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Objectives: Prior research indicates that individuals with developmental dyslexia can benefit from working memory (WM) training to improve reading skills. The effect of WM training using linguistic stimuli to additionally target reading processes, however, has not been
explored yet. It is also unclear whether different cognitive-linguistic profiles lead to different treatment improvement and transfer patterns. Thus, the current study investigated the
efficacy of a novel cognitive-linguistic treatment that utilizes word- and sentence-level
stimuli with irregular spellings to address developmental reading disorders. Methods: One
adolescent and one adult with developmental dyslexia participated and were trained with
six types of basic and complex verbal WM tasks combined with strategy training. A singlecase experimental design was utilized to probe participants’ responses to the treatment
protocol over time. To delineate baseline cognitive-linguistic profiles and transfer effects, a
battery of formal tests and probe tasks was administered at pre-treatment, post-treatment,
and 6-week follow-up. Results: Both participants showed improved performance on the
training tasks, but across participants different patterns of improvements were observed.
Transfer effects were observed in terms of decoding, fluency, and reading comprehension,
and perceived benefits were reported. These gains were maintained at the 6-week followup. Conclusion: The current findings suggest that cognitive-linguistic intervention yields
beneficial effects for developmental dyslexia and provides empirical evidence for evidencebased practice of clinicians who work with adolescents and adults with developmental
reading disorders.
Keywords: Developmental reading disorders, Intervention, Working memory, Language

Developmental reading disorders, including developmental

broadly, developmental reading disorders has been bolstering pho-

dyslexia, are characterized by difficulties with fluent word recog-

nological awareness and letter-sound knowledge, with research

nition (i.e., decoding of words) and spelling; despite intact sensory

providing evidence that this approach might be effective for im-

abilities and adequate intelligence (Peterson & Pennington, 2015).

proving decoding skills, and reading rate and comprehension (Na-

For the last several decades, a great deal of research has suggested

tional Reading Panel, 2000).

that phonological deficits underlie these reading difficulties and

In addition to this phonological deficit hypothesis and its asso-

dyslexia symptoms (i.e., the phonological deficit hypothesis; Lyon,

ciated phonological intervention approach, it has been also pro-

Shaywitz, & Shaywitz, 2003; Peterson & Pennington, 2015). Ac-

posed that decoding and reading not only demand phonological

cordingly, the main focus of intervention for dyslexia, and more

awareness and letter-sound knowledge, but also engage a multi-
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tude of other linguistic and cognitive processes (e.g., Lawton &

reading comprehension skills after WM training in Swedish chil-

Shelley-Tremblay, 2017). Thus, several researchers have empha-

dren with special needs, with no changes in the children’s non-

sized the influence of multiple neurocognitive factors on develop-

word decoding skills. Luo et al. (2013) also reported transfer ef-

mental reading difficulties (i.e., multiple deficit accounts; Duff &

fects in that children with dyslexia showed improvements on one-

Clarke, 2011; Peterson & Pennington, 2015). One of these factors is

minute tests of reading words aloud after WM training. In con-

working memory (WM) (Baddeley, 2003), our ability to maintain

trast, both Horowitz-Kraus and Breznitz (2009) and Shiran and

as well as manipulate a certain amount of information over a short

Breznitz (2011) reported that after WM training, university stu-

period of time. That is, perceptual and linguistic information (e.g.,

dents with and without dyslexia showed reading improvements

grapheme and phoneme) must be maintained in WM for a certain

for both word and nonwords.

period of time to support the active processing of reading (Allo-

Despite the heterogeneity in study designs and participant char-

way, Wootan, & Deane, 2014). Likewise, reading difficulty can oc-

acteristics, at least a few studies focusing on children with develop-

cur despite relatively intact phonological skills or representations

mental dyslexia found improved reading and comprehension fol-

(e.g., Valdois et al., 2003). For example, Valdois et al. (2003) exam-

lowing WM training, suggesting that intervention to improve

ined a teenager diagnosed with developmental dyslexia who showed

WM may help children become more proficient in decoding (Luo

good phonological awareness despite substantial difficulties in read-

et al., 2013) and reading comprehension (Dahlin, 2011; Luo et al.,

ing and spelling.

2013). In addition, initial research suggests that WM training can

Therefore, intervention approaches to enhance WM skills offer

benefit reading skills in young adults with developmental dyslexia

a credible option given that prior research has established that WM

(Horowitz-Kraus & Breznitz, 2009; Shiran & Breznitz, 2011). Spe-

components such as the phonological loop, central executive, or

cifically, a group of college students trained with verbal and non-

both play an important role in reading and writing skills (Dane-

verbal WM tasks exhibited not only post-treatment increases in

man & Carpenter, 1980). There is also empirical support for the

their verbal and visual-spatial spans, but also improved decoding,

influential role of WM’s phonological store in decoding, the nega-

reading rate, and comprehension scores (Shiran & Breznitz, 2011).

tive influence of WM demands on dyslexia symptoms, and the

Such treatment outcomes are in the same vein as the findings that

frequent presence of verbal WM deficits in individuals with read-

WM training can yield transfer effects to a reading comprehen-

ing disabilities (e.g., Kibby & Cohen, 2008).

sion task in typical college students (Chein & Morrison, 2010).

Indeed, several studies to date have investigated the effects of

Thus far, however, most research has focused on young children

WM training on reading performance in typically developing

or college students, leaving little to no investigation of whether

children and children with developmental reading disorders (e.g.,

WM intervention can evoke reading improvements in adolescents

Dahlin, 2011; Loosli, Buschkuehl, Perrig, & Jaeggi, 2012; Luo, Wang,

or other age groups with developmental reading disorders. Also

Wu, Zhu, & Zhang, 2013; Maridaki-Kassotaki, 2002). These stud-

there has been no inspection of individual responses to WM train-

ies have varied with respect to the type of training tasks, partici-

ing, because previous studies averaged all participants’ responses

pant characteristics, and transfer tasks, and consequently, their

for a group comparison (e.g., Shiran & Breznitz, 2011). As a result,

outcomes have varied. For instance, there have been inconsistent

possible differences between responders and non-responders have

reports of WM training’s transfer effects to reading performance,

been obscured, leaving a need to delineate the profiles of treatment

particularly in terms of decoding skills. Loosli et al. (2012) found

responders and non-responders, as well as to determine how to

increases in reading performance (i.e., reading aloud at text and

adapt interventions to suit each individual’s needs (Duff & Clarke,

word levels) after WM training in typically developing children,

2011). In addition, given the complex nature of reading tasks in

although there was no gain in reading pseudowords aloud; these

our daily lives, it is conjectured that those who did not benefit from

researchers did not evaluate for changes in reading comprehen-

the previously mentioned training heavily focused on phonologi-

sion skills. Somewhat similarly, Dahlin (2011) observed improved

cal aspects of reading (i.e., phonological awareness, or letter-sound
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correspondence) may exhibit positive outcomes from a cognitivelinguistic intervention that taps WM as well as phonological processes to address reading difficulties.

might be a crucial feature of dyslexia (Varvara et al., 2014).
In addition, because many treatment research studies regarding
executive function, attention, and working memory have support-

Therefore, the current study examined the benefits of a novel

ed the use of strategy training to maximize treatment effectiveness

cognitive-linguistic training protocol, designed to stimulate both

in multiple clinical populations (Cicerone et al., 2011; Murray, 2012;

WM and language processing, on developmental reading difficul-

O’Hara et al., 2007; Rebok, Carlson, & Langbaum, 2007; Sohlberg,

ties using a single-case, multiple baseline experimental design

Ehlhardt, & Kennedy, 2005), strategy training was included in our

(Tate, Perdices, McDonald, Togher, & Rosenkoetter, 2014). We

multi-component treatment protocol. Such previous studies have

aimed to determine how two individuals, who demonstrate read-

found that self-directed strategy training, particularly when strat-

ing difficulties but differ in terms of their cognitive and linguistic

egies focus on fostering or supporting self-monitoring and control

strengths and weaknesses, respond to the same cognitive-linguis-

of cognitive processes (e.g., dual coding strategy or verbal rehears-

tic training.

al strategy), bolsters treatment gains in terms of both generaliza-

Our novel treatment approach targeted both WM and linguistic

tion and maintenance of treatment effects. Thus, our novel treat-

skills for three reasons: (1) individuals with developmental dyslex-

ment approach was additionally designed to tap meta-cognitive

ia or other reading disorders commonly have difficulties in both

processing by including strategy training within treatment sessions.

domains mentioned above; (2) the adolescent and adult partici-

Given these complex mechanisms underlying developmental

pant in the present study, who already experienced training re-

reading disorders and an interdependent relationship between

garding phonics and basic phonological rules, reported plateauing

WM and reading skills, we predicted that our novel intervention

of gains from and/or reduced interest and motivation with the tra-

approach may yield positive outcomes if treatment activities tar-

ditional reading treatment approach (i.e., treatment focusing only

geted multiple aspects of language and cognition, particularly if

on linguistic components); and, (3) treatment tasks with signifi-

individuals have already mastered elementary sound-letter knowl-

cant concomitant cognitive-linguistic demands should more close-

edge or have not responded well to traditional interventions that

ly relate to the complexity of daily reading tasks, and therefore be

emphasize phonological awareness (Al Otaiba & Fuchs, 2006).

ecological valid and foster transfer effects. With respect to WM,

Also, given that learning during simple tasks is unlikely to gener-

our cognitive-linguistic intervention was designed to address both

alize toward complex tasks (Wulf & Shea, 2002), we hypothesized

the central executive and phonological store components given

that complex WM activities combined with phonologically chal-

that both impact a myriad of cognitive and linguistic processes in-

lenging stimuli would foster improved outcomes in daily reading

cluding reading and writing (Baddeley, 2003; Dahlin, Bäckman,

undertakings, which are frequently too complex. Lastly, we fur-

Neely, & Nyberg. 2009). Although some researchers have argued

ther predicted transfer to untrained tasks because our treatment

that individuals with developmental reading disorders do not ex-

included strategy training, a recommended approach to maxi-

hibit impairment in the central executive component of their WM

mize generalization of treatment effects in both cognitive and lan-

(Kibby & Cohen, 2008), findings from recent studies involving

guage intervention practice guidelines (e.g., Cicerone et al., 2011;

this population suggest impairment in both the phonological store

Sohlberg et al., 2005). Hence, our research questions were as follows:

and central executive components of WM, rather than selective

1) Would our cognitive-linguistic intervention yield improve-

impairment of the phonological loop (e.g., Swanson, 1994; Varvara,

ment in trained and untrained WM tasks?

Varuzza, Padovano Sorrentino, Vicari, & Menghini, 2014). For ex-

2) Would our cognitive-linguistic intervention produce transfer

ample, individuals with developmental dyslexia have been found

effects to untrained tasks in language domains such as read-

to demonstrate impairments on WM tasks that emphasize the

ing fluency and comprehension?

central executive component (e.g., N-back, backward digit span),

3) Would our cognitive-linguistic intervention yield different

supporting that more global and higher-order cognitive deficits

outcome patterns across two participants with different cog-
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nitive and language profiles, and thus support the requisite
for individualized treatment to meet the needs of the diverse
population with developmental reading disorders?

Pre- and Post-assessment Procedures
Although both participants showed similar written language
symptoms (i.e., slow and effortful reading and writing), their cognitive and linguistic strengths and weaknesses varied. Thus, cog-

METHODS

nitive and language testing was administered before treatment to
the participants to establish their baseline performance. To mea-

Participants

sure cognitive skills, the following tests were given: (1) the Wechsler

One adolescent (AR; 16 years old) and one adult (CR, 35 years

Memory Scale-III (WMS-III; Wechsler, 1997) to assess verbal and

old with a Bachelor’s degree) participated. Both participants were

nonverbal memory; (2) the Test of Everyday Attention (TEA; Rob-

male, right-handed, native speakers of English, and had intact

ertson et al., 1994) for CR and TEA-Children (TEA-ch; Manly,

sensory and motor skills. The current study was approved by the

Robertson, Anderson, & Nimmo-Smith, 1999) for AR to test sus-

Institutional Review Board (Indiana University IRB #1202008012).

tained, selective, and divided attention skills; (3) the Design Fluen-

While home-schooled, AR had been receiving individual speech-

cy subtests of Delis-Kaplan Executive Function System (D-KEFS;

language therapy service from a university clinic since 2010 to work

Delis, Kaplan, & Kramer, 2001) to measure executive function; and,

on his speech-language problems including articulation, phono-

(4) the picture version of Pyramids and Palm trees (PPT; Howard

logical awareness, and spelling. Over 2 years of services, most of

& Patterson, 1992) to test semantic knowledge and processing.

his articulation deficits resolved except for sound clusters includ-

To assess language skills, we administered: (1) the Clinical Eval-

ing /r/, but he continued to struggle with reading and writing, es-

uation of Language Fundamentals-4 (CELF-4; Semel, Wiig, & Se-

pecially when spelling words likely to be acquired through reading

cord, 2003) to determine participants’ level of morphological, syn-

versus oral communication (e.g., island). Before participating in

tactic, semantic, pragmatic, and phonological awareness process-

this research project, he reported that he felt goals focused on spell-

ing; (2) Comprehensive Test of Phonological Processing-2 (CTOPP-2;

ing were the most beneficial and important to him compared to

Wagner, Torgesen, Rashotte, & Pearson, 2013) for AR, and CTOPP-2

his other speech-language therapy goals and tasks. Therefore he

(Wagner et al., 2013) for CR for an in-depth examination of phono-

was introduced to and participated in this research project.

logical processing skills; and (3) Grey Oral Reading Test-4 (GORT-

CR visited and then was evaluated in the university clinic at the

4; Wiederholt & Bryant, 2001) to measure oral reading skills for

age of 35 due to his reading concerns. He had never received any

CR. Two types of written discourse samples (narrative and proce-

prior speech-language intervention services despite experiencing

dural) were obtained for each participant to determine the num-

reading and writing difficulties all of his life. He reported difficul-

ber of words produced in their writing samples and to examine

ties with decoding and spelling, especially of irregularly spelled

informativeness using correct information unit analysis (Nicholas

words, and that he had struggled with this issue throughout his

& Brookshire, 1993), a reliable and commonly used measure that

educational career. He expressed concern that his frequent spell-

quantifies the extent to which discourse samples are accurate, rel-

ing errors were affecting his work performance because his cur-

evant, and informative. Narrative discourse samples were elicited

rent job required writing many reports and emails, often entailing

by asking participants to write down the story depicted in “The

detailed explanations. He noticed that he frequently substituted

Bear and the Fly” (Winter, 1976), a picture booklet without words,

incorrect words that shared some spelling overlap with the target

and procedural discourse samples were elicited by asking partici-

words (e.g., it for in, tenth for tense). He also reported that he often

pants to write down how to make a peanut butter and jelly sandwich.

misread sight words including store signs and advertisements when

In addition, AR was given the Test of Language Competence-

driving. He described himself as a ‘slow reader’ and ‘bad speller’

Expanded Edition to assess his metalinguistic skills, including

and recently pursued training opportunities for these symptoms.

comprehension of ambiguous sentences and figurative language,
and making inferences. Some test results were retrieved from the
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participants’ most recent clinic evaluation reports, all of which

Table 1. AR’s language assessment results

had been administered between one to nine months before treatment; such test data included the following: (1) Test of Memory
and Learning-2 (TOMAL-2; Reynolds & Voress, 2007) to measure
verbal, nonverbal, and delayed memory and learning skills for AR,
(2) the Qualitative Reading Inventory-5 (QRI-5; Leslie & Caldwell,
1995) for AR, as an informal assessment of reading and comprehension skills for narrative and expository passages, and (3) the
Detroit Test of Learning Aptitude-4 (DTLA-4; Hammill, 1998) to
examine short- and long-term memory and visual-motor integration for CR.
After the completion of treatment, some of the linguistic and
cognitive assessment tools were selected and re-administered to
determine transfer effects of treatment to those tests.

Participants’
Pre-treatment Profiles
Participant AR

Pre-treatment testing revealed that AR had overall good memory skills (see Tables 1 and 2). He showed a relative strength in his
WM skills, performing at the 88th percentile on the WMS-III WM
index. However, this strength seemed domain-specific because his
span task performances were consistently better on those tasks involving letter versus digit stimuli (i.e., he scored at the 75%ile for
the letters backward span vs. 9%ile for the digits backward span).
On all the other WMS-III subtests and verbal memory subtests of
the TOMAL-2, he scored near or above average (e.g., 70%ile for the
general memory domain of WMS-III).
With respect to phonological processing, he displayed poor phonological awareness, particularly on the CTOPP Elision (i.e., ability to remove a sound from a word to form a new word), scoring at
the 1st percentile. This task not only requires processing phonological information, but also make demands upon the central executive component of WM (e.g., manipulating a sound to form
new words). In contrast, tasks with primary demands on the pho-

Pre-treatment Post-treatment
CTOPP raw score (SS)
Elision
Blending words
Memory for digits
Rapid digit naming (s)
Nonword repetition
Rapid letter naming (s)
CTOPP composite score (SS)
Phonological awareness
Phonological memory
Rapid naming
Alt. Phonological awareness
CELF-4 raw score (SS)
Recalling sentences
Formulated sentences
Word classes
Word definitions
Core language standard score
Core language percentile
TLC-E raw score (SS)
Ambiguous sentences
Listening comprehension: making inferences
Figurative language
GORT-4 (%ile)
Oral reading quotient
Fluency score
Comprehension score
QRI-5 (oral reading)
Correct words per minute
Narrative discourse sample
Number of total words
Number of CIUs
CIU (%)
Procedural discourse sample
Number of total words
Number of CIUs
CIU (%)

7 (3)
11 (7)
15 (10)
23 (10)
12 (8)
30 (8)

8 (4)
12 (7)
12 (7)
27.9 (8)
12 (8)
31.4 (6)

70 (2)
94 (35)
94 (35)
N/A

73 (3)
85 (16)
82 (12)
79 (13)

72 (8)
35 (2)
20 (10)
34 (13)
104
61

-

18 (5)
34 (11)
14 (4)

25 (7)

-

70 (2)
59 ( < 1)
48 (25)

73.8

96.9

55
50
90.9

96
82
85.42

35
32
91.42

50
38
76

CTOPP = Comprehensive Test of Phonological Processing; CELF-4 = Clinical Evaluation of Language Fundamentals-4; TLC-E = Test of Language Competence-Expanded; GORT-4= Grey Oral Reading Test-4; QRI= Qualitative Reading Inventory-5; CIU=
correct information units; SS = scaled score (M = 10, SD = 3).

nological buffer component of WM were less challenging for AR—
e.g., scaled score of 8 (mean = 10, SD = 3) on the CELF-4 Recalling

AR exhibited generally good language performance except for

Sentences and CTOPP Nonword Repetition subtests. Accordingly,

one CELF-4 subtest, Formulated Sentences. This subtest is very

AR’s phonological processing performance appeared vulnerable

complicated compared to other CELF-4 subtests in that it requires

when there was an increasing demand on the central executive

when given an orally-presented target word, in reference to a visu-

component while processing phonological information.

al stimulus: (1) using the given word, (2) generating a sentence that
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light of these strengths and weaknesses and prior research (e.g.,

Table 2. AR’s cognitive assessment results
Pre-treatment
TOMAL-2 raw score (%ile)
Verbal memory
Memory for stories
Word selective reminding
Object recall
Paired recall
Attention/concentration
Digits forward
Letters forward
Digits backward
Letters backward
WMS-III sum of SS (%ile)
Auditory immediate
Visual immediate
Immediate memory
Auditory delayed
Visual delayed
Auditory recognition delayed
General memory
Working memory
TEA-ch raw score (SS)
Sky search
Number of correctly identified
Time per target
Score!
Sky search DT
Map mission
Score DT
D-KEFS design fluency test raw score (SS)
Filled
Empty
Switching
Sum of SS (composite SS)
Pyramids and Palm Trees raw score (%)
Picture version

Dahlin, 2011), it was conjectured that a complex WM intervention
with phonologically challenging stimuli would yield benefits to

35 (75)
72 (95)
54 (25)
28 (63)
48 (37)
47 (63)
11 (9)
36 (75)
20 (47)
21 (58)
41 (55)
23 (70)
20 (50)
13 (84)
56 (70)
26 (88)

his reading skills.
Participant CR

For CR (see Table 3), phonological memory was a primary area
of weakness (i.e., 5%ile on both the DTLA-4 Sentence Imitation
and CTOPP-2 Nonword Repetition subtests). His phonological
awareness skills fell at the low end of the normal range (SS = 7, 16%ile),
when assessed by the CTOPP-2 Elision and Phoneme Isolation subtest. He also exhibited deficits in visual working memory (2%ile
on the TOMAL-2 Memory for Location) and sustained attention
(scaled score = 5 on TEA Map Search 2). We assumed that this below average performance of sustained attention and working memory subtests might have, at least in part, contributed to his poor
reading (GORT-4 Fluency < 1%ile), given the influential relationship between reading ability and the phonological store (e.g., Menghini, Finzi, Carlesimo, & Vicari, 2011).

19 (10)
15
10 (11)
1.6 (6)
59 (11)
20 (13)
12 (12)
14 (12)
13 (15)
39 (14)
48 (92)

TOMAL-2= Test of Memory and Learning-2; WMS-III= Wechsler Memory Scale-III;
TEA-ch= Test of Everyday Attention-children; D-KEFS= Delis-Kaplan Executive Function System; CIU= correct information units; SS= scaled score (M= 10, SD= 3).

Study Design and Probe Tasks
This study involved a multiple baseline single case experimental
design (Tate et al., 2014). Participant AR was the first person to receive treatment, and participant CR was the second person who
participated in the study after the intervention was completed for
AR. A staggered baseline across participants, however, could not
be implemented because CR could not visit the study site (i.e., the
university clinic), which was located in a different city from his
home, for more than three baseline sessions due to the cost and
difficulties of long distance travel. To measure cognitive-linguistic
changes over the course of the experiment, three different types of
WM tasks served as probe tasks: N-back, Reconstitution of Words,

corresponds to the picture, and also the sentence should be (3) gram-

and Reading Span tasks (see Table 4 for a description of each task;

matically correct, and (4) complete. His scaled score for this sub-

for an in depth review of these tasks; see also Conway et al., 2005).

test was only 2 (mean = 10, SD = 3), in striking contrast to his over-

These tasks were selected given their established validity as WM

all core language skills, which placed him at the 61st percentile.

measures (e.g., Jaeggi, Buschkuehl, Perrig, & Meier, 2010; Vallat et

Supporting this weakness on more complicated tasks, among the

al., 2005; Wright & Fergadiotis, 2012). The Reconstitution of Words

attention subtests, he displayed the most difficulty on the divided

task (Vallat et al., 2005) represented a more basic WM task, during

attention subtest (i.e., Sky Search DT of TEA-ch), which demands

which minimal to modest manipulation or processing (i.e., pho-

attention to and processing of multiple tasks at the same time. In

nological and lexical processing) of information is required while
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Table 3. CR’s language and cognitive assessment results
Pre-treatment
CTOPP-2 raw score (SS)
Elision
Blending words
Memory for digits
Rapid digit naming (s)
Nonword repetition
Rapid letter naming (s)
Phoneme isolation
Segmenting nonwords
CTOPP-2 composite score (SS)
Phonological awareness
Phonological memory
Rapid naming
Alt. Phonological awareness
CELF-4 raw score (SS)
Recalling sentences
Formulated sentences
Word classes
Word definitions
Core language standard score
Core language percentile
GORT-4 (%ile)
Form
Oral reading quotient
Fluency score
Comprehension score
QRI-5 (oral reading)
Correct words per minute
Narrative discourse sample
Number of total words
Number of CIUs
CIU (%)
Procedural discourse sample
Number of total words
Number of CIUs
CIU (%)
DTLA-4 raw score (%ile)
Word opposites
Design sequences
Sentence imitation
Reversed letters
Story construction
Design reproduction
Basic information
Symbolic relations
Word sequences
Story sequences

Post-treatment

Follow-up

RCIs

24 (7)
27 (11)
16 (7)
13.63 (9)
13 (5)
14.21 (8)
23 (7)
22 (10)

30 (10)*
31 (15)***
15 (6)
14 (8)
16 (6)
13 (9)
26 (9)
23 (10)

30 (10)*
28 (12)
18 (7)
12 (10)
16 (6)
12 (10)
26 (9)
23 (10)

2.12, 2.12
2.82, NS
NS, NS
NS, NS
NS, NS
NS, NS

90 (25)
76 (5)
92 (30)
92 (30)

110 (75)***
76 (5)
92 (30)
104 (61)*

103 (58)***
79 (8)
101 (53)
98 (45)

3.54, 2.30
NS, NS
2.12, NS

84 (10)
50 (10)
40 (19)
41 (14)
120
91%ile
A
67 (1)
55 ( < 1)
50 (25)
92

B
94 (34)
89 (16)***
65 (63)*
N/A

-

-

A
94 (34)
89 (16)***
62 (63)*

4.24, 4.24
2.12, 2.12

N/A

N/A

243
230
94.65

234
223
95.29

-

-

144
142
98.61

190
185
97.36

-

-

45 (84)
129 (37)
14 (5)
36 (37)
27 (84)
39 (37)
36 (95)
24 (50)
14 (25)
43 (75)

19 (25)***
40 (50)***
10 (9)
-

19 (25)***
43 (63)***
12 (16)
-

3.54, 3.54
2.82, 4.95
NS, NS
(Continued to the next page)
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Table 3. Continued
Pre-treatment
TOMAL-2 raw score (%ile)
Verbal memory
Memory for stories
Word selective reminding
Object recall
Paired recall
Nonverbal memory
Facial memory
Abstract visual memory
Visual sequential memory
Memory for location
WMS-III sum of SS (%ile)
Auditory immediate
Visual immediate
Immediate memory
Auditory delayed
Visual delayed
Auditory recognition delayed
General memory
Working memory
TEA raw score (SS)
Version
Map search 1
Map search 2
Elevator counting
Elevator counting w/D
Telephone search
Telephone search w/D
Dual task decrement
D-KEFS design fluency test raw score (SS)
Filled
Empty
Switching
Sum of SS (composite SS)
Pyramids and Palm Trees raw score (%)
Picture version

Post-treatment

Follow-up

RCIs

36 (84)
60 (50)
65 (75)
29 (75)
32 (50)
35 (63)
27 (37)
4 (2)

-

-

-

27 (91)
19 (42)
46 (75)
25 (82)
23 (73)
12 (75)
60 (82)
27 (92)

-

-

-

A
37 (9)
57 (5)
7 (normal)
8 (9)
3.47 (8)
2.55 (8)

B
46 (11)
73 (10)
7 (normal)
10 (13)
2.95 (9)
.05 (12)

A
43 (10)
74 (10)
7 (normal)
6 (7)
2.79 (11)
.26 (12)

-

7 (8)
9 (9)
6 (8)
25 (8)

10 (10)
11 (10)
9 (11)
30 (10)

12 (12)
13 (12)
9 (11)
35 (12)

NS, NS
NS, NS
NS, NS
-

51 (98)

-

-

-

RCI = reliable change indices; CTOPP-2 = Comprehensive Test of Phonological Processing-2; CELF-4 = Clinical Evaluation of Language Fundamentals-4; GORT-4 = Grey Oral
Reading Test-4; QRI= Qualitative Reading Inventory-5; CIU= correct information units; DTLA = Detroit Test of Learning Aptitude-4; TOMAL-2 = Test of Memory and Learning-2;
WMS-III= Wechsler Memory Scale-III; TEA= Test of Everyday Attention; D-KEFS = Delis-Kaplan Executive Function System; SS = scaled score (M = 10, SD = 3); NS = not significant.
RCIs are calculated based on the score differences between ‘pre-treatment and post-treatment’ and ‘pre-treatment and 6-week follow-up’. Scaled scores and percentile values of CTOPP-2, GORT-4, and DTLA-4 were determined using the oldest normative data available from each technical manual.
*p < .05, **p < .01, ***p < .005.

the participants try to remember the presented stimuli (i.e., letters)

tinuously and participants try to constantly update and manipu-

and concomitantly reconstitute the word that the letters spell. In

late information while selecting and inhibiting responses. Thus,

the N-back task, a commonly utilized WM task (Conway et al.,

this task requires continuous updating of the mental representa-

2005; Mayer & Murray, 2012), a series of stimuli is presented con-

tions of the target stimuli, and also demands central executive pro-
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Table 4. Treatment activities
Task

Description

Example stimulus and expected participant response

Reading span (Adapted The participant judges the grammaticality of two sentences one by one, while refrom Mayer &
membering the last word of each sentence. He then must decide whether those
Murray, 2002)
last two words rhyme or not, and generate a third rhyming word. The number of
sentences per set increases from two to four, and four to six and the length of each
sentence increases from six to eight as his performance improves.
N-back (Adapted from The participant states ‘yes’ if the current stimulus item that he is seeing is the same
Cicerone, 2002)
as the stimulus item that he saw N-back ago. The participant begins with a 1-back
task and moves onto 2- and 3-back tasks as he shows improvement on this task.
Updating (Adapted from A string of words is visually presented and the participant must recall the last four
Morris & Jones,
items after the presentation is unexpectedly stopped. He is also asked to write
1990)
down the words that he had to remember.

Stimulus:
(a) Stop before another word is spoken. (correct)
(b) Unfortunately Jane’s new vase are broken. (incorrect)
Expected participant response: correct, incorrect, yes they
rhyme, token.
Stimulus (2-back task): boost moose mouse moose* boast
mouse boost ……
Expected participant response: “yes” to words with an asterisk.
Stimulus: Acquire, sense, which, until, acquit, dumbbell,
weird, exceed, sergeant
Expected participant response: dumbbell, weird, exceed,
sergeant (both in spoken and written modality).
Stimulus: o, n, c, e
Expected participant response: once

Reconstruction of
The participant must reconstruct and say an irregular word that was spelled out by
words (Adapted from the clinician. The length of trained words is increased from 3- to 6-letters.
Vallat et al., 2005)
Odd-One out (Adapted The participant looks at three words presented in squares in a line (i.e., left, middle,
Stimulus: receipt recommend precede until annex anthill
from Russell et al.,
and right), and picks one that doesn’t share the same initial string of letters with the Expected participant response:
1996)
other two. The procedure is repeated with another set of items and then the partici- First trial: “precede”
pant must recall the positions of the odd-one-out words (e.g., “left’” and “middle”)
Second trial: “until”
Location: right and left
Keep track (Adapted
Three categories with specific letter strings are placed at the bottom of a computer
Stimulus: Category example: sc-, tr-, alfrom Yntema, 1963)
monitor and a string of words is presented one by one. The participant must update Word string: school, ally, try, tree, scramble, scar, allure
these words into an appropriate category and then recall the most recent word in
Expected participant response: Tree, scar, allure
each of the categories after presentation.

cesses to strategically ignore or drop irrelevant stimuli. Lastly, a

for school-aged children and adolescents that includes myriads of

Reading Span task was utilized as a more complex WM task, dur-

irregular word stimuli based on different stages of spelling skills.

ing which participants perform basic types of WM tasks (i.e., re-

Psycholinguistic variables including word frequency, number of

membering the final words of multiple sentences presented one by

syllables, and number of letters were balanced across the exposure

one) while also performing another task (i.e., judging grammati-

and probe sets to assure a similar level of difficulty.

cality of each sentence) during or between the presentation of tar-

As an outcome measure for the N-back task, a signal detection

get words to be stored in their memory (Conway et al., 2005; May-

statistic was used to calculate the probability of correctly selecting

er & Murray, 2002).

a target (Mayer & Murray, 2012). This was calculated by subtract-

These three probe tasks were administered before, during, and

ing the false alarm rate (i.e., the number of items to which the par-

after treatment as well as at the 6-week follow-up. Before treatment,

ticipant said ‘yes’ while the actual answer was ‘no’) from the cor-

AR and CR were tested three times to establish their baseline per-

rect hit rate (i.e., the number of items to which the participant said

formance. Each probe task had two sets of stimuli: one set (i.e., probe

‘yes’ correctly). For the other two probe tasks, the accuracy for the

set) was used for probing throughout all phases of the study, where-

WM component as well as the written verbal responses were re-

as the other set (i.e., exposure set) served as an untrained set to con-

corded to examine the effect of the intervention on both WM and

trol for exposure effects, and was only used during baseline, post-

phonological processing, respectively.

treatment, and the 6-week follow-up probing. All target words for
the probe tasks had spellings with a low probability of phoneme-

Treatment Procedures

to-grapheme conversion and were selected from the Johns Hopkins

During the treatment phase, AR was individually provided with

Dysgraphia Battery (Goodman & Caramazza, 1985) or Words Their

weekly 90-minute treatments for 14 weeks. CR received individual

Way (Bear, Invernizzi, Templeton, & Johnston, 2012), a workbook

sessions for 20 weeks; he received more treatment sessions than
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AR because AR did not want to attend treatment during school

vant, such as for the Reconstitution of Words from Oral Spelling

breaks. For both participants, training consisted of practicing six

task, writing down a name with an irregular spelling or remem-

verbal WM tasks (N-back, Reconstitution of Words from Oral Spell-

bering restaurant names that have irregular spellings). The clini-

ing, Reading Span, Odd-One Out, Updating, and Keep Track), all

cian also discussed the participant’s prior performance level and

of which were adapted from WM interventions that in previous

the level of difficulty for each task, so that the participant could

literature evoked improvements in cognitive-linguistic abilities,

better prepare for the next task trial and generate and select the

albeit in different patient populations (for a description of each

strategies he thought would support his task performance. Through-

task) (Table 4). All tasks were developed to tap the central execu-

out training, participants were given feedback about their perfor-

tive as well as phonological store components of WM (Baddeley,

mance. For example, if a participant responded correctly, the clini-

2003) and core reading skills. In each session, three to four differ-

cian let him know that his response was correct and provided pos-

ent activities were practiced to promote maintained interest with-

itive verbal reinforcement (e.g., “Great, you got it correct.”). If a par-

in and across treatment sessions. Each treatment task was prac-

ticipant responded incorrectly, the clinician told the participant

ticed between four to ten times throughout the treatment phase of

about the inaccurate response and asked him to repeat the trial

the study, with treatment activities pseudo-randomly selected and

again, encouraging incorporation and utilization of strategies ger-

ordered within and across each session to minimize order effects.

mane to the task as needed.

Treatment activities became increasingly difficult as participants’

Treatment stimuli for each participant were determined based

performance improved at each level. That is, if a participant achieved

on his current spelling and reading abilities and personal interests

over 80% accuracy across two consecutive sessions on a task, the

and differed from those in the probe tasks. Some stimuli came from

next most difficult level of that treatment task was introduced. This

the spelling inventory of Words Their Way (Bear et al., 2012) and

individualized adaptive training approach was selected to allow

represented examples of each written language developmental stage.

individuals to make optimal use of their latent potential (Morri-

For example, AR was below the ‘Within Word Pattern Sort’ stage

son & Chein, 2011). The level of task difficulty was raised by increas-

in his spelling skills based on the inventory guide, so his treatment

ing either the number of stimuli in each trial (e.g., Updating task)

stimuli included some words in the ‘r-Blends’ (e.g., grin, or girl), a

or the length of the stimuli (i.e., more letters in a word or more

category of the Within Word Pattern Sort stage. For CR, irregular

words in a sentence; e.g., Reconstitution of Words, and Reading

words with low phoneme-to-grapheme conversion probability were

Span task). Each training task at each difficulty level consisted of

identified that would be functionally relevant to his occupation and

multiple stimulus sets: Tasks that included relatively more or lon-

daily life (e.g., analysis, daiquiri). Treatment stimuli also included

ger stimuli and thus required a longer time to complete (i.e., Read-

some functional items for each participant to foster their motiva-

ing Span, N-back, and Reconstitution of words) had two stimulus

tion during treatment sessions. For example, AR and his mother

sets, whereas tasks with a relatively shorter administration time (i.e.,

generated a list that included more than hundred words, which

Odd-One Out, Updating, and Keep Track) had four stimulus sets.

were of interest to AR (e.g., sports terms like steal and dribble).

In addition to these direct cognitive-linguistic stimulation tasks,

Graduate-level student speech-language clinicians provided the

participants were provided with compensatory strategy training.

intervention to the participants (i.e., each participant received treat-

The strategies introduced and encouraged during treatment activ-

ment from a different student clinician). Accordingly, intervention

ities included visualization (visual imagery), verbal rehearsal, chunk-

scripts were developed that included instructions and possible

ing, and a combination of these, namely a dual coding strategy (Mor-

cues and feedback for each task. A treatment fidelity rubric with

rison & Chien, 2011; Murray, 2012). Before the beginning of each

nine different components was created to ensure the application of

treatment task, the clinician and participant discussed how prac-

consistent treatment procedures across sessions and clinicians

ticing the task would lead to benefits in the participant’s daily life

(Table 5). The accuracy of clinician instruction and feedback was

(e.g., talk about to what everyday situation the task might be rele-

calculated component-by-component to determine treatment fi-
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Table 5. Fidelity rubric
When
Before the task trial

During the task trial

After the task trial

Components
Introduce the task (name it and remind the participant about what it is).
Discuss how working on this task helps the participant.
Brainstorm, remind, and/or discuss strategies for the task.
(When applicable) Review scores from last session and plan to achieve better.
Administer tasks with appropriate stimuli at an appropriate rate.
Provide positive reinforcement.
(When applicable) Feedback about incorrect performance and cues.
Review the participant’s performance (perceived difficulty and accuracy).
Discuss how the participant’s performance can be improved next time.

delity. Three sessions for each participant (i.e., approximately 15%

Cognitive-linguistic assessments

of the total number of treatment sessions) were randomly chosen

To detect significant changes in performances on the standard-

to calculate fidelity. For AR and CR, fidelity was found acceptable

ized cognitive-linguistic assessments, reliable change indices (RCI;

at 96.3% and 88.9%, respectively.

Jacobson & Truax, 1991) were calculated and interpreted using
standard error of measurement and the score difference between

Data Analyses

pre- and post-treatment and follow-up scores. As recommended

Probe tasks

by Jacobson and Truax (1991), RCI values over 1.96 were consid-

Probe tasks performances were analyzed via visual data inspec-

ered as statistically significant; that is, an RCI larger than 1.96 in-

tion suited for single subject analysis (Byiers, Reichle, & Symons,

dicates that it is not likely to occur without true changes in test scores

2012) and plotting of Shewhart-chart trend lines (Robey, Schultz,

at two different time points.

Crawford, & Sinner, 1999; Shewhart, 1931). The horizontal Shewhart-chart trend line indicates meaningful changes over time rela-

Written discourse sample analysis

tive to baseline performance, using standard deviations and pre-

The total number of words produced and informativeness of the

treatment mean test scores. Given our interest in treatment effects

discourse samples were analyzed, calculating the proportion of

in the positive direction, only the upper line was drawn for each

correct information units (CIU) to quantify informativeness (Ni-

probe set, with two successive data points over this line indicating

cholas & Brookshire, 1993). The first author analyzed all discourse

significant improvement during the treatment phase (Robey et al.,

samples in terms of CIU, and 20% of the samples were given to and

1999). Thus, the total number of probe data points as well as the

analyzed by an undergraduate student majoring in Speech and

number of consecutive data points over the line were counted. Tau-

Hearing Sciences, who was trained for the CIU analysis. Point-to-

U statistics (Parker, Vannest, Davis, & Sauber, 2011) were also cal-

point inter-rater agreement for CIUs was determined and found

culated to determine the presence of a treatment effect. Tau-U pro-

acceptable at 93.1%. Any disagreements were resolved through

vides a reliable and complete statistical analysis for single-case re-

discussion. Point-to-point intra-rater agreement for CIUs was also

search as it controls the undesirable positive trend in the pre-treat-

examined for 20% of the samples and was 99.73%.

ment phase. Given our experimental design of A1BA2A3, we also
calculated Busk and Serlin’s d statistics (d1), which is one of the most

Subjective rating for functional changes

reliable estimators for quantifying the effect size in behavioral lan-

Because CR himself was very concerned about his reading and

guage treatment studies (Beeson & Robey, 2006). A priori set val-

writing in his daily life and work environment, we provided him

ues were used to interpret the magnitude of effect sizes (i.e., small

with a subjective rating scale three times (i.e., before, during, and

< 1.5, medium > 1.5 and < 3, large > 3) based on previous cogni-

after treatment) to probe functional changes in some aspects of

tive treatment research (Dahlin et al., 2009; Mayer & Murrey, 2012).

reading and writing. The Writer’s Self Perception Scale and Reader’s Self Perception Scale (Henk, Marinak, & Melnick, 2012) were
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adopted, with some questions modified from the original version

maintenance of these probe gains, and (2) transfer effects and func-

in terms of vocabulary to fit in our participant’s situation (e.g., “Oth-

tional benefits. Given the number of figures that would be neces-

er students think I’m a good reader.” was adapted for CR to “My

sary to graphically display the probe outcomes for each participant,

colleagues or friends think I’m a good reader”). Both scales include

the probe data are instead summarized in table form only (Table 6).

four different subscales (Progress, Observational Comparison, Social Feedback, and Physiological States) to determine perceived

Participant AR

changes in different domains. To score both scales, we followed the

Probe outcomes, effect size, and maintenance

scoring rule provided by the original authors (i.e., strongly agree = 5,

For the probe set of stimuli (i.e., stimuli regularly probed through-

agree = 4, undecided = 3, disagree = 2, strongly disagree = 1 for each

out all phases of the study), AR showed statistically significant im-

item).

provements on all outcome measures of the Reconstitution of Words
(Tau-U = .94, p = .03 for reconstitution accuracy; Tau-U = 2.32,

p = .02 for written recall accuracy) (Tables 6-8) and N-back (Tau-

RESULTS

U = .90, p = .03) probe tasks. Immediately following treatment termination, this improvement was also seen in the exposure set of

Treatment Tasks
Both participants showed improved performance on the six ver-

stimuli (i.e., those only probed at pre-treatment, post-treatment,

bal WM treatment tasks. They both reached the criterion level

and follow-up) for both Reconstitution of Words measures. At the

(i.e., 80% response accuracy across two consecutive sessions) for

6-week follow-up session, these significant gains on both the probe

the Reading Span and Odd-One Out treatment tasks, moving to at

and exposure sets were maintained for Reconstitution of Words.

least the second level of difficulty for each of these tasks. In the

Despite no generalization to the N-back exposure set directly fol-

other tasks, they demonstrated variable patterns of achievement,

lowing treatment, AR did display significant improvement on this

but both participants displayed improved scores on every task by

set at follow-up. The effect sizes ranged from medium (i.e., recon-

the end of the treatment phase compared to the beginning.

stitution accuracy on the Reconstitution of Words) to large (i.e., Nback, written recall from the Reconstitution of Words) for the probe

Probe Task and Other Cognitive-Linguistic Outcomes

tasks on which AR significantly improved (Table 7). In contrast,

Treatment outcomes are presented below for each participant in

AR exhibited an increasing baseline trend on the rhyme judgment

terms of: (1) probe outcomes via Tau-U statistics, effect sizes, and

component of the Reading Span probe, with Tau-U statistics (which

Table 6. Probe results presented in terms of percent accuracy
During treatment

Post-treatment

6-week follow-up

Mean± SD

Exposure

Exposure

Exposure

Exposure

51.35± 6.66
48.93± 12.27
28.33± 12.58
46.67± 15.28
25± 5
33.33± 11.54
64.81± 1.6
83.33± 9.81
66.67± 20.81
76.67± 5.78
23.33± 25.17
86.67± 15.28

69.03 ± 2.25
51.41 ± 15.64
25 ± 8.66
78.33 ± 12.58
28.33 ± 2.89
50 ± 17.32
54.62 ± 8.9
88.63 ± 11.54
70 ± 17.32
76.67 ± 23.09
16.67 ± 5.78
73.33 ± 28.87

73.5 ± 12.42
85.57 ± 5.73
53.57 ± 9.35
84.5 ± 6.43
49.17 ± 7.36
65 ± 10.27
70.24 ± 5.49
88.63 ± 3.60
88.57 ± 8.37
90 ± 8.53
32.86 ± 17.04
68.19 ± 21.83

80 (71.16)
97.83 (88.99)
66 (50)
95 (80)
60 (45)
70 (65)
69.44 (61.11)
94.44 (94.44)
80 (70)
90 (90)
50 (10)
80 (60)

62.32 (100)
88.99 (60)
65 (45)
90 (90)
60 (45)
80 (80)
66.67 (61.11)
88.89 (97.22)
70 (70)
90 (100)
50 (10)
80 (70)

Pre-treatment

Task
N-back
Reconstitution of Words:
accuracy
Reconstitution of Words:
written recall
Reading Span: grammaticality
judgment
Reading Span: rhyme judgment
Reading Span: generating
rhyming words

AR
CR
AR
CR
AR
CR
AR
CR
AR
CR
AR
CR

Exposure= untrained probe set to control for exposure effects, which was only used during baseline, post-treatment, and the 6-week follow-up probe assessments.
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Table 7. Significance and magnitude of training effects
Number of probe point over Shewhart-chart line
During treat- During treatment- Post-treatment
ment
consecutive
(exposure)
N-back
Reconstitution of Words:
accuracy
Reconstitution of Words:
written recall
Reading Span: grammaticality judgment
Reading Span: rhyme judgment
Reading Span: generating
rhyming words

AR
CR
AR
CR
AR
CR
AR
CR
AR
CR
AR
CR

6
11
3
10
6
7
4
N/A
N/A
11
0
N/A

6*
11*
2*
6*
6*
5*
4*
N/A
N/A
10*
0
N/A

Effect size (exposure)

Follow-up
(exposure)

1 (0)
1 (1)
1 (1)
1 (N/A)
1 (1)
1 (0)
1 (0)
N/A
N/A
1 (N/A)
0 (0)
N/A

1 (1)
1 (0)
1 (1)
1 (N/A)
1 (1)
1 (0)
0 (0)
N/A
N/A
1 (N/A)
0 (0)
N/A

Pre vs. post
12.75 (.31)
3.57 (2.4)
2.99 (2.89)
3.62 (.15)
7 (5.77)
3.17 (.86)
2.89 (.73)
1.14 (1.13)
3.84 (4.04)
0.23 (.58)
1.05 (-1.15)
2 (.5)

Pre vs. follow-up

Large
Large
Medium
Large
Large
Large
Medium
Small
Large
Small
Small
Medium

4.88 (4.64)
2.9 (.55)
2.91 (2.3)
3.23 (.92)
7 (5.77)
4.04 (1.73)
1.16 (.73)
0.59 (1.38)
3.36 (4.04)
0.23 (1.01)
1.05 (-1.15)
2 (1)

Large
Medium
Medium
Large
Large
Large
Small
Small
Large
Small
Small
Medium

Shewhart chart line analysis (Shewhart, 1931; Robey et al., 1999) and effect size measured by Busk and Serlin’s d statistics (Beeson & Robey, 2006); interpretation of effect
size was determined based on the effect size value for treatment probe sets.
Exposure= untrained probe set to control for exposure effects, which was only used during baseline, post-treatment, and the 6-week follow up probe assessments; *= more
than two consecutive points observed over the Shewhart line, suggesting statistically significant treatment effects; N/A indicates that the Shewhart chart line could not be
established because of increasing baseline trend or ceiling effects; ‘-’ indicates that BR was not available for the post-treatment formal assessments and 6-week follow-up
assessments.

take into consideration a rising baseline) indicating no treatment

Table 8. Tau-U results for identifying treatment effects on the probe tasks

effect for this probe task (Tau-U = .57, p = .17 for grammaticality
judgment; Tau-U = .67, p = .11 for rhyme judgment; Tau-U = .19,

p = .65 for generating rhyming words).
Transfer effects and functional benefits

To detect any changes in his reading skills, especially in decoding, QRI-5 was administered again after the treatment phase. The
number of correct words per minute AR read out loud substan-

N-back
Reconstitution of Words: accuracy
Reconstitution of Words: written
recall
Reading Span: grammaticality
judgment
Reading Span: rhyme judgment

tially increased from 73.8 pre-treatment to 96.9 post-treatment
(Tables 1 and 2). On the other cognitive-linguistic tests and discourse samples, there was nominal change. Although no formal
test was administered to measure functional benefits for AR, his

Reading Span: generating rhyming
words

AR
CR
AR
CR
AR
CR
AR
CR
AR
CR
AR
CR

Tau-U

Z

p-value

.90
1
.94
1
1
1
.57
.15
.67
.80
.19
-.48

2.17
2.57
2.19
2.54
2.32
2.54
1.37
.39
1.60
2.09
.46
-1.25

.03*
.0102*
.0282*
.0112*
.0201*
.0112*
.1715
.6971
.1106
.0364*
.6485
.2129

*p < .05.

parent reported that this treatment program had resulted in im-

CR displayed ceiling effects on the grammaticality judgment and

provements in AR’s confidence, independence, and social interac-

generating rhyming words components of the Reading Span probe;

tion. His parent also reported that AR gained motivation to con-

thus Shewhart-chart lines could not be established for these out-

tinue working on his reading skills through this treatment pro-

come measures (Tables 6 and 7). Likewise, Tau-U statistics indi-

gram.

cated no change on these outcomes over time (Tau-U = .15, p = .7
for grammaticality judgment; Tau-U = -.48, p = .21 for generating

Participant CR

rhyming words) (Table 8). Despite using a number of psycholin-

Probe outcomes, effect size, and maintenance

guistic properties to match the probe and exposure sets, during

Similar to his performance on some formal language subtests,
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better in response to the exposure versus probe set of stimuli. This

Table 9. CR’s perceived benefits as assessed by the WSPS and RSPS

same response pattern was observed for the rhyme judgment component of the Reading Span probe. Therefore, Shewhart-chart lines
could not be drawn for the reconstitution accuracy component of
the Reconstitution of Words probe or the rhyme judgment component of the Reading Span probe.
CR’s N-back performance did significantly improve over the
course of treatment (Tau-U = 1, p = .01), and this positive change
was also identified in the probe set at the post-treatment and 6-week
follow-up testing points; in contrast, a maintenance effect was not
observed in the exposure set at the 6-week follow-up. CR also demonstrated significant improvements during the treatment and posttreatment phase on both components of the Reconstitution of Words
probe (Tau-U = 1, p = .01 for both reconstitution accuracy and written recall accuracy) and the rhyme judgment component of the
Reading Span probe (Tau-U = .80, p = .04). These were maintained

WSPS subscale
General progress
Specific progress
Observational comparison
Social feedback
Physiological state
General statement
Total
RSPS subscale
Progress
Observational comparisons
Social feedback
Physiological state
General statement
Total

Pre-treatment

Post-treatment

24
22
23
15
14
2
100

37
28
29
26
24
4
148

47
20
29
26
2
124

70
23
31
47
3
182

WSPS= Writer’s Self Perception Scale; RSPS= Reader’s Self Perception Scale (Henk,
Marinak, & Melnick, 2012).

at the 6-week follow-up. When tested with the exposure set for the

tive data of the GORT-4’s 18-year sample (the oldest sample group

written recall component of the Reconstitution of Words probe,

represented in the test manual), his scores moved from the 1%ile

however, no gain was observed. The effect size measured for the

to the 34%ile following treatment. These substantial positive chang-

N-back probe was large at the post-treatment test and medium at

es were observed not only in his fluency score but also his compre-

the 6-week follow-up. For the Reconstitution of Words probe, a

hension score.

large treatment effect size was identified for both components at

CR’s verbal WM and complex WM abilities, as measured by the

post-treatment as well as follow-up assessments. In contrast, only

DTLA-4 Sentence Imitation and Reversed Letters subtests, exhib-

a small effect size was observed for the rhyme judgment compo-

ited considerable improvement after the treatment, showing trans-

nent of the Reading Span task at the post-treatment and 6-week

fer effects. There were nominal positive changes in the other cog-

follow-up assessments.

nitive-linguistic measures of executive function and attention skills.
His performance of one short-term verbal memory subtest (i.e.,

Transfer effects and functional benefits

Word Sequences) significantly decreased directly following treat-

For CR, a more in-depth examination for the possible transfer

ment, but by follow-up did not significantly differ from his pre-treat-

effects was conducted using the CTOPP-2, GORT-4, TEA, Design

ment performance. Importantly, CR reported perceived benefits

Fluency test of D-KEFS, and some DTLA-4 subtests (Table 3). On

of this treatment in his reading and writing (Table 9). His post-treat-

the CTOPP-2, his overall phonological awareness abilities showed

ment responses on the self-rating scales exhibited considerable

significant positive changes, as confirmed by the RCI analysis. A

positive changes, particularly in the areas of progress and physio-

significant gain was also observed in the CTOPP-2 Alternative Pho-

logical state.

nological Awareness area. CR performed especially better on the
Elision and Blending Words subtests of the CTOPP-2, both of which

CONCLUSION

involve manipulating as well as storing phonemes of target words.
CR’s oral reading quotient measured by the parallel forms of

The purpose of this study was to examine the effects of a cogni-

GORT-4 at post-treatment and follow-up sessions revealed signifi-

tive-linguistic treatment for developmental reading disorders. Two

cant gains (Table 3). For example, when compared to the norma-

participants were trained with simple and complex verbal WM
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treatment tasks that involved word- and sentence-level stimuli

prehension and decoding (Arrington, Kulesz, Francis, Fletcher, &

with a low probability of phoneme to grapheme conversion and

Barnes, 2014) and the current treatment activities did not actively

that were, at least in part, personally motivating for participants;

engage in or oblige any comprehension processing, general im-

the treatment also focused on strategy training. By probing indi-

provement in verbal WM, not specific to the tasks trained in the

viduals’ responses over time, it was found that each participant

study may have contributed to CR’s enhanced reading compre-

made gains, although there was variation in the amount and pat-

hension. Following treatment, CR also demonstrated improved

tern of improvement across participants. Direct replication of the

sustained attention on the TEA. Such attention gains may also re-

improvement over the course of intervention across subjects, how-

late to his improved reading fluency and comprehension; in prior

ever, supported the generality of the treatment effect. Post-treat-

studies, sustained attention skills have been significantly correlat-

ment evaluation outcomes indicated that this cognitive-linguistic

ed with or predicted word decoding and reading comprehension

intervention may indeed alleviate difficulties in reading as well as

(Varvara et al., 2014), and deficits in sustained attention have been

phonological processing. The clinical significance of our treatment

found to negatively impact reading comprehension (Arrington et

approach was bolstered by participant-reported improvements

al., 2014).

and a parent’s feedback, voluntarily submitted to the investigators.

On the other hand, neither AR nor CR displayed improvements

Across the two participants, the strongest and most consistent

on timed subtests (e.g., Rapid Digit Naming and Rapid Letter Nam-

evidence of treatment effects was observed on the Reconstitution

ing subtests of CTOPP) post-treatment, despite their reading gains.

of Words probe task. Compared to the other probe tasks (i.e., Read-

Performance on these timed tasks was not expected to improve

ing Span and N-back), Reconstitution of Words required greater

because reading and working memory skills and strategies were

reliance on the phonological buffer but relatively less demand on

the target of the current treatment, as opposed to processing speed.

the central executive component of WM; it might also be consid-

This selectivity of transfer effects observed in the current investi-

ered a more basic type of WM task as it does not add complex pro-

gation may suggest that the observed WM and reading improve-

cessing demands that should compete with the encoding process-

ments were not attributable to nonspecific variables such as level

ing (Daneman & Carpenter, 1980).

of expectancy, motivation, or cognitive investment during treat-

With the current treatment protocol, not only near (improve-

ment, but instead a product of practicing cognitive-linguistic ac-

ments on WM tasks similar to trained tasks; Morrison & Chein,

tivities and memory strategies. Moreover, participants correspond-

2011) but also far transfer effects (improvements on more dispa-

ingly showed perceived benefits in their daily lives, particularly

rate cognitive measures) were detected. For example, following

with respect to their perceptions of reading and writing, and their

treatment, AR displayed faster and more accurate text-level read-

confidence.

ing, and CR demonstrated various transfer effects ranging from

It is important to note that the current cognitive-linguistic pro-

improvement on phonological awareness and phonological mem-

tocol included strategy training. Previously, the WM performance

ory tests to far transfer to oral reading and reading comprehension

of children with reading disabilities has been found to benefit from

skills. WM training, by itself, has been previously found to facili-

strategy training (e.g., Swanson, Kehler, & Jerman, 2010). Further-

tate reading comprehension (e.g., Dahlin, 2011), reading fluency

more, in prior cognitive treatment studies, strategy training com-

(e.g., Luo et al., 2013; Shiran & Breznitz, 2011), and phonological

bined with direct intervention appeared a more effective approach

skills (e.g., Shiran & Breznitz, 2011) in individuals with develop-

to achieving treatment gains or transfer effects than direct inter-

mental dyslexia, and the transfer effects in the present study are

vention alone or strategy training alone among children and

consistent with these findings. The substantial positive changes in

adults with or without disabilities (Cicerone et al., 2011; Ehlhardt

CR’s reading comprehension scores indicate that our training pro-

et al., 2008; Murray, 2012). Also, in treatment we made explicit the

tocol improved not only decoding processes but also comprehen-

tie between the cognitive-linguistic treatment tasks and daily ac-

sion skills. Given that WM operates differently in reading com-

tivities. This component of the treatment may have yielded oppor-
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tunities for participants to utilize their learned strategies and thus

stimuli and tasks were more similar to the everyday activities and

better address any challenging reading and writing tasks in their

problems that our participants encountered during their daily lives.

daily lives.

The transfer and maintenance effects observed in the current study

Thus far, maintenance of transferred gains (i.e., improved read-

support the importance of training both central executive and pho-

ing) has not been commonly measured in the previous WM train-

nological buffer to ameliorate WM and reading problems. The in-

ing research for developmental reading disorders. In the current

teraction between both components (i.e., phonological storage and

investigation, both AR and CR maintained their treatment gains

processing) of WM and simultaneous incorporation of these as-

on the probe tasks at the 6-week follow-up. Furthermore, on the

pects into reading interventions will need to be considered for fu-

standardized assessments, CR demonstrated maintenance of the

ture clinical research and practice. That is, in a treatment activity,

near (i.e., improved verbal WM) as well as far transfer effects (i.e.,

combining the demands for repetition (for the phonological store)

enhancement in phonological processing, phonological awareness,

and manipulation (for the active processing) related to the reading

reading fluency, and reading comprehension). These outcomes are

process might produce results that can actually benefit individual’s

consistent with those of Horowitz-Kraus and Breznitz (2009) who

reading skills better than using only either of these components,

similarly reported that following WM training, college students

but this contention requires a formal empirical investigation.

with dyslexia showed maintenance effects up to 6 months. The

Lastly, from a theoretical perspective, although it has been ar-

cognitive strategy training in our treatment protocol may have

gued that the core deficit in developmental reading disorders is

contributed to the maintained gains of our participants given pri-

phonological processing (e.g., Lyon et al., 2003), our data support

or research supporting that strategy training promotes mainte-

the multiple deficit theory as the transfer effects were found in read-

nance of treatment effects (O’Hara et al., 2007; Rebok et al., 2007).

ing accuracy, fluency, and comprehension as well as phonological

The current pilot study has extended the developmental reading

processing (Peterson & Pennington, 2015). Thus, developmental

disorders treatment literature by examining the effects of a novel

reading problems, at least in our participants, are not likely due to

cognitive-linguistic treatment approach that used as training stim-

a single source of deficit, but instead phonological processing may

uli, real English words and sentences. In contrast, previous research

interact with other skills such as WM, and poor WM skills observed

studies investigating the effect of WM treatment on developmental

in this population or increased demands on WM may worsen the

reading disorders either focused on intervening only at the level of

reading difficulties.

the phonological store (e.g., Maridaki-Kassotaki, 2002) or utilized

Given the number of cognitive constructs involved with com-

as treatment stimuli either objects and isolated letters (Dahlin,

pleting the training tasks (e.g., linguistic processing, short term

2011; Horowitz-Kraus & Breznitz, 2009; Shiran & Breznitz, 2011)

memory, attention, and WM in the Reading Span probe task), it

or nonwords (Maridaki-Kassotaki, 2002). That is, few treatment

remains unclear what component(s) improved by the treatment

studies for individuals with developmental reading problems thus

played a crucial role in producing near and far transfer effects, name-

far have utilized word- and/or sentence-level stimuli. Additionally,

ly improved decoding, reading comprehension, and phonological

given the hypothetical dissociation between the store subsystems of

processing. We used a compilation of several different WM treat-

WM and the central executive component, and the independent

ment tasks involving linguistic stimuli in concert with strategy

contribution of these systems to deficits in developmental dyslexia

training to maximize training-related gains, generalization and

(Swanson, 1994), we speculated that utilizing tasks and stimuli de-

transfer effects, and maintenance (Ehlhardt et al., 2008). Although

signed to stimulate the phonological and articulatory buffer in

such an approach obscures delineating which component of train-

combination with the central executive component of WM would

ing and cognitive-linguistic benefits underlie or contributed to the

be more likely to yield benefit than using tasks that target only one

observed gains, if only one WM training task was utilized, the com-

component of WM. Also in comparison to at least some prior in-

plex nature of WM would similarly hinder identifying the specific

terventions (e.g., Horowitz-Kraus & Breznitz, 2009), our treatment

WM mechanism(s) generating the treatment benefits (Morrison
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& Chein, 2011).
It is possible that broader treatment effects were not observed due

nane for their assistance with data collection, and our research
participants for their participation in the study.

to the intervention schedule (Warren, Fey, & Yoder, 2007): Participants in this study were able to attend only one treatment session
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국문초록
발달성 읽기장애에 대한 인지언어적 중재 접근법: 예비 연구
백은진1·Laura L. Murray2
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배경 및 목적: 작업 기억 훈련은 발달성 난독증을 가진 자들의 읽기능력 증진에 유익한 것으로 밝혀져 왔다. 그러나 언어 자극물을 작
업기억 훈련에 직접적으로 사용하는 것이 읽기능력 증진에 어떠한 영향을 미치는지는 알려진 바가 없다. 또한, 각 개인의 언어 및 인지적
능력이 중재 효과에 대해 어떠한 영향을 미치는지도 불분명하다. 따라서 본 연구에서는 언어 자극물을 사용하는 새로운 인지언어적 중
재 접근법의 효과에 대해 살펴보았다. 방법: 각 1명의 청소년과 성인 남성이 단일대상연구 실험에 참가하였다. 피험자는 전략 훈련에 더
해, 6가지의 구어 작업기억 과제를 사용하여 중재를 받았다. 중재 전후의 언어 및 인지능력과 일반화 효과를 검증하기 위해, 피험자들에
게 중재 전, 중재 직후, 그리고 중재 후 6주 뒤 일련의 공식검사를 시행하였다. 결과: 모든 피험자들이 훈련된 과제에서 수행력 향상을 보
였으나, 피험자에 따라 각기 다른 양식을 보였다. 일반화 및 유지 효과 또한 관찰되었는데, 해독능력, 유창성, 그리고 읽기이해능력이 증
진되었고, 주관적 효용 또한 보고되었다. 논의 및 결론: 본 연구 결과는 인지언어적 중재법이 발달성 난독증 증상에 효과가 있음을 뒷받
침하며, 발달성 읽기장애를 지닌 청소년 및 성인의 근거기반 중재를 위한 실증적 증거를 제공한다.
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