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Abstract
Background: Text messaging is an increasingly common communication modality that can
present considerable challenges to individuals with aphasia. Not only does “texting” rely on
central (linguistic) and peripheral (sensorimotor) abilities, it requires unique procedural and
pragmatic skills.
Aim: The purpose of this study was to develop and evaluate a structured treatment protocol to
promote mastery of communication via text messaging in an individual with aphasia.
Methods: This exploratory study with a 72 year-old woman with anomic aphasia and mild limb
apraxia extended language treatment to target technical and pragmatic skills for mobile phone
use. Beginning three years post stroke, she received a three-phase training sequence that first
addressed single-word typing on her mobile phone, followed by script training for text messages,
and finally conversational skills for initiating and responding to text messages.
Results: Despite some residual language and visual processing impairments, the participant
developed functional text messaging abilities at the word, script, and conversational levels. She
demonstrated generalization of skills to novel content and situations, and maintained her textmessaging abilities one year post-treatment.
Conclusions: The treatment protocol to retrain text messaging skills in an individual with aphasia
yielded strong positive outcomes, warranting further examination in other suitable individuals.
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Introduction
Background
Current communication trends center around technology as a platform for exchange of
information. From telephones to e-mails to text messaging, technology can provide opportunities
for individuals to connect to family, friends and strangers around the world. Text messaging
using a cellular phone is an increasingly common method of communication (Blumberg & Luke,
2012), even surpassing using the telephone for talking in some populations (Wortham, 2010).
Across generations, most individuals in the United States own a cellphone. Specifically, 95% of
the general population own a mobile phone and 80% of the 65 and older population own a device
(Pew Research Center, 2018). Mobile phones are used by both younger and older adults for a
range of social interactions, business, and networking purposes (Wei & Lo, 2006). This includes
the use of cell phones to facilitate social relationships, strengthen family connections, and
increase feelings of connection despite physical distance (Wei & Lo, 2006). Mobile phones can
increase communication opportunities, particularly for individuals with limited mobility.
However, for individuals with language impairments that result from damage to the languagedominant hemisphere, mobile phones can present a number of challenges.
The acquired language impairments observed in aphasia disrupt the comprehension and
production of language across modalities. It is not surprising that the central language
impairments associated with aphasia can affect the ability to communicate via text messaging, a
complex method of communication that draws on one’s ability to successfully comprehend a
written message, generate a response, and sequence the various and precise motor sequences
required to reply to the original message. Peripheral sensorimotor impairments, such as
hemiparesis of the dominant hand, can also interfere with successful text messaging. The term
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dystextia was introduced in recent years to refer to negative changes in the ability to text
resulting from acquired brain damage, including empty content and comprehension deficits
(Cawood et. al., 2006; Hannah, Kissel, Russell, & Hose, 2014; Lakhotia, Sachdeva, Mahajan, &
Bass, 2016; Ravi, Rao & Klein, 2013; Whitfield & Jayathissa, 2011).
Text messaging draws on procedural skills that can be difficult for neurotypical
individuals as well as for those with deficits resulting from aphasia. Individuals with aphasia
may experience difficulty with the following: learning to use a mobile phone, navigating the
numerous icons and functions, and communicating effectively with unknown partners (Grieg,
Harper, Hirst, Howe, & Davidson, 2008). Additional barriers to the use of mobile devices relate
to design and features, including the number of steps required to complete a function, display
options in abstract (pictorial) form, and single buttons having multiple functions (Grieg et al.,
2008). Older individuals have been found to experience difficulty with the small size of visual
material and ease of overall use (Mann et al., 2004). Another potentially challenging feature of
texting is that written narratives can be supplemented with multimedia content (e.g., pictures,
videos, and links to outside media). These challenges may require specific instruction or training
before texting can be used in a consistent and functional way.
Text messaging requires one to possess more than just the technical skills to locate the
messaging application and type a message; it presents with a distinct set of pragmatic
expectations (Thurlow & Poff, 2013) and can therefore present novel social-communication
challenges. Thurlow and Poff (2013) discuss multiple ways in which text messaging is different
from face-to-face or telephone communication. For example, many people drop conversational
niceties (e.g., formal greetings) in text messages. As a result, although information exchange by
texting is analogous to other contexts, such as face-to-face conversation, distinct pragmatic rules
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have emerged that are somewhat unique to the modality. Specifically, the act of writing a
message can make communication appear formal when in reality the phone is being used to
facilitate an informal exchange that simply requires a brief response or comment to further the
conversation. Familiarity with the pragmatics of texting is another component of the skill set
used in this form of communication.
With regard to individuals with aphasia, it is important to consider not only the narrow,
functional, implications of difficulty using a mobile phone, but also the impact of dystextia on an
individuals’ engagement in social interactions. Relative to the World Health Organization’s
International Classification of Functioning, Disability and Health (ICF) framework (World
Health Organization, 2001), difficulties with texting secondary to aphasia can limit an
individual’s ability to communicate with friends and family and reduce life participation.
Despite the trend of increased mobile phone use in the general population, there is limited
research regarding rehabilitation that is relevant to text messaging in individuals with aphasia
(Gillette, 2015). To our knowledge, only one paper provides an experimental examination of
treatment for text messaging with aphasia (Beeson, Higginson, & Rising, 2013). A Texting
approach to Copy and Recall Treatment (T‐CART) offers an approach to complement
rehabilitation of handwritten or spoken language, facilitating communication that does not
require face‐to‐face interaction. T-CART involves a structured stimulation method for repeated
copying and recall of targeted words in order to achieve mastery of spelling via the keyboard on
a mobile phone. Beeson and colleagues (2013) demonstrated the value of T-CART in an
individual with severe aphasia, apraxia of speech, dysgraphia, and hemiparesis. Separate sets of
target words were mastered through training via handwriting (CART) and texting (T-CART). In
that study, treatment did not extend to the complexities of text messaging at a “conversational”
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level, but the functional outcome for this individual was the use of single words to communicate
via text messaging with family and close friends.
While single word texting is appropriate for individuals with severe aphasia, other
individuals with aphasia are capable of and desire engagement in more complex exchanges.
These more complex and novel text messages require more advanced linguistic, procedural, and
pragmatics skills. To address similar difficulties in verbal communication, a number of spoken
treatments use scripts to train functional communication. Script training has empirical support as
a method of aiding conversational communication in individuals with aphasia (Goldberg, Haley
and Jacks, 2012; Cherney, Halper, Holland, & Cole, 2008). Some of the primary ideas behind
training scripts include the theory of automatization (Logan, 1988; Youmans, Holland, Munos &
Bourgeois, 2005) and supporting personally-relevant verbal communication (Holland, Halper, &
Cherney 2010). Scripts can be helpful to provide scaffolding as an individual relearns the skills
required for successful discourse-level communication (Kaye & Cherney, 2016).
The case presented in Beeson et. al. (2013) prompted further exploration of treatment
procedures to facilitate conversational text messaging. To do so, we implemented a multi-phase
single-subject study to train the numerous elements, including technical and pragmatic skills, that
support functional communication via texting.
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Participant
This single-subject study involved BB, a 73-year-old right-handed female with 12 years
of education. BB had experienced an embolic stroke affecting the left posterior perisylvian
region (temporoparietal cortex) and bilateral superior parietal regions (see Figure 1). BB was
three-years post stroke at the outset of the study reported here, however, she was initially
evaluated in our lab at one year post stroke. At the time of that initial evaluation, BB had
exhibited moderately severe anomic aphasia accompanied by phonological alexia/agraphia, as
well as an allographic impairment (i.e., difficulty writing correct letter shapes), mild deficits in
visual attention, and mild bilateral limb apraxia.
Figure 1.
Diffusion weighted MRI from day of stroke.

L

BB made significant progress in response to a series of treatments that targeted spoken and
handwritten language and communication. Her language performance and response to a
sequence of behavioral treatments were documented in a recent paper (Beeson, Bayley, Shultz,
and Rising, 2018). First, BB completed a Copy and Recall Treatment (CART) to improve singleword spelling and allographic skills. Next, she received a phonological treatment protocol to
strengthen sound-letter correspondences and was trained to use a problem-solving strategy to
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engage phonology to support lexical knowledge for reading and spelling. The final two
treatments in the sequence included lexical retrieval strategies to facilitate word-finding in
conversation, and sentence-level Copy and Recall Treatment (Sentence-CART) to target
functional writing skills.
As described by Beeson et al. (2018), BB responded well to treatment, demonstrating
marked gains in accuracy and efficiency of writing at the single-word and sentence levels, in
addition to improved lexical retrieval, and a reduction in the overall language impairment as her
Aphasia Quotient on the Western Aphasia Battery increased from 75.3 to 85. The positive
changes in language were associated with improved phonological processing skills as evidenced
by near normal sound-letter and letter-sound transcoding, and marked improvements in
handwriting as she regained the ability to select and produce correct letter shapes. BB tended to
use uppercase rather than lowercase letters for handwriting, as letter selection for the latter
remained slow (lowercase ~ 33 seconds/word; uppercase ~ 18 seconds/word). After treatment,
the grammatical construction of BB’s written sentences was a much closer approximation of her
spoken language skills, consistent with reduction of phonological text agraphia (see Beeson,
Rising, DeMarco, Foley, & Rapcsak, 2016, for other examples).
At the time of this study (3 years post stroke), BB expressed a desire to continue
rehabilitation efforts with a particular emphasis on communication via text messaging. BB had
texted to some extent prior to her stroke and was interested in regaining such skills to
complement her recently strengthened spoken and handwritten communication. Table 1 shows
BB’s performance on a comprehensive set of measures prior to the initiation of this study. The
measures of phonological processing and written language were consistent with those used in
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previous studies, including the Arizona Phonological Battery and the Arizona Battery for
Reading and Spelling (ABRS) (for details see Beeson et al., 2018).

Table 1.
BB’s performance on cognitive and linguistic measures prior to treatment for texting
Measure
TPO at testing (months)
WAB Aphasia Quotient
Boston Naming Test (% out of 60)
Auditory Span
WMS-R digit span
Ravens CPM (raw score)
Semantic Composite Score
Phonological Processing
Perception/Production
Transcoding
Manipulation
Visual-Orthographic
Allographic conversion skills
True words
Oral reading
Writing
Oral Spelling
Nonwords
Oral reading
Writing
Oral spelling

Performance, Pre-treatment
36 mos
85
44/60
6
24/36
90.7%
98.5%
89.2%
45.0%
99.7%
98.7%
97.5%
95.0%
97.5%
40.0%
95.0%
95.0%

To examine BB’s texting abilities, an assessment was implemented using a texting-todictation task. It was evident that she had moderate-to-severe difficulty using her cell phone,
both with regard to procedural tasks and typing. Specifically, BB had difficulty navigating to the
messaging application and locating specific letters on the keyboard. Despite the awkwardness,
slow rate of typing, and many self-initiated corrections, BB ultimately produced typed spellings
on her phone with a high degree of accuracy. Her average time to text a word was extremely
slow at 68.78 seconds. To capture BB’s self-corrections, each attempt was tallied. On average,
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BB required 2.48 attempts to correctly type a word. She also had some self-corrections for
handwriting, typically due to the detection of a letter shape error; the average number of attempts
to write a word correctly was 1.28. Thus, with her slow and effortful process, BB clearly did not
have functional texting abilities.
Given BB’s texting difficulties and her motivation to relearn texting skills, we developed
a structured treatment protocol to address technical, linguistic, and pragmatic components of
texting. At the outset, we were not confident regarding whether BB would, in fact, be able to
regain texting skills. Although she had made marked gains in language recovery, it was not clear
whether her residual sensorimotor deficits would preclude success with texting. Specifically,
motor control of her hand was still a bit awkward due to mild limb apraxia. In addition, she had
some difficulty with visual attention/visual processing that was evident as she searched for letters
on the keyboard. Both of these residual problems were likely associated with bilateral damage to
superior parietal cortical regions (see Figure 1), which was likely a result of the embolic nature
of the stroke. With these caveats in mind, the development and implementation of the texting
treatment described below was exploratory, that is, to determine whether improvement was
possible.
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Method and Results
The treatment protocol was a sequential, three-phase approach with explicit training and
modeling of functional texting skills. Treatment began at the word level and progressed to the
conversational level, with decreasing support as BB demonstrated skill acquisition. The first
phase targeted the basics of mobile phone use and typing single words, in an effort to familiarize
BB with the functions on her device that related to sending a text message. During this phase,
lowercase handwriting was also trained in order to further stimulate allographic skills. The
second phase transitioned to sentence-level texting using scripted messages. The third and final
phase expanded these skills to train both the production of self-generated responses and the
initiation of text messages for true communication.

Phase One: Lexical typing skills
BB first received Copy and Recall Treatment for Texting (T-CART). This protocol was
intended to establish procedural competence for texting at the lexical level through training the
ability to type single words using her personal Samsung Android smartphone. In an effort to
address concerns regarding motor control, a number of styluses were trialed early in this phase.
After experimenting and comparing texting using a stylus versus texting using her right index
finger, it was clear that the stylus was actually far more difficult because it introduced another
element for BB to physically coordinate.
In this phase, 20 personally relevant, self-selected vocabulary words were trained in four
sets of five words each. The words were all imageable, an average of 5.3 letters (ranging from 39) in length, and intentionally included a wide range of phonemes and letters. To probe typing
and lowercase handwriting, the clinician presented a picture and the associated written form of
the target word, stated the word aloud, and then cued BB to repeat the word aloud before writing
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it down. BB was instructed to copy the word three times with pen and paper, then to write the
word from memory without a visual model. When BB produced an incorrect response, she was
prompted to start the process from the beginning. When correct, she was immediately cued to
type the word on her cellphone three times, and attempt the recall trial on the phone (See
Appendix 1 for a detailed outline of the protocol). The combined stimulation of writing and
typing each target word differed from the procedure implemented by Beeson et al, 2013, where
treatment outcomes were compared for handwriting versus texting, rather than in combination.
Consistent with CART protocols, BB completed daily homework consisting of repeated
copying of target words, first by hand and then using her smartphone. She began by handwriting
and typing the words five times each day, five days per week, and gradually increased repetitions
in both modalities to ten per day for five days a week. Homework sheets were provided with
models of the written word form, images that were representative of the target item, lines for the
written repetitions, and boxes to check upon completion of attempts on her smartphone (See
Figure 2, left). Homework was checked each session for correctness and completeness.
Figure 2.
Example of worksheets for Texting Copy and Recall Treatment.

The criterion for mastery of each set was correctly typing at least four of five words
within twenty seconds per word, across two sessions. Self-corrections were allowed because it
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was quickly established that completely errorless typing on the first attempt was not a reasonable
goal for BB, particularly given the awkwardness that she demonstrated due to mild, persistent
limb apraxia (See figure 3). The criterion was the same for handwriting, although written
spellings were quickly mastered and not included as the primary goal of this treatment.
Figure 3.
Examples of repeated copying trials illustrating nature of self-corrections.

BB participated in 16 one-hour sessions over 12 weeks. She met criterion on all four
word sets, both for written and texted modalities. For texting, BB demonstrated improvement
with all sets on both average time per response and average number of attempts to achieve
correct spelling (See Figure 4 and Figure 5). The time required to type individual words
decreased from an average of 68.78 seconds to an average of 17.7 seconds (See Figure 6 for a
summary), paired t (2) =4.35, p=.0285. As evident in Figures 4 and 5, BB’s lowercase
handwriting was faster and required fewer self-corrections than typing at the outset. Over the
course of treatment, however, her typed responses better approximated handwriting. BB also
showed improvement in the speed of her handwriting, decreasing from an average of 32. 75
seconds per word 10.46 seconds per word. The number of attempts to produce an accurate
response improved from an average of 2.48 attempts to 1.26 attempts, t (2) = 4.56, p = 0.04.
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Figure 4.
Multiple baseline graph depicting the average number of attempts/self-corrections required to
accurately write or type each target word (for 4 sets of 5 words).
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Figure 5.
Multiple baseline graph depicting the number of seconds required to accurately write or type
each target word (for 4 sets of 5 words).
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Figure 6.
Average time to type a word on the mobile phone before and after treatment.

Pre-treatment performance was variable and the downward trend of time and number of
attempts on the pre-treatment probes reflected skill acquisition from the first session. The
generalization from trained to untrained lexical items represented an effect that can be expected
on similar tasks involving technical skill acquisition and exposure. Nonetheless, treatment was
continued in an effort to improve automaticity of the target, increase the number of items typed
in under 20 seconds, and to achieve consistent performance within the target range. Given the
ultimate goal of functional texting for communication in conjunction with BB’s inexperience
with her mobile device, it was deemed necessary to continue practice with target items prior to
moving to the next phase of treatment. As shown in Figure 7, the number of items produced in
20 seconds or less increased over the course of treatment, reflecting benefit of continued
practice.
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Figure 7.
Number of words typed in 20 seconds or less over the course of treatment.
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After a two-month break from therapy, an assessment of texting performance at the word
level was administered. The results indicated her skill was maintained, with an average time per
word of 23.2 seconds. Given that BB’s cell phone typing had improved at the lexical level, we
probed her ability to generate and send more complex text messages. While BB had learned the
skills necessary to support typing at the word level, the steps involved in generating and sending
text messages include a more complex sequence than single-word typing. For example, to send a
picture via text message, one has to first open the messaging application, open a message,
indicate a recipient, go to the text box, select multimedia attachment, navigate the picture album,
select a desired photo, return to the message and resume typing. This is quite a complex
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sequence for a neurotypical individual. For BB, given her sensorimotor and language limitations,
the cognitive load was initially prohibitive of completing such sequences.
To examine BB’s texting ability she was prompted to respond to text messages sent from
the clinician to her cell phone. Although this occurred in the testing room, BB was instructed to
generate content as though they were actual messages. Her reply and the time taken to plan and
generate the responses are included in Table 2. BB demonstrated significant difficulty with the
task, including overall slowness, uncertainty regarding texting procedures, lack of familiarity
with specific functions (e.g., sending a photo message), and adherence to social norms. For
example, in response to the message “You’ll never guess what I just saw!” she initially replied “I
want to go shopping tomorrow!” When prompted to, “Send me a text inviting me to do
something with you,” BB wrote “I want to go to the party.” It is important to note that this
pragmatic difficulty was not reflected in her spoken language. On average, these short responses
(about 5 words in length) took 10 minutes each to compose and send. She also required support
to complete these initial probes, including repeated prompts, occasional redirections, and
pointing cues to assist in phone navigation. BB’s performance confirmed the need to implement
a highly supportive protocol to train text messaging.

A structured approach to training text messaging

23

Table 2.
Responses to pre-treatment probes to examine the content and typing speed for text messages.
Prompt
Send me a text inviting me
to do something with you
Send a text to start a
conversation with Christie.
You don't believe what I
just saw
I had the worst day
Hello! Would you like to
come to dinner this
weekend?
Hi, how is your week
going?
Hi! When are you coming
home?
Happy New Year! How
have you been?

Number of
words
[characters]

Words per
minute
[characters]

Time to plan
and send, in
minutes

7 [23]

1.19 [3.92]

5:52

7 [37]

0.78 [4.11]

9:52

6 [31]

0.40 [2.09]

14:50

5 [26]

0.49 [2.59]

10:03

I would love to
go.^

5 [19]

1.45 [0.38]

13:05

Not to well.

3 [12]

0.49 [1.96]

6:07

5 [26]

2.37 [0.46]

10:57

5 [22]

2.55 [0.58]

8:37

2.37 [0.59]

9:56 (3:07)

Response
I want to go to the
party.^
Christy * i have
not seen you
lately.^
I want to go
shopping
tomorrow!^
I also had a
terrible day.

I am coming
home tomorrow.
Happy New Year
to you!
AVERAGE:

5.37 [24.5]
^ indicates a text that was considered pragmatically awkward
*Of note, character count includes spaces

Phase Two: Script Training
The second phase of treatment involved typing scripted messages. The approach was
intended to train the technical aspects of texting in a structured manner and to provide examples
of common texting exchanges. Stimuli included eight scripted messages covering a range of
conversational topics that served one of the following functions: 1) logistics (e.g., making plans
with a friend), 2) touching base (e.g., reaching out to a friend to talk or check-in about how they
are doing), 3) telling a story (e.g., teaching how to talk to a friend about how one is doing), or 4)
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sending and sharing (e.g., texting media and providing information or an anecdote about it) (see
Table 3).
Table 3.
Examples of conversational functions supported by text messaging.
Conversational Category Description
Example
Logistics
Making/confirming plans
Hi, when are you coming
home?
Touching Base
Reaching out to someone to see
How is your day going?
how they’re doing
Telling a story
Reaching out to someone to tell
You won’t believe what I just
a story
saw!
Sending and sharing
Sending media
Could you send me a picture
of the grandkids?
During treatment, BB was provided with a typed copy of a text message “script” that
included 3-5 exchanges (see example in Figure 8). The texts were hidden under sticky notes and
revealed, one at a time, as if it were a text message conversation. The clinician texted her side of
the conversation and supported BB as she typed and sent responses. Emphasis was directed
toward accuracy and time. Training also included mastery of technical skills to select the texting
feature on the phone, to use the typing feature, and to send the message. To support these skills,
illustrated instructional (“How-to”) sheets were developed that included annotated photographs
that illustrated the steps required to complete an associated sequence. For example, if the task
were to find the “messages” application, there was a picture illustrating how to unlock the phone,
and which icon to select. Each picture was accompanied by a description (i.e., Select the orange
icon with a picture of a white phone in the center by tapping it once with your finger.) (See
Figure 9 for another example).
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Figure 8.
Left: Model of a scripted conversation used during treatment. Right: Screen shot of scripted
conversation.

Figure 9.
Example of an illustrated guide for inserting a photo in a text message.
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These instructional guides were developed over the course of treatment when BB had difficulty
with a specific task required by a script (i.e., attaching a picture). Using screen shots from BB’s
phone, a guide was compiled and reviewed during treatment. BB was then encouraged to
practice the skill with her homework in an effort to integrate the new skill into her messages.
These abilities were not formally addressed in structured homework or therapy tasks, however,
mastery of skills represented in instructional sheets was prerequisite to success in script
production.
The treatment goal was to master completion of a given script within a functional time
frame, which was differentially and personally defined depending on the length of a message,
roughly within five minutes. Dimensions such as effort, perseveration, frustration, and anxiety
were taken into account when judging a ‘functional time frame.’ BB was provided with a home
program during this phase that included practicing the scripts three times per day, five times per
week. Over the course of 4 weeks, BB made meaningful improvement in her typing speed and
demonstrated increased familiarity with the mobile phone. After BB improved to the point that
she was sending scripted messages in a functional time frame, she was introduced to the word
prediction feature on her phone and improved above and beyond her previous performance, with
an improvement in efficiency on trained scripts from an average of 1.56 to 5.94 words per
minute.

Phase Three: Sending and Receiving Novel Text Messages
In the third phase of treatment, BB was trained to generate novel content following a
variety of prompts, with specific attention directed toward responding to and initiating text
messages. Emphasis was placed on the social components of text messaging and increasing the
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efficiency of sending a message. With regard to pragmatics, BB was taught to construct concise
messages that clearly communicated the purpose of the correspondence, to practice topic
maintenance, and to provide responses that encouraged further conversation. To practice
responding to text messages, she was prompted to generate answers to content such as “Hi! How
was your weekend?” To practice the initiation of novel messages, BB was provided with
instructions, such as “Send me a text with a picture of the family” and “Send me a text about
your Thanksgiving”. BB was provided with decreasing levels of support, described below, as she
progressed through this stage of treatment. This phase of treatment ended when BB produced
pragmatically appropriate content to a range of text prompts in a functional time frame, defined
according to the same criteria used in Phase 2, across two sessions. The home program during
this phase consisted of writing and then typing responses to the prompts, five days a week.
Initially, BB was guided to write out text messages by hand prior to typing the message
into her phone. Given her mastery of the technical aspects of texting, we focused on the
generation of pragmatically appropriate content rather than the typing, which was relatively
functional by this time. At first, it was necessary to explicitly train components of a response to a
text message (e.g., a response and additional element that either furthers the conversation or ends
it appropriately). BB completed worksheets with various text prompts during treatment (see
Figure 10). The finished worksheets were then reviewed with the clinician for their
appropriateness regarding pragmatics and topic maintenance. Two cues, “short and sweet” and
“keep the conversation going,” were used throughout treatment. After establishing a general
framework for appropriate content, accomplished through practicing handwritten responses with
an emphasis on content, BB was instructed to both handwrite the message and type it on her
phone. Once she consistently generated suitable messages (i.e., those with appropriate topic

A structured approach to training text messaging

28

maintenance and pragmatics) BB was prompted to skip the intermediate step of handwriting the
text messages. In both treatment sessions and at home, BB was provided with opportunities to
practice generating multiple responses to personally relevant prompts.
Figure 10.
Example of a worksheet to practice generating the content of text messages (Treatment Phase 3).

Phase 3 was completed over 5 weeks. Performance on final probes indicated marked
improvement with both responding to and initiating novel text messages. BB demonstrated a
decrease in the time taken to plan and send a text message, progressing from an average
production of 0.59 to 2.30 words per minute (that is, 25.31 seconds to type just one character to
6.05 seconds per character). The time it took to compose, type, and send a message similarly
improved from an average of 9:56 minutes to an average of 2:16 minutes. This reflected an
impressive improvement in efficiency, and content was also greatly improved (See Table 4). For
example, a message sent after treatment in response to “You won’t believe what I just saw!” was
“What was it?” (See Figure 11). This text was sent in 1:59 minutes (a rate of 1.51 words per
minute). BB’s post-treatment performance can be compared with 14:50 minutes pre-treatment to
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send the response “I want to go shopping tomorrow!” to the same prompt (a rate of 0.40 words
per minute). This outcome was not analyzed statistically due to the varied content provided in
pre- and post-treatment probes, but improved quality and speed of responses was evident in her
responses (compare Tables 2 and 4). BB also acquired numerous technical skills over the course
of treatment and she made good use of resources when in doubt regarding a particular function.
For example, she mastered the ability to complete all of the steps involved in finding, attaching,
and sending a photo message without the use of external support.
Figure 11.
Illustration of post-treatment text messages.
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Table 4.
Post-treatment responses to untrained probes of ability to initiate and respond to text messages.

Prompt

Response

Number of
words
[characters]

Words per
minute
[characters]

Time to plan
and send, in
minutes

Send me a text inviting me
to do something with you

I want to have a
party.^

6 [23]

2.71 [10.38]

2:13

Send a text to start a
conversation with Christie.

I haven’t seen
you in a while!^

7 [30]

3.71 [5.95]

1:53

You don't believe what I
just saw

What was it?^

3 [12]

1.51 [6.05]

1:59

2 [14]

2.11 [14.74]

0:57

8 [38]

2.53 [12.00]

3:10

6 [24]

2.65 [10.60]

2:16

3 [17]

1.57 [8.80]

1:56

6 [30]

1.62 [8.11]

3:42

2.30 [9.92]

2:16 (0:50)

I had the worst day
Hello! Would you like to
come to dinner this
weekend?
Hi, how is your week
going?
Hi! When are you coming
home?
Happy New Year! How
have you been?

What
happened?^
I would love to
go to dinner
together.^
A lot of errands
to run.
In the
afternoon.^
I’ve been well.
How about you?^
AVERAGE

5.13 [23.5]
^ indicates a text that was considered pragmatically awkward.
*Of note, character count includes spaces

One exchange in particular illustrates the complexity of conversational texting by BB
after treatment:
Clinician: I had the worst day.
BB: Well, what happened??
Clinician: My heel broke off from my shoe and my car was towed!
BB: What happened to Y our shoe& why was it towed??
Clinician: I parked in a no-parking zone and broke my heel running after the truck. Oops!
BB: Goodness gracious. Sorry.
In this exchange, BB responded to a complex message that included two distinct components,
and was able to keep track of both components throughout the conversation. This represents
improvement from before treatment, during which she responded “I also had a terrible day,” a
response that was fine, but did not keep the conversation going. It was impressive that this
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conversation was completed without the use of external cues. Mild errors in form (e.g., “Y our”
for the target “your”) were not of concern as such errors are typical in many text message
exchanges. In addition, BB began to self-initiate both picture and text messages to the clinician,
family, and friends following treatment (see Figure 12).
Figure 12.
Self-initiated text messages sent from BB.

Performance on final probes also indicated improvement in BB’s ability to initiate text
messages. For example, after treatment, in response to the prompt “Send me a text inviting me to
do something with you,” she wrote “I would love to have a party.” Although this represents an
improvement in both efficiency and content compared to pre-treatment, it also illustrates some
residual difficulty with open-ended prompts and content generation.
To further characterize BB’s functional ability to send a text message, additional posttreatment assessments were administered. A probe of single-word texting indicated an average
response time of 16.3 seconds per word, compared with 68.78 seconds before treatment. We also
probed her response time on an untrained script for texting. BB reduced the time required to send
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the message from 6:26 minutes to 2:58 minutes after treatment, and when the autocomplete
function was allowed, time further improved to 1:36 minutes (See Table 5).
Table 5.
Improvement in efficiency when sending an untrained scripted message.
Number of
Words per minute [characters]
Script Message
words
[characters]
Post
Pre
Post
(w/prediction)
“I don’t know yet, what
7 [33]
1.07 [5.09]
2.36 [11.13]
4.38 [20.62]
about you?”
“That sounds like a
6 [30]
1.29 [6.47]
1.32 [6.12]
5.71 [28.57]
great idea!”
“I would love to,
5 [22]
1.23 [5.43]
2.83 [12.45]
3.70 [16.30]
when?”
AVERAGE (words per
6 [28]
1.2 [5.61]
2.14 [8.99]
4.59 [20.69]
minute [character]):
In total, BB participated in 32 one-hour sessions across 21 weeks (see Table 6 for a
summary). She was able to develop functional texting abilities with regard to both technical
skills and pragmatics. In general, she progressed from marked difficulty constructing and
producing text messages before treatment, to the ability to plan and send messages with an
average of 6 words. Her response to treatment indicated generalization, and follow-up probes
showed skill maintenance.
Table 6.
Summary of dosage and intensities for each phase and the associated home programs.
Treatment Phase
Dosage
Intensity
Total # of Estimated
Sessions
Hours
Copy 5 words:
60 minutes,
16 over 12 16 hours (+60
Phase 1.
Lexical training
4-8 times each
~1x/week
weeks
hours hwk)
Copy 5 words:
Variable,
8 weeks
13 hours
2 month break
Home Program
8 times each
5x/week
Copy target script:
60 minutes,
8 over 4
8 hours (+40
Phase 2
Script training
1-5 times
2x/week
weeks
hours hwk)
Phase 3.
Novel text messages

Generate and
evaluate text
message(s)

60 minutes,
2x/week

10 over 5
weeks

10 hours (+50
hours hwk)
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Treatment dosage and intensity was difficult to determine precisely, given the adaptive
nature of this treatment. For example, it took BB much longer to both generate and write content
in the earlier stages of treatment compared with later stages. Thus, the number of trials per
session increased as treatment progressed and she improved. Similarly, homework was assigned
for 30 minutes, 5 days per week, but her output increased over time. It was also likely that BB’s
motivation and persistence often led her to go above and beyond the recommended homework.
Following treatment, BB reported that she perceived the treatment as having had a
positive effect on her ability to communicate via texting. Specifically, she expressed that she felt
more confident navigating the phone, sending a message, and taking, sending, and receiving
photos. She expressed residual concern regarding her ability to respond to complex messages and
occasional frustration when she encountered a difficult task on the mobile device, such as
inadvertently ending up in an unfamiliar application.
Long-term follow-up
One year after completion of this study, a number of assessments were administered to
evaluate the maintenance of BB’s texting abilities. BB demonstrated impressive maintenance of
functional texting skills, with words typed within an average of 29.75 seconds (compared with
68.78 seconds pre-treatment) (See Figure 13).
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Figure 13.
Multiple baseline graph illustrating maintenance data for time to text single-words.

BB showed additional improvement in her ability to text a script, both with regard to
efficiency and functional skills. She typed scripted messages at a speed of 1.2 words per minute,
compared with 2.14 words per minute immediately post-treatment and 2.27 words per minute
during pre-treatment probes. BB demonstrated maintenance of the ability to produce novel
messages as well, providing a pragmatically appropriate and complete response in three out of
four opportunities, and completing the texts in a functional time frame. For example, in response
to the prompt “I had the worst day,” BB replied “What happened? Are you ok?” Throughout the
probes, BB repeated “short and sweet” to cue herself when texting.
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BB also demonstrated improved content in her conversational exchanges. Following the
completion of Phase 3, when cued to text the clinician with the intention of making plans, BB
texted “I would love to have a party.” During the 12-month follow-up probe, she replied “Do you
want to have breakfast this am?” This production represented a pragmatically appropriate—and
given BB’s social life, more plausible— reply than previous probes. Additionally, the efficiency,
measured in time, with which she planned and sent a message was still significantly improved
from pre-treatment (t (4) = 3.95, p = 0.0169). Overall, her performance on the text message
probes a year post-treatment demonstrated improvement in social components of texting and a
relative maintenance of technical skills, with a slight decline in automaticity.
When interviewed 12 months after treatment, BB indicated that she sends text messages
numerous times per week, and reported that she used her mobile phone camera and photos as a
mobile album. Upon looking at the message application, the clinician observed a number of
messages that were clearly sent from BB to close family and friends. She sent messages to reach
out for New Year, share an e-mail address, and confirm that an e-mail was received (see Figure
14).
Figure 14. Example of spontaneous text messages sent one year after treatment completion.
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A number of additional post-treatment assessments were conducted at the same 12-month
follow-up. This included phonological assessments, the WAB-R (AQ = 85.5), and an additional
aphasia battery (e.g., BNT = 43/60, ABRS: True word reading = 40/40). The results of these
assessments suggested maintenance and occasionally improvement of strategies and supporting
cognitive functions.
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Discussion
The results of this single-subject investigation of a novel treatment approach to text
messaging demonstrated the therapeutic value of a treatment sequence to train the technical as
well as pragmatic skills necessary to support conversational text messaging. Specifically,
structured training was successful in facilitating the acquisition of the skills required to initiate
and reply to text messages, and to send multimedia messages on a mobile phone. These skills
had a marked, positive effect on BB’s ability to independently communicate with friends and
family members.
The initial protocol used in this study, T-CART, was previously implemented with a
single individual who gained the ability to text single-word messages (Beeson et al., 2013). The
current study extended the treatment protocol to explicitly train texting at a conversational level.
We documented the value of using scripts to support text messaging as an intermediate step
between single-word texting and the generation of novel text messages. The benefit provided by
scripts for texting was similar to the effect documented for spoken conversations in that they
served to expand the length and complexity of responses (Youmans et al., 2005). Of note, script
training was necessary only for written content, as BB’s spoken utterances were grammatically
well formed and pragmatically appropriate. In this study, script training served to model
appropriate social norms for text messages, including the production of concise messages and
content that invites further communication. Again, the nature of these scripts were different from
those typically used for training spoken production, which often promote more of a monologue
approach to support the conveyance of common sets of information, such as the response to the
question, “What kind of work did you do?” Scripts for text messaging tend to convey much less
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predictable types of information and instead promote the development of a framework for
creating a text message across a variety of conversational functions.
As noted at the outset, text messaging presents a unique set of social parameters that
increase the cognitive load inherent to text messaging. In our view, the extent of BB’s difficulty
with the social element of text messaging prior to treatment was surprising. Given that she did
not exhibit pragmatic difficulty in spoken communication, BB’s failure to generate appropriate
replies to text messages was most likely a reflection of cognitive overload. Once she gained
proficiency in procedural skills for text messaging, BB was able to better access her language
skills. The evidence of appropriate text messages on her phone one year after treatment was
especially important to affirm her true mastery of the skill. For BB, the technical aspects of
texting (e.g., navigation to the relevant applications and various keyboard options, taking
pictures) presented additional challenges due to her mild limb apraxia and apparent visual
processing problems. Nonetheless, over the course of treatment, BB learned numerous technical
skills, both with and without the use of compensatory strategies (e.g., illustrated guides). We
suspect that BB’s unique visual attention and motor deficits necessitated greater support than
would be needed for others, and may have contributed to the length of required treatment.
However, it was impressive that she demonstrated marked improvement despite the challenges
associated with such limitations. BB’s success serves to underscore the potential of this treatment
for training functional communication via text messaging with other appropriate individuals with
aphasia.
It is important to recall that this treatment centered on text messaging was not initiated
until after BB had received considerable rehabilitation to reduce the extent of the acquired
language impairment. The prior treatments (phonological, interactive, and lexical retrieval, as
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elaborated in Beeson et al., 2018) provided a foundation for completing this study. Specifically,
it was necessary to strengthen phonology to support sentence-level writing prior to attempting to
type and text at the sentence level. BB’s improved allographic knowledge contributed to her
ability to identify letter shapes in the smart phone keyboard, and facilitated the acquisition of
lowercase writing skills. Finally, the lexical retrieval strategies that BB learned in her initial
treatment sequence provided support for generating the content of text messages.
We acknowledge several limitations of this study. First, treatment extended over the
course of 22 weeks in total. This is not always feasible, though it is certainly not unheard of as
many individuals pursue extensive speech therapy for years following a stroke. And, as
mentioned above, it is possible that BB required more support than other candidates for texting
treatment. We also note that BB performed the tasks during therapy in an ideal situation during
this treatment: a quiet room, no distractions, and with support from a clinician. In everyday
situations, BB would likely have more of a time pressure, environmental distractions, and be
completing the task independently. Regardless, she gained functional texting skills that
generalized to untrained stimuli and were maintained a year post-treatment outside of the therapy
room, providing support for the potential use of this approach for other individuals with similar
needs.
Due to the novel nature of the protocol, this was an exploratory case study. The outcomes
warrant further exploration with other suitable candidates. We acknowledge that BB was highly
motivated and persistent in her efforts to regain the targeted skills, she had a high threshold for
frustration with challenging technical components, and she had consistent support from her
spouse, although she was independent in her completion and accountability for home practice. At
the time this paper was written, very little normative data existed regarding handwriting versus
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keyboard typing versus mobile phone typing for both healthy and impaired adults. Additional
research might include characterization of neurotypical older adults to examine and compare
their acquisition of texting skills and to establish norms for the time it takes to send generate text
messages.
The ability to communicate via text messages made a positive difference in BB’s life.
Generally speaking, the ability to text can provide opportunities for social interaction outside of
one’s immediate vicinity, enable individuals to benefit from with current technologies, and allow
one to communicate in written form when speaking tasks present significant challenges. Of note,
some individuals who have experienced damage to the left perisylvian region may have stronger
residual language abilities in the written modality compared with spoken, particularly in the
presence of motor speech impairment or marked paraphasias. In those cases, a treatment that
targets text messaging may be particularly effective at increasing social connection.
Overall, treatment resulted in the acquisition of the knowledge and skills necessary to
generate and send text messages. Earlier treatments that BB completed reduced her underlying
impairment which had a positive effect on her life activities and participation, as considered
relative to the WHO-ICF model. This texting treatment was clearly focused at the life
participation level, and built upon skills that were strengthened in previous treatment. The
treatment protocol examined here offers a framework to address text messaging, and the
outcomes demonstrate the therapeutic value of the approach resulting in functional use in an
individual with aphasia.
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Appendix 1. Detailed description of Phases 1-3
Phase 1: Goal—Improve functional texting skills at the word level while simultaneously
strengthening access to orthographic representations in an effort to provide foundation for
communication via text messaging.
Stimuli and Criteria:
 20 imageable, functional, and personally relevant words.
o 32 sounds (initial consonant and vowels) should be represented in the items.
 Trained in 4 sets of 5 to 80% in 20 seconds or less across two sessions.
Procedure:
 Writing trials
o Clinician presents picture: “What is this?”
o If no response, clinician provides spoken name. “It’s a ring. Say ‘ring’.”
o Clinician: “Now can you write it?”
o If patient unable to write the word, clinician provides written model. “This is
‘ring’. Copy ‘ring’.”
o Patient copies written word three time; clinician provides feedback as necessary.
o Clinician covers written exemplars of target word and prompts recall, “Now, try it
again. Write ‘ring’.”
o Three recall trials with clinician feedback provided.
 Texting trials
o The above procedure is repeated using the same word and a messaging
application on a mobile phone.
o If patient unable to locate a letter, clinician provides support (with a point cue
followed by a model, as needed).
 In treatment, clinician should complete both written and texting trials for each item
before progressing to the next item (rather than completing written trials for all items and
then progressing to texting trials for all items).
Homework:
 Patient practices set at home, working up from 5 repetitions of each item per night 5
times per week to 10 repetitions of each item.
 This is completed for both writing and texting.

Phase 2: Goal—Reduce time needed to prepare and send a text
Stimuli and Criteria:
 Text message scripts across a range of conversational categories
o Logistics: making/confirming plans
 E.g., Hi! When are you coming home?
o Touching base: reaching out to someone to see how they’re doing
 E.g., How is your day going?
o Telling a story: reaching out to someone to share an anecdote
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 E.g., You won’t believe what I just saw!
o Sending and sharing: Multimedia message exchanges
 E.g., Could you send me a picture of the grandkids?
Procedure:
 Train scripts
Homework:
 Patient practices the above task at home, working on the skills practiced in session.
Phase 3: Goal—Send pragmatically appropriate text messages and decrease the time needed to
send a text.
Stimuli and Criteria:
 Structured text prompts to respond to a text message
o E.g., Would you like to get dinner later?
 Structured text prompts to initiate a text exchange
o E.g., Send me a text as if you wanted to make dinner plans.
Procedure:
 To address pragmatics:
o First target responses to messages
 Using worksheets, practice components of a message (e.g., a response and
an additional element that either furthers the conversation or ends it
appropriately)
o Once a framework for content is established, can introduce initiation of messages
o Provision of cues
 E.g., Short and sweet & Keep the conversation going
 To address technical skills:
o Write messages by hand and copy handwritten messages into phone
o Decrease reliance on written support
 Can provide additional support for this stage through introduction of shortterm memory strategies for retaining content while typing message, such
as chunking, or grouping the message into 3-4 word units
 e.g., “Would you like — to go to dinner?”
o Provision of how-two guides
 e.g., how to attach and send a photograph
Homework:
 Patient practices the above task at home, working on the skills practiced in session.
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