
184

Copyright © 2026 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work  are permitted, provided the original work is properly cited.

Study Protocol

Investigating the Efficacy of Dynamic Temporal and 
Tactile Cueing in Stroke Patients with Apraxia of 
Speech: A Study Protocol Using a Single-Subject Design

Maryam Alizadeh1 , Azar Mehri1* , Shohreh Jalaie2 , Edythe A. Strand3, 4 

1. Department of Speech Therapy, School of Rehabilitation, Tehran University of Medical Sciences, Tehran, Iran.
2. Department of Physiotherapy, School of Rehabilitation, Tehran University of Medical Sciences, Tehran, Iran.
3. Mayo College of Medicine, Rochester, Minnessota, United States of America. 
4. Mayo Clinic, Rochester, Minnessota, United States of America.

* Corresponding Author: 
Azar Mehri, Associate Professor.
Address: Department of Speech Therapy, School of Rehabilitation, Tehran University of Medical Sciences, Tehran, Iran.
Tel: +98 (21) 77636042
E-mail: mehri@tums.ac.ir

Introduction: Dynamic temporal and tactile cueing (DTTC) is a treatment method for 
childhood apraxia of speech (AOS), and its characteristics make it a suitable option for treating 
patients with AOS. Additionally, no documented treatment protocol has been published in Iran 
for the treatment of patients with AOS. This study protocol aims to investigate the efficacy of 
DTTC in the treatment of Persian-speaking patients with acquired AOS, who will be recruited 
using non-probability, convenience sampling.

Materials and Methods: A single-subject study with multiple baseline designs across 
participants was designed to obtain detailed information about the intervention procedure on 
at least three participants’ performance, and a perceptual scoring system was introduced to 
measure the accuracy of treated and untreated words and phrases as a dependent variable. 

Results:  Based on participants' continuous assessment results, a visual analysis will be 
provided at three phases of the study (baseline, treatment, and follow-up), and effect sizes and 
C statistics will also be reported for each participant.

Conclusion: This study describes the first research investigating the efficacy of DTTC on 
the speech of AOS patients and the first treatment protocol for Persian-speaking patients with 
AOS.
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Introduction

praxia of speech (AOS) is a motor speech 
disorder of a neurological origin. This dis-
order is characterized by slowed speech 
rate, articulatory imprecision, and dys-
prosody [1, 2]. The severity of AOS var-

ies from relatively fluent speech with minor sound dis-
tortions to an inability to produce speech. AOS usually 
coexists with non-fluent aphasia and rarely occurs in a 
‘pure’ form. Stroke is the most common cause of AOS 
[3, 4]. Esmailzadeh et al. (2021) found that the frequen-
cy of oral apraxia in Persian-speaking patients suffer-
ing from stroke (first time) and in the acute phase was 
35.7%, the frequency of verbal apraxia was 2.3%, and 
4.7% were suffering from verbal and oral apraxia [5].

Speech-language pathologists use various techniques 
to treat AOS. Wambaugh et al. (2006) divided the un-
derlying approaches in the treatment of AOS into four 
main categories: articulatory-kinematic approaches, rate 
and/or rhythm control treatments, augmentative and al-
ternative communication techniques, and intersystemic 
facilitation and reorganization techniques [6, 7]. Various 
studies have shown that the articulatory-kinematic ap-
proach is the most used in the treatment of AOS [6, 8, 9]. 
Positive results of treatments based on the articulatory-
kinematic approach have been reported across various 
studies in terms of retention, generalization to untreated 
targets, and increased social validity [10-13]. This group 
of treatments focuses on motor planning through inten-
sive repetition and articulatory cues. Intense repetition 
is necessary for the recovery of people with brain dam-
age and stroke because it increases long-term neurologi-
cal changes [14, 15]. Also, providing articulatory cues 
increases the patient’s awareness of sound production 
accuracy, a stable manner, place of articulation, and 
voiced/voiceless sounds [14, 16]. Using sensory cueing 
methods, such as integral stimulation (IS), with intense 
repetition and articulatory cues, can enhance the accu-
racy of word and phrase production [14]. 

Many motor-based treatment approaches, including 
articulatory-kinematic techniques, incorporate at least 
some principles of motor learning (PML). These prin-
ciples have been designed to facilitate the learning of 
a new motor task and include precursors to learning, 
blocked versus random practice, mass versus distributed 
practice, and knowledge of results (KR) versus knowl-
edge of performance (KP). Also, PML emphasizes prac-
ticing speech targets in various contexts that evoke real-
life situations. Precursors to learning include informing 
the client about the goal of a treatment and understanding 

the task to establish the patient’s trust in what is done and 
how. In block practice, one target is practiced at a time, 
and in random practice, more than one target is practiced 
at a time. Mass and distributed practice refer to the dura-
tion and the timing of sessions within a week. For exam-
ple, a single three-hour session per week indicates mass 
practice, while three one-hour sessions per week indi-
cate distributed practice. KP refers to the clinician pro-
viding specific feedback on the client’s articulation and 
guidance on how to improve their speech production. In 
contrast, KR involves the clinician informing the client 
whether their production is correct. Finally, practicing a 
learned task in different contexts enables the application 
of skills in new situations and facilitates the transfer of 
learning to other movements [17, 18]. 

Among different treatment approaches for AOS, motor 
learning-guided (MLG) and sound production treatment 
(SPT) are two articulatory-kinematic approaches that 
have reported replications of treatment effects. Replica-
tion is essential for scientific research to ensure external 
validity and has been lacking in AOS treatment studies 
[9]. MLG includes clinician modeling, immediate and 
delayed repeated practice, oral reading, delayed KR 
feedback, and practice of stimuli in successive random 
order [9, 19]. This approach uses oral reading, which 
may be challenging for patients with apraxia who often 
have aphasia, and using it as a dependent variable may 
obscure the results. The generalization to untreated tar-
gets in the studies based on this approach is also limited 
[9]. SPT includes modeling, repetition, minimal pair 
contrast, IS, cueing about the place of articulation, re-
petitive practice, and KP feedback [7, 13]. This thera-
peutic approach has shown improvements in treated 
and untreated targets [9], but it focuses on refining error 
sounds [13] rather than targeting the fundamental aspect 
of the disorder, which is difficulty in sensorimotor plan-
ning and programming of speech movements.

Considering the advantages and disadvantages of the 
mentioned approaches, an effective treatment for ac-
quired apraxia should possess certain characteristics and 
components. Darley et al. (1975) believed that the goal 
of AOS treatment is to help patients relearn the motor 
sequences required for accurate sound production [20, 
21]. Most researchers who have studied the treatment of 
AOS have outlined six general and important principles 
to help individuals with AOS relearn motor speech [21]. 
These principles are:
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1) Not all individuals with apraxia are considered 
suitable candidates for treatment. According to Duffy 
(2013), aphasia can be so severe in some patients that 
treatment is not beneficial [21, 22].

2) The patient and the family should be familiar with 
the characteristics of AOS and the logic of treatment 
practices.

3) Repetitive and intensive drills are crucial to most 
treatment programs. The repetitive nature of treatment 
is a consequence of brain damage. Patients with brain 
damage should practice more and for a longer duration 
than those without brain damage [21, 23].

4) The program should be designed such that the pa-
tient can achieve and retain a high level of success. For 
this purpose, the patient should start with simple ac-
tivities and progress to more complex ones. Progress is 
made when the patient consistently completes the tasks 
correctly at each stage [21].

5) Patients should learn to monitor their speech. The 
importance of this topic is emphasized by many writers 
[21-23]. Feedback from speech therapists can enhance 
this ability in many patients. If the therapist provides the 
patient with information about acceptable production, 
the patient can better determine whether their produc-
tion is accurate [21]. 

6) Treatment should focus on meaningful words in the 
early stages because meaningful stimuli are more rein-
forcing than meaningless words, and it is easier for the 
patient to realize the accuracy of their articulation of real 
words [21, 24].

Among all the treatment approaches used in childhood 
apraxia of speech (CAS), dynamic temporal and tactile 
cueing (DTTC) is an IS method designed for children 
with severe problems in speech praxis and does not 
require long-term use for effectiveness [25]. This ap-
proach, in several studies using a single-case experi-
mental design, showed the most supporting evidence 
among treatment approaches for CAS [4, 25-29]. The 
usefulness of this approach has also been shown in the 
treatment of two Spanish-English bilingual children, and 
it was effective for both languages [28, 30]. Also, Kung 
and Ugas (2021) conducted a critical review to exam-
ine the effectiveness of DTTC on CAS. They analyzed 
six studies, comprising two single-case studies and four 
single-subject studies, all focused on school-age chil-
dren with moderate-to-severe CAS. The authors found 
that in four studies, DTTC led to positive changes, while 

in Maas et al.’s two studies, the results were mixed. In 
both studies, one child did not show clear improvement 
[31]. The DTTC method has stages and components 
that can lead to the re-learning of motor sequencing 
to produce phonemes accurately in patients with AOS. 
Getting familiar the patient with the logic of therapeutic 
drills, implementing this approach 3 or 4 days a week, 
targeting lexical items, practicing them over a time hi-
erarchy, and considering a criterion of repeated and ac-
curate productions for entering the next stage will result 
in learning real words in a hierarchy of easy to more 
complex practices and increase the patient’s success in 
articulation. Also, by providing KP feedback, progress-
ing to KR feedback, and gradually removing it, patients 
learn to monitor their articulation and gradually gain 
independence in this task. Focusing on the child’s at-
tention to self-controlled production, avoiding pictorial 
stimulation, emphasizing visual and auditory imitation 
of the therapist in a face-to-face mode, and the possibil-
ity of going forward or backward to the previous stage 
according to the patient’s changes and needs are other 
key components of this method [25]. 

In addition to the advantages mentioned above, the 
PML is well considered for learning and retaining 
speech motor control in the DTTC protocol. For ex-
ample, the therapist explains each step and reminds the 
patient that “we’re working on movement patterns to 
make speech easier” or periodically reminds the patient 
to “feel” the movements [25]. On the other hand, chil-
dren with severe CAS have a lot of difficulty in making 
correct speech movements, and the variety in practices 
increases this problem; therefore, DTTC has addressed 
this issue at every stage of this protocol. DTTC initially 
teaches the treatment targets through constant practice 
and, once accurate movement gestures are established, 
adds variation in speed and prosody, consistent with the 
findings of a study by Rosenbek et al. (1973) in the field 
of acquired AOS [23, 25]. Also, in DTTC, the treatment 
targets are taught in block practice in the early stages, 
and they are practiced randomly in the last stage (spon-
taneous speech) [25]. The reason for using this method 
in the DTTC approach is that, when tasks are difficult 
or the learner is inexperienced, random practice requires 
more attention, memory, and movement and overloads 
the nervous system [25, 32]. This is consistent with the 
results of Shea et al. (1990), who showed that block 
practice in learning motor speech leads to faster acqui-
sition, and that after initial learning, random practice 
leads to better retention of these movements [33]. Better 
maintenance of treatment results with random practice 
was also shown in Knock et al.’s (2000) study of AOS 
subjects [12]. In terms of the feedback, DTTC initially 
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begins with repeated feedback on the inaccurate move-
ment gestures and explains how it should be corrected 
(KP); as the movement accuracy increases, this type of 
feedback is changed to KR feedback (about the accu-
racy or inaccuracy of the produced target), and finally, 
this type of feedback is also eliminated [25]. Strand et al. 
(2006) have shown that using repeated KP feedback ini-
tially and eliminating it as early as possible is beneficial 
in retaining speech movements in children with CAS 
[25, 34]. Researchers have also shown that feedback fre-
quency is beneficial for learning complex motor skills 
until a desired level of accuracy is achieved [25, 35]. 

In summary, the differences between the DTTC and 
MLG/SPT are: MLG presents treatment targets in a ran-
dom order. No cues are given to the patient in MLG to 
correct speech movements; the patient only receives KR 
feedback. Also, the therapist’s production speed is the 
same in all stages of the protocol, and the patient does 
not practice the target word or phrase in different proso-
dy. The targets are presented using written and auditory 
stimulation. Auditory stimulation fades with progres-
sion through stages [11]. In SPT, the goal is to correct a 
specific sound or group of sounds in the word, and the 
production of a specific sound is corrected using written 
stimulation (reading grapheme), auditory discrimination 
(minimal pair contrast), and articulatory cues. Also, the 
therapist’s production speed is the same across all stages 
of treatment [2, 13]. In SPT’s protocol, if a patient is un-
able to accurately produce the target, the next target is 
presented to him/her [13]. While in DTTC, the protocol 
hierarchy includes simultaneous production, immediate 
imitation, delayed imitation, and spontaneous produc-
tion, during which the patient practices the target word 
or phrase from slow to natural speed. The emphasis is on 
modifying the articulatory movement, and the therapist 
uses a variety of visual, gestural, and tactile cues to teach 
the desired movement. Indeed, DTTC focuses on the 
movement of articulators, rather than the sound, to form 
vocal tract shapes and achieve fluent transitions between 
them. In this protocol, the frequency of cues and feed-
back is gradually reduced, and, after the correct produc-
tion of the whole word or phrase, the patient produces 
it with different prosody (Appendix 1) [25]. SPT and 
MLG do not practice the treatment targets in different 
prosody [11, 13]. Given that AOS mainly involves dis-
ruption of articulation and prosody [8], the emphasis on 
modifying prosody in the DTTC approach is important 
and a highlight of this treatment method [25]. In DTTC, 
the ultimate objective is to achieve precise articulation 
and prosody of the target (word or phrase). It contains 
specific criteria for advancing or regressing based on the 
patient’s production [25]. 

Given the definitions of CAS and AOS, using DTTC 
for AOS seems reasonable. CAS is caused by a defi-
ciency in sensorimotor planning and programming, 
which translates linguistic data to motor execution codes 
required for acoustic output [25, 36]. In AOS, the “mo-
tor speech programmer” is a neural network in the brain 
that receives information from different areas, such as 
cognition, language, motor, sensory, and emotion, and 
converts it into the neuromuscular contractions needed 
to produce words in an utterance [21]. Therefore, it may 
be possible to use a developed CAS treatment for AOS, 
as prompts for restructuring oral muscular phonetic tar-
gets (PROMPT) is a treatment method developed for 
CAS and, after modification, was successfully used to 
treat AOS [37]. 

In addition to the advantages of the DTTC treatment 
method, the developer designed a perceptual scoring 
system that accounts for and assigns importance to artic-
ulation and prosody errors associated with verbal apraxia 
[4]. As a result, improved accuracy in producing treated 
and untreated targets based on this scoring system and 
higher scores in the probe sessions may suggest a reduc-
tion in verbal apraxia symptoms among participants.

Given the characteristics of the DTTC approach and 
its effectiveness in treating children with severe CAS, 
the primary and secondary aims of this research are to 
translate this protocol into Persian and to use it in the 
treatment of patients with acquired AOS, respectively. 
This study protocol presents the different steps of this 
research.

Materials and Methods

A single-subject study with a multiple-baseline design 
across participants will be conducted. These single-case 
designs have been called demonstration designs. That is, 
they allowed researchers to demonstrate that an interven-
tion was effective for changing an intended behavior. A 
multiple baseline design across participants is appropriate 
for clinical and educational research when three or more 
individuals exhibit similar behaviors or deficits that re-
quire intervention. In studies using multiple baseline de-
signs, experimental control can be demonstrated if three 
conditions are met: sufficient internal validity, observed 
behavior change occurring only when the intervention 
is introduced at each target tier, and at least three tiers 
with the same starting point in the baseline [38]. In A-
B-A-B designs, if experimental control is demonstrated 
for some participants but not all, it can be concluded that 
the intervention worked for some but not for others. In 
multiple baseline designs across participants, if behavior 
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change occurs for some participants, experimental con-
trol is at risk for all, as this change may be due to his-
tory, maturation, and other factors. In this study, DTTC 
method will be implemented on patients with AOS for 
the first time; therefore, we will select a single-subject 
design to obtain detailed information about what will 
happen to the participants and data. Also, we will select 
a multiple baseline design because the independent vari-
able (intervention) is an irreversible behavior and threats 
to internal validity can be recognized and controlled by 
this design [38]. The researchers are going to implement 
this plan concurrently in the present study. The condi-
tion for implementing this research plan is that a group 
of participants (at least three individuals) begin baseline 
measurements simultaneously. The first participant will 
attend at least eight sessions during baseline measure-
ments. If the level and trend of baseline data in three 
consecutive probes immediately preceding the treatment 
across all participants are stable, the first participant will 
receive the treatment. This is because, to demonstrate ex-
perimental control, stability in levels and trends must be 
considered before making any changes to conditions. In 
case of an increase in the percentage of accuracy for the 
treated targets over 3 consecutive data points during the 
treatment phase, provided that the data does not overlap 
with the baseline, the second participant will enter the 
treatment phase [38]. This criterion will be followed for 
the remaining participants. Therefore, in this research, 
each participant will attend at least eight sessions during 
the baseline phase and 24 during the treatment phase. 
Each participant will be followed up 1 and 4 weeks after 
the last treatment session [12]. There are five threats to 
internal validity that are specifically related to multiple 
baseline designs across participants: history, maturation, 
testing effects, attrition bias, and inconsistent effects.  In 
this study, if a threat due to history, maturation, or testing 
effects occurs in any tier, researchers will not alter the 
condition until the data stabilized. These threats can be 
identified by observing any changes in dependent scores 
in the baseline that do not occur simultaneously with a 
change in condition. To address attrition bias, research-
ers will randomly assign participants to different tiers to 
mitigate this threat [38]. This can be accomplished by 
rolling a die and disregarding rolls 4, 5, and 6 [39]. In-
consistent effects, that is, variations in changes across 
different tiers or no changes in some tiers, will be  ad-
dressed by including participants with similar character-
istics in the study as much as possible [38]. 

The study location will be determined based on partici-
pants’ preferences. 

The study population included patients with acquired 
AOS of any gender, and sampling will be performed in 
speech therapy clinics, hospitals, and medical centers in 
Tehran City, Iran. After ensuring that the inclusion crite-
ria are met, this study will be conducted on at least three 
patients with AOS.

The inclusion criteria for participating in this study are:

History of a stroke in the dominant hemisphere for the 
language that has been at least 6 months since its occur-
rence

Being monolingual Persian

Passing the pure tone audiometry screening test at the 
threshold of 35 dB at frequencies of 500, 1000, and 2000 
for at least one ear; if the patient uses a hearing aid, it is 
necessary to confirm the hearing adequacy at the conver-
sational level by an audiologist. 

Normal or corrected (using lenses or glasses) visual 
ability 

Absence of alcohol or drug abuse, psychological and 
neurological disorders other than one stroke, based on 
self-report and confirmation by their medical records.

Obtaining a normal range score of the non-verbal intel-
ligence test using Raven’s progressive matrices [40]

Being right-handed by Edinburgh handedness ques-
tionnaire [41]

Absence of dysarthria or mild dysarthria according to 
the Frenchay Dysarthria assessment 2 (FDA-2) [42]

Auditory comprehension above 50% in Persian Missis-
sippi aphasia screening test (MASTp) and Persian diag-
nostic aphasia battery (P-DAB-1) [43, 44]

Has a literacy level of 8th grade and above

Diagnosis as AOS based on the supplemental verbal 
apraxia test [45]

Obtaining a minimum score of 32 (moderate to severe) 
and above (severe) in the verbal apraxia test [45]

All tests are valid and reliable in Persian. The Raven 
test, P-DAB-1, and verbal apraxia test have been stan-
dardized in Persian and have established cutoff scores 
for diagnosis and determining severity [40-45].
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The first author will diagnose AOS, which will be con-
firmed by the corresponding author, who is experienced 
in diagnosing and treating AOS

Exclusion criteria  will be include receiving speech 
therapy during the study,  occurrence of stroke, and un-
willingness to participate in the study for any reason. The 
sampling method in this research will be non-probability 
and convenience. Figure 1 shows the stages of the study 
that will be completed after finishing it.

This study holds the ethical code from the Ethics 
Committee Office of Tehran University of Medical 
Sciences and the registration number from Iranian 
Registry Clinical Trails (IRCT).

First, permission to translate the DTTC treatment pro-
tocol will be obtained from the developer of this pro-
tocol, and the Persian version of the protocol will be 
prepared. This process will be conducted according to 
the translation and cultural adaptation protocol of Bea-
ton et al. (2000). Based on this protocol, first, the DTTC 
treatment protocol will be translated into Persian by two 
translators. Second, the translations will be reviewed 
by an expert committee, and a unified version will be 
created. Third, two other translators will translate the in-
tegrated Persian version of DTTC into English. In the 
fourth step, after reviewing all the translations by an ex-
pert committee, the final version of the Persian DTTC 
protocol will be created [46].

To determine the effectiveness of the DTTC treatment 
approach on speech skills in individuals with AOS, treat-
ment targets will be designed for each participant upon 
study entry. The target items for treatment in this study 
will be 10 words and short phrases, will be selected for 
each participant by interviewing the patient and family 
regarding words and phrases of personal relevance and 
interest. Each participant’s target list also will include 10 
untreated words and phrases, will match to the treated 
list as closely as possible based on their variables [26]. 
The percentage of the accurate production of treated and 
untreated words and phrases in the probe sessions will 
be used as a dependent variable (outcome measure). 
Treated words and phrases will be used to measure 
the acquisition effects of treatment (retention), and un-
treated words and phrases will be used to measure the 
response generalization effects of treatment [2, 4]. The 
list of treated and untreated words and phrases will be 
presented at least eight times to each participant for con-
tinuous measurement during the baseline phase. Also, 
the probe sessions will be performed at the beginning 
of each treatment session to quickly identify threats to 

internal validity. During the follow-up phase (1 and 4 
weeks after the end of the treatment), these two lists will 
be presented to the participants. In each probe session, 
the words and phrases of these two lists will be presented 
to the patient in random order. The examiner (the first 
author) will ask the participant to carefully look and lis-
ten to the model and repeat each word as accurately as 
possible. No feedback will be  provided regarding the 
accuracy of the production [2, 4]. During the treatment 
phase, each participant will attend 24 treatment sessions, 
three times a week, each lasting 60 minutes (excluding 
the probe session), which is considered a traditional dose 
frequency [7]. Each treated word and phrase will be writ-
ten on a card. The order of presentation of words and 
phrases will be the same across consecutive sessions in 
each treatment, because, based on the DTTC method, 
the treatment targets should be taught in block practice 
in the early stages. The therapist (the first author) will 
implement the hierarchy of the DTTC protocol for each 
target (Appendix 1). In the spontaneous speech stage, the 
last step of the protocol, this will be performed randomly 
during the session (while working on other words) [25]. 
There will be two criteria for completing the treatment 
phase: completion of 24 treatment sessions or achieving 
90% accuracy in articulating treated words and phrases 
across three consecutive probe sessions [4, 25, 26]. Each 
participant will be followed up 1 and 4 weeks after the 
completion of the treatment phase.

The percentage of the accurate production of treated 
and untreated words and phrases in the probe sessions 
will be based on a perceptual scoring system. This sys-
tem includes both segmental and suprasegmental aspects 
of word articulation. In this system, a score of 2 indicates 
accurate production, a score of 1 indicates close to ac-
curate production, and a score of 0 indicates inaccurate 
production of a word or phrase [4, 25, 26, 29, 34]. These 
scores have been operationally defined by Maas’s et al. 
[4, 26]. 

The primary reason for conducting a single-subject 
study is to gather detailed information about a partici-
pant’s performance when subjected to factors, such as 
specific intervention procedures. In statistical analysis, 
data from single-subject studies are typically presented 
for each participant, often using graphs during data 
collection. This enables researchers to use the data for 
clinical decision-making [39]. In a single-subject study 
with a concurrent multiple baseline design (true multiple 
baseline design), participants’ graphs should be present-
ed so that the first data collection session for each tier 
should align with the first session along the horizontal 
axis. This approach shows that baseline data were initi-
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ated simultaneously across all tiers. This allows for an 
accurate visual analysis of the results while considering 
potential threats, such as maturation, history, testing ef-
fects, and inconsistent effects, which are essential for 
demonstrating experimental control [38]. The celeration 
line analysis, level, trend, and slope analysis, and the 
two-standard deviation band analysis approach will be 
the visual analyses based on the graph [39]. C-statistics 
will be used to assess the significant effects of the treat-
ment. This analytical method requires at least eight data 
points. It is first applied to the baseline data. If no signifi-
cant trend is observed during this phase, the baseline and 
treatment data will be combined, and the C statistics will 
be recalculated to determine whether a statistically sig-
nificant change has occurred [47]. Treatment effective-
ness will be assessed by percentage of non-overlapping 
data (PND) and effect size. PND will be calculated by 
dividing the number of data points in the treatment phase 

that fall outside the baseline range by the total number of 
data points in the treatment phase. The quotient obtained 
from this division will be multiplied by 100 to represent 
one percent [38]. A PND above 90% indicates a very ef-
fective treatment. A percentage between 71% and 90% 
suggests an effective treatment. A percentage between 
50% and 70% suggests a questionable effective treat-
ment, while a percentage below 50% indicates an inef-
fective treatment [48, 49]. To calculate the effect size, 
Equation 1 will be used for treated targets: 

1. ES=(MA2– MA1)/SDpooled. 

Here, MA1 represents the mean of the consecutive eight 
data values in baseline immediately before the treatment 
phase, MA2 represents the mean of the treatment values, 
and SDpooled is a measure of the variability of the data 
across baseline and intervention conditions [4, 38, 50]. 
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Figure 1. Steps of the Study 
 
 
To determine the effectiveness of the DTTC treatment approach on speech skills in individuals with AOS, 
treatment targets were designed for each participant upon study entry. The target items for treatment in this 
study were ten words and short phrases, selected for each participant by interviewing the patient and family 
regarding words and phrases of personal relevance and interest. Each participant's target list also included 
10 untreated words and phrases, matched to the treated list as closely as possible based on their variables 
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Improvement will be defined as effect sizes greater than 
1.00, which means mean differences exceed the standard 
deviation [4, 26, 50]. Visual analysis, the C statistics, 
PND, and effect size will be reported for each partici-
pant.

Given that the scoring criteria in DTTC are subjective, 
it is essential to avoid potential issues arising from hu-
man observers, such as errors, bias, and drift. To address 
this, one-third of all sessions in all conditions for each 
participant involved in the single-subject study during 
the probe sessions will be re-scored by an independent 
speech and language pathologist, alongside the initial as-
sessor. The researchers  will visually analyze secondary 
data to identify any potential bias or drift. The second 
pathologist will be unaware (blinded) of the study phase 
and the list of words being tested [38]. The recorded 
sessions will be used for rescoring. In the end, a point-
to-point agreement will be calculated for each word or 
phrase and finally for each probe session [2]. An agree-
ment value of 80% or better will be acceptable. To avoid 
chance agreement, occurrence, and non-occurrence 
agreements will be also calculated [39].

During the intervention implementation, treatment fi-
delity for all participants will be measured by randomly 
selecting at least 25% (6 sessions) of videos recorded 
during treatment sessions [11]. These videos will be 
viewed by an independent analyst evaluating the fidelity 
measurement using the checklist in Appendix 2. The an-
alyst will then score fidelity based on this checklist [25]. 

Ethical considerations will be followed throughout the 
study. The information obtained during the study, indi-
vidual characteristics, and evaluation results will be pre-
served. All participants will sign the consent form them-
selves or with their legal guardians and will be able to 

withdraw from or leave the study at any stage without 
feeling obligated to continue. The evaluations and inter-
ventions do not harm the participants, and they are  will 
not be charged  for them. 

In this study, assuming all conditions will be met, it will 
be expected to take 2 months to translate the DTTC treat-
ment protocol, 4 months to sample and implement the 
treatment intervention, 3 months for data analysis, and 4 
months to publish the research results.

Results

The characteristics of the participants and results from 
the pretreatment assessments will be shown in tables, 
such as Tables 1 and 2.

A visual analysis will be conducted based on the par-
ticipants’ graphs. Figure 2 shows a true multiple-baseline 
design across participants, based on their tier assign-
ments. In these Figures, blue markers  will represent  the 
accuracy for treated targets, while red markers will indi-
cate the accuracy of the untreated targets. The horizon-
tal axis for all participants will be labeled as follows: B: 
Baseline-phase probes; T: Treatment-phase probes; and 
F: Follow-up-phase probes. Each probe session will be 
numbered on the horizontal axis. The vertical axis will 
display the percentage of target accuracy for all partici-
pants. 

Tables 3 and 4 will present the results of calculating ef-
fect sizes in treated targets and C statistics, respectively. 
The results of the PND will be reported in the text.

Table 1. Participant descriptive characteristics  
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Table 2. Pretreatment assessment results

Assessments P1 P2 P3

The non-verbal intel-
ligence test

IQ

Grade

FDA-2

MASTp
Expressive index (50)

Receptive index (50)

P-DAB-1

AQ

Aphasia severity

Score of auditory com-
prehension subtests (20)

The verbal apraxia test
Score

Severity

Abbreviations: IQ: Intelligence quotient; FDA-2: Frenchay dysarthria assessment 2; MASTp: Persian Mississippi aphasia 
screening test; P-DAB-1: Persian diagnostic aphasia battery.

Table 3. Effect sizes for treated targets in treatment and follow-up phases

Participant MB MT MF

Effect Sizes

ES (T&B) ES (F&B)

P1

P2

P3

Abbreviations: MB: Mean of the consecutive eight data values at baseline immediately before the treatment phase; MT: Mean 
of the intervention value; MF: Mean of the follow-up value; ES (T&B): Effect size for treatment acquisition; ES (F&B): Effect size 
for treatment retention.

Table 4. C statistics analysis for the treated targets 

P1 P2 P3

Baseline

z

p

Baseline and treatment

z

p
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Discussion

This study will be conducted to determine the efficacy 
of the DTTC approach in improving the symptoms of 
acquired AOS in Persian-speaking patients. No treat-
ment protocol has been developed for Persian-speaking 
patients with AOS to date, and this study is the first of 
its kind in Iran. Also, the researcher’s investigations 
showed that no study has been conducted on the effi-
cacy of DTTC on speech skills among people with AOS. 

Studies show that the most common treatments in AOS 
are articulatory-kinematic approaches, and their effec-
tiveness has been demonstrated in various studies [8, 9]. 
We hypothesize that in the treatment of people with mod-
erate to severe and severe AOS, DTTC leads to signifi-
cant learning and acquisition of speech skills to produce 
treatment targets, as well as to retention and generaliza-
tion of treatment results in functional communication for 
patients. If this hypothesis  can be demonstrated, we will 
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compare the efficacy of the DTTC protocol and current 
treatments for AOS in future studies.

Despite the merits of this study in designing the first 
treatment approach for Persian-speaking patients with 
AOS, it has some limitations. One of the main limita-
tions of this study is the strict inclusion criteria, which  
will probably lead to a small number of participants. We 
have to use the verbal apraxia test to determine the se-
verity of AOS, and one of its sub-tests involves reading 
different items. Therefore, illiterate patients and those 
with insufficient reading skills will be excluded from 
this study. Also, due to the long-term study, there will be 
a high risk of participant attrition.
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Appendices

Appendix 1. Complete dynamic temporal and tactile cueing hierarchy illustrating when and how to move up or down the hi-
erarchy (derived from Strand, 2020 [25])

١٣ 
 

 
 
 
 
 

  
  

Appendix 2. Fidelity Checklist for DTTC Treatment Session (Derived From Strand: 
Dynamic Temporal and Tactile Cueing (DTTC), 2020, Adapted to Purpose of Current 
Study) 
 
General Observations per Session (check those in which the condition was met) 
_______ Used 4–10 targetsa 
_______ Used a modified block organization of practiceb 
_______ Provided fading of feedbackc 
_______ Sitting facing participant; close to eye level 
_______ Reduced background noise; no distracting items near participant 
_______ Gave the participant reassurance and good instructions 
For Each Target (this would be repeated for each target practiced that session) 
Observed Not necessary  
_______  Reminded them that "we are working on moving better so 

that speech is easier" 
_______  Drew attention to the clinician's face when needed 
_______  Periodically reminded them to "feel" the configuration or 

movement 
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Appendix 2. Fidelity checklist for DTTC treatment session (derived from strand: DTTC, 2020, adapted to purpose of current 
study)

General Observations per Session (Check Those in Which the Condition Was Met)

_______ Used 4–10 targetsa

_______ Used a modified block organization of practiceb

_______ Provided fading of feedbackc

_______ Sitting facing participant; close to eye level

_______ Reduced background noise; no distracting items near participant

_______ Gave the participant reassurance and good instructions

For each target (this would be repeated for each target practiced that session)

Observed Not necessary

_______ Reminded them that “we are working on moving better so that speech is easier”

_______ Drew attention to the clinician’s face when needed

_______ Periodically reminded them to “feel” the configuration or movement

_______ _______ If not successful at the first or second try, went to simultaneous production

_______ _______ Used phonetic placement if necessary

_______ _______ Took out the voice and made the articulatory movement only if necessary

_______ Used tactile cues when appropriate (at least 80% of the time)

_______ Started slowly and gradually worked toward a normal rate

_______ Added cues appropriately at least 80% of the time

_______ Faded cues appropriately at least 80% of the time

_______ Moved from simultaneous to direct imitation if conditions were met

_______ Moved from direct imitation to delayed condition if conditions were met

_______ Moved from delayed condition to spontaneous production randomly if appropri-
ate

_______ Achieved appropriate number of practice trials over the session

aUsed a smaller set size (four to ten targets) with functionality, syllable shape, and vowel content and length appropriate to 
the severity AOS; bPracticed each target between 10 and 40 trials, with one or two targets receiving more trials than the other 
targets, and perhaps more than one block of practice per session; cFeedback was faded (in both specificity and frequency) dur-
ing practice within a block, as the participant became more accurate (score if this was observed at least 50% of the time when 
appropriate).
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