp, 2017), both long-term phonological and or-
thographic memory are strongly emphasized. For ex-
ample, when we hear or think of a word (e.g., buy),
this activates a phonological-grapheme representation
in our phonological long-term memory (e.g., /bar/), in
turn activating our lexical-semantic representation to
help us to understand the context of the word (e.g., buy
a snack). Finally, we retrieve the spelling of the selected
word (e.g., buy, but not by or bye) from our orthograph-
ic long-term memory (McCloskey & Rapp, 2017). After
the retrieval of the abstract letter/grapheme representa-
tion in our orthographic memory, both motor planning
and production processes are required to produce writ-
ing (McCloskey & Rapp, 2017). For example, the ab-
stract letter representation is first converted into an ap-
propriate form of allographs (defined here as variants
of a grapheme, such as”A”vs.”a”). Next, the allographic

representation activates our graphic motor plans to en-
act the writing process, including where to begin on the
page as well as the direction and movements of the pen
(McCloskey & Rapp, 2017). Finally, our motor system
executes the graphic motor plans we made and writes
the word that we had in mind.

Thus, handwriting is a multi-componential task.
It includes perceptual, attentional, linguistic, and mo-
tor skills (Asselborn et al., 2018). The production of
written words involves both the central and peripher-
al processes. The central process is responsible for the
cognitive processes of retrieving, assembling, and se-
lecting the orthographic representation from the or-
thographic memory whereas the peripheral process
is responsible for the generation of motor actions to
produce writings (Delattre et al., 2006; Purcell et al.,
2011). The process of motor memory is unique to the
entire writing operation (McCloskey & Rapp, 2017).

Poor handwriting sometimes reflects deficits in the
central process. Kandel et al. (2017) argued that there
is an interaction between the central and peripheral
processes such that spelling modulates motor produc-
tion in children’s writing. These researchers suggested
that the retrieval of the lexical orthographic represen-
tation during spelling continues during the production
of handwriting, thus affecting the handwriting process
(Kandel et al, 2017). A poor memory for either or-
thographic representation or motor movements can
lead to handwriting deficiencies (Kandel et al., 2017;
McCloskey & Rapp, 2017). Importantly, in their study
of Chinese handwriting, Zhang and Feng (2017) also
found that the central processes of handwriting affect
the actual execution of handwriting.

Complexity in Writing

What about the visual- orthographic characteris-
tics involved in writing? Orthographic complexity in an
alphabetic script refers to the complications of spelling
words when their written representations deviate from
the basic one-to-one phoneme-grapheme correspon-
dence (Arfé et al., 2020). The orthography-phonology
mapping varies across languages. For example, a trans-
parent one-to-one mapping occurs in Finnish, but a
more abstract mapping is found in English (Wang et
al,, 2009). To elaborate, the less transparent mapping of
the phoneme /k/ in the English language might include
different spellings such as c in cat, ch in character, ck in
check, and k in kick (Wang et al., 2009). The inconsis-
tency across orthographies causes differences not only
in reading development across languages (Ziegler &
Goswami, 2005) but also in writing development. For
example, in Chinese, orthographic complexity relates
to the number of strokes, number of radicals, and the
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spatial composition of the radicals (Wang et al., 2020).
When the number of strokes in Chinese characters
increases, a person’s handwriting is more error-prone
and slower at accessing orthographic codes (Wang et
al., 2020). Furthermore, individuals require less time to
access orthographic codes and hand-write left-right
characters than characters with other compositions,
such as those that are top-down (Wang et al., 2020) due
to the familiarity effect (e.g., 75% of Chinese semantic
radicals appear on the left side of the character; Feld-
man & Siok, 1997).

In conceptualizing dysgraphia in the context of
the writing process, we must keep in mind that there
are differences in visual complexity and discrimin-
ability of visual forms of graphs across distinctive
writing systems and that such differences can affect
the perceptual learning of grapheme forms (Chang
et al., 2018). Grapheme complexity is strongly asso-
ciated with both learning time and learning difficulty
— more time is needed to learn an orthography with
higher grapheme complexity (Chang et al., 2016).

Chang et al. (2018) devised a grapheme complexity
measure to capture the differences in visual complex-
ity across writing systems. This measure includes four
components, namely, perimetric complexity, number of
disconnected components, number of connected points,
and number of simple features. The authors (2018) com-
piled an ordering of grapheme complexity across 131
languages, with traditional Chinese script highlighted
as the most complex written language, and abjads and
alphabets showing equally lower complexity levels. Fur-
thermore, the visual complexity of scripts has an effect on
the perceptual load, suggesting that the increasing visual
complexity of scripts may increase processing difficulty
(alphasyllabry: Rao et al,, 2011; abjad: Abdelhadi et al,,
2011). Hence, the acquisition of writing skills may be af-
fected by the visual complexity of a given writing system.

The importance of visual-motor skills is particu-
larly highlighted in the acquisition of Chinese. Chi-
nese writing acquisition usually relies heavily on drill-
and-practice of writing or copying of each Chinese
character over and over (Wu et al.,, 1999). Chinese
learners are required to learn to copy Chinese char-
acters in the correct stroke orders (Wang & McBride,
2017). Moreover, they must rely on fine-grained visu-
al discrimination of the forms and positions of strokes
in learning to write in Chinese (Lam et al., 2011).
Copying, a primarily visual-motor integrated skill,
has been shown to explain unique variance in Chi-
nese word writing skills (Wang et al., 2014), whereas
poor visual-motor integration is one of the prominent
issues faced by Chinese children with slow handwrit-
ing (Tseng & Chow, 2000).

Handwriting  consolidates ~memorization — of
graphemes (alphabetic: Longcamp et al, 2005;
morphosyllabic: Guan et al., 2011; alphasyllabary: Bhide,
2018). Indeed, even novel copying skill is sometimes
associated with reading (e.g, McBride-Chang et al.,
2011) and word writing (e.g., McBride-Chang et al., 2011;
Wang et al., 2014). However, the extent to which copying
skills facilitate orthographic learning may be restricted to
novice learners (Naka & Naoi, 1995; Vaughn et al., 1992).
Given all that we understand about the writing process
in the context of dysgraphia and more generally, how
can we help children with dysgraphia?

Dysgraphia Remediation

As mentioned in relation to learning difficulties
more generally (McBride, 2019), two overarching re-
mediation strategies should be considered for those
with dysgraphia; namely, work around and work
through. “Work around” strategies are ways to deal
with the problem and accomplish tasks and assign-
ments despite it. Such strategies focus on how an in-
dividual with dysgraphia can produce good work in a
given domain (e.g., handwriting an essay during an
exam within a specified time period) using alternative
techniques. The other type of remediation, sometimes
referred to as “work through” strategies, consists of
techniques by which individuals with dysgraphia can
work on their difficulties by focusing on skills related
to them. Here, the focus is on skills development, in-
cluding motor and visual skills, that directly contrib-
ute to the process of handwriting.

“Work Around” Strategies

To start with, problems with handwriting can be
remediated with the use of assistive technology. Allow-
ing individuals with dysgraphia to present their work in
an alternative medium to handwriting can help to free
up their cognitive resources to better focus on high-
er-order skills in writing assignments (McBride, 2019).
The speech-to-text function helps to convert the user’s
speech, produced orally, into text outputs with the us-
age of voice recognition software (Thiel et al., 2015). The
use of speech-to-text technology is particularly bene-
ficial for improving the quality of content, vocabulary,
and syntax of the text, as well as contributing to longer
and more complex texts overall (Thiel et al., 2015).

Typing using a keyboard is also generally accept-
ed as an alternative form of written communication
for children with dysgraphia in the eyes of occupa-
tional therapists (Penso, 1990). In survey research,
Freeman and colleagues (2004) found that 93% of the
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443 occupational therapists in the Canadian Associ-
ation of Occupational Therapists who responded re-
ported that they frequently recommended typing on
a keyboard as a “work around” alternative for clients
with dysgraphia. Similarly, Cochran-Smith (1991)
noted several advantages of word processing com-
pared to handwriting, including an increase in con-
tent quality and quantity, an increase in legibility, and
more error-free texts as compared to written work.

Tping and handwriting essentially require dis-
tinctly different skills; indeed, there is typically a
low-to-moderate correlation between these two writ-
ing forms (Rogers & Case-Smith, 2002). Rogers and
Case-Smith (2002) found that students who write
slowly or with poor legibility demonstrate an increase
in both quantity and legibility of text when they adopt
typing as their written form of communication. The im-
pact of differing Chinese inputs in relation to typing re-
mediation of Chinese character is relatively unclear, but
typing is possible for Chinese as well, particularly using
a Pinyin (phonological coding, primarily using Roman
alphabet letters) system. Thus, both text-to-speech and
typing are simple alternatives to handwriting, and are
the clearest “work around” strategies for managing
dysgraphia at school or at work.

“Work Through” Strategies

One potentially exciting approach to remediating
handwriting difficulties incorporates neurofeedback.
Neurofeedback, or EEG biofeedback, is viewed as a
potentially useful, though relatively underdeveloped,
treatment for several conditions, ranging from devel-
opmental disorders to mental illness to problems with
physical balance (e.g.,, Hammond, 2007). The idea be-
hind neurofeedback it to provide real-time audio and
visual feedback about brain waves in order to retrain
abnormal brainwave patterns to produce healthier pat-
terns through operant conditioning (Hammond, 2007).

This technique has been used in an attempt to
alleviate handwriting difficulties (Harandi & Mogha-
dam, 2017; Walker, 2012). With only 5-10 neurofeed-
back training sessions, Walker (2012) succeeded in
normalizing some abnormalities in cortical areas that
are significant for handwriting in individuals with dys-
graphia. In addition, these individuals"handwriting was
also judged to have improved. To date, relatively few
studies have been conducted on the utility of the neu-
rofeedback for ameliorating dysgraphia. However, this
technique may be worth integrating into future training
studies for those with writing difficulties.

Further, a multisensory approach linking aspects
of visual, auditory, and kinesthetic-tactile skills (Ab-
dulkarim et al., 2017) has been recommended as a

general remedy to handwriting problems in children
(Amundson, 1992). The interaction of different mo-
dalities is believed to help students with dysgraphia
to recognize cues that are provided by many different
sensory channels in order to facilitate learning (Taf-
ti & Abdolrahmani, 2014). Examples of multisenso-
ry modalities and activities used in remediation of
handwriting problems include “sky writing” letters
in the air, finger writing using finger painting, and
finger writing in sand or rice (Woodward & Swinth,
2002). A multisensory approach has proved to be
beneficial for students with dysgraphia; for example,
researchers have documented some improvement in
writing performances, writing expression, and spell-
ing, as well as reduced social-emotional problems in
students with dysgraphia (Abdulkarim et al., 2017).

At a general level, children with dysgraphia may
also require early therapy in basic processes related to
writing (for a review, see McBride, 2019). For exam-
ple, some children benefit from exercises intended to
strengthen their hands and fingers or focused on im-
proving fine-motor movements. In addition, it is im-
portant that children establish a handedness preference.
Children should be encouraged to favor one hand over
the other for holding a pen to write; such dominance
indicates a specialization of one hemisphere of the brain
over the other in writing activities. Forcing children who
are naturally left-handed to write with their right hand
can cause difficulties (for a review, see McBride, 2019).

Another potentially useful focus for children with
specific writing difficulties involves coordination between
the hands to ensure optimal bilateral integration.
For example, if one hand easily writes and the other
easily holds the paper in place to facilitate writing, that
collective, coordinated process makes the handwriting
process easier. Finally, simply getting children interested
in the writing implement, whether it is a pencil, pen, or
marker, can be helpful for those with dysgraphia. Thus,
one boy’s interest in a beautiful pen his mother gave him
paved the way for his renewed practice and ultimate
mastery of writing (McBride, 2019).

Perhaps the act of copying graphemes itself can
additionally help in ameliorating handwriting problems.
As children with dysgraphia may purposely avoid writing
tasks given the frustration such tasks can cause (Rahim
& Jamaludin, 2019), they may lack general practice in
handwriting. The act of handwriting practice through
repeated direct and delayed copying of letters and words
can lead to a more automatic graphomotor control in
handwriting (Beeson, 2004). Furthermore, copying tasks
can be used to improve both spelling production and
handwriting. For example, the copy and recall treatment
(CART) paradigm requires individuals to copy a target

8 International Journal for Research in Learning Disabilities Vol. 5, No. 1



The “Write Stuff”: What Do We Know About Developmental Dysgraphia?

word repeatedly and then try to recall the spelling in
a written picture-naming format (Beeson et al., 2003).
CART has been found to facilitate spelling, which, in
turn, helped to ameliorate dysgraphia (Beeson et al.,
2003). Interestingly, individuals with dysgraphia may
show differences in impairment between writing styles.
For example, some are impaired in print writing but not
in their ability to write in cursive (Hanley & Peters, 1996;
Ingles et al., 2014). Research has also focused on the
idea of using cursive writing as an intervention strategy
for dysgraphia (Indira & Vijayan, 2015; Nalpon & Chia,
2009).While teaching cursive writing to children appears
to improve handwriting skills (Indira & Vijayan, 2015), it
does not improve reading and spelling performance in
children with dysgraphia (Nalpon & Chia, 2009).

Conclusion

This has been an overview of an important but un-
der-studied learning difficulty. It is critical to understand
the writing process in its entirety in order to establish
what specific difficulties might interfere with that pro-
cess, causing dysgraphia. Dysgraphia is, after all, extreme
difficulty in the normal but very complicated process of

writing. As technology progresses and children engage
in more typing and less handwriting, dysgraphia may
become less consequential and devastating for those
who have it. However, handwriting remains important
at least in some domains, and understanding this diffi-
culty is helpful for teachers and parents worldwide.

Given the different scripts that are used globally and
the varying demands of each, dysgraphia is a particular
learning problem that may glean critical understanding
from cross-scriptal, cross-cultural comparisons. In addi-
tion, from our observations and experience, we view the
topic of dysgraphia as incorporating many disciplines
of study. Those in computer science, neuroscience, ed-
ucation, psychology, and occupational therapy, among
others, all contribute important understanding of dys-
graphia We look forward to critical research globally on
this topic in the years to come.
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Abstract

Analysis of data from single-case intervention studies commonly involves visual analysis.
Previous research indicates that visual analysis may suffer from low reliability and unprom-
ising error rates. We investigated the reliability and validity of visual analysis and explored to
what extent data trends affect judgments. We administered a within-subject experiment in
which 186 teacher-education students visually analyzed specifically constructed single-case
graphs that included either an intervention effect, a trend effect, both effects, or no effect.
Participants identified intervention effects in 75% of the graphs, regardless of the existence
of a trend. Type I error rates were low (5%) in graphs without a trend but increased fivefold
(25%) for graphs with a trend. Inter- and intra-rater reliability was low, particularly when a

trend was present in the data.

Keywords: Single-case research, visual analysis, judgment, trend, curriculum-based measure-

ment, reliability, validity

broadly accepted way to gain insight into educa-

tional processes (Gast & Ledford, 2018; Horner et
al., 2005). Particularly in the field of special education,
single-case research has been adopted as an appro-
priate method of evaluating the effectiveness of an in-
tervention or the developmental processes underlying
difficulties in acquiring academic skills (Kratochwill et
al.,, 2010, 2012). Furthermore, single-case methods can
be used by teachers and educators who are interested
in evaluating the effects of their interventions or the
learning progress of their students (e.g., in combina-
tion with curriculum-based measurements). The infor-
mation resulting from single-case research designs is
helpful for decision-making regarding future teaching
processes for an individual student but also helps to
decide whether or how to implement certain teaching
methods in the classroom.

One of the major concerns with single-case
studies is the validity of conclusions drawn from the
data, with respect to both internal and external valid-
ity. Internal validity addresses the question whether a

Single—case research has become an important and

correct causal relation can be inferred from an inter-
vention applied during a single-case study, whereas
external validity refers to the generalizability of results
across persons, settings, and measurements found in
the study (Shadish et al., 2002).

Several strategies have been developed to counter
these two methodological issues. These strategies fo-
cus either on aspects of the design or on methods for
analyzing single-case data. In the present paper, we
take a closer look at visual inspection, one of the major
methods for analyzing single-case data. We specifically
focus on aspects of the internal and external validity of
conclusions derived from visual inspections.

Visual Inspection

Visual inspection (or visual analysis; Barton et
al., 2018) is one of the most common strategies for
analyzing single-case data (Davis et al., 2013; Lane
& Gast, 2014). However, it is also one of the most
controversial. In visual analysis, a person, usually the
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investigator, draws a conclusion about the effective-
ness of an intervention solely based on inspection of
a diagram comprising the measurement times on the
x-axis and the measured values on the y-axis with a
vertical line indicating the beginning of the interven-
tion (Spriggs et al., 2018).

Proponents of visual inspection argue that this
procedure is practitioner friendly, no further in-depth
statistical knowledge is required, and the results are
directly and easily understandable (Parsonson & Baer,
2015). They assume that any effect large enough to
be practically significant will be detected with visual
analysis and that advanced statistical procedures sen-
sitive enough to detect smaller effects do not provide
additional clinically significant information (Kazdin,
2011; Parsonson & Baer, 2015).

Critics, on the other hand, argue that visual anal-
yses yield low interrater reliabilities (Danov & Sy-
mons, 2008; Ottenbacher, 1990; Park et al., 1990; van
den Bosch et al., 2017). Furthermore, the presence of
a data trend beginning prior to the intervention (i.e., a
positive lag 1 autocorrelation) substantially increases
the rate of type I judgment errors (i.e., an unsuccess-
ful intervention is erroneously judged as being suc-
cessful; Allison et al., 1992; Greenwald, 1976; Jones
et al., 1978; Matyas & Greenwood, 1990). However,
the proclaimed conservative nature of visual analysis,
which should lead to an increase in type Il error rates
(i.e., a successful intervention is erroneously judged
as being unsuccesstul; Kazdin, 2011; Parsonson &
Baer, 2015), has not been corroborated empirically
(Matyas & Greenwood, 1990).

Previous research exploring the strategies used
by inservice (Espin et al.,, 2017) and preservice teach-
ers (Wagner et al., 2017) as well as board-certified
behavior analysts (Normand & Bailey, 2006) when
interpreting single-case data has demonstrated that
the same errors occurred independent of previous
experience with visual analysis of single-case data
(Espin et al., 2017). This cannot be explained by poor
general graph-reading skills alone, as Zeuch et al.
(2017) found a correlation of r = .45 between general
graph-reading skills (extracting information from pie,
bar, line and other charts) and the accuracy of visual
judgments of learning-progress charts (interpreting
the first and last data point of the graph and judging
the development throughout all data points).

A major challenge in determining the validity
of visual analysis involves selecting a standard with
which to compare raters’ judgments. Most studies
compare visual judgments to the results of statistical
procedures (e.g., Brossart et al., 2006; Brossart et al.,
2014). This approach, estimating the correctness of

visual judgment by comparing it to the results of a
statistical analysis, implies that the respective statis-
tical procedures are the best possible ways to analyze
the data and that raters cannot be more efficient than
such statistical analysis. Both assumptions are high-
ly problematic. Hence, statistical and visual analyses
cannot be compared properly. It gets even more com-
plicated when different statistical procedures are ap-
plied, with some corroborating an effect while others
reject it (Parsonson & Baer, 2015).

Model-Based Data Generation as a
Standard of Comparison

One way to overcome these problems is to sim-
ulate single-case data with highly controllable and
known statistical properties. These properties are sys-
tematically varied, and single-case graphs are provid-
ed to raters with which to judge the presence of an ef-
fect or other criteria of interest to the researcher (e.g.,
Matyas & Greenwood, 1990; Ximenes et al., 2009).

The challenge here is determining which mod-
el to base the data generation on. An inappropriate
model might threaten the ecological validity of a study
(i.e., the extent to which the material approaches the
conditions of real-world data). While all models are
reductions of the complexity of real-world events, an
oversimplified model impairs the generalizability of
the conclusions and diminishes the external validity.
Moreover, the data-generation process must be de-
duced from a model that is based on a theory of the
factors influencing the measurements across time.
Without a sound theoretical foundation, inference
from the results of a particular study to the higher-
order construct it presents (Shadish et al., 2002) is not
possible. That is, a study lacks construct validity.

Huitema and McKean (2000) suggested a gener-
al model for single-case data: two-phase single-case
designs with a pre-intervention phase comprising
measurements before the start of the intervention
(Phase A) and an intervention phase containing mea-
surements beginning at the intervention’s start and
lasting throughout the intervention (Phase B). In this
model, four factors predict the outcome at a specific
measurement point: the performance at the begin-
ning of the study (intercept), a developmental effect
leading to a continuous increase throughout all mea-
surements of both phases (trend effect), an immedi-
ate intervention effect leading to an immediate and
enduring increase in the level of performance (level
effect), and a continuous intervention effect that leads
to a continuous increase in the slope of the learning
curve (slope effect).
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Most investigations that have used artificially con-
structed single-case graphs to study the quality of visual
analyses have focused on participants’accuracy in detect-
ingalevel effect of an intervention under varying circum-
stances (e.g., Brossart et al., 2006; Matyas & Greenwood,
1990; Ximenes et al., 2009). For example, Normand and
Bailey (2006) systematically varied level and slope effects
in a study on visual aids in visual analysis; however, they
did not present completely controlled data but manipu-
lated data of two real-world single case graphs.

Espin et al. (2018) explored the evaluation accuracy
and difficulty (i.e., response time) of preservice teachers
comparing different”graph patterns;”that is, combina-
tions of level and slope effects and display of goal lines
(slope-to-goal and slope-to-slope comparison). How-
ever, the stimulus material appeared to be “error-free”
as it used straight lines within phases. While their find-
ings are new to the field and relevant as they show that
even comparing straight lines was not easy for the par-
ticipants, the material was rather artificial. In practice,
virtually no single-case experiment results in a graph
with straight lines for Phases A and B — ideally with a
level and an additional slope effect recognizable.

Research Questions

In an attempt to fill the above research gaps,
the present study addressed the following research
questions:

1. How accurate are judgments on single-case
graphs? To what extent do baseline trends influ-
ence the accuracy of judgments on single-case
graphs?

2. How reliable are judgments on single-case
graphs? To what extent do baseline trends influ-
ence the reliability of judgments on single-case
graphs?

For the study, graphs were created using natu-
ralistic — though simulated — data, based on a model
including several factors (Huitema & McKean, 2000).
Hence, we examined the reliability (intra- and in-
ter-rater) and judgment correctness (power and type
I error probability) of visual inspections. Additionally,
we examined the impact of a baseline trend on judg-
ment accuracy and reliability regarding the effective-
ness of an intervention. The current research focused
on an intervention effect that exerts its influence as a
continuous increase in performance, starting with the
beginning of the intervention (a slope effect). There-
fore, we wanted to determine the influence of a trend
effect (a positive lag 1 autocorrelation) on judgment
correctness and reliability.

Hypotheses

We expected that judgments on the effectiveness
of an intervention based on visual analyses would
yield high power and low type I error rates when no
trend effect is present (Hypothesis 1a). In contrast,
when a trend effect is present, we expected increased
type I error rates. (Hypothesis 1b). Moreover, we ex-
pected a high consistency of judgments between
raters and low uncertainty within each rater when
no trend effect is present. Hence, both inter- and in-
tra-rater judgment reliabilities should be high (Hy-
pothesis 2a). However, judgments should become
unstable and inconsistent between raters resulting in
decreased inter- and intra-rater reliabilities when a
trend effect is present (Hypothesis 2b).

Furthermore, we wanted to differentiate be-
tween a technical judgment on the existence of an
intervention effect (intervention effectiveness) and
a pedagogical judgment on the efficacy of the inter-
vention (intervention efficacy). The terms intervention
effectiveness and intervention efficacy are used through-
out this manuscript in order to distinguish between
these two judgment processes. This distinction has
not been made before and might provide further in-
sights into the topic.

Method

To answer the research questions and test the
hypotheses, we implemented a computer-based
within-subject experiment, in which teacher-edu-
cation students conducted visual analyses of graphs
from a fictitious single-case research intervention
study on reading. Their judgments are then compared
to the graphs’underlying statistical properties.

Participants

A sample of 186 first-year teacher-education
majors (89% female) from a research university in
Germany participated in our study, ranging in age
from 18 to 37 (M = 22.3, SD = 4.6). In self-report
ratings 147 (79%), participants reported having no
prior knowledge of assessing learning development;
36 (19%) reported having basic and only three (2%)
reported having substantial knowledge in this field.
Similarly, participants reported having little previous
knowledge about single-case data analysis. Specifi-
cally, a majority, 143 (77%), had no prior knowledge,
39 (21%) had basic knowledge, and 4 (2%) report-
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ed having substantial knowledge. All participants
attended the lecture Introduction to Inclusive Edu-
cation and received partial course credit as compen-
sation. Nevertheless, participation in the study was
voluntary as participants had the option of complet-
ing an assignment instead of participating. Only two
students picked the assignment.

Procedure

After giving written informed consent, participants
were instructed and tested in groups of (up to) four in
a lab located on campus, seated in front of computers,
separated by panel screens. All instruction and the test
were computer-administered. To make sure partici-
pants understood the principles underlying visual anal-
ysis, participants learned about the difference between
baseline and intervention phase and the difference be-
tween trend and intervention effect in single-case re-
search designs. Further, the instruction included a cover
story about single-case research on reading speed.

Afterwards, participants evaluated 80 single-case
graphs. The graphs were presented in a randomized
order. With the current graph visible, they answered
three questions:

1. Does the reading speed of this child change
throughout the data? Response options: “it de-
clined,”no change,”and”it increased.”

2. Does the intervention have an effect? Response
options: Negative effect, No effect, and Positive effect
(technical judgment or intervention effectiveness).

3. Do you think it is useful to apply this intervention
to a child with similar skills? Rated on a 5-point
Likert scale with Certainly not (0) and Certainly (4)
as semantic anchors (pedagogical judgment or in-
tervention efficacy).

No time limit was set for answering the questions. Par-

ticipants responded to Question 1 in M = 4.0 seconds

(SD =5.2), to Question 2 in M = 3.0 seconds (SD = 3.0),

and to Question 3 in M = 7.2 seconds (SD = 6.4).
Three weeks later, 87 participants, randomly drawn

from the first sample, were again presented with a ran-

dom sample of 40 single-case graphs (10 per condition;
details on the four conditions follow) drawn from the
original item pool to determine test-retest reliability.

The procedure was identical to the first measurement.

Design and Materials

We generated AB single-case graphs using a re-
gression-based method. We adopted a common meth-

od to visualize single-case data (Spriggs et al., 2018; see
Figure 1 for an example). To distinguish between trend
effect (i.e, lag 1 autocorrelation throughout all data
points) and intervention effect (i.e., an additional slope
effect in Phase B), we implemented a 2 x 2 within-sub-
ject design. Both, trend and intervention effect, could be
either present or non-present, resulting in the following
conditions: trend effect (T*I°), trend and intervention ef-
fect (T*T*), intervention effect (T°T*), and no effect (T°°).

A linear model applying the following formula
created each of the 80 single-case graphs (20 per con-
dition):

Yi = BOi + Btrendkondiﬁon X MT + Bintervenﬁon\condiﬁon X (MT—
9) x D+¢, where f; is the intercept (i.e., the starting
value) of case i, Byendjcondition 15 the trend effect size,
Binterventionjcondition 1S the intervention effect size, MT is the
measurement time, Dis a dummy-vector showing
whether or not an intervention was present, and e a
measurement error.

Although each case was randomly created, simu-
lation parameters were set according to empirical val-
ues reported by Klicpera and Schabmann (1993), who
investigated the reading speed (words per minute) of
German primary school students. The starting value
(Bo) was randomly chosen from a normal distribution
with M = 130 and SDyuweer = 20 for each case. Trend
effect size was set to one standard deviation across
all 30 measurement points of a single case. Therefore,
changes per measurement (By.nq) for conditions with a
trend (T*I° & T*T*) was and zero for conditions with-
out trend (T°I* & T°I°). The intervention effect size was
set to three standard deviations across the 20 Phase B
measurements (representing a shift from a very weak
to an average reader based on the values reported by
Klicpera and Schabmann, 1993). Accordingly, for con-
ditions with an intervention effect (T°I* & T*I*) Binervention
was and for conditions without an intervention effect
(T*I° & T°I°) Bintervention WaS Z€TO.

Variability was introduced as a measurement
error affecting each single measurement. The mea-
surement error ¢ for each data point was randomly
drawn from a normal distribution with M =0 and SD =
[ x $Dpueween” With the measurement reliability 7, set
to 80 and SDjueer = 20 (the standard deviation of the
intercept 3, between cases). Please compare Figure 1
for single-case graphs for each condition prior to and
after the addition of measurement errors.

All graphs were created using the package scan
(Wilbert & Liike, 2019) for R (R Core Team, 2018).

As a data check, we reanalyzed the resulting 80 sin-
gle-case data sets. For each data set (and phase) we cal-
culated a regression with the criteria (words per second)
regressed on measurement time, providing the slope for
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Figure 1.
Sample Items for Each of the Four Conditions Prior to the Addition of Measurement Errors and After the Addition of
a Measurement Error
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each phase. Additionally, we calculated the difference
between the Phase B and Phase A slope for each graph.
The values for Phase A indicate the trend effect, and the
values for Phase B — Phase A indicate the intervention
effect. (See Table 1 for further information on mean re-
gression weights of the 20 items [single-case graphs] per
condition.) Overall, the intended effects are represented
by the 80 items: The two conditions with intervention
effect showed an intervention effect (B-A) of 3.28 and
3.06 words per measurement (d = 3.3 and d = 3.1 for the
complete intervention phase), while there was a trend
effect of 0.43 and 0.77 words per measurement (d = 0.65
and d = 1.15 for all phases) for the condition with trend
effect and nearly no trend effect (-0.14 and 0.11 words
per measurement; that is, d = -0.21 and d = 0.17) for the
conditions without trend effect.

Table 1
Mean Regression Weights for Each Condition and Phase
(Dependent Variable Regressed on Measurement Time)

PHASE
Condition® A B ALLP B-Ac
TH* 0.43 3.72 2.97 3.28
T -0.14 2.92 2.26 3.06
THO 0.77 0.63 0.67 -0.15
T01° 0.11 -0.08 -0.04 -0.19

Note. T*I* = trend and intervention effect; T+10 = trend effect only; T°I* =
intervention effect only; T°F° = no effect.

aN =20 items per condition.

bAll values, ignoring phase separation.

“Difference between regression weights of Phases Band A.

Item presentation order was randomized and
a second list was created with an inverse order. Each
participant was randomly assigned to one of the two
orders. Participants’judgments for an item were not in-
fluenced by the presentation order; therefore, we ruled
out an influence of the serial position or participants
fatigue on the results and did not include the presenta-
tion order in further analyses.

Data Analyses

Because judgments of both intervention effective-
ness and intervention efficacy are ordinal data, cumu-
lative link models were applied. As we were not only
interested in the overall impact of the trend effect and
the intervention effect manipulations, but also the vari-

ability of this impact between subjects, we implement-
ed multilevel regression models. Trials on level-1 were
nested within subjects on level-2. All predictors were
modeled as fixed and random effects. Each regression
model included two dummy variables representing
presence of trend and intervention effects, and the in-
teraction term, as predictor variables and judgment of
intervention effectiveness and rating of intervention ef-
ficacy, respectively, as the criterion variable.

We calculated likelihood ratio chi-square tests
(Winship & Mare, 1984) to determine the significance
of the random slope effects. Thus, the complete model
was compared to a model without the target random
slope (e.g., in order to calculate the significance of the
random slope of the trend effect, the full model was
compared to a model with all predictors except the ran-
dom slope trend effect).

We used intraclass correlation coefficients (ICC) to
determine the degree of inter-rater agreement (i.e., the
extent of agreement between raters). The ICC concep-
tualizes inter-rater agreement as the proportion of vari-
ance determined by the object of observation (Shrout
& Fleiss, 1979). Because we were interested in the de-
gree of absolute agreement rather than consistency of
ratings, we used case 2 ICC (2, 1), based on the for-
malization of McGraw and Wong (1996). To determine
whether a trend effect impacts inter-rater agreement,
we used separate ICCs for trials with and without trend
effect and an F-test based on the procedure suggest-
ed by Donner (1986). Additionally, we calculated Fleiss’
Kappa, which only assumes categorical data to check
for the stability of the results.

Because judgments of both intervention effective-
ness and intervention efficacy are ordinal data, we cal-
culated intra-rater reliability (i.e., the stability of ratings
within a person) by means of non-parametric correla-
tion coefficients. Average correlations across partici-
pants were Fisher’s z-transformed in order to account
for their skewed distribution.

Results

First, we checked if participants perceived the trend
and intervention effect manipulation. As shown in Ta-
ble 2, on average, more than 90% of the graphs with an
intervention effect (T*I* & T™I*) were correctly identi-
tied as displaying an overall increase in reading perfor-
mance (Question 1); about 6% were rated as showing
no change. In the condition without intervention effect
but with a positive trend effect (T*I), the average rat-
ings identified no change (40%) or an increase (50%).
Likewise, 10% attested a decrease in performance.
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Table 2
Average Percentage of Judgments on Overall Develop-
ment of Change in Reading Performance by Condition

Judgment
Condition Decline NoChange Increase
TH* 03 5.7 94.0
TOI* 0.6 6.2 93.2
T*° 10.3 394 50.3
To[° 423 48.0 9.7

Note. T*I* = trend and intervention effect; T+10 = trend effect only;
T°I* = intervention effect only; T°I° = no effect.

Table 3
Average Percentage of Judgment on Intervention Effec-
tiveness by Condition

Judgment
Negative No Positive
Condition effect effect effect
T 0.7 23.6 75.5
TOI* 1.4 238 74.8
THO 15.8 57.6 26.6
TO1° 44.8 49.9 53

Note. T*I* = trend and intervention effect; T+10 = trend effect only;
T°I* = intervention effect only; T°I° = no effect.

Table 4
Average Percentage of Judgments on Intervention Effi-
cacy by Condition

Judgment

~ Certainlynot Rather not Rather  Certainly
Condition (efficacious) (efficacious) Uncertain (efficacious) (efficacious)

T 0.5 9.6 12.1 42.8 35.0
Tor 0.3 1.3 142  46.6 28.5
TH° 129 385 27.5 17.9 3.2
Tore 35.8 45.0 14.7 3.8 0.7

Note. T*I* = trend and intervention effect; T+10 = trend effect only;
T°I* = intervention effect only; T°I° = no effect.

Graphs in the condition without intervention or trend
effect (T°I°) were considered as showing no change
(48%) or even a decline in performance (42%). Ten
percent were rated as increasing reading performance.
Hence, participants were able to correctly identify the
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total increase in reading fluency in the vast majority of
graphs with an intervention effect. Judgments on graphs
without an intervention effect were also correct in a ma-
jority of cases. However, they were a little less accurate
than those on graphs with an intervention effect.

Descriptive Analyses

Participants’ ratings of the intervention effective-
ness (Question 2) are depicted in Table 3. As illustrated,
when an intervention effect was present (T*I* and T°I*),
it was detected on about three out of four occasions
with about one fourth of the average ratings identify-
ing no effect. Similar to the results on Question 1, there
were only marginal differences between judgments in
the T*I* and T°I* conditions. When only a trend effect
was present (T°1°), graphs were mainly regarded as rep-
resenting no intervention effect (58%), but a substantial
proportion was judged as showing a negative (16%) or
even positive (27%) intervention effect. For the condi-
tion with no effects (TI), the majority of participants
responded no effect (50%) or a negative effect (45%).
However, 5% of graphs were interpreted as showing
a positive effect.

Participants’ ratings on the intervention efficacy
(Question 3) are depicted in Table 4. Once again, rat-
ings were similar for the conditions with (T*I*) and
without (T°I*) trend effect if an intervention effect was
present: Support for further implementation of this in-
tervention was on the same level as the identification of
a positive intervention effect. As expected, support for
the intervention was lower for the conditions without
intervention effect (T*I° & T°I°) and corresponded with
the portion of ratings indicating positive intervention
effects for these graphs.

Taken together, these results show that the addi-
tion of a smaller trend effect had almost no effect on
participants” judgments when an intervention effect
was already present in the data. When no intervention
effect was present, however, a trend effect had a stron-
ger influence on participants” judgment. This pattern
was similar for participants’ ratings on both interven-
tion efficacy and intervention effectiveness.

We then applied ordinal regression models to fur-
ther investigate potential interferences of a trend effect
on judgment accuracy.

Hypotheses 1a and 1b: Intervention
Effectiveness and Intervention Efficacy

Results of the multilevel ordinal regression models
are presented in Table 5 (intervention effectiveness)
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and Table 6 (intervention efficacy). With respect to
intervention effectiveness, the odds ratios suggested that
the presence of a trend effect led to a 5.8 times higher
chance for the choice of a higher category (le., from
negative to no intervention effect or from no to positive
intervention effect) in trials without an intervention
effect. However, in trials with an intervention effect, the
presence of a trend effect only very slightly increased the
chance of a higher category answer than the intervention
effect itself, as shown by the odds ratio of .2 for the trend
x intervention effect interaction. The intervention effect
itself led to a 81.5 times higher chance for the choice of a
higher category. Random slope effects documented that
all presented effects showed considerable and significant
variations, suggesting differentiated influences of trend
and intervention effects on the effectiveness judgment
between persons.

Table 5

Multilevel Ordinal Regression Model (Logit) for Partici-
pants’ Judgment on Intervention Effectiveness (Negative
Effect, No Effect, Positive Effect)

B SE OR? p
Fixed
Trend effect 1.76 0.06 5.8 <.001
Intervention 440 0.11 81.5 <.001
effect
Trend x -1.61 0.10 0.20 <.001
intervention
effect
Thresholds
0|1° -0.22 0.05 0.8 <.001
1]2¢ 297 0.06 19.5 <.001
Random SD 3 LR df p
Intercept 0.49
Trend effect 0.50 75.2 4 <.001
Intervention 1.18 306.1 4 <.001
effect
Trend x 0.39 3.1 4 <.001
intervention
effect
Model fit
LogLik -10541
AIC 21113

Note. Analyses were conducted with the R package ordinal (Christensen,
2019). Trend and intervention effect were dummy-coded (0 and 1).
°0dds ratio.

bIntercept for judgment negative effect to no effect.

‘Intercept for judgment no effect to positive effect.

Regression models for intervention efficacy showed
a similar pattern (see Table 6). Odds ratios indicated that
the trend effect influenced intervention efficacy ratings
in trials without an intervention effect (odds ratio of 5 for
the trend effect), but not in trials with intervention effect
(odds ratio of .3 for the trend x intervention effect inter-
action). Once again, the intervention effect increased the
chance of the choice of a higher category by a factor of
83.7. All effects showed significant random slopes, sug-
gesting that trend and intervention effects also influenced
efficacy judgments differentially from person to person.

Table 6

Muiltilevel Ordinal Regression Model (Logit) for Rating
Intervention Efficacy on a 5-Point Likert Scale (0 - Certainly
notto 4 - Certainly). Judgments Nested in Individuals

B SE OR? p
Fixed
Trend effect 1.62 0.06 5.1 <.001
Intervention 443 0.13 83.7 <.001
effect
Trend x -1.30 0.04 0.3 <.001
intervention
effect
Thresholds
0|1 -0.67 0.08 0.5 <.001
112 1.76 0.09 5.8 <.001
2|3 3.10 0.07 22.1 <.001
3|4 5.53 0.10  253.1 <.001
Random SD 3 LR df p
Intercept 1.04
Trend effect 0.58 107.5 4 <.001
Intervention 1.52 88.2 4 <.001
effect
Trend x 065 242 4 <.001
intervention
effect
Model fit
LogLik -17364
AIC 34762

Note. Analyses were conducted with the R package ordinal (Christensen,
2019). Trend and intervention effect were dummy-coded (0 and 1).
20dds ratio.

In summary, results of the regression models
showed that in trials without an intervention effect the
addition of a trend effect led to a roughly five times high-
er chance for the choice of a higher category answer for
both the intervention effectiveness and the intervention
efficacy ratings. In contrast, in trials with an intervention
effect, the presence of a trend had only minor effects on
participants’answers.
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Hypotheses 2a and 2b: Reliability of Visu-
al Judgments

Inter-Rater Reliability (Consistency of Judgments
Between Raters)

The overall intraclass correlation between partic-
ipants was ICC = .50 (95% CI: .43 - .58, F[79, 14378] =
203, p < .001) for intervention effectiveness and ICC
= .54 (95% CI: .47 - .62, F[79, 14378] = 251, p < .001)
for intervention efficacy, indicating a relatively low
inter-rater reliability (see Table 7). For intervention ef-
fectiveness, trials without a trend effect (T°) showed
an ICC of .59 (95% CI: .49 - .70, F[39, 7098] =283, p <
.001), while the ICC was .34 (95% CI: .25 — .46, F[39,
7098] = 107, p < .001) for trials with a trend effect (T*).
For intervention efficacy, trials without a trend effect
showed an ICC of .62 (95% CI: .52 — .73, F[39, 7098] =
340, p < .001) while the ICC was .42 (95% CI: .33 —
.55, F[39, 7098] = 162, p < .001) for trials with a trend
effect. Hence, trials with a trend effect had lower in-
ter-rater reliability than trials without a trend for both
intervention effectiveness and intervention efficacy.

Intra-Rater Reliability (Stability of Judgments
Within Raters)

Median intra-rater reliability coefficients (Kend-
all’s Tau) for the 40 items administered at Measure-
ment Times 1 and 2 are presented in Table 8 for both
intervention effectiveness and intervention efficacy.
Intra-rater reliability was relatively low overall, with
an average Kendall’s Tau of .56 for intervention effec-
tiveness and .57 for intervention efficacy. In line with
the results for inter-rater reliability, trials with a trend
effect showed lower intra-rater reliabilities for both
questions. For intervention effectiveness, trials with a
trend showed an average Kendall’s Tau of .43 com-
pared to .66 for trials without a trend. For intervention
efficacy, trials with a trend showed an average Ken-
dall’s Tau of .53, while trials without a trend showed
an average Kendall’s Tau of .60. Hence, similar to the
pattern observed for inter-rater reliability, trials with a
trend effect had lower intra-rater reliability than tri-
als without a trend for both intervention effectiveness
and intervention efficacy.

Table 7
Inter-Rater Reliability and Agreement

Intervention effectiveness

Intervention efficacy

ICC21 ICC2.K Fug Fleiss'K? ICC21 ICC2.K Fug Fleiss’K?
T .045 .898 .980 .042 .068 932 965 .020
T .067 930 978 .064 107 .957 969 .033
THO 145 969 .946 .086 170 974 962 .044
Tor° 151 970 962 128 .088 .947 976 041
T 335 .989 .983 223 423 .993 981 J21
T .587 .996 .985 356 616 .997 .986 193
ALL 499 .995 992 304 .538 .995 .992 163

Note. rwg = Within-group correlation comparing the variance of all raters to random variance.

?Fleiss'Kappa for nominal and ordinal data (Bliese, 2000).

Table 8

Mean Correlation (Kendall’s Tau) Between Measurements 1 and 2

Intervention effectiveness

Intervention efficacy

Condition N MD 1 3 N MD 1t 3
quartile quartile quartile  quartile

No trend (T*I* &T*1°) 76 .66 .55 .75 76 .60 .50 .68

Trend (T°I* & T°I°) 76 43 31 .59 76 .53 39 .64

All 76 .56 A7 .67 76 .56 A8 .64

Note. MD is the median correlation for all participants; 1% quartile and 3 quartile for all participants.
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Discussion

In this study we addressed two central questions:
First, how reliable are students' evaluations of sin-
gle-case graphs? Second, to what extent do baseline
trends impact judgment of an intervention’s efficacy
and effectiveness? We conducted a computer-based
within-subject experiment, in which students judged
80 AB single-case graphs. As suggested by Ximenes et
al. (2009), artificial data sets were created to enable us to
vary intervention and trend effects independently.

In line with Matyas and Greenwood (1990) and
corroborating Hypotheses 1a and 1b, judgments were
found to be quite accurate when no baseline trend was
present, with accuracy dropping considerably (type
I errors rates increased fivefold) in the presence of a
baseline trend. Unfortunately, the most common areas
of application for single-case research — and accord-
ingly visual analysis of the resulting graphs — are inter-
ventions targeting learning processes where baseline
trends are common (e.g., reading fluency, basic arith-
metic). Indeed, our findings support the argument that
the presence of a data trend is indeed a major reason for
type L errors in the visual analysis of single-case graphs.

However, the baseline trend did not reduce type II
error rates (i.e., the power remained about 80%). This
might be because the intervention effects used in this
study were much larger than the trend effects, there-
fore, possibly overshadowing them in trials where an
intervention effect was present. Future research should
investigate whether the increase in type I error rates is
replicable even when trend and intervention effect siz-
es are comparable.

In line with Hypotheses 2a and 2b and previous
work by other researchers (Jones et al., 1978; Park et
al,, 1990), inter- and intra-rater reliabilities dropped
for items including a baseline trend compared to those
without a trend. However, contrary to our expectations
in Hsypothesis 2a, reliabilities were low even for items
where no trend was present. Judgments appeared both
inconsistent across raters and unstable over time. This
pattern was similar for judgments on the effectiveness
as well as the efficacy of the intervention.

It is often argued that any intervention effect large
enough to be relevant in practice is detectable by vi-
sual inspection (e.g., Kazdin, 2011; Parsonson & Baer,
2015). However, in line with other studies (e.g., Danov
& Symons, 2008; Ottenbacher, 1990; Park et al., 1990),
our results indicate that even under relatively clear
conditions, with a large intervention effect size and the
intervention effect exceeding the Phase A trend, visual
judgments were not reliable both within and between
raters.

Generally, the distinction between intervention
effectiveness and intervention efficacy did not yield in-
sight into the decision process. Trend effects on judg-
ments were slightly more pronounced for intervention
effectiveness, and reliabilities were a bit higher for in-
tervention efficacy but overall, the results were very
similar for all analyses. Thus, either the experimental
variations exerted a consistent effect on both depen-
dent variables or participants did not differentiate be-
tween effectiveness and efficacy and both measured
practically the same.

Conclusion

In summary, the results of our study suggest that
first-year teacher-education majors’ visual judgments
are unreliable and highly prone to type I errors in the
presence of a baseline trend in the data. However, this
conclusion must be balanced by several limitations:
First, participants were university students with limited
experience of visual analysis of single-case data. Note,
however, that previous studies resulted in comparable
reliabilities and error rates — even in experienced raters
(Espin et al., 2017; Normand & Bailey, 2006).

Second, although we did our best to explain the
difference between a trend and an intervention effect
to the students, no empirical evidence verifies that they
truly understood the distinction.

Third, the results were based on an arbitrary deci-
sion with regard to the relation between the effect size of
the intervention, the trend effect, and the measurement
error. Arguably, a change in the proportion between
these effects sizes might have led to different results.

Finally, we assumed a linear trend and a linear
intervention effect. While we think this is appropriate
for a reading intervention, other kinds of interventions
(e.g., behavioral modifications or medical treatments)
might be better represented with non-linear develop-
ments or even performance shifts. Our results, there-
fore, are not directly applicable to these contexts.

Despite these limitations, the present study pro-
vides a novel approach to investigating these effects
and reveals that, given certain defined conditions, vi-
sual inspections are only of limited value. Two ways to
overcome such a limitation have been proposed: First,
enriching visual graphs with lines (Kratochwill et al.,
2010). A widely applied method consists of drawing
a mean line of the A phase extrapolated across the B
phase to improve visual inspection accuracy. Similarly,
Kadzin (2011) recommended inserting a split-middle
line, a type of regression line, for the A phase extrap-
olating across the B phase. However, Fisher, Kelley,
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and Lomas (2003) found an increased type I error rate
when inserting a split-middle line. Instead, they pro-
posed a combination of a mean and a split-middle line
(the dual criterion, DC) and showed that this procedure
leads to an improved visual inspection accuracy. Evalu-
ation studies on variations of this procedure (the con-
servative dual criterion with 0.25 standard deviations
raised lines) have corroborated these findings (Stewart
et al, 2007, Young & Daly, 2016).

A second way to improve the accuracy of visual
inspections is to validate the interpretations with the
results from statistical analyses (Harrington & Velicer,
2015, Park et al., 1990). However, this approach raises
the question if a statistical analysis is the most reliable
and valid approach to analyzing single-case data in the
first place. From this perspective, visual graphs have an
important but mere illustrative function.
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Abstract

We present results of an evaluation of the first year of a multi-year comprehensive middle
school reading program. Four public middle schools in rural Virginia with large populations
of students with limited reading proficiency participated in a study to determine the reading
program’s impact. We evaluated 235 students with low reading achievement scores, including
students with disabilities, to determine reading gains. The multi-year curriculum consisted of
multiple components (word-level instruction, comprehension and vocabulary, motivation and
engagement, and assessment) and seven related instructional units, each taught using explicit
instruction. A quasi-experimental design was used to determine the intervention’s effectiveness.
Statistically significant differences were found between the experimental and comparison
conditions on a standardized measure of reading achievement with some scores favoring the
experimental condition. Results support, in part, the reading program’s promise to improve
middle school students’ reading achievement scores at a level that may narrow the reading

achievement gap.

Keywords: Adolescent reading, reading disabilities, reading interventions

limited reading proficiency (LRP) exhibited by

many middle school students, a state agency and
several district leaders from rural school districts in
the southwestern region of the state of Virginia in the
United States contacted the researchers for assistance
in exploring possible solutions. Building on an existing
partnership, the state and rural district leaders and
the researchers decided to implement and evaluate
the Fusion Reading (FR) program, a comprehensive
intervention for struggling adolescent readers (Hock
etal.,, 2012).

The state started by providing several schools with
materials and professional development on FR for
several reasons. First, they believed that the intervention
could provide LRP students with improvements in the
basic skills they need (e.g., decoding, fluency, vocabulary
knowledge, comprehension). Second, previous reading
interventions for these students had had little or small
effects. And third, they believed that the intervention’s
use of literature that was engaging and relevant to the

In response to identified needs related to the

lives of adolescents would increase student motivation
and desire to engage in reading.

The overarching goal of the project was to conduct
a rigorous evaluation of FR in rural schools and deter-
mine the level of impact on students with low scores
on the state Standards of Learning (SOL) reading as-
sessment (VDOE, 2017b). The primary research ques-
tion was whether or not SOL scores and scores on a
standardized reading measure would improve for the
students with LRP who were taught FR.

The Challenge of Limited Reading
Proficiency for Adolescents

A significant discrepancy exists between the
reading abilities of adolescents with limited reading
proficiency (LRP) and proficient readers, a discrepancy
that has been growing. For example, in 2019, the
average eighth-grade reading score on the National
Assessment of Educational Progress (NAEP) was 263
points, a significant decline in scores from 2017. For
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eighth-grade students living in poverty, the average
score was 250 points; for students with disabilities, the
average score was 229 points; and for English learners,
the average score was 221 points (National Center for
Education Statistics [NCES], 2019). More significant is
how these point differentials translate into basic reading
ability. For eighth-grade students living in poverty, 35%
are reading below basic proficiency. For students with
disabilities, 68% are reading below basic proficiency,
and among English learners, 61% are reading below
the basic level (NCES, 2019). Thus, a large number of
students are not proficient in the reading skills needed
for success in school.

For many students, limited reading proficiency can
be a chronic condition. For example, by high school,
students with limited reading proficiency are, on aver-
age, three years below grade level in reading (Cortiella
& Horowitz, 2014). Students who score at below basic
skill levels are unable to use prior knowledge to make
a comparison, describe the central problem faced by a
main character in a text, use context to identify mean-
ing of vocabulary, provide text information to support
a generalization, read across text to provide an expla-
nation, or support an opinion with text information or
related prior knowledge (NAEE, 2019). Consequently,
students reading significantly below a basic level are
unable to comprehend much of the written material
they encounter in school.

The Magnitude of the Literacy Challenge

We previously conducted a descriptive study to bring
clarity to the nature of the reading skills of adolescents,
including students with disabilities (Hock et al.,, 2009).
Entering ninth-grade students were administered 11
standardized reading tests across five reading domains:
alphabetics, word-level reading, fluency, vocabulary, and
comprehension. The results of the study described the
differences across reading domains between proficient
readers and readers with limited reading proficiency.
Students with limited reading proficiency scored
statistically significantly lower than their proficient reader
counterparts in each domain and 20 or more standard
score points lower than the proficient reader group.
Sixty-one percent of the limited reading proficiency
group scored low in all five reading domains.

Inalatent class analysis of the same data set, we found
five statistically unique subgroups of adolescent readers
with low reading achievement: (a) readers with severe
global weaknesses, (b) readers with moderate global
weaknesses, (¢) dysfluent readers, (d) weak language
comprehenders, and (e) weak reading comprehenders

(Brasseur-Hock et al, 2011). The profiles of these
subgroups demonstrate considerable diversity and are
distinguished by their specific strengths and weaknesses.
For example, two of the subgroups scored from one to
two standard deviations below the mean on almost all
reading measures. Another subgroup demonstrated
weaknesses only on the measure of fluency.

Other researchers have identified similar reading
skill profiles and have extended the research to include
related cognitive skill profiles. For example, examin-
ing the reading skills and cognitive attributes of middle
school students, Miciak et al. (2014) found that measures
of phonological awareness, listening comprehension,
rapid naming, processing speed, verbal knowledge, and
nonverbal reasoning identified three groups of inade-
quate responders to reading instruction. The three groups
included students with (a) comprehension deficit; (b) de-
coding, fluency, and comprehension deficit; and (c) poor
fluency skills. All groups had distinct score clusters for
the six measures. Other researchers have found through
multigroup confirmatory factor analyses that about 85%
of the struggling readers had weaknesses in comprehen-
sion, decoding, and fluency (Cirino et al., 2013).

Given the significant and comprehensive needs of
LRP students and the diversity of subgroups or clusters
of poor comprehenders, increasing student literacy to
the level required by more rigorous standards will be a
significant challenge for teachers whose students lack
basic reading skills.

The Evidence We Have

Literature reviews, meta-analyses, and recent
studies of reading interventions, programs, as well as
instructional methodology aimed at improving reading
proficiency among adolescent struggling readers
inform our understanding of what works with whom
and under what conditions (e.g., Slavin et al., 2008;
Torgesen et al., 2006; Vaughn & Wanzek, 2014). For
example, the Center on Instruction’s Practice Brief
(Boardman et al., 2008) recommends that interventions
designed for adolescents include instruction in the
following components: word study, fluency, vocabulary,
comprehension, and motivation. In addition, based
on our studies, we suggest that secondary curricular
demands and learner profiles of adolescent struggling
readers be taken into consideration when designing
and delivering reading interventions (e.g., Brasseur-
Hock et al., 2011; Hock et al., 2009).

In the following, we have organized our review of the
literature moving from broader instructional approaches
to instruction with specific interventions and groups.
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Instructional Approaches

In a comparison of four approaches to reading
programs for adolescent struggling readers, Slavin and
colleagues (2008) found that instructional-process pro-
grams, which improve daily teaching practices and are
accompanied by professional development, had greater
research support than mixed approaches and programs
that focus on technology alone. The Slavin review in-
cluded 33 separate studies, all using randomized or
matched control groups.

In a synthesis of 69 experimental research studies
across 51 reading programs for secondary students,
Baye et al. (2018) found that instructional approaches
that used one-to-one and small-group tutoring, co-
operative learning, whole-school and writing-focused
approaches showed positive outcomes. The research-
ers also found that reading instruction in social studies/
science classes, teaching structured reading strategies,
and personalized rotation learning models were ef-
fective. However, programs providing an extra hour of
reading time and those utilizing technology were no
more effective than programs without those features.
Thus, across the 69 programs reviewed, the effects were
relatively small (i.e., ES = +0.09 to +0.13).

Components of Reading Interventions

In a review of 22 randomized controlled trials
(RCTs) on reading interventions for children and ado-
lescents with reading disabilities, Galuschka et al. (2014)
evaluated 49 comparisons of experimental and control
groups that included reading fluency, phonemic aware-
ness, reading comprehension, phonics instruction, au-
ditory training, medical treatments, and interventions
with colored overlays or lenses. A key finding showed
that phonics instruction was statistically confirmed as
the only approach to affect the reading and spelling
performance of children and adolescents with reading
disabilities. Specifically, this meta-analysis demonstrat-
ed that severe reading and spelling difficulties could be
treated with appropriate instructional methods. The
authors concluded that systematic instruction of letter—
sound correspondences and decoding strategies was
the most effective method for improving the literacy
skills of children and adolescents with severe reading
disabilities. Corroborating these conclusions, the Cen-
ter on Instruction recommends phonics instruction for
older readers to focus on advanced word study and
decoding multisyllabic words (Boardman et al., 2008;
Torgesen et al., 2007).

Scammacca et al. (2015) examined the findings
from 82 studies of interventions for adolescent strug-
gling readers in Grades 4-12. This meta-analysis was
conducted as an extension of an earlier meta-analysis
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(Scammacca et al., 2007) with similar research ques-
tions on the level of intervention effectiveness and use
of reading comprehension measures. In both litera-
ture reviews, the researchers included interventions
designed to impact reading fluency, vocabulary, and
reading comprehension. Results showed that teachers
could influence reading outcomes for older students
with reading difficulties and that adolescents, includ-
ing those with learning disabilities, could benefit from
interventions that target both word-level and reading
comprehension strategies (Scammacca et al, 2007,
2015). In the latter review, the researchers found that
effect sizes in studies of more recent years (1980-2011)
showed lower effect sizes, likely due to increased use
of standardized measures as the outcome variable for
reading comprehension (Scammacca et al.,, 2015). Ad-
ditionally, the authors identified three other causes of
lower effect sizes: (a) improved “business-as-usual”
(BAU) instruction typically serving as the comparison in
intervention studies, (b) use of more rigorous research
designs, and (c) changes in participant characteristics.

Another synthesis of 14 studies of reading com-
prehension interventions for middle school students
with learning disabilities, conducted between 1979-
2009, found large effect sizes for researcher-developed
comprehension measures and medium effect sizes for
standardized comprehension measures (Solis et al.,
2012). All but one intervention in these studies related
to strategy instruction on main idea or summarization.
However, 12 of the 14 interventions were implemented
by researchers, somewhat limiting the generalizability
of the findings.

In an effort to determine which features of vocabu-
lary instruction have an influence on adolescents’com-
prehension, Wright and Cervetti (2017) conducted a
systematic review of 36 studies of vocabulary interven-
tions with comprehension as their outcome measure.
One key finding from their analysis was that instruc-
tion focusing on the strategies for learning new words
had a larger impact than teaching definitions of new
words. Another finding indicated that there was no
evidence to support one particular strategy for solving
word meanings, but that students who actively used a
strategy showed increased understanding of text.

Severe Reading Disability

In a recent article describing the impact of a two-
year randomized control trial study with 194 fourth-
grade students with severe reading disabilities, re-
searchers found no statistically significant differences
between students in treatment and those in a BAU
condition on measures of word identification, vo-
cabulary, and comprehension (Al Otaiba et al.,, 2018).
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However, while there were no significant statistical
differences, there were promising effect size gains (ES
=0.14 to 0.19). Given these gains, the researchers sug-
gest that even more intense intervention for students
with chronic and severe reading disabilities may be
required. For example, the intensive reading program
implemented, called Passport to Literacy, was a multi-
component year-long Tier 2 reading program that met
four days a week for about 30 min a day. Program com-
ponents included instruction in word reading skills, vo-
cabulary, and comprehension. Thus, intensive, compre-
hensive, and multicomponent reading programs may
be required for students with severe reading disability
(Al Otaiba et al., 2018).

Examining the effects of a year-long, small-group,
intensive intervention for 41 eighth graders who per-
sistently had inadequate response to previous reading
interventions, Vaughn and colleagues (2012) found that
students showed growth but still lacked grade-level
proficiency. Students receiving intensive intervention
demonstrated significantly higher scores than compar-
ison students on standardized measures of compre-
hension (ES = 1.20) and word identification (ES = 0.49).
However, most students in the treatment condition
continued to lack grade-level proficiency in reading de-
spite three years of intervention.

Further, Vaughn et al. (2013) reported the results
of a longitudinal study of reading comprehension in-
terventions for adolescents with learning disabilities
receiving support within a response-to-intervention
framework. In this study, the researchers developed
interventions across three tiers of instruction, with in-
creasing levels of intensity for students who were non-
responsive to less intense instruction. The influence of
the interventions with added intensity (.e., Tier 2 and
Tier 3 interventions) on student reading achievement
scores showed larger gains for the experimental groups
than comparison students.

However, the magnitude was considered small (d
= 0.16). The results of this study and the previous study
by Vaughn and colleagues (2012) show that even with
explicit and intensive reading instruction, students with
severe reading disabilities demonstrated limited reading
improvement and suggest the need for intensive instruc-
tion for middle school students with severe reading dis-
abilities to close their reading proficiency gap.

Rural Contextual Factors

To fully examine what reading instruction works
for students with LRE, context must also be explored
(Eppley et al., 2018). Some unique contextual challeng-
es to literacy improvement efforts in rural school dis-
tricts include lack of resources, skepticism about exter-

nally led initiatives, and limited teacher-collaboration
opportunities due to geographic isolation and small
school size (Azano, 2015; Hamann & Meltzer, 2005).
Additionally, rural schools often experience teacher
shortages and high turnover rates (Azano & Stewart,
2016; Holloway, 2002).

In one study of the effectiveness of two commer-
cially available explicit instruction approaches used to
address the LRP needs of 49 sixth, seventh, and eighth
graders living in rural areas, Shippen et al. (2014) found
that students with more skills at pretest demonstrated
more growth at posttest, underscoring the importance
of paying attention to the initial capabilities of students
when evaluating program effectiveness. Additionally,
intervention placement procedures must be carefully
implemented due to underlying factors that may not
parallel placement practices in other places (Callahan et
al., 2020). Lastly, in an effort to resist polarizing and rig-
id conceptions common to socially, culturally, and eco-
nomically marginalized spaces (Peine et al., 2020), liter-
acy improvement efforts must engage in a partnership
and strengths-based approach (Knight et al., 2016).

Amalgamating these findings, we conclude that
explicit, comprehensive reading strategy instruction is
effective, to varying degrees, for students with LRP. Fur-
thermore, the findings support the need to learn more
about the instructional conditions that could close the
reading gap for these readers in rural settings. Evidence
showing that teachers are able to deliver interventions
in real-world settings with as much efficacy as research-
ers is also needed. Finally, additional research is needed
on the impact of multiyear, intensive, and comprehen-
sive reading instruction designed to address all the crit-
ical reading component skills identified as essential to
have high-impact on the reading achievement of LRP.

A Response to the Challenge: Fusion
Reading

In an attempt to address this challenge, several
rural Virginia schools adopted FR (Hock et al., 2008), a
comprehensive intervention for struggling adolescent
readers. Plans were developed for professional devel-
opment, implementation, and rigorous evaluation that
targeted student reading outcomes.

Briefly, FR is an intensive reading class designed to
meet for 45-, 60-, or 90-min class periods daily or every
other day. The course does not replace language arts or
other core classes but is supplemental to core classes and
is usually offered in special education classrooms or as an
elective. Classes consist of 12-15 nonproficient readers in
Grades 6-8 who typically score two or more grade levels
below grade placement on a standard reading assess-
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ment measure. A major goal of FRis to increase student
motivation, engagement, and reading outcomes.

FR consists of seven instructional units. Both
teacher and student materials (three workbooks) are
provided in hard copy and electronic forms. FR units
include (a) Classroom Structure — Establish the Course;
(b) Thinking Reading Process; (c) Possible Selves for
Readers; (d) Word-Level and Fluency Strategies; (e)
Comprehension Strategies; (f) a Vocabulary Strategy;
and (¢) a Test-Taking Strategy. Throughout the pro-
gram, daily and unit assessment is provided. Each unit
is described in more detail in the Methods section.

Findings From Previous Studies of FR

Multiple studies have shown the impact of FR. For
example, as part of an Institute of Education Sciences
(2006) grant, an underpowered random assignment
study of struggling 9™ and 10"-grade readers in ur-
ban high schools was conducted to bolster claims of
promise for the intervention. Comparison condition
students received Second Chance Reading (Showers
et al., 1998). All students were administered the Group
Reading and Diagnostic Evaluation (GRADE; Williams,
2001). An independent analysis of the data was con-
ducted by the University of Houston’s TIMES Center.
Thirty-four students received FR and 35 students re-
ceived Second Chance Reading.

The data were analyzed using a hierarchical linear
modeling approach as implemented in SAS PROC
MIXED.The dependent variables were the standard and
raw scores on the GRADE comprehension composite
test score. A significant interaction was found between
treatment and measurement occasion for the standard
score on the GRADE Comprehension Composite
score, F(2, 88) = 3.53, p = .03. The pre- to posttest gain
for the experimental group was statistically significant,
F(2, 88) = 4.59, p = .01. The within-subjects effect size
for this subtest score is Hedges’s g = .70; F(2, 93) = 3.06;
p = .05 raw score and Hedges's g =.66; F(2, 93) = 3.73;
p = .03 for standard scores (Hock, Bulgren et al., 2017).

Another study, a quasi-experimental matched
comparison group study, was conducted using FR
and Corrective Reading (Hock, Brasseur-Hock et al.,
2017). Forty middle school students with learning
disabilities were included, 20 in each condition.
Students attended a suburban school district. The
GRADE (Williams, 2001) was administered pre- and
posttest, and the Measure of Academic Progress
(MAP) (Northwest Evaluation Association, 2011) was
administered at multiple time points.

The difference in GRADE Total Test reading score
was statistically significant. Given the nested nature of
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the data, a repeated-measures analysis of covariance
(ANCOVA) was conducted of the overall GRADE total
scores. Significant differences were found between the
intervention and comparison group over time; F(1, 32)
=6.67, p = .015, Hedges's g = 1.66. A second repeated-
measures ANCOVA was conducted on MAP scores.
Significant differences between the experimental and
comparison groups were found over time; F(1, 27) =
5.16, p = .031, Hedges's g = 1.04.

In another analysis of the same data set, an inde-
pendent-samples ¢ test was conducted to compare the
difference in Total Test scores of the GRADE. The mean
score for the experimental group posttest (M = 33.60, SD
=10.29) was significantly greater than the mean score for
the comparison group posttest (M = 21.70, SD = 7.31),
#(38) = 4.216, p < .001). The standardized effect size index,
Cohen’s d, was 1.35 (Hock, Brasseur-Hock et al., 2017).

Expanding the Evidence

The evaluation reported in the current paper ex-
tends the research on the FR intervention to include
students with limited reading proficiency from impov-
erished rural school districts and cultures. Specific re-
search questions included:

1. What is the impact of FR on the reading
achievement scores of middle school adolescents
with limited reading proficiency in rural schools?

2. What is the magnitude of the gain score difference
(effect size) for students in FR compared to students
in a business-as-usual (BAU) reading comparison
condition?

3. What is the level of fidelity of implementation for
intervention dosage and curriculum implementa-
tion?

Methods

Setting

This study took place in two rural school divisions
(districts) located in southwest Virginia. One division
was a medium-size school division with a total student
population of 9,182 across 10 elementary schools, 4
middle schools, and 4 high schools. The other division
was a smaller school division with a total student popu-
lation of 2,042 across two elementary schools, one mid-
dle school, and one high school (Virginia Department
of Education [VDOE], 2017a).

A total of four schools participated in the study,
with three schools from the larger division and one
school from the smaller division. Students were from
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sixth-, seventh-, or eighth-grade middle school class-
rooms (see Table 1 for specific student demographics).
Three schools taught LRP students the intervention
program, FR; the fourth school served as a BAU com-
parison condition.

In Virginia, where this study took place, a discrep-
ancy similar to the national challenge exists. That is, on
a statewide basis, 52% of all LRP students are reading
below proficiency compared to 20% of their peers
(VDOE, 2017a). The schools participating in this study
reported that state Standards of Learning (SOL) scores
were also low. For example, one middle school’s SOL
eighth-grade reading scores were lower than 90.7% of
the middle schools in Virginia. Another middle school
reported that only 60% of all students scored at the
proficient level in reading (VDOE, 2017a).

Student Participants

A total of 235 students participated in the study;
153 students in the experimental condition and 82 in
the comparison condition. All students in the study
were considered to be LRE, defined as students with
documented disabilities and reading goals, English lan-
guage learners with low reading achievement scores, or
students living in poverty. All students had low read-
ing achievement scores. Students (a) were enrolled
in Grades 6, 7, or 8; (b) scored between the 15" and
36" percentile on a standardized reading assessment;
(c) scored below proficient on the division’s reading
screening test; and (d) scored below proficient on the
Virginia reading Standards of Learning (SOL) test. See
Table 1 for additional information on student partici-
pants.

Of the 153 students in the experimental group, 54
were in sixth grade, 54 were in seventh grade, and 45
were in eighth grade. A total of 82 students from these
same grade levels were in the comparison condition.

All students were required to have parent or guardian
consent to participate in the study, and students pro-
vided their assent to participate.

Teacher Participants

All teachers in both the experimental and comparison
groups were VDOE-licensed. The experimental group was
taught by three teachers who were new FR program imple-
menters but were experienced teachers in the districts (see
Table 2). None of the teachers, experimental or compar-
ison, had prior FR teaching experience. The comparison
group teacher was responsible for either directly teaching
students in the BAU in enrichment/intervention classes or
in enlisting the support of English or social studies teach-
ers to support students as they worked on completing class
assignments.

Experimental Condition

Students in the experimental condition received
FR. The curriculum includes seven units, each taught
using explicit instruction. Bundled into the program are
four major components: (a) Engagement and Motiva-
tion, (b) Word-Level Instruction, (c) Comprehension,
and (d) Ongoing Assessment (Hock et al., 2008).

Components of the Comprehensive Intervention

The Engagement and Motivation component in-
cludes the use of highly engaging teen literature, les-
sons designed for student success through explicit
instruction, multilevel reading material, positive and
corrective feedback, ongoing performance assessment,
and Possible Selves for Readers (PSR) (Hock et al.,
2012). PSR is used to focus students” attention on the
importance of becoming expert readers and how be-
ing expert readers can help them reach their hopes and
dreams as learners, individuals, and in career areas. For

Table 1

Student Demographics

School Students Free/Reduced-  %IEPs? % ELL Black Hispanic White
Enrolled Price Lunch

Exp. 1 448 69.4% 15.6% 1.1% 29.7% 4% 66.3%

Exp. 2 648 53.%% 13.3% 1.2% 11.9% 9.3% 78.7%

Exp. 3 517 65.4% 17.2% 1.4% 29% 7.2% 63.8%

Comp. 576 57.5% 10.2% 9.4% 23.6% 18.4% 58%

Note. |EP= Individualized Education Program; ELL = English-language learner.
aStudents with disabilities and IEP goals for reading made up 10.2% to 17.2% of the students in the study. Overall, about 35% of the students were
classified as LD, 17% as speech-language hearing, 21% as other health impaired, and about 9% as autistic.
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Table 2
FR Teacher Demographics
Teacher Degree Certifications Number of Years ~ Gender Race Age
Teaching
1 Bachelor's  Early Education NK-4th 26 years Female White 54
Degree Middle Education 4th-
8th
2 Master’sin  Emotional Disabilities 27 years Female White 59
Education K-12th
Specific Learning
Disabilities K-12th
Elementary 4th-7th
Reading Specialist
3 Bachelor’s Elementary NK-8th 16 years Female White 38
Degree
4 Bachelor's  Intellectual Disabilities 25 years Female Black 57
Degree K-12th

Specific Learning
Disabilities K-12th

example, students participate in structured interviews
in which they describe themselves as an individual, as a
learner, and as a worker. They also identify their hopes,
expectations, and fears for the future in each of these ar-
eas. From this examination of what is possible for each
student, an action plan is developed that clearly shows
the linkage between reading and the attainment of the
student-identified goals. PSR is an ongoing experience
and reflects the dynamic nature of student goals.

Word-Level Instruction is taught through The
Bridging Strategy (TBS) (Brasseur et al., 2012).TBS con-
sists of four core units: phonics, decoding, word identi-
fication, and reading fluency. When students apply TBS,
they use multiple skills and strategies to quickly and ac-
curately recognize words in connected text. When they
encounter an unfamiliar multisyllabic word, they learn
to apply a four-step strategy in which they break un-
recognized multiple syllabic words into pronounceable
word parts. These word-level skills are explicitly taught
to a level of automaticity and practiced with expository
and narrative text using multilevel text. Teachers pro-
vide positive and corrective feedback to small coopera-
tive groups and, as needed, to individual students.

The Comprehension component of FR consists of
four key strategies: (a) Summarization, (b) Prediction, (c)
Vocabulary, and (d) Strategy Integration (Brasseur et al.,
2012; Hock etal., 2012). With the Summarization Strategy,
students learn to identify important clues in the text,
link the material to prior knowledge, read short chunks
of information, find main ideas, and summarize major
sections of text. In the Prediction Strategy, students learn

how to make predictions and draw inferences within
their reading. With the Vocabulary Strategy, students
learn a seven-step process that allows them to determine
the meaning of unknown vocabulary through analysis
of affixes and context clues and extensive classroom
discussion of multiple word meanings, word usage in
different contexts, and similarities of the target word
to other words. Finally, and most important, through
Strategy Integration, students learn how to apply and
adapt all the reading strategies they have learned to
reading materials in their math, science, language arts,
and social studies core classes. They practice application
of strategies in the FR class using the core class text
materials and receive feedback from their teacher. Core
class teachers and co-teachers then cue students to use
the strategies during core class activities. About 60% of
FR instruction focuses on core class reading material.

Two activities embedded in the Comprehension
component, Thinking Reading and Book Study (Bras-
seur et al,, 2012), are designed to increase the amount
of time disengaged readers spend engaged in the read-
ing process. Thinking Reading is an instructional pro-
cess used to demonstrate expert reading behaviors, to
forecast strategy application, and to provide opportuni-
ties to practice strategy application in the context of au-
thentic reading material. Thinking Reading is similar to
Reciprocal Teaching (Palincsar & Brown, 1984) in that
the teacher eventually transfers the role of expert read-
er to students. In Thinking Reading, however, teachers
use highly engaging reading materials in an effort to
get disengaged readers reengaged with text.
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Book Study is designed for extension and appli-
cation of learned reading strategies outside the class-
room. Students select books in their areas of interest
and at their independent reading level. Then they com-
plete assignments that are directly related to the strat-
egies and vocabulary being taught. The goals of these
activities are to get disengaged readers™eyes on print”
(Chamberlain, 2006, p. 172), provide multiple exposures
to expert reader models, offer readers opportunities to
practice new reading strategies, and extend reading
practice beyond the classroom.

Finally, the Assessment component provides indi-
vidualized data that inform and personalize instruction.
Individual student progress is carefully documented in
each instructional unit. Formative assessment data are
gathered daily for each strategy’s instructional lesson
and during the various practice activities. Thus, regular
measurement of motivation, engagement, word-level
skills, and comprehension is embedded in the program
and collected regularly by the teacher. This information
helps assess individual student progress and provides
immediate, individualized, positive, and corrective
feedback to students.

Progress measures are embedded within each ma-
jor unit of the curriculum. These measures inform the
learner and teacher about the level of student mastery
of a particular reading strategy, mastery of skills being
taught, and comprehension of reading material. The
measures are also used to make future program cur-
riculum decisions for individuals or groups of students.
Opverall achievement gains are documented by division
end-of-grade assessments and/or standardized read-
ing measures.

The Instructional Process and Procedures
A key structure of FR is the Daily Lesson Format

(DLF), which provides a structure for the class that en-

sures all critical instructional activities are included in

each class session. For example, during a 60-min class,
teachers and students rotate through five activities:

Warm-Up (5 min), Thinking Reading (12 min), Explicit

Instruction (20 min), Vocabulary (18 min), and Wrap-

Up (5 min). The instructional activities are as follows:

1. Students do a Warm-Up activity as soon as they
enter the classroom. The Warm-Up is usually a vo-
cabulary question related to the novel the class is
reading. Students earn points for completing the
activity.

2. Students transition to Thinking Reading, where the
teacher models metacognitive strategies and the
thinking of an expert reader. Students read highly
engaging novels and eventually demonstrate and
practice the reading strategies they have been taught.

3. During Explicit Instruction teachers explain a strat-
egy, model the strategy, guide student application
of the strategy, have students practice the strategy,
and then provide feedback to students. Students
are taught the individual course reading strategies
during this time.

4. Next, students study Vocabulary, and are guid-
ed through the seven-step strategy applying affix
meanings and discussion to define the meaning of
the word; opportunities are provided to locate oth-
er words that contain the same affixes.

5. Finally, during lesson Wrap-Up, students are given
a quick assessment of the main skill taught. Usu-
ally, this involves having students complete an exit
ticket assignment. Also, the upcoming lesson is
previewed.

The DLF structure helps ensure that each class has
instructional variety and that every minute possible is
an opportunity for explicit instruction.

Explicit Instruction. Teachers follow explicit in-
struction practices for all reading and strategy instruc-
tion. In FR, the procedure includes the following steps:
First, teachers clearly explain each skill or strategy that
will be learned during each lesson. Then teachers pro-
vide an expert model of how the skill is applied or how
the strategy works in the context of narrative or exposi-
tory text. Once teachers have provided an expert model
of the skill or strategy, they engage students in guided
practice.

Guided practice scaffolds teachers' support, with
the students taking responsibility for application of the
reading skill or strategy. Guided practice is a recursive
process with the teacher providing additional modeling
and supports as needed. Once students demonstrate
some level of initial proficiency in guided practice,
they work with a partner and continue to practice with
reading material that moves from easy to more difficult
levels. During partner practice, the teacher works with
individual students to assess proficiency and provide
support to students who require elaborated feedback.
Finally, new skills and strategies are applied to actual
core class materials. These processes and procedures
are followed for each of the daily lessons in the pro-
gram.

Professional Development

Each participating FR teacher received extensive
blended PD from one of the program developers and
two certified FR trainers. That is, face-to-face PD was pro-
vided in combination with online modules designed to
provide personalized professional learning. Blended pro-
fessional development for this study is defined as consist-
ing of both online digital media and face-to-face PD and
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coaching from FR coaches. In addition, building and dis-
trict-level administrators responsible for curriculum and
instruction also received PD. The importance of includ-
ing building and district leaders in secondary school PD
plans is well documented (e.g., Bredeson, 2000; McDon-
ald et al, 2009). The model employed to provide all PD
was based on validated practices for professional learning
(e.g., Darling-Hammond et al., 2017; Fullan, 2005; Knight
& van Nieuwerburgh, 2012; Kurz et al., 2017).

The specialized PD provided to FR teachers was
scheduled based on the pace of their implementation.
Summer PD forYear 1 was conducted over two consec-
utive days. Training included information on attributes
of struggling readers, theoretical underpinnings of FR,
classroom routines and set-up, instructional method-
ology, student grouping strategies, progress monitor-
ing, and an overview of the instructional materials. In
addition, the FR teachers were taught how to instruct
students during the first unit of the curriculum entitled
Establish the Course.

During the fall semester of Year 1, each FR teach-
er received three additional days of PD over the course
of three months that included instruction on the Pre-
diction Strategy, Possible Selves for Readers, and The
Bridging Strategy. PD for the Prediction Strategy and
Possible Selves for Readers was conducted over two
half-day sessions on different dates in the form of a
professional learning community (PLC). This PLC
watched the online modules for each of the strategies
and engaged in in-depth conversations about imple-
mentation and next steps in combination with their FR
coaches. The Bridging Strategy PD was implemented
differently due to the content of this strategy. Since past
FR teachers had found PD for the Bridging Strategy
to be more challenging than other strategies, Bridging
Strategy PD was conducted by certified trainers over an
entire professional learning day.

Coaching. FR coaches and professional developers
were in frequent contact with the curriculum director
and special education coordinator to respond to
questions and monitor progress. Furthermore, FR
coaches provided monthly coaching to each of the FR
sites to ensure fidelity of implementation. During the
coaching sessions, the FR coaches employed strategy
checklists, classroom modeling requested by the FR
teacher of specific strategy components, problem-
solving and comparing checklists during their planning
period, and provided encouragement and motivation
for each of the FR teachers. Coaching techniques
followed the principles of Partnership Instructional
Coaching (e.g., Knight, 2007, 2009).

End of Year 1. In June 2017 of Year 1, FR teachers
received a full-day review of the following information
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from Year 1: data analysis from each of the FR sites,
student success stories, review and refresher of
Thinking Reading and administration and scoring of
the TOSCRF-2, FR alignment with Virginia’s SOL, and
teacher survey review of Year 1 FR; in addition, they
began planning the launch of FR Year 2 for the 2017-
2018 school year.

Comparison Condition

The BAU teacher was described as not using a
specific intensive and explicit reading program. In-
stead, BAU instruction was teacher-designed reme-
diation lessons using the grade-level English cur-
riculum. For example, students in need of reading
assistance were scheduled for 45-minute sessions
during an academic resource period that met five
days per week throughout the school year. During
this time, the students received tutoring support for
their English language course assignments by the
special education teacher. No formal reading program
was universally provided. In addition, some core class
teachers tutored these same students in the general
education curriculum based on out-of-class assign-
ments or homework assignments. Thus, students
with disabilities were primarily instructed or tutored
by the special education teacher who followed the tu-
torial model described previously. Adolescents with
LRP and without disabilities were instructed or tu-
tored by their grade-level English teachers.

Measures

Two measures were used in this study: the state of
Virginia Reading Standards of Learning (SOL) assess-
ment (VDOE, 2017b) and the Test of Silent Contex-
tualized Reading Fluency-2 (TOSCRF-2; Hammill et
al,, 2014). The SOL assessment contains two types of
tests, the online passage-based computer adaptive test
(CAT) and the traditional test. A passage-based CAT is
a customized assessment where each student receives
a unique set of passages and items. The passages are
fictional and nonfictional taken from the state’s core
class curricula. For example, questions from The Mon-
key's Pawo (W.W. Jacobs, 1902) are included in the mid-
dle school English language arts test. This is in contrast
to the traditional test in which all students who take a
particular version of the test receive the same passag-
es and respond to the same test questions. The reading
test covers the SOL in the reading strand of the English
SOL. The SOL are grouped into categories, labeled as
reporting categories, that address related content and
skills. For example, a reporting category for the read-
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ing SOL test is: Use word analysis strategies and word
reference materials. Each SOL in this reporting category
addresses skills using word analysis strategies or word
reference materials. When the results of the SOL tests
are reported, the scores are presented for each report-
ing category and as a total test score. The Virginia Read-
ing SOL assessments provide no data on reliability or
validity. However, the tests are developed with teacher
input and are aligned with the state standards, which
provides some measure of validity.

The second measure, The Test of Silent Contextual
Reading Fluency-2 (TOSCRF-2; Hammill et al., 2014), is
an updated version of the TOSCRF (Hammill et al., 2006)
and was normed on a nationally representative sample of
2,375 students ranging in age from 7 to 24 years. The test
measures the speed with which students can recognize
the individual words in a series of passages that become
progressively more difficult in content, vocabulary, and
grammar. The TOSCRF-2 measures a variety of reading
skills, including recognizing print words and knowing
their meaning, use of syntax and morphology, using
word knowledge and grammar to grasp the meaning of
words, sentences, paragraphs, contextual material, and
to understand contextual material with silent fluency.
The TOSCREF-2 also measures fluency.

Authors of the TOSCRF-2 report very large correla-
tions with popular measures of reading comprehension
(mean corrected correlation .75; range .41-.92). For ex-
ample, the average correlation between TOSCRF-2 and
the Oral Reading Index from Gray Oral Reading Tests—
Fifth Edition (GORT-5; Wiederholt & Bryant, 2012) was
.73.The tests also correlated .75 with the Tests of Silent
Reading Efficiency and Comprehension (TOSREC;, Wag-
ner et al., 2010). The TOSCRF-2 has evidence of high
reliability (median .87; range .84-.90), sensitivity (me-
dian .78; range .73-.84), specificity (median .79; range
.71-.84), and receiver operating characteristic/area un-
der the curve (ROC/AUC; median .88; range .85-.89).

Research Design

The research design for this study was a quasi-
experimental comparison group design involving
intact groups. One division with three middle schools
was selected by VDOE to implement and evaluate the
FR program. In order to strengthen the evaluation,
a comparison middle school from another division
agreed to participate as the comparison condition. The
comparison school was given the opportunity to adopt
ER after the study was completed. Table 1 compares the
characteristics of the participating schools receiving FR.

The three schools implementing FR were labeled
Fusion Reading 1, Fusion Reading 2, and Fusion Read-

ing 3. These three schools made up the experimental
condition. The fourth middle school was the compari-
son condition, which offered LRP readers BAU support
for reading instruction.

Fidelity of Implementation

Instructional checklists designed to measure im-
plementation of the FR program and a Fusion Read-
ing Teacher Reflection (FRTR) form were developed to
measure fidelity of implementation for the experimen-
tal condition. Fidelity was conceptualized as the differ-
ence between the intended program model, based on
FR lesson plans, and the FR program actually imple-
mented by the teacher.

The first checklist, What's Fusion Reading Looking
Like?, was divided into two major sections: global fidel-
ity to the lesson format and fidelity to specific instruc-
tional procedures. The fidelity checklist measured how
closely the FR teacher followed the design of the DLF
and instructional practices. The fidelity checklist obser-
vation measure was administered for all six lessons: (a)
Classroom Climate, (b) Daily Warm-Up Activity, (c)
Thinking Reading, (d) Explicit Instruction, (e) Vocab-
ulary, and (f) Wrap-Up. The second checklist, Vocabu-
lary Instruction, was intended to help guide FR teach-
ers through the entire seven-step vocabulary strategy,
which in turn allowed students to be engaged with
meaningful discussions and make decisions about the
meaning of a given word. The third checklist, Thinking
Reading, evaluated how well FR teachers implemented
the Thinking Reading process. That is, did the teachers
model how a strategic reader reads as well as how a
strategic reader thinks while making sense of the text?
The final form, How’s Fusion Reading Going?, was giv-
en to FR teachers a week prior to a scheduled monthly
coaching visit. This form allowed FR teachers to provide
FR coaches with feedback on how they had been pro-
gressing with FR. The information helped FR coaches
to plan their visit and address any fidelity issues or bar-
riers a FR teacher may have documented.

FR coaches learned how to utilize each of the check-
lists through online modules prepared by the FR program
authors. FR coaches met monthly to compare checklists
and feedback given to FR teachers to ensure consistent
decisions about fidelity of instruction among FR coaches.
Furthermore, FR coaches met with the FR authors using
a virtual conferencing tool to deepen the understanding
and generalization of coaching FR with each of the FR
schools. All information gathered during these meetings
was deliberated and shared amongst all FR coaches.

FR coaches made observational notes regarding
fidelity of FR implementation based on instructional
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component checklists. Additional fidelity information
was gathered directly from the FR teachers when they
completed the FRTR form prior to a scheduled monthly
coaching visit. Checklists and observational notes were
the foundation of coaching conversations, and were
given directly to FR teachers by the coaches at the re-
quest of the teachers. Goals for the next coaching ses-
sion were established and grounded on these check-
lists and any anecdotal information provided to the FR
teacher. Additionally, FR coaches demonstrated specific
components of FR when requested by the FR teacher.

Qualitative analysis of all data gathered indicated
that two of three FR teachers implemented FR with a
high level of fidelity. The remaining teacher had nu-
merous absences during the 2016-2017 school year due
to documented medical reasons, and consequently was
unable to focus her attention on the new intervention
being implemented.

Analysis and Results

An analysis of outlier status using percentiles and
boxplots (using SPSS version 22; Tukey, 1977) was con-
ducted in accordance with standard practice to protect
against inflated error rates and distortions of statistical
estimates. The scores of zero students were outliers;
thus, all scores were included in subsequent analyses.

To determine whether there were differences in per-
formance between comparison and FR students, an AN-
COVA was conducted on students’ TOSCRE-2 scores
with grade level (sixth, seventh, and eighth grade) and
group/school (Comparison, Fusion Reading 1, Fusion
Reading 2, and Fusion Reading 3) as between-subjects
variables and 2016 scores from the Virginia Standards
of Learning measure (VA SOL) as a covariate. VA SOL
scores will be identified as just scores in the following
text. Partial eta-squared was used as a measure of effect
size (Richardson, 2011). Effect sizes for partial eta squared
(np2> are generally considered small 0.01, medium 0.06, or
large 0.14 (Murphy & Myous, 2004).

The grade-level group difference between sixth-,
seventh-, and eighth-grade students’mean TOSCRF-2
scores at pretest was nonsignificant after statistically
controlling for 2016 scores, F(2, 222) = 0.27, p = 0.773,
npz = 0.08. There was insufficient evidence to indicate a
difference in performance between the three grade lev-
els. In contrast, the group difference between compar-
ison and FR school students” mean TOSCRF-2 scores
at posttest was significant after statistically controlling
for 2016 scores, F(3, 222) = 8.67, p = 0.01, npz = 0.81.
However, this main effect was qualified by a significant
interaction between grade level and group, F(6, 222) =
4.07,p=10.001, an =0.10.
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To investigate this interaction, the data from each
grade level were examined separately. Results showed
that the sixth-grade students’ average TOSCRF-2 scores
differed significantly as a function of group, F(3, 69) =
11.92, p < 0.01, n.* = 0.34, after statistically controlling
for 2016 scores. Using Bonferroni correction (adjusted
o = .0167), pairwise comparisons of sixth-grade stu-
dents’ data revealed that the scores of students who re-
ceived the FR intervention were higher than the scores
of students who received the comparison intervention
(BAU) (see Table 3). The seventh-grade students’ aver-
age TOSCREF-2 scores differed significantly as a func-
tion of group, F(3, 71) = 10.30, p < .001, an = 0.30, after
statistically controlling for 2016 scores. Using Bonferroni
correction (adjusted a = .0167), pairwise comparisons of
seventh-grade students’ data revealed that the scores of
students who received the FR intervention were higher
than the scores of students who received the compari-
son intervention (see Table 3). Finally, the eighth-grade
students’ average TOSCRE-2 scores also differed signifi-
cantly as a function of group, F(3, 80) =20.35,p <.001,n ?
= 043, after statistically controlling for 2016 scores. Us-
ing Bonferroni correction (adjusted o = .0167), pairwise
comparisons of eighth-grade students’data revealed that
the scores of students at two out of the three FR inter-
vention schools were higher than the scores of students
who received the comparison intervention (see Table 3).

To investigate this interaction, the data from each
grade level were examined separately. The following
pairwise comparisons controlled for multiple compar-
isons through the Bonferroni adjustment for multiple
comparisons (a0 = 0.0167). The sixth-grade students’
average VA SOL scores were marginally significant as
a function of school/group, F(3, 81) = 2.16, p < 0.10,n ?
= 0.07, after statistically controlling for 2016 VA SOL
scores. Pairwise comparisons of sixth-grade students’
data failed to reach statistical significance; however,
inspection of individual schools indicated that student
scores at two of three FR schools improved (see Table
4). The seventh-grade students’average VA SOL scores
differed significantly as a function of school/group, F(3,
77) = 7.01, p < .001, npz = 0.22, after statistically con-
trolling for 2016 scores. Similar to sixth-graders’ data,
student scores at FR intervention schools were higher
than the scores of students who received the compar-
ison intervention; however, only one pairwise com-
parison reached statistical significance (see Table 4).
There was insufficient evidence to indicate a difference
in eighth-grade students” average VA SOL scores as a
function of school/group, F(3,100) = 047, p = 0.71,n * =
0.01, after statistically controlling for 2016 scores.

A post hoc power analysis was conducted with
G*Power (Erdfelder et al., 1996) to determine whether
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Table 3
Mean (and Standard Error) TOSCRF-2 Scores

Grade Level Group N Mean TOSCRF-2 (SE) p-value?
(vs. comparison
school)
6th Grade Comparison 20 18.35(5.00)
Fusion 1 16 48.85 (4.36) < 0.001
Fusion 2 21 53.50 (4.60) < 0.001
Fusion 3 17 57.29 (5.20) < 0.001
7th Grade Comparison 22 24.42 (4.65)
Fusion 1 15 58.27 (5.66) < 0.001
Fusion 2 24 50.09 (4.46) 0.001
Fusion 3 15 56.98 (5.64) < 0.001
8th Grade Comparison 40 28.32(3.12)
Fusion 1 10 64.92 (6.24) < 0.001
Fusion 2 15 68.30 (5.10) < 0.001
Fusion 3 20 36.12 (4.41) 0.919

2p-values reflect Bonferroni adjustment for multiple comparisons.

the design had sufficient power to detect an interaction
between grade level and group. The effect size f (based
on the partial eta-squared of 0.05) was 0.23. The power
to detect an effect of this size with four groups, one co-
variate, and a total sample size of 273 was determined
to be 0.81. In contrast, power analyses for the pairwise
comparisons for sixth and seventh graders indicated
that the contrasts between the comparison and Fusion
1 were underpowered to detect an effect (d = 0.58, al-
pha = 0.0167, df = 42, one-tailed, power = 37.9%; d =
0.06, alpha =0.0167, df = 39, one-tailed, power = 2.53%)
whereas the other two contrasts had 99.99% power to
detect an effect.

Discussion

Regarding Research Questions 1 and 2, the find-
ings from this study of middle school students with
LRP indicated that students who received the FR
program performed significantly higher on a stan-
dardized measure of reading skills than students in a
comparison middle school. Specifically, when reading
skills were assessed using the TOSCRF-2, FR students,
across the three grade levels, scored significantly higher
than comparison students. The TOSCRF-2 measures
a variety of reading skills, including recognizing print
words and knowing their meaning; use of syntax and
morphology; and using word knowledge and grammar

36

to grasp the meaning of words, sentences, paragraphs,
contextual material, and to understand contextual ma-
terial with silent fluency. In previous studies, we have
found the TOSCRF and TOSCRE-2 to be sensitive to
the FR program.

The impact or effect size of the differences in
scores between the FR and comparison groups on
the TOSCRF-2 was large favoring the FR condition.
In addition, the effect on scores between grade-level
groups favored the FR groups as well, indicating a more
moderate effect. However, the eighth-grade group
comparison only favored two of the three FR groups.

The VA SOL assessment requires sixth-grade stu-
dents to be able to discuss the impact of setting on plot
development; describe character development; differ-
entiate between first- and third-person point of view;
differentiate between free verse and rhymed poetry; ex-
plain how an author’s choice of vocabulary contributes
to the author’s style; skim materials to develop a general
overview of content and to locate specific information;
identify transitional words and phrases that signal an
author’s organizational pattern; identify organizational
pattern(s); identify the elements of narrative structure,
including setting, character, plot, conflict; describe how
word choice and imagery contribute to the meaning of
a text; identify and analyze the author’s use of figurative
language; and analyze ideas within and between selec-
tions providing textual evidence (VDOE, 2017b).
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Table 4
Mean (and Standard Error) VA SOL Scores
Grade Level Group N Mean VA SOL (SE) p-value®
(vs. comparison
school)
6th Grade Comparison 27 381.66 (6.76)
Fusion 1 17 377.28 (8.29) 0.999
Fusion 2 23 392.25(7.02) 0.999
Fusion 3 19 402.56 (7.81) 0.309
7th Grade Comparison 26 387.15(6.03)
Fusion 1 15 387.56 (7.99) 0.999
Fusion 2 25 422.66 (6.16) 0.001
Fusion 3 16 394.13 (7.71) 0.999
8th Grade Comparison 54 373.16 (4.55)
Fusion 1 12 384.63 (9.66) 0.999
Fusion 2 19 378.57 (7.68) 0.999
Fusion 3 20 378.66 (7.48) 0.999

?p-values reflect Bonferroni adjustment for multiple comparisons.

Most of these skills were not a focus of the sup-
plemental FR Year 1 program. These skills are typically
addressed in English language arts classes and sup-
ported by multiple occasions to integrate FR skills and
strategies with English language arts content materials.
Thus, significant statistical differences were not found
between the FR students and the comparison students
on the state reading SOL measure. The effects of FR on
student outcomes for sixth grade was small, while sev-
enth-grade students showed moderate to large impact.
Effects for eighth-grade students were not significant.

In sum, FR shows promise as a supplemental and
comprehensive reading program for adolescent readers
with LRP whose low reading achievement is related to
alack of basic word level, vocabulary, and reading com-
prehension strategies. How;, and if, FR can address the
specific language arts skills on the VA SOL assessment
(or other state reading assessments) is unclear. Thus,
while FR does focus on supported generalization and
integration of reading skills and strategies necessary for
success in core classes, enhancements to the integra-
tion process seem warranted. That is, more explicate
instruction and extended practice with elaborated feed-
back as students apply reading skills and strategies to
actual English language arts course material may help
them acquire the language arts skills measured by state
SOL assessments. Additionally, some language arts
standards may need to be woven into the FR program.
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Fidelity of Implementation

Our third research question addressed fidelity
of implementation of the FR program. Measures
and checklists of fidelity, developed during previous
studies, were used to measure fidelity across several
domains, including (a) global fidelity, (b) instructional
procedures, (c) Thinking Reading procedures, and (d)
the vocabulary instructional process. While we were
unable to retrieve all the measures and conduct a
statistical analysis of fidelity data, we were able to make
informed decisions about the overall level of fidelity
from coaching notes and logs, concluding that two of
three experimental teachers had a high level of fidelity
and one had alow level of fidelity due, in large measure,
to chronic health and absentee issues. The low-fidelity
classroom may have suffered from extensive use of
substitute teachers, who were not formally taught
how to teach the FR program. Instead, the substitutes
focused on Thinking Reading and learning vocabulary
words by an independent study activity. Given these
data limitations, the study goal of measuring fidelity of
implementation could not be fully documented.

Limitations

There are several limitations to this study. First, the
lack of direct data on fidelity of implementation of the
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BAU program limits the comparison. Whether BAU was
fully implemented as designed and whether and where
instructional overlap occurred between BAU and FR is
unknown. For example, both the BAU and FR could
have had elements of explicit instruction, and explicit
instruction has been found to positively impact reading
outcomes for students with disabilities (e.g., Swanson,
1999). Not knowing if BAU skills and strategies were
taught explicitly, or were taught at all, limits our under-
standing of what works. In addition, and as explained
above, much of the fidelity of implementation data for
the FR condition was missing at the end of the study,
and the statistical analysis of fidelity of implementation
was limited. This was due to the desire of teachers to
receive documentation of written checklist feedback
during the coaching session and our decision to honor
this request. Beyond the consensus of FR coaches, the
extent to which the FR program was implemented with
fidelity in its totality is unknown.

Second, compared to the experimental groups, the
sample size of the comparison condition was smaller
and from only one school. This could impact findings as
groups could be impacted by factors not related solely
to reading achievement. Thus, while the comparison
school was matched on several key points, the qua-
si-experimental design limits the strength of the find-
ings.

Third, FR is a comprehensive and intensive ado-
lescent reading program. In this study, we report only
on the results of one year of a multi-year program.
Thus, during this period, students received only a por-
tion of what is designed to be a program that builds
upon mastery of seven core reading strategy units. It
may be, therefore, that the more distal effect on the
SOL test scores had not yet occurred after just one
year. Other researchers have concluded that more than
one year might be needed for some students with LRP.
For example, Vaughn et al. (2012) suggested that mul-
tiple-year reading interventions might be needed to
close the reading achievement gap, Thus, it is unknown
what change or impact the program might have on
students who participate in the instructional activities
beyond one year. Our goal for this study was to mea-
sure the promise of the FR program to improve reading
outcomes after one year of instruction and to respond

to the school district to evaluate impact after one year
of instruction. This information would be used to help
determine if the program should continue.

Implications

Supplemental reading programs can be effective
if certain systems and structures are in place (Bem-
boom & McMaster, 2013). For example, a supplemen-
tal course requires scheduling support, extensive PD
and coaching, a dedicated classroom, and instructional
materials. Teachers need extended time to teach; FR re-
quires that students attend the class five times a week
for at least 50 min each day. Scheduling challenges in
middle and high schools need to be addressed before
effective supplemental instruction can be delivered to
all adolescent LRP readers. For example, since FR is
supplemental, students may have to use an elective
class option to participate in the class, forcing them to
miss another elective.

We are convinced that there is no short-term solu-
tion to the challenge of improving the reading outcomes
of adolescent struggling readers, and for that reason we
have designed FR as a multi-year curriculum. Other re-
searchers are developing comprehensive reading pro-
grams that move beyond six- or eight-week courses. As
additional data are becoming available from rigorous
studies of adolescent reading programs, there is some
consistency in the difficulty of obtaining high-impact
outcomes that document closing of the achievement
gap (e.g., Al Otaiba et al.,, 2018; Vaughn et al., 2012).
Finally, the direct link of supplemental reading cours-
es to core class material is critical for generalization of
reading skills. Supplemental reading programs that are
decontextualized from core class text materials may be
one reason for the limited long-term effects of some
current reading programs. We believe that additional
focus is needed to support integration and application
of reading skills and strategies to authentic core class
materials. While comprehensive, intensive adolescent
reading programs may be part of the solution to the
challenges facing adolescents with LRE, the integration
of instruction that makes practice and elaborative feed-
back more personalized may be another.
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CBM Language Measures as Indicators of
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Scores for Secondary-School Students
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Abstract

Students with and without learning disabilities often struggle to learn a foreign language (FL).
Teachers could benefit from a measure designed to screen and identify students at risk for FL
learning difficulties. In this study, we examined the reliability and validity of scores from four
curriculum-based measures (CBM) as potential indicators of English FL learning: reading aloud,
maze selection, and English-to-Dutch and Dutch-to-English word translation. Participants
were 133 Dutch students in Grade 8. Criterion variables were English course grades and scores
on a standardized achievement test (Cito-VAS). Alternate-form reliability ranged from r = .77
to .87. Correlations between CBM and criterion measure scores ranged from r = -.04 to .65.
Scores from maze selection and reading aloud alone predicted English-language proficiency
better than a combination of scores from the four measures, explaining 29.7% and 23.6% of the
variance, respectively. Implications for the use of CBM for FL screening and progress-monitoring
are discussed.

Keywords: Foreign-language learning, curriculum-based measurement, progress monitoring,

technical adequacy, secondary school

other than one’s native language is essential. For

example, many universities in the United States
require foreign-language credits for admission and/
or graduation (see Campus Explorer, 2019; Grove,
2019). In 2016, more than 1.4 million students were
enrolled in foreign-language courses at institutions of
higher education in the U.S. (Looney & Lusin, 2018). In
Europe, the ambition is to have 75% of young citizens
master two foreign languages (Dutch Education
Council, 2008). In 2015, 98.6% of lower secondary-level
students in the European Union studied at least one
foreign language, of which English was by far the most
common (Eurostat, 2017).

In our globalized society, mastering languages

Difficulties in Foreign-Language Learning

Although many students learn a foreign language
without difficulty, others struggle. One of the best pre-

dictors of foreign-language (FL) learning ability is na-
tive language ability (Dominguez de Ramirez & Sha-
piro, 2007; Ganschow et al., 1998; Sparks, 2008; Sparks
et al.,, 2006). It is perhaps not surprising, then, that stu-
dents with learning disabilities (LD) often are consid-
ered to be at risk for FL learning difficulties (Skinner &
Smith, 2011), and are granted waivers or substitutions
for FL courses. However, not all students with LD expe-
rience difficulties with FL learning, and not all students
who have difficulties with FL learning have LD (DiFino
& Lombardino, 2004; Sparks, 2006, 2016; Wight, 2015).

Sparks (2006, 2009) suggested that FL learning
ability be viewed as occurring along a continuum, and
that identification of students at risk for FL difficulties
be made on the basis of performance rather than labels.
Students who are identified as being at risk could then
be monitored and, if necessary, provided specialized
teaching methods and accommodations to enhance
their FL learning (Skinner & Smith, 2011; Sparks et al.,
2002). A tool that could be used to screen and identify

Hoefnagel, L., Espin, C. A., & Rippe, R. (2021). CBM Language Measures as Indicators of Foreign-Language Learning: Technical Adequacy of
Scores for Secondary-School Students. International Journal for Research in Learning Disabilities, 5(1), 42-57. https://doi.org/10.28987/ijrld.5.1.42



at-risk students, monitor their progress, and evaluate
the effectiveness of specialized methods and accom-
modations is Curriculum-Based Measurement (CBM).

Curriculum-Based Measurement

CBM is a simple procedure for repeated measure-
ment of student growth toward long-range instruc-
tional goals in academic areas (Deno, 1985). Using
CBM, teachers measure student progress on a frequent
basis (e.g., once a week) using brief samples of work,
and place the scores on a graph that depicts progress.
They subsequently examine the progress graph to de-
termine the effectiveness of instruction.

CBM measures are designed to be practical (sim-
ple, time efficient, easy to administer and score) and
to produce scores that serve as valid and reliable in-
dicators of performance and progress in an academic
area (Deno, 1985; Espin & Deno, 2016). A consider-
able body of research has examined the validity and
reliability of scores from CBM measures in reading
and writing (see McMaster & Espin, 2007; Wayman
et al.,, 2007), but this research has primarily been con-
ducted with students in their native language. And
while research has been carried out on the develop-
ment of CBM measures for English Learners (EL; e.g.,
Baker & Good, 1995; Campbell et al., 2013; Domin-
guez de Ramirez & Shapiro, 2006, 2007, Sandberg
& Reschly, 2011), the findings cannot automatically
be generalized to FL learning as the situations under
which EL and FL students learn a second language
differ.

In searching the literature, we located only one
study that examined CBM measures of FL learning
(Chung & Espin, 2013). Chung and Espin examined
the technical adequacy of scores from maze selection,
Dutch-to-English word translation, and English-to-
Dutch word translation, both alone and in combination,
as indicators of FL learning for middle-school students.
For each measure, different time frames and scoring
procedures were compared. Criterion variables in the
study were English course grades and scores on a stan-
dardized English reading test. Results varied somewhat
across grade and skill level but provided tentative sup-
port for scores from maze-selection (2 min, correct mi-
nus incorrect choices) and word-translation measures
(English-to-Dutch- or Dutch-to-English, 2 min, correct
translations) as indicators of FL. performance. In addi-
tion, results demonstrated that a combination of scores
from maze and English-to-Dutch word translation ac-
counted for a greater proportion of variance in English
course grades than scores from either measure alone.

CBM Foreign-Language Measures

Despite these important findings, the Espin and
Chung study (2013) has limitations. First, the study did
not include a reading-aloud measure. CBM reading
aloud often is used to monitor progress in one’s native
language (Wayman et al., 2007). Second, for some of
the analyses, sample sizes were small because different
CBM and criterion measures were used across grade
and educational levels. Finally, there was a ceiling effect
for the maze scores.

The Present Study

Given the importance of FL learning in today’s
globalized society, and the number of students who
struggle to learn an FL, it seems important to replicate
the Chung and Espin (2013) study, addressing the lim-
itations of the study wherever possible.

The present study was a replication and extension
of Chung and Espin (2013). Specifically, the study ex-
amined the reliability and validity of scores from four
CBM measures, alone and in combination, as potential
indicators of FL learning. The four measures were maze
selection, Dutch-to-English word translation, English-
to-Dutch word translation, and reading aloud. To avoid
some of the limitations of the Chung and Espin study,
we increased the length of the maze passages to avoid
ceiling effects and, to the extent possible, used identical
measures across educational levels.

Two research questions were addressed in the
study:

1. What are the reliability and validity of scores
from four CBM measures as potential indicators
of English FL performance?

2. Does a combination of scores predict English
FL performance better than scores from a single
measure?

Based on the results of Chung and Espin (2013),
we expected that scores from maze-selection and
word-translation measures (both English-to-Dutch
and Dutch-to-English) would be reliable and would
significantly relate to scores on the criterion measures.
Further, we expected that a combination of scores from
maze selection and English-to-Dutch word translation
would account for a greater proportion of variance in
the criterion variables than scores from either measure
alone. Because Chung and Espin (2013) did not include
a reading-aloud measure, we had no expectations re-
lated to scores from the reading-aloud measures.

The present study can be characterized as Stage
1 CBM research (Fuchs, 2004), where the focus is on
the technical adequacy of scores as indicators of perfor-
mance. Given the focus on technical adequacy, partici-
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pants in our study represented a range of performance
levels. Results provide information on the extent to
which the CBM scores accurately rank order students
on their English FL performance, and have implications
for the use of the measures to screen and identify at-
risk students. The findings also inform future Stage 2
research, where the focus is on the use of the measures
for progress monitoring,.

Method

Participants

Participants were 133 eighth-grade students (67
males, 66 females; Mage =13.60, SD = .69, age range
12-16 years) from 15 classrooms in three secondary
schools in The Netherlands. Schools were located
in three middle-large to large cities in the west and
central part of the country. Schools were selected via
the researchers’ networks. Participants were recruited
via their English-language courses. All students were
invited to participate.

Secondary education in The Netherlands is di-
vided into different educational levels, which are
(from the lowest to highest): vocational-low, voca-
tional-high, professional, and university preparation.
English as a FL is mandatory in all Dutch secondary
schools, and the national curriculum for English con-
sists of reading, writing, listening, and speaking. The
curriculum follows the Common European Frame-
work of Reference for Languages (CEFR), with CEFR
target levels set for the end of secondary school for
each educational level (www.erk.nl).

Participants in the study were in their second
year of formal English education and represented
all educational levels: vocational-low (12.8%), vo-
cational-high (11.3%), professional (16.5%), univer-
sity (36.1%), and combined professional/university
(23.3%) levels. Fourteen students (10.5%) were en-
rolled in a bilingual education program in which at
least 50% of core courses were provided in English
for the first three years of secondary school. These
students were from the university education levels.
Home-language information was available for 40%
of the students. For all these students, Dutch was
spoken at home.

Fifteen percent of participants were students with
dyslexia. The diagnosis of dyslexia in The Netherlands is
based on significant delays in reading and/or spelling,
despite systematic and frequent intervention, where
delays are not due to an intellectual or sensory disabil-

ity, or to inadequate education (De Jong et al., 2016).
The prevalence of dyslexia is estimated to be 3.6% at
the end of primary school; that is, sixth grade (Blomert,
2005). However, the Dutch Inspectorate of Education
(2019) reports that the percentage of students actually
labeled with dyslexia in sixth grade is 7.5%. This num-
ber increases sharply at secondary school, to 11.9% and
13% of seventh- and ninth-grade students, respective-
ly. These percentages are similar to the 15% of students
with dyslexia in the current sample.

Predictor Variables

Predictor variables were scores from four CBM
FL measures: reading aloud, maze selection, English-
to-Dutch word translation, and Dutch-to-English
word translation.

Reading Aloud

Reading-aloud passages were two English narra-
tive texts selected from Children’s Educational Services
passages (Deno & Marston, 1987). Passages were 488
and 498 words in length, written for students in Grade
4, and were non-culturally specific. Students read aloud
from each passage for 1 min, whereupon the number
of correct (WRC) and correct minus incorrect (WRCI)
words read were scored. Incorrect words included
mispronunciations, word substitutions, omissions, re-
versals, and words supplied by the examiner when a
student did not know a word.

Maze Selection

Maze selection passages were constructed from
the same English narrative texts used for reading aloud
to minimize differences in results due to text effects. To
create the maze, the first sentence was left intact, after
which every seventh word was deleted and replaced by
the correct word and two distractors. The three choices
were placed in bold print and underlined in the text,
and were not split across lines. If the seventh word
was a proper noun, it was left and, instead, the next
word was deleted. The placement of the correct choice
varied. Distractors were approximately equal in length
(within one letter) to the correct choice, and were clearly
incorrect (for guidelines, see Conoyer et al., 2017; Fuchs
& Fuchs, 1992). Students read each maze text silently
for 2 min, circling the word that restored meaning to the
passage. Scores were the number of correct (MCC) and
correct minus incorrect maze (MCCI) choices. Scoring
was carried out with and without a guessing rule. With
the guessing rule, scoring was stopped after three
consecutive incorrect choices.
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CBM maze selection is similar to the modified-
or multiple-choice cloze measures often used in FL
assessment (Hale et al., 1989; Porter, 1976) with one
key difference. In typical FL. modified-cloze measures,
distractors are similar in meaning and syntax to the
target word (Porter, 1976). In CBM mazes, on the other
hand, distractors are selected to be clearly different in
meaning and syntax from the target word so that one
answer is obviously correct (Fuchs & Fuchs, 1992).
Chung and Espin (2013) reported alternate-form
reliability for CBM maze scores ranging from r = .69
to .78 and validity from » = .20 to .79, with higher
reliabilities reported for MCCI than for MCC.

Word-Translation Measures

Dutch-to-English and English-to-Dutch word-
translation measures consisted of a list of 50 words
(25 words per page) with a blank next to each word.
Words were randomly selected from an English-
language curriculum used in Dutch secondary
schools. All parts of speech were represented on
each measure. Students wrote as many translations
as possible in 2 min. Scores were the number of
correct (WTC) and correct minus incorrect (WTCI)
translations.

Based on the results of Chung and Espin (2013),
a decision was made to count translations as correct
only if they were spelled correctly. Chung and Espin
(2013) reported alternate-form reliability for word
translation scores ranging from r = .76 to .88 for WI'C
and from r = .59 to .78 for WTIC, and validity from r
= 44 to .77 for WTC. Validity for WTCI was not exam-
ined in Chung and Espin (2013) because the reliabil-
ities were low.

Criterion Variables

Criterion variables in the study were English
course grades and scores on a standardized En-
glish-language test (Cito-VAS).

English Course Grades

English course grades were average grades across
three grading periods in the school year. Grades were
based on the students’performance in reading, listen-
ing, writing, speaking, vocabulary, and grammar with-
in the individual student’s educational level. Grades
ranged from 1 (low) to 10 (high), and were reported to
one decimal point. A grade of 5.5 was passing. Grades
are assigned within educational level; thus, a grade of
7 in English in a vocational-low level program was not
equivalent to a grade of 7 in a university-preparation
level program. Analyses involving grades were, there-
fore, carried out within educational level.

CBM Foreign-Language Measures

Cito-VAS Scores

The Cito-VAS test (Cito, 2015) is a standardized
achievement test administered in many Dutch sec-
ondary schools in the middle of the school year. In
our study, two of the three participating schools ad-
ministered the Cito-VAS. (The school with students
in combined professional/university levels did not
administer the test.) Scores from the English read-
ing and English vocabulary subtests of the Cito-VAS
were used in the study.

The English reading subtest consisted of expos-
itory passages, each with 1-3 multiple-choice ques-
tions, for a total of 35 questions. The English vocab-
ulary subtest consisted of multiple-choice items in
which students had to choose (a) the correct Dutch
translation of the underlined word in an English sen-
tence, (b) the correct English word to complete a sen-
tence, (c) a synonym or an antonym for an English
word, or (d) the word that did not belong in a set of
words. The vocabulary subtest included a total of 45
items. Each subtest took approximately 50 minutes to
complete. Different forms of the Cito-VAS were ad-
ministered at different educational levels. Therefore,
standard scores were used in the analysis, enabling
comparisons across test levels.

Technical adequacy information for the Cito-VAS
was available only for an earlier version of the test
that did not include the English vocabulary subtest
(Van Til & Van Boxtel, 2015). Cronbach’s alphas for
the English reading subtest were reported to be .76,
.78 and .80. With regard to validity, a consistent in-
crease in mean scores across grade and educational
levels was reported, and correlations between sub-
tests measuring different constructs were found to be
weaker (r = .25 - .42) than between subtests mea-
suring overlapping constructs (r = .58 to .72). Finally,
standard scores on the English reading subtest for
eighth-grade students were found to predict educa-
tional level one year later (r = .63).

Procedure

Participants completed the measures in the fol-
lowing order: maze selection, English-to-Dutch word
translation, Dutch-to-English word translation, and
reading aloud. For all CBM measures, two parallel
forms were administered, with the order of the forms
counterbalanced. Maze-selection and word-transla-
tion measures were administered in a group setting.
Reading aloud was administered individually on the
same day or within the same week. If a student was
absent for part of the data collection, every attempt
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was made to schedule a make-up session. Data were
collected and scored by four master’s-level students
who were trained in two 1.5-hour training sessions.
Two data collectors were present for all data collec-
tion. English course grades, Cito-VAS scores, and
student background information were collected from
the schools at the end of the school year.

Scoring

All measures were scored by two coders. In-
terscorer agreement was calculated by dividing the
smaller by the larger score and multiplying by 100.
Agreement was calculated separately for each score.
For reading aloud, agreement was 99.2% (WRC)
and 98.9% (WRCI). For maze selection, agreement
was 99.8% (MCC) and 99.8% (MCCI). For English-
to-Dutch word translation, agreement was 99.0%
(WTC) and 97.4% (WTCI). For Dutch-to-English
word translation, agreement was 98.2% (WTC) and
94.7% (WTCI). Disagreements were discussed and
resolved before coming to a final score.

Results

Data Inspection

Data inspection indicated normal distributions
for all independent variables and no substantial uni-
variate outliers. To check for bivariate outliers, mul-
tivariate scatterplots were inspected. The patterns in
the scatterplots revealed approximately linear asso-
ciations between the independent and dependent
variables. One possible bivariate outlier was detect-
ed in nearly every scatterplot. For this student, who
was at the university preparation level and was di-
agnosed with dyslexia, Cito-VAS scores and English
course grades were relatively high, whereas scores on
the CBM measures were relatively low. Removal of
this outlier yielded a change in explained variances
(for example from R? = .35 to R? = .42 for the relation
between maze selection MCC and Cito-VAS scores).
Because of the disproportionally large effects of the
student’s scores on the strength of the correlations,
analyses were conducted both with and without the
outlier. The association patterns were the same with
and without the outlier, but the results were some-
what stronger (i.e., correlation coefficients increased)
when the outlier was removed. We report results
without the outlier for the validity analyses.

Handling of Missing Data and Assumptions
Patterns of missing observations were checked.
Little’s MCAR test (Little, 1988) showed that no pat-
terns in missingness could be detected; y2(8, N =
133) = 5.83, p = .666; therefore, any missingness was
considered to be completely at random. Analyses
were based on full information maximum likelihood
(FIML) estimation (Graham et al., 1996), with which
missingness is commonly handled within the analy-
sis model (Dempster et al., 1977) as it yields the most
likely parameter values given all available data in the
model, regardless of their level of completeness.

Descriptive Analyses

Means and standard deviations for scores on the
CBM measures (alternate forms and combined) are
reported in Table 1. On average, students read aloud
approximately 150 correct and 5 incorrect words in
1 min, made approximately 22 correct and 0.5 to
1.0 incorrect maze choices in 2 min (depending on
whether a guessing rule was applied or not), trans-
lated approximately 25 words correct and 4 incorrect
from English to Dutch and approximately 19 words
correct and 5 incorrect from Dutch to English. Means
and standard deviations broken down by gender are
reported in Table 2. Girls tended to score higher on
the CBM measures than boys, but differences were
not large.

There were significant differences in mean scores
between Forms A and B for reading aloud (WRC, ¢
(121) = 6.55, p < .001; WRCI, ¢ (121) = 6.42, p < .001)
and English-to-Dutch translation (WTC, t (129) =
11.42, p < .001; WTCI, t (129) = 9.72, p < .001; Bon-
ferroni correction applied), but not for maze selection
or Dutch-to-English translation. Further, no signifi-
cant differences in mean scores were found between
scoring with or without use of a guessing rule for the
maze.

Means and standard deviations for Cito-VAS En-
glish vocabulary and English reading subtests, broken
down by educational level, are reported in Table 3.
(Recall that scores were not available for one school.)
Means and standard deviations for the English course
grades are reported by educational level in Table 3. In-
dividual grades ranged from 4.30 to 9.27 (M = 7.14,
SD =1.03).
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Table 1
Means and Standard Deviations of the CBM Measures Form A, Form B, and Mean of A and B
Form A Form B Mean (A+B)

Measure / Score N M (SD) N M (SD) N M (SD)
Reading Aloud

WRC 122 155.46 (37.72) 122 144.29 (31.75) 122 149.87 (33.56)

WRCI 122 150.43 (39.46) 122 139.22 (33.08) 122 144.82 (35.11)
Maze, guessing rule

MCC 131 21.91(8.70) 132 21.96 (7.53) 132 21.88(7.84)

MCCI 131 21.35(9.00) 132 21.36 (7.75) 132 21.30(8.10)
Maze, no guessing rule

MCC 131 22.34(7.99) 132 22.30(7.04) 132 22.26 (7.24)

MCCI 131 21.37 (8.97) 132 21.31(7.91) 132 21.28(8.13)
English-to-Dutch

WTC 130 26.68 (7.08) 130 23.15(5.71) 130 2492 (6.19)

WTCI 130 23.33(8.42) 130 18.80 (6.71) 130 21.05(7.13)
Dutch-to-English

WTC 131 19.70 (8.61) 131 18.63 (8.16) 131 19.17 (8.09)

WTCI 131 14.16 (9.92) 131 13.30(9.63) 131 13.73(9.31)

Note. WRC = words read correct. WRCI = words read correct minus incorrect. MCC = maze choices correct. MCCl = maze choices correct minus
incorrect. WTC = words translated correct. WTCI = words translated correct minus incorrect.

Table 2
Means and Standard Deviations of the CBM Measures by Gender
Males Females

Measure / Score N M (SD) N M (SD)
Reading Aloud

WRC 63 148.58 (35.27) 58 151.76 (31.92)

WRCI 63 143.67 (36.52) 58 146.51 (33.92)
Maze, guessing rule

MCC 66 20.95 (8.43) 65 22.88(7.17)

McCcl 66 20.31(8.57) 65 22.35(7.54)
Maze, no guessing rule

MCC 66 21.65 (7.42) 65 22.94 (7.08)

McCcl 66 20.27 (8.65) 65 22.36 (7.54)
English-to-Dutch

WTC 64 24.17 (6.52) 65 25.71 (5.82)

WTCI 64 20.44 (7.38) 65 21.70(6.92)
Dutch-to-English

WTC 65 18.45 (7.90) 65 19.95 (8.31)

WTCl 65 13.48 (8.70) 65 14.01 (10.01)

Note. WRC = words read correct. WRCI = words read correct minus incorrect. MCC = maze choices correct. MCCl = maze choices correct minus
incorrect. WTC = words translated correct. WTCl = words translated correct minus incorrect.
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Table 3

Means and Standard Deviations for Cito-VAS English Vocabulary and English Reading Subtests and for English Course

Grades by Educational Level

Cito-VAS Vocabulary

Cito-VAS Reading English course grades

Educational level N M (SD) M (SD) N M (SD)
Vocational-low 11 152.91 (21.49) 136.36 (17.83) 17 7.27 (.79)
Vocational-high 15 173.83 (31.59) 155.19(17.23) 15 7.03(.72)
Professional 21 173.95 (28.46) 150.95 (14.41) 22 6.64 (1.13)
Professional/university - - - 31 6.57 (.95)
University 24 195.47 (32.66) 169.80 (19.69) 48 7.73 (.88)
Total 71 177.94 (32.55) 155.96 (20.62) 133 7.14(1.03)

Note. WRC = words read correct. WRCI = words read correct minus incorrect. MCC = maze choices correct. MCCl = maze choices correct minus
incorrect. WTC = words translated correct. WTCl = words translated correct minus incorrect.

Reliability Analyses

To assess alternate-form reliability, Pearson correla-
tions between scores on parallel forms of each measure
were computed. Reliability coefficients ranged from r =
.77 to .87, with all but one coefficient (English-to-Dutch
translation) above .82 (see Table 4). All correlations
were statistically significant, with all p-values < .001.
Alternate-form reliability coefficients were high despite
significant mean differences between Forms A and B
for reading aloud and English-to-Dutch translation, in-
dicating that, even though students scored higher on
Form A than on Form B, the rank ordering of students
remained similar across the forms. Mean scores across
Forms A and B were used for the subsequent validity
analyses to increase the stability of the scores.

Validity Analyses

To reduce the number of statistical tests, a limited
number of scores were carried forward for the validity
analysis. Selection of scores was based on the reliabili-
ty coefficients, the efficiency of scoring procedure, and
on whether the scoring procedure was typically used
in other CBM research. The following scores were se-
lected for the validity analysis: WRC for reading aloud,
MCCI with use of a guessing rule for maze selection,
and WTC for both word-translation measures. Mean
scores across forms A and B were used for all analyses.

Correlations With Criterion Variables

Correlations between CBM scores and the Cito-
VAS scores were statistically significant, ranging from
r=.31to .65 (see Table 5). In general, correlations for
reading aloud and maze selection were higher than for

the translation tasks; the lowest correlations were found
for English-to-Dutch translation. Correlations tended
to be somewhat higher with the Cito-VAS reading
subtest than the vocabulary subtest, but differences
were small.

Correlations with English course grades were com-
puted within educational level, resulting in samples
ranging from 14 to 48 students per subgroup. Means
and standard deviations for the CBM scores, broken
down by educational level, are reported in Table 6. In
general, as illustrated, mean scores increased across
educational level although scores for combined profes-
sional/university were higher than for university only.
Correlations between CBM scores and English course
grades ranged from r = -.04 to .65 (see Table 7). Across
educational levels, correlations tended to be lowest for
the English-to-Dutch translation, but patterns for the
other measures differed somewhat. For example, for
vocational and professional educational levels, coetfi-
cients tended to be higher for reading aloud and maze
selection than for word-translation measures, and for
professional/university and university levels, coeffi-
cients for word-translation measures were as high as or
higher than for reading aloud and maze.

Regression Analyses

To examine whether a combination of measures
predicted English-language proficiency better than a
single measure, latent linear regression models were
tested in different stages, evaluating performance
through different compositions of a latent performance
score. Multilevel models revealed negligible intra-class
correlations on educational level (ICCs for average Cito
scores = .06, .03 for Cito vocabulary, and .08 for Cito
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Table 4
Alternate-Form Reliability Coefficients of Scores From the CBM Measures
Reading Aloud Maze selection

Scoring N r Guessing rule  Scoring N r

WRC 122 .87 Rule MCC 131 85

WRCI 122 .87 Mccl 131 85
No rule MCC 131 83

Mccl 131 84
English-to-Dutch translation Dutch-to-English translation

Scoring N r Scoring N r

WTC 130 .87 WTC 131 .86

WTCI 130 77 WTCI 131 .82

Note. All correlations significant at p <.001 level.

Table 5

Correlations Between CBM Scores and Cito-VAS Scores

Measure Cito Vocabulary Cito Reading
Reading aloud WRC (N = 65) 56%** H5%**
Maze selection MCCI (N = 69) 63**¥* H3F**
English-to-Dutch WTC (N = 68) 31* 34%*
Dutch-to-English WTC (N = 69) S50%** S52%*x

*p<.05.*%*p<.01.%*p<.001.
Note. WRC = words read correct; MCCl = maze choices correct minus incorrect; WTC = words translated correctly.

Table 6

Means and Standard Deviations for Selected CBM Scores by Educational Level

Educational level WRC MCCl WTCE-D WTCD-E
Vocational-low 120.00 (31.57) 11.32(7.86) 16.88 (5.22) 11.88 (5.85)
Vocational-high 139.23 (33.53) 17.11 (8.78) 19.62 (5.25) 13.36 (6.59)
Professional 133.89(31.11) 22.52(6.93) 26.36 (4.08) 17.02 (6.18)
Combined professional/university 169.69 (25.95) 25.33(5.81) 28.15(5.14) 24.31 (6.94)
University 152.07 (28.49) 22.23(6.10) 25.47 (4.65) 19.02 (7.44)
Total 150.15 (33.56) 21.42(8.06) 24.93 (6.20) 19.12 (8.09)

Note. WRC = words read correct; MCCl = maze choices correct minus incorrect; WTC E-D = words translated correct, English-to-Dutch; WTC D-E =
words translated correct, Dutch-to-English. Standard deviations are in parentheses.
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Table 7

Correlations Between CBM Scores and Average English Grades Within Educational Level

Reading aloud WRC

Maze selection MCCI

Educational level N r N r
Vocational low 16 A8 17 57*
Vocational high 14 65% 15 S54%
Professional 18 S51* 21 63**
Professional/university 30 .38* 30 A40%
University 43 .26 47 S54%x*
English-to-Dutch WTC Dutch-to-English WTC
Educational level N r N r
Vocational low 16 43 16 A7
Vocational high 14 35 15 A4
Professional 21 -.04 21 30
Professional/University 31 A6* 31 50%*
University 48 30% 47 53

*p<.05.**p<.01.%*p<.001.

Note. WRC = words read correct; MCCl = maze choices correct minus incorrect; WTC = words translated correctly.

reading, respectively); thus, analyses did not account
for variance attributable to educational-level character-
istics (Luke, 2004).

The approach used to test the linear regression
models was as follows. First, we compared a model
in which performance was indicated by the Cito-VAS
subtest scores only, hereafter Cito-Only Model, to a
model in which a latent performance score was in-
dicated by both the Cito-VAS subtest scores and the
English course grades, hereafter Gold Standard Mod-
el, under planned missing data assumptions (Little &
Rhemtulla, 2013; Rippe & Merkelbach, 2019). In the
latter approach, latent performance scores for individ-
uals with missing data on the Cito-VAS subtests were
approximated based on the English course grades and
their correlation with the Cito-VAS subscales. These la-
tent scores were not constructed explicitly before being
entered into the model; instead, they were“estimated”
implicitly within the model itself based on maximum
likelihood estimations of the latent variable regression
coefficients, accounting for the covariance between the
(two) observed outcome scores.

As a consequence of using the latent variable
approach, most classical multicollinearity measures
could not be computed. Through inspection of all
pairwise correlations, no indication of multicollinearity
was found. All correlations were .70 or lower, with
only one exception: the correlation between Dutch-to-

English and English-to-Dutch word translations was
.73, meaning 53% of their variance was shared. Variance
inflation factors were well below 10, ranging between
255 and 3.33.

In the first stage, the two latent performance vari-
ants were evaluated on overall model fit only with all
possible combinations of predictors. Model parame-
ters were not interpreted. Based on overall model fit
and parameter effect size, for parameter interpretation
a subset of models was reevaluated as observed-vari-
able-only models using a proportional bootstrap with
1000 samples to obtain standard errors.

For model estimations, we used Lavaan (Rosseel,
2012) version 0.6-4 in R version 3.5.3. Full information
maximum likelihood was used to handle missing data.
The number of EM iterations for FIML was set at a
maximum of 5,000. To determine the fit of each model,
the comparative fit index (CFI), normed fit index (NFI),
standardized root mean residual (SRMR), and root
mean square error of approximation (RMSEA) were in-
spected. The CFI and NFI should be as high as possible
(above .90), while the SRMR and the RMSEA should be
as low as possible (below .06). The RMSEA and sRMR
can yield contrasting conclusions, as the sSRMR is a
simple absolute fit index comparing observed and pre-
dicted correlations without accounting for complexity,
while the RMSEA is based on the non-centrality pa-
rameter and can be considered more precise.
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Preliminary analyses revealed that there was no
intra-class effect of educational level and no differential
effect of gender. Therefore, educational level and gender
were not accounted for in the regression analyses. More-
over, preliminary analyses showed that the models with
the Gold Standard latent performance score yielded a
less favorable fit-complexity ratio than the models with
the Cito-Only latent performance score, indicated by the
Akaike information criterion (AIC). A lower AIC relative
to the other model means a better trade-off between the
fit and the complexity of the model. The English course
grades did not add any unique information to the latent
performance score beyond the scores from the two Ci-
to-VAS subtests. Therefore, models with the dependent
latent performance score consisting only of the two Ci-
to-VAS subtests were used in the subsequent analyses.

As a first step in the regression analysis, standard
assumptions were checkedfor the subsample of stu-
dents with Cito-VAS scores (N = 63). No violations
on multicollinearity, normality, and homoscedasticity
were found, although correlations among the predic-
tors were high, ranging from r = .51 to .78 (see Table 8),
suggesting caution in interpretation. s

In Stage 2, after all combinations of predictors had
been compared in the Stage 1 analyses, a selection of
models were reevaluated as observed-variable-only
models using bootstrapped standard errors with 1,000
runs. The models were selected based on their fit. An
overview of the seven models selected is presented
in Table 9, with their respective fit indices provided in
Table 10. The AIC allows only for comparing Models 2
through 7 to Model 1, because these models are nested.
The model with all four predictors (Model 1) had the
best fit in terms of complexity trade-off, as indicated by
the lowest AIC value (AIC =1,103.00; see Table 10). Even
though the model consisting of all four CBM measures
as predictors is the most complex, it outperformed
simpler one- and two-predictor models in terms of
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the balance between fit of the model and complexity.
The two-predictor models (Models 6 and 7) were not
favored over single predictor models. For Model 6, the
AIC was high. For Model 7, although the AIC was low;
the RMSEA was unfavorable (.14). Therefore, neither
model qualified for further interpretation. Among the
simpler single-predictor models, Model 5 (Reading
Aloud) resulted in the smallest difference with Model 1
in terms of AIC value (1148.72 vs. 1103.00, respectively).

Further model evaluation was based on both ab-
solute and comparative fit using the NFL, CFI, RMSEA
and sRMR values (see Table 10). As shown, all models
had high values (equal to or closely approaching 1.0) on
the NFI and CFl, and low values (approaching 0) on the
RMSEA and sRMR, indicating good fit with little error.
The all-predictor Model 1 showed somewhat poorer
values on some of the indices (NFI = .97, sSRMR = .01).
The single-predictor models (Models 2 to 5) showed the
best fit (NFI and CFI = 1.00, RMSEA and sRMR < .001).

In the above models, contributions of both the En-
glish vocabulary subtest and the English reading sub-
test to the latent performance score were significant (3
=.76 t0 .83,z =5.67 to 15.58, p < .001 and B = .89 to
97,z =748 to 17.93, p < .001, respectively), with one
exception: In Model 3, the contribution of the English
vocabulary subtest to the latent performance score was
significant (B = .78,z =5.67, p < .001), while the English
reading subtest was not significant (3 =.95,z=1.31,p =
.192). This discrepancy can be explained by the fact that
the models describing the same amount of variance do
not necessarily describe the same part of the variance
in the outcome.

In Stage 3, Models 1, 2, and 5 were selected as fi-
nal models. For these models, the contribution of the
predictors within the model was evaluated. The esti-
mated regression coefficients are displayed in Table 11.
In the all-predictor model (Model 1), scores from maze
selection (B = 0.59, z = 3.99, p < .001) and English-to-

Table 8
Correlations Among the CBM Measures

Reading aloud

Maze selection

English-to-Dutch Dutch-to-English

Measure WRC McCl WTC WTC
Reading Aloud WRC - .70 51 74
Maze selection MCCI - 67 71
English-to-Dutch WTC - 78

Dutch-to-English WTC

Note. All correlations significant at p <.001.

Note. These are correlations for the subsample of students with Cito-VAS scores (N = 63). WRC = words read correct; MCCl = maze choices correct

minus incorrect; WTC = words translated correctly.
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Dutch word translation (B =-0.34, z = -2.49, p = .012)
contributed significantly to the prediction of the latent
performance score (see Table 11). Removing the over-
lapping contribution of the four CBM measures, maze
selection had the strongest unique contribution to the
prediction of the latent English performance score,
explaining 21.9% of the remaining total variance. The
unique contribution of English-to-Dutch word transla-
tion was in the negative direction, and explained 7.3%
of the variance. Thus, after accounting for the overlap
between the CBM measures in the prediction of the la-
tent English performance score, maze selection had the
strongest contribution in the positive direction whereas
English-to-Dutch had the next strongest contribution,
but in the negative direction.

In the single-predictor model with maze selection
(Model 2), scores from maze selection contributed sig-
nificantly to the prediction of the latent performance
score (B = .71, z= 1041, p < .001). Maze selection ex-
plained 29.7% of the total variance in the latent per-
formance score when the other CBM measures were
not accounted for. In the single-predictor model with
reading aloud (Model 5), scores from reading aloud
contributed significantly to the prediction of the latent
performance score (B = .66, z = 6.32, p < .001). Final-
ly, reading aloud explained 23.6% of the total variance
in the latent performance score when the other CBM
measures were not accounted for.

Discussion

The goal of this study was to examine the technical
adequacy of scores from four CBM measures — reading
aloud, maze selection, Dutch-to-English, and English-
to-Dutch word translation — as potential indicators of FL.
learning, replicating and extending an earlier stusdy by
Chung and Espin (2013). In general, our results provid-

ed the greatest support for maze selection and reading
aloud scores as general indicators of FL performance.

The first research question addressed the alternate-
form reliability and validity of scores from the CBM
measures. Reliability coefficients were high, with all
but one coefficient falling between .82 and .87. The
coefficients for maze selection and for English-to-Dutch
word translation were higher than those found by
Chung and Espin (2013), where coefficients were below
r = .80. Differences may be due to the fact that in the
present study, the same word translation measure was
administered across educational levels, whereas Chung
and Espin used a different form of the measure for lower
and higher educational levels. Variability in scores was
greater in the present study (SDs = 5.71 to 9.92; see Table
1) than in the Chung and Espin study (SDs = 2.64 to 7.24).

The effects of different scoring procedures on alter-
nate-form reliability were also examined. For reading
aloud and maze selection, reliability was not affected by
scoring procedure (correct vs. correct minus incorrect or
with vs. without a guessing rule). For the word transla-
tion tasks, consistent with the findings of Chung and
Espin (2013), higher reliabilities were found for correct
than for correct minus incorrect scores.

A select number of scores were carried forward
for validity analysis: WRC for reading aloud, MCCI
for maze selection, and WTC for the word translation
tasks. The patterns of correlations differed across criteri-
on measure and across educational level. For Cito-VAS,
correlations could be computed across educational level.
These correlations ranged from r = .31 t0 .65, arange sim-
ilar to that reported by Chung and Espin (2013; range r =
37 to .79). Correlations with the Cito-VAS were higher
for reading aloud and maze selection (r =.56 to .65) than
for word translation (r = .31 to .52). For English course
grades, correlations had to be computed within educa-
tional level. The patterns of results differed by educational
level: (a) at lower educational levels, stronger correlations

Table 9

Final Models With the Latent Performance Score From Cito-VAS English Vocabulary and English Reading Subtests as
Dependent Variable

Model Predictors

Model 1 Maze MCCI + English-Dutch WTC + Dutch-English WTC + Reading Aloud WRC
Model 2 Maze MCCI

Model 3 English-Dutch WTC

Model 4 Dutch-English WTC

Model 5 Reading Aloud WRC

Model 6 Maze MCCI + English-Dutch WTC

Model 7 Maze MCCI + Reading Aloud WRC
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Table 10
Model Fit and Complexity Trade-Off for the Selected Models
Model N AIC NFI CFI RMSEA sRMR
1 63 1103.00 .97 1.00 <.001 .01
2 69 1210.06 1.00 1.00 <.001 <.001
3 68 1225.43 1.00 1.00 <.001 <.001
4 69 1227.99 1.00 1.00 <.001 <.001
5 65 1148.72 1.00 1.00 <.001 <.001
6 68 1188.82 1.00 1.00 <.001 01
7 64 112533 .98 99 14 .01
Table 11
Coefficients From Final Models on the Latent Performance Score
Predictors B8 SE z p 95% Cl Total variance
Model 1 (N=63)
Maze MCCI 0.59 0.15 3.99 <.001 [0.30,0.88] 219
English-Dutch WTC -0.34 0.14 -2.49 012 [-0.61,-0.07] 073
Dutch-English WTC 0.26 0.17 1.58 115 [-0.06, 0.59] -
Reading Aloud WRC 0.27 0.16 1.71 .089 [-0.04, 0.58] -
Model 2 (N =69)
Maze MCCI 0.71 0.07 10.41 <.001 [0.58, 0.85] 297
Model 5 (N =65)
Reading Aloud WRC 0.66 0.10 6.32 <.001 [0.45, 0.86] 236

Note. Cl = confidence interval. 3 = standardized estimate.

were found for reading aloud and maze selection than
for word translation; (b) at higher educational levels,
stronger correlations were found for Dutch-to-English
word translation and maze selection than for the reading
aloud. These results may reflect the importance of En-
glish vocabulary knowledge at more advanced levels of
English-language learning and the greater sensitivity of
areading-aloud measure for beginning learners.
Consistent across all educational levels was the
finding that scores on English-to-Dutch word trans-
lation tended to result in lower correlations with the
criterion variables. Similarly, Chung and Espin (2013)
found low correlations between English-to-Dutch
word-translation and Cito-VAS scores (although not
with English course grades). The lower validity coef-
ficients for English-to-Dutch word-translation scores
might be related to the fact that students had to spell
the Dutch words correctly; thus, their scores on the task
reflected both English-language knowledge and Dutch
spelling ability. Although students also had to spell the

International Journal for Research in Learning Disabilities Vol. 5, No. 1

English words correctly, perhaps if they knew what the
English word was, they also knew how to spell it. A sec-
ond, more likely, explanation might be the lower vari-
ability in English-Dutch translation scores leading to an
attenuation in correlations. For example, standard de-
viations for English-to-Dutch translation were smaller
than for Dutch-to-English translation.

Even though the English-to-Dutch translation
produced the smallest validity coefficients, it may be
prudent to not yet discard the measure as a potential
CBM FL measure. English-to-Dutch translation re-
quires recognition rather than production, and thus
might serve as a good measure for students who are
just beginning to learn English.

The second research question examined whether
a combination of measures predicted FL proficiency in
English better than a single measure. The sample size
was relatively small for this analysis (N = 63), and the
predictors correlated with each other; thus, the results
should be considered suggestive. Findings showed that
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a combination of measures did not predict FL proficien-
cy in English better than a single measure. Although all
models had adequate fit, the single-predictor models
had the best fit. Thus, a single measure contributed
more strongly to the prediction of the latent English
performance score than a combination of four or two
measures. The single-predictor models with either the
reading-aloud or maze-selection measure performed
the best. Without the overlap with the other CBM mea-
sures, maze selection alone accounted for 29.7% of the
variance in the latent performance score, and reading
aloud alone for 23.6% of the variance.

These findings thus suggest that scores from maze
selection are valid indicators of general FL proficiency,
a finding that is in line with the results of the simple
correlational analyses. Scores from maze selection
accounted for nearly 30% of the variance in the latent
performance score constructed from scores on the Cito-
VAS vocabulary and reading subtests. Given that maze
selection takes only 2 minutes to administer, whereas
the Cito-VAS subtests together take 100 minutes, 30%
is a substantial amount. The slight advantage of the
maze selection over reading aloud may be due to the fact
that maze selection requires understanding of the text
passage and recognition of the words used as choices to
fluently progress through the text, perhaps making it a
more robust FL indicator than reading aloud. Alternately,
both the maze and Cito-VAS reflect silent FL reading,
whereas reading aloud also reflects speaking skills.

The differences in model performance were small.
The combination of all four measures — although
slightly worse than the single-predictor models —yield-
ed good model fit indices as well. In the model with
all four CBM measures, maze selection and English-to-
Dutch word translation were found to make significant
unique contributions to the prediction of the latent per-
formance score. Accounting for the overlapping contri-
bution of the four CBM measures, maze selection still
made a significant unique contribution to the predic-
tion of the latent performance score, explaining 21.9%
of the remaining variance. Apparently, after accounting
for the common contribution of the CBM measures, the
maze-selection task measures an additional, different
aspect of the construct than the other measures. En-
glish-to-Dutch word translation also made a significant
unique contribution after accounting for the overlap
between the four measures (7.3% of the variance), but
in a negative direction. This negative unique contribu-
tion, in combination with the lower validity coefficients
for English-to-Dutch translation, suggests that the
measure demands skills other than FL proficiency, such
as spelling in the native language.

Our results diverge from those of Chung and Es-

pin (2013), who found that a combination of maze se-
lection and English-to-Dutch word translation resulted
in better prediction than either measure alone. The re-
sults from the present regression analyses were based
on a larger sample combining all educational levels,
and used a latent FL performance score. Thus, although
still suggestive, they provide a basis for somewhat firm-
er conclusions.

It was surprising that the two measures that repre-
sented the construct of FL reading showed the highest
correlations with the criterion variables and the stron-
gest contributions as single predictors to the predic-
tion of the latent performance score, as opposed to the
measures that represented the construct of FL vocab-
ulary knowledge. Because scores from both Cito-VAS
English reading and vocabulary subtests contributed to
the latent performance score, one might have expected
a combination of CBM measures representing reading
and vocabulary to best predict student performance.
Perhaps vocabulary knowledge is an integral part of
reading in the FL. That is, beginning learners need a
sufficient level of vocabulary knowledge in order to
read a text in the FL (Wallace, 2007). Scores on CBM
reading tasks may reflect not only FL reading proficien-
cy but also vocabulary knowledge.

In sum, the results from the regression analyses
indicate that a combination of measures does not pre-
dict FL proficiency better than a single measure. Prac-
tically speaking, this is “good news” in the sense that
screening and CBM progress monitoring with a single
measure is less time consuming and more feasible in
the classroom than using a combination of measures.
Determining which single measure to use may depend
on practical considerations, however. Maze selection
can be administered in a group setting, whereas read-
ing aloud must be administered individually. Thus, al-
though maze selection is more efficient, teachers still
may prefer to administer reading aloud because it pro-
vides additional information related to the students’
ability to pronounce words in the foreign language.

Limitations

One limitation of the present study relates to the
criterion measures used. Although course grades and
the Cito-VAS have social validity in the sense that both
are used to make decisions about students’ promotion
to the next grade, technical adequacy data on the mea-
sures were limited. Although the Cito-VAS is the most
widely used standardized achievement test in Dutch
secondary education, reliability and validity data were
available only for a previous version of the test, and that
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version did not include the vocabulary subtest (tech-
nical adequacy for the reading subtest was good; see
Method section). Although course grades are probably
the most commonly used indicator of performance in
secondary education and have a large impact on the
student’s school career, course grades are largely based
on teacher judgment and have a restricted range. Nev-
ertheless, the use of both grades and standardized test
scores allowed for a convergence of evidence.

A second limitation of the study relates to the sam-
ple. First, analyses involving grades had to be conducted
within educational level, thereby reducing sample sizes
for these analyses. Second, it was not possible to ex-
amine whether results varied by language background
because native-language information was available for
only 40% of students. Finally, students in the univer-
sity-preparation levels were overrepresented (47.7%)
and students in vocational levels underrepresented
(24.1%) compared to reported national levels (19% and
55%, respectively; Dutch Inspectorate of Education,
2018). Replication of the study with a larger, more rep-
resentative sample, therefore, is in order.

Implications

The results of this study have implications for the
use of CBM measures in FL instruction. If the results
were to be replicated with a larger and more diverse
sample, it would provide support for the use of CBM
maze and reading aloud as screening measures to iden-
tify students who are likely to be at risk for FL learning
difficulties. Such students could be provided with ad-
ditional support and instruction before they begin to
fail. In addition, if future Stage 2 progress-monitoring
research supports the technical adequacy of scores, the
measures could be used to monitor the progress of stu-
dents with severe and persistent FL learning difficulties

CBM Foreign-Language Measures

and to evaluate the effects of specialized, individualized
interventions on that progress.

The increasing need for all students to learn English
in our globalized society underscores the need for related
screening and progress measures. This need is further
underscored by the extent to which some students
struggle to learn a foreign language. For example,
recall that the percentage of students with dyslexia in
The Netherlands increases from 7.5% in sixth grade to
13% in ninth grade. This increase may be related to the
increase in language requirements at the secondary-
educational level. All Dutch secondary students must
learn both Dutch and English. At higher educational
levels, students are required to learn up to five FLs
(English, French, German, Latin and Greek). A label of
dyslexia allows for accommodations in FL learning.

Conclusion and Future Research

In conclusion, our findings support the reliability
and validity of (Dutch Inspectorate of Education, 2019)
scores from reading-aloud and maze selection measures
(and potentially word-translation measures) as potential
CBM indicators of English-language learning. Future
Stage 2 research must examine the reliability and validity
of the growth rates produced by scores from these mea-
sures. An important aspect of this work will be to estab-
lish the equivalence of alternate forms of the measures.
This may prove to be a challenge for reading-aloud and
English-to-Dutch word-translation measures, where
significant mean differences in scores were found be-
tween the alternate forms. Future research also must ex-
amine whether teachers’implementation of CBM prog-
ress monitoring in FL results in improved instruction
and, ultimately, in improved learning for students who
struggle to learn a foreign language.
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