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ABSTRACT
Introduction Aphasia is a common language disorder 
acquired after stroke that reduces the quality of life 
of affected patients. The impairment is frequently 
accompanied by a deficit in cognitive functions. The state- 
of-the- art therapy is speech and language therapy but 
recent findings highlight positive effects of high- frequency 
therapy. Telerehabilitation has the potential to enable 
high- frequency therapy for patients at home. This study 
investigates the effects of high- frequency telerehabilitation 
speech and language therapy (teleSLT) on language 
functions in outpatients with aphasia compared with 
telerehabilitative cognitive training. We hypothesise that 
patients training with high- frequency teleSLT will show 
higher improvement in language functions and quality 
of life compared with patients with high- frequency tele- 
rehabilitative cognitive training (teleCT).
Methods and analysis This study is a randomised 
controlled, evaluator- blinded multicentre superiority trial 
comparing the outcomes following either high- frequency 
teleSLT or teleCT. A total of 100 outpatients with aphasia 
will be recruited and assigned in a 1:1 ratio stratified 
by trial site and severity of impairment to one of two 
parallel groups. Both groups will train over a period of 4 
weeks for 2 hours per day. Patients in the experimental 
condition will devote 80% of their training time to teleSLT 
and the remaining 20% (24 min/day) to teleCT, vice 
versa for patients in the control condition. The primary 
outcome measure is the understandability of verbal 
communication on the Amsterdam Nijmegen Everyday 
Language Test and secondary outcome measures are 
intelligibility of the verbal communication, impairment of 
receptive and expressive language functions, confrontation 
naming. Other outcomes measures are quality of life and 
acceptance (usability and subjective experience) of the 
teleSLT system.
Ethics and dissemination This study is approved by the 
Ethics Committee Bern (ID 2016-01577). Results will be 
submitted to a peer- reviewed journal.
Trial registration number NCT03228264.

INTRODUCTION
According to the global health estimates by 
the WHO, stroke is a leading cause of disability 
and death worldwide.1 Approximately one- 
third of stroke patients develop aphasia.2 
Aphasia is an acquired language disorder 
and affects speaking, verbal comprehension, 
reading and writing.3 Although spontaneous 
recovery is possible, 19% of patients who had 
stroke still suffer from severe chronic aphasia 
1 year post stroke.4 There is evidence that 
aphasia has the highest negative impact on 
health- related quality of life compared with 
non- infectious as well as infectious disorders.5 
In particular, the language impairments 
of aphasia result in major negative conse-
quences for participation in social life.

Speech and language therapy (SLT) is the 
gold standard in aphasia treatment and is 
recommended by the current clinical guide-
lines in stroke management.6 The aim of SLT 
is to maximise the patients’ communication 
abilities and participation. There is evidence 
that SLT improves functional communication 
as well as receptive and expressive language,3 

Strengths and limitations of this study

 ► The multicentric nature of the study increases the 
generalisability of results.

 ► Recruitment in multicentric sites promotes easier 
access to larger sample size.

 ► Evaluators measuring outcomes are blinded to the 
allocation.

 ► Lack of compliance to the training time over a 4- 
week duration might result in bias.

 ► Person- centric outcomes (quality of life, speech im-
provements) may limit generalisation.
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including patients with chronic aphasia.7 8 Intensive SLT 
enhances their verbal communication abilities.9 Dosage is 
a key factor for successful aphasia therapy, but it remains 
unclear whether dose frequency (eg, training time per 
day) or intervention duration (eg, number of weeks) is 
more crucial.6

From a practical point of view, providing high- dose 
frequency SLT to patients depends on the availability of 
qualified speech and language therapists and reimburse-
ment by insurance companies. One way to lessen the reli-
ance on face- to- face SLT services and to provide intensive 
SLT for patients with aphasia is the use of telemedicine 
technology. Telemedicine by using tablet computers 
offers the possibility for patients to exercise at a high 
frequency independently at home, while being remotely 
monitored by therapists. There is evidence that additional 
tablet- based training to SLT improves language functions 
and thus decreases impairment severity.10 Telerehabil-
itation speech and language therapy (teleSLT) was also 
demonstrated to be effective in patients who had chronic 
stroke.11 Although tablet- based aphasia treatment has 
been reported in a number of studies,10 12–14 there is little 
detail as to how the efficacy of the exercises was optimised 
for study participants. Assignment of exercises adapted 
to patient needs is time consuming and requires evalua-
tion of performance and adaptation of exercise levels by 
speech and language therapists. Furthermore, there are 
lack of studies investigating the effect of teleSLT over a 
prolonged time. Therefore, there is a high need of new 
validated telerehabilitation applications including facil-
itated exercise assignment methods to deliver efficient 
SLT to persons with aphasia.

Additionally, aphasia following a stroke can be accom-
panied by deficits in cognitive abilities such as attention,15 
speed of processing, working memory and other execu-
tive functions.16 It has been shown that these cognitive 
deficits impact recovery and rehabilitation of aphasia.17–19 
These cognitive abilities are also known to be involved in 
sentence comprehension and speech production.20–22 
Sentences with ambiguous syntactic structure can be 
interpreted in more than one way. Previous research has 
shown that the ability of patients with aphasia to rein-
terpret ambiguous sentences was proportional to their 
executive functions (eg, processing speed).23 It has also 
been shown that comprehension of syntactically ambig-
uous material is related to demanding working memory.24 
Recent studies suggest that working memory, processing 
speed and other executive skills can be enhanced with 
cognitive training (CT).25 26

The authors thus suggest that SLT should be accom-
panied with CT. It remains, however, unclear what 
percentage of the training time should be devoted to 
SLT and CT, respectively. For the current study, we will 
use two combinations of teleSLT and telerehabilitation 
cognitive training (teleCT), where one combination will 
have a higher percentage of time devoted to teleSLT and 
the other a higher percentage devoted to teleCT. The 
latter will serve as the control group to examine the effect 

of teleSLT. The teleSLT application which started as a 
master thesis27 was evaluated for usability by 15 healthy 
controls, 5 patients with aphasia, and 5 speech therapists. 
Results from the usability study28 (patient’s subjective 
experience, enjoyment and stress experienced) showed 
excellent usability, high acceptability and motivation for 
training independently by 15 patients. The usability of the 
teleCT used in this study has already been demonstrated 
for participants of different age groups.29 30 The two 
games used in the teleCT application address processing 
speed, visual attention and executive compounds such as 
inhibition and planning.29 30

Therefore, the purpose of this study is to investigate the 
effects of prolonged high- frequency teleSLT on language 
functions in patients who had chronic stroke with diag-
nosed aphasia. In the experimental condition, patients 
will devote more time to teleSLT compared with a control 
task (teleCT). We hypothesise that patients training with 
high- dose teleSLT (and low- dose teleCT) show higher 
improvements in the outcome of language functions, and 
thus the quality of life, compared with patients with high- 
dose teleCT (and low- dose teleSLT) as measured by stan-
dard language tests.

METHODS
Trial design and study setting
This study is designed as a randomised controlled, 
evaluator- blinded multicentre superiority trial comparing 
the outcomes following either high- dose frequent teleSLT 
or teleCT and has been developed following the Standard 
Protocol Items: Recommendations for Interventional 
Trials (SPIRIT) guidelines as explained in the SPIRIT 
guidelines.31 The study is conducted at the University 
Hospital Bern (Inselpital) and the Central Hospital 
Lucerne in Switzerland.

Enrolled patients are randomly assigned to the exper-
imental or control group. In both cases, patients will 
exercise on a tablet- computer for 4 weeks (7 days per 
week), 2 hours a day independently at home by using the 
teleSLT and teleCT application (figure 1). The selection 
of training frequency and duration was based on litera-
ture that reports intensive therapy over a short period of 
time has better outcome.6 9 32 The training frequency and 
duration was set, based on the clinical experience of the 
local speech and language therapists who were involved 
in the usability study27 28 guaranteeing its feasibility for 
the participants. The usability study27 28 provided a rough 
estimate of teleSLT usage if the patients could decide for 
themselves. The intervention duration of 4 weeks was 
selected from patient feedback collected during face- to- 
face SLT sessions with an aim to reduce dropout rates. The 
intervention period differs in the time devoted to teleSLT 
and teleCT. The distribution of training time (80% vs 
20%) is based on a Cochrane Review3 to reflect the high- 
intensity SLT (4–15 hours/week) and low- intensity SLT 
(1.5–5 hours/week) interventions. Patients in the exper-
imental condition will devote 80% of their self- paced 
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training time to teleSLT (96 min/day=11.2 hours/week) 
and the remaining 20% (24 min/day=2.8 hours/week) 
to teleCT, vice versa for patients in the control condi-
tion (24 min/day teleSLT +96 min/day teleCT). In case 
of teleSLT intervention, the exercises get updated weekly 
during the intervention using a computerised adaptive 
testing algorithm. Outcome measures which will include 
severity and effectiveness of teleSLT and teleCT on 
language functions are assessed at different time points 
(before and after intervention, follow- up 6 weeks) .

Patient and public involvement
The public was not directly involved in the development 
of the research question or design of this study. Subjec-
tive experiences of the participants will be collected at the 
end of the intervention allowing them to express their 
opinion and experience.

Recruitment and participants
Speech and language therapists at both study sites will 
recruit patients and evaluate their eligibility (table 1). 
The study population will consist of native German 
speakers aged 18 years or older who have been diagnosed 
with aphasia. Study participants will be at least 1 year post 
onset of their stroke. Furthermore, eligible patients need 
to retrieve at least 10% but not more than 80% of words 
on the Boston Naming Test33 and patients must have the 

ability (sufficient vision and cognition) to work using 
tablet- computer applications. Patients with any other 
premorbid speech and language disorder caused by a 
deficit other than stroke and not German speaking will 
be excluded. All patients receive an information sheet 
and a consent form (online supplemental appendix A). 
The local speech and language therapists will guide the 
patients through the information and consent sheet, 
to ensure that they can make an informed decision on 
participation in the study.

The required sample size to reject the null hypothesis 
that word finding ability is significantly higher in the 
experimental than in the control group is 78 patients. 
For this calculation, a t- test with a 5% one- sided signif-
icance level, a power of 80% and an estimated effect 
size of 0.57 were chosen. The estimation of effect size is 
based on a previous pilot study as the applied telerehabil-
itative system consisted of similar training modalities to 
the system used in the current study.34 To ensure that at 
least 78 patients participate in the study with an assumed 
dropout rate of 20%, we chose a total sample size of 100 
subjects.

Allocation
Blinding of participants in psychological interventions 
is practically impossible35 and therefore, this study uses 
an evaluator- blinded design. Allocation is performed by 
an independent data manager who is not involved in the 
evaluation and assessment of patients by using Research 
Electronic Data Capture which is a certified clinical and 
translational research database.36 Allocation is 1:1 strati-
fied by study site (University Hospital Bern and Central 
Hospital Lucerne, Switzerland) and by severity of word 
retrieval deficit at baseline by the Boston Naming Test 
(severe=10%–33%, and mild=58%–80%). After alloca-
tion, the intervention group is revealed via the web inter-
face of the clinical and translational research database 

Figure 1 Standard Protocol Items: Recommendations 
for Interventional Trials—schedule of enrolment, allocation, 
intervention and outcome measures. ANELT, Amsterdam 
Nijmegen Everyday Language Test; BNT, Boston Naming 
Test; CG, Control Group; EG, Experimental Group; IMI, 
Intrinsic Motivation Inventory; SAPS, Sprachsystematisches 
APhasie Screening; SAQOL, Stroke and Aphasia quality 
of life; SLT, Speech and Language Therapy; SUS, System 
Usability Scale.

Table 1 Overview of eligibility criteria

Inclusion criteria Exclusion criteria

Aged equal to or greater than 18. Any other premorbid 
speech and language 
disorder caused by a 
deficit other than stroke.

At least 1 year post onset of stroke. Requirement for 
treatment in language 
other than German.

Diagnosis of aphasia due to stroke.   

Ability to retrieve 10%–80% of words 
on the Boston Naming Test.

  

Completed therapy for 2 months.   

Sufficient vision and cognitive 
ability to work with the used 
tablet- computer applications (for 
assessment, sample exercises during 
the instruction of patients are used).
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exclusively to study personnel who are not collecting or 
evaluating outcome measures.

Outcome measures
All primary and secondary outcomes are measured at 
the beginning, at the end (post- test), and 6 weeks after 
the intervention (follow- up). The primary outcome is 
the understandability of verbal communication which 
is assessed with the A- scale of the Amsterdam Nijmegen 
Everyday Language Test (ANELT).37 During the test, an 
investigator presents 10 different everyday life situations 
and asks patients what they would say in this moment. 
The answer is judged with respect to the understand-
ability (A- scale) and intelligibility (B- scale) of the verbal 
communication. The ANELT was already used in previous 
studies.3 38 It has been validated for use in a population 
with language impairments and has been shown to have 
good test parallel reliability and internal consistency for 
both versions (parallel versions ANELT I and ANELT 
II).39 ANELT I is used as pretest as well as follow- up, 
whereas ANELT II is used as post- test.

The secondary outcomes consist of intelligibility of 
the verbal communication, impairment of receptive and 
expressive language functions, comprehension of verbal 
commands of increasing complexity, and word retrieval in 
confrontation naming. Intelligibility of the verbal commu-
nication is measured with the B- scale of the ANELT (eg, by 
judging the utterance independent of the meaning). The 
impairment of receptive and expressive abilities assessed 
by using the ‘Sprachsystematisches Aphasie Screening’ 
comprises comprehension and production abilities in 
different domains (eg, morphology and syntax) and diffi-
culty levels (eg, naming of pictures visualising high/low 
frequency words). Since a range of domains is assessed, 
this measure allows evaluation of disorder specific treat-
ments. Reliability of both scales (receptive and expressive 
abilities) had estimates close to 1.39

In addition to previous measures, the Token Test40 and 
a 30- item version of the Boston Naming Test are used to 
detect comprehension of verbal commands of increasing 
complexity41 and to assess the word retrieval in confron-
tation naming,33 respectively. The Boston Naming Test 
is the most frequently used test for assessment of visual 
naming ability and its psychometric properties were 
demonstrated in several ways (ie, reliability coefficients, 
congruent validity).42 Similarly, the Token Test yields 
a good test–retest reliability43 and has been validated 
for use in patients with aphasia in which a relationship 
between the test performance and the level of severity of 
aphasia was demonstrated.44

Other outcomes which are assessed 6 weeks after 
the intervention comprise of perceived quality of life 
(ie, Stroke and Aphasia Quality Of Life,44 as well as 
usability and subject experience of the intervention (ie, 
System Usability Scale45 and the Intrinsic Motivation 
Inventory46).

Intervention
Both telerehabilitation applications will be preinstalled 
on a 12.9- inch iPad Pro tablet- computer (Apple, Cuper-
tino, California, USA). An investigator will familiarise 
participants with the applications and instruct them not 
to use other sources of rehabilitation (eg, applications 
installed on a private computer) for the duration of the 
study.

teleSLT
The teleSLT application (Bern Aphasia App) is designed 
as an add- on to standard speech and language therapy 
running on a tablet computer developed by the University 
of Bern.27 28 By providing a set of interfaces, patients can 
train independently at home while therapists can assign 
exercises, track the performance and implement patient 
specific new exercises remotely. In a usability study, it 
was shown that the app is well accepted by patients and 
therapists.28

Patients are provided with an overview of exercise collec-
tions assigned by a speech and language therapist. Collec-
tions are intended to train a specific language impairment 
(eg, semantically categorising items). Patients are free to 
select specific collections from among the assigned ones. 
As soon as the limit of the training time is reached, access 
to assigned collections is prohibited until the next day.

Once patients start to solve exercises, therapists are 
provided with information regarding the performance 
of the patient. Analysing the performance remotely, 
therapists can adapt the training by either increasing or 
lowering the difficulty level of collections or replacing 
assigned collections with new ones of the same difficulty 
level. However, during the current study, difficulty levels 
of collections have been adjusted using a criterion- based 
computerised adaptive testing algorithm.

Exercises
The application in total provides ten different exercise 
types with more than 30 000 validated exercises (table 2), 
which allow for the adaptation of the exercises to the 
patient’s needs (ie, varying the difficulty of the exer-
cise). The exercise types cover all levels of language 
organisation, that is, phonology, grammar (consisting of 
morphology and syntax) and semantics.28

Exercises consist of fixed (eg, written language, place-
holders), supportive (eg, videos, audio tracks, images) 
and response elements (eg, unarranged letters), except 
exercises of the type word repetition which exclu-
sively provide videos as fixed elements. Unmovable and 
required elements to solve the exercise are referred to as 
fixed elements.

A help button provides part of the solution to solve 
the exercise. Besides that, supportive components such 
as videos, audio tracks or images yield further facili-
tation of exercises by providing information through 
different sensory modalities (eg, an image of a pullover). 
Movable or clickable elements which operationalise a 
patient’s response and/or the feedback that follows after 
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a response are referred to as response elements. To illus-
trate the components, an exercise of the type Anagram is 
shown in figure 2, where the goal is to arrange letters to 
create a meaningful word.

In order to improve language functions effectively, exer-
cises should be adapted to the needs of each patient. There-
fore, the scaling of difficulty and classification of exercises 
is crucial. To classify the exercises, linguistic (eg, semantic 
similarity between target and distractors) or non- linguistic 
measures (eg, number of distractors) were considered 
(table 2).

Computerised adaptive testing algorithm for exercise adjustment
The algorithm, as shown in figure 3, adapts the diffi-
culty level of exercises by analysing whether the present 
performance exceeds a predefined threshold or not 
(see online supplemental appendix B for a detailed 
description).

In a first step to calculate the performance, data of a 
single collection are used as input. Afterwards, the algo-
rithm decides whether the collection contains exercises 
of a specific type that allows for analysis of the perfor-
mance (eg, word repetition exercises have no valid 
classification of the response as being correct or false). 
Data are analysed using the sequential probability ratio 
test47 and binomial CIs. Criterion- based comparisons 
indicate the difficulty level of exercises in relation to 
the patient’s performance and adapt the difficulty level 
accordingly.

teleCT
Custom- made versions of two casual puzzle video games 
are used as teleCT: Flow Free (Big Duck Games LLC), 
a remake of the Numberlink puzzle (Nikoli Co.), and 
Bejeweled (PopCap Games).48

Table 2 Description of exercise types adapted from Gerber et al28

Exercise type Level Description
Additional 
media Metadata

Single picture- 
word matching

Phonology Selecting the correct word from 
phonematically resp. semantically 
related distractors

Audio, video Part of speech (eg, noun) of correct 
word, level of distractor (eg, 
phonological), number of distractors

Semantic

Single word- 
picture matching

Phonology Selecting the correct picture from 
phonematically resp. semantically 
related distractors

Audio, video Part of speech of presented word, level 
of distractor, number of distractorsSemantic

Multiple Matching Semantic Match all objects (word- picture, 
picture- picture, word- word)

– Type of match (eg, synonyms)

Word completion Phonology Selecting the correct letter(s) (from 
distractors) and inserting them 
into the correct position(s)

Audio, image, 
video

Number of syllables, part of speech, 
number of elements to be inserted, 
sound (eg, consonant) of correct 
letter(s), number of distractors, sound 
of distractors

Sentence 
completion

Grammar Selecting the correct word(s) (from 
grammatically resp. semantically 
related distractors) and inserting 
them into the correct position(s)

Audio, image, 
video

Level of distractor (eg, semantical), 
syntax, number of elements to be 
inserted, part of speech of correct 
word(s), number of distractors, 
frequency, inflection

Semantic

Anagram Phonology Bringing the letters into the 
correct order

Audio, image, 
video

Number of syllables, part of speech 
(eg, noun), inflection (eg, past tense)

Sentence ordering Grammar Bringing the words into the 
correct order

Audio, image, 
video

Number of words, syntax, REST part of 
speech, inflection,

Word repetition Phonology Repeating the audio- visually 
recorded spoken word by a 
speech and language therapist

  Variety (eg, dialect), first ordering 
principle (eg, number of syllables), 
secondary ordering principle (eg, initial 
sound)

Copy and recall Phonology Copying and recalling presented 
words by typing or writing

  Frequency (eg, high)

Semantic

Lexical

Comprehension Auditory Selecting the correct answer to 
a question about the auditory, 
audio- visual, text- based resp. 
image- based information

Difficulty (eg, easy), text type (eg, 
narrative)Audio- visual

Reading

Visual
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Flow free
The objective of flow free is to connect same- coloured 
dots by drawing ‘pipes’ via tap and drag movements in 
order to create a ‘flow’ in a squared grid (figure 4). A 
puzzle is solved when the entire grid is covered with non- 
overlapping flows. Task difficulty is adjusted by grid- size 
and number of dots.29 49 50 Both puzzles will be played 
each day with the same duration.

Match three
The objective of match three is to swap one gem with one 
of the cardinally neighboured gems resulting in three or 
more, vertically or horizontally adjacent, identical gems. 
Matched gems get repeatedly replaced by new ones until 
no more matches are possible (figure 5). Task difficulty is 
adjusted by grid- size, number of gems and possible match 
patterns.30

Data collection and management
The ARTORG Center for Biomedical Engineering 
Research in Bern, which has extensive experience in 
handling processes for data entry, provides the data 
management. State- of- the art processes promote data 
integrity (eg, double data entry, range checks). The 
ARTORG Center will use one of its web- based electronic 
data capturing systems (REDCap) to set up the clinical 
study database.

Data analysis
The planned analysis will include all outcome measures 
collected throughout the study using linear mixed- effect 
models including transformation of data if normality 
assumptions are violated. All variables concerning one 
outcome will be examined simultaneously in one model. 
This approach considers the longitudinal nature of the 
data, numeric variables and the multilevel structure with 
two superior levels. To analyse the primary objective 
(eg, whether patients in the experimental group have 
increased their understandability of verbal communica-
tion more than patients in the control group at the end 
of the intervention), a linear mixed- effect model with 
‘group’ as between- subject factor (eg, experimental and 
control group) and ‘time point’ as within- subject factor 
(eg, pretest, post- test and follow- up) with an appropriate 
post- hoc test will be applied. The same analysis will be 
used for secondary outcome variables. Significant effects 
will be further analysed by direct comparisons between 
different groups or different time points using means 
of post- hoc tests (eg, Holm- Bonferroni correction). 
Although missing data are expected to be rare, multiple 
imputation assuming random missing would be used.

Monitoring
A data monitoring committee is not needed because 
known risks are minor for both interventions.51 In case 
of adverse events (eg, stroke- related events) due to which 
participants are withdrawn from the study, the time of 
onset, duration to resolve, counter measures, as well 
as the severity of the event and its relation to the study 
intervention will be recorded and documented. Affected 
patients will receive paid medical care.

Figure 2 Exercise of the type anagram. (A) Screen 
appearing when exercise was selected. (B) Solving the 
exercise using drag and drop on touchscreen. (C) Feedback 
after incorrect response. (D) Feedback after correct response.

Figure 3 Steps of the computerised adaptive testing 
algorithm used to adapt task difficulty.

Figure 4 Procedure of the flow free puzzle game.

Figure 5 Procedure of the match three puzzle game.
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ETHICS AND DISSEMINATION
Ethics
The study will be compliant to the protocol approved by 
the Ethics Committee Bern (ID 2016-01577, Version 5.0, 
11 July 2018) and Ethics Committee Northwest/Central 
Switzerland. It is also registered in  ClinicalTrials. gov 
(NCT03228264). The study will be carried out in accor-
dance to the protocol and follow the current version of 
the Declaration of Helsinki, the guidelines of Good Clin-
ical Practice. When protocol amendments are needed 
(eg, to include another participating centre), ethical 
approval will be obtained first. After having obtained this 
approval, relevant adaptations will be made in the rele-
vant clinical trial registry databases.

Dissemination
The study protocol was presented to clinicians and at 
national conferences. After completing recruitment, 
according to the inclusion and exclusion criteria, statis-
tical analyses are planned. Obtained results will be 
submitted to peer- reviewed journals and will be presented 
at national as well as international scientific congresses. 
The list and order of authors will be established according 
to the International Committee of Medical Journal 
Editors.
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Appendix B 

 

A patient’s performance on a single collection is measured as the percentage of correct responses 
and a response is evaluated as correct if no errors were made as well as no help button was used. 

 

In a next step, the guessing probability is calculated by considering permutation when appropriate. 

If the guessing probability does not exceed a predefined threshold (0.2) data will be analysed based 

on the sequential probability ratio test (SPRT),47 otherwise by using confidence intervals and 

predefined thresholds (0.7 and 0.8). The outcome of these analyses indicates how the difficulty 

level should be adjusted and the algorithm assigns a new collection consisting of exercises with 

one more distractor if the difficulty level is to be increased, for example. 

 

It is crucial to note, according to the SPRT that the lower the guessing probability is, the fewer 

correct responses yield a significant difference (e.g. the easiest is a raise of difficulty level). To 

ensure a moderate increase of difficulty level, a threshold of 0.2 was set as minimal guessing 

probability.  

 

In a following step the type of binomial distribution which fits the data best is analysed, e.g. two 

models are postulated and compared to each other (Figure 6). The first model (h0), constituting the 

null hypothesis, describes a binomial distribution with the guessing probability set as the 

probability parameter p1 of the distribution. The second model (h1) defines the alternative 

hypothesis by postulating a binomial distribution with a probability of 0.9 which is regarded as a 

sufficient performance to raise exercises’ difficulty level.  
 

To decide how to adjust the difficulty, the logarithmic ratio of the model constituting the alternative 

hypothesis to the other model is compared with criteria which are based on the chosen alpha and 

beta level. A logarithmic ratio of greater than 0 indicates that the model realising the alternative 

hypothesis fits the data better than the model with guessing probability. 

 

To evaluate whether a difference of fit is significant or not, alpha and beta were set to the stringent 

.001 level. This level of significance was used to ensure that the decision to stay at the current 

difficulty level was somewhat probable. This becomes plausible, if we take into consideration the 

inverse proportionality between significance level and the probability staying at the current 

difficulty level which is valid for the implemented SPRT. If a binomial model with a probability 

of 0.9 fits the data significantly better than the model with guessing probability than the difficulty 

of the next collection gets raised and if it fits the data significantly worse than the difficulty gets 

lowered. In order to take the stringent evaluation of responses into account (a response is correct if 

no errors were made and the help button was not used), a non-significant finding can heighten 

difficulty if the value of the logarithmic ratio is greater than 0. 
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If the SPRT is not appropriate, data are analysed with confidence intervals and thresholds. Rather 

than taking the recent performance (e.g. the mean performance of the last 25 exercises), all data 

collected within a timeframe are considered in order to minimise error variance. Therefore, a 95% 

confidence interval around the mean performance is calculated in order to detect significant 

differences from predefined thresholds. If the difference is significant, the difficulty level gets 

adjusted (raised or lowered) and otherwise an equally difficult collection is assigned. Rather than 

a descriptive approach, this inferential statistical analysis was implemented to fix the alpha error 

rate. Otherwise, it would remain unclear how probable an erroneously increased difficulty level is 

which in turn impairs rehabilitation progress. To increase the difficulty of exercises, the lower 

bound of the confidence interval must be greater than 0.8. Whereas if the upper bound of the 

confidence interval is smaller than 0.7 than difficulty gets reduced. 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-037702:e037702. 10 2020;BMJ Open, et al. Uslu AS


	Investigating a new tablet-based telerehabilitation app in patients with aphasia: a randomised, controlled, evaluator-blinded, multicentre trial protocol
	Abstract
	Introduction
	Methods
	Trial design and study setting
	Patient and public involvement
	Recruitment and participants
	Allocation
	Outcome measures
	Intervention
	teleSLT
	Exercises
	Computerised adaptive testing algorithm for exercise adjustment

	teleCT
	Flow free
	Match three


	Data collection and management
	Data analysis
	Monitoring

	Ethics and dissemination
	Ethics
	Dissemination

	References


