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ABSTRACT

Background. People with aphasia (PWA) frequently experience difficulties in understanding
longer written content such as paragraphs or books. Reading strategies are a promising
approach to treat text level reading comprehension deficits in PWA. Nevertheless, empirical

evidence for their efficacy remains rare.

Aims. The primary objective of this study was to analyse the efficacy of a strategy-based
intervention on text level reading comprehension in PWA. Secondary objectives were to
compare the effects of two strategy-based intervention components and to explore potential

moderator effects.

Methods & Procedures. A protocol was published prior to data acquisition. In a repeated
measures trial, 26 German participants with chronic, post-stroke aphasia participated in a
waiting period without aphasia treatment (control condition) followed by a strategy-based
intervention called “Strategiebasierte Textverstdndnis-Therapie bei Aphasie” (StraTexT, 14
face-to-face-sessions, twice per week, 60 minutes each). Two strategy combinations,
Intervention Micro targeting microstructure and Intervention Macro targeting macrostructure,
were applied to newspaper and magazine articles. Participants were randomly allocated to two
parallel groups that received these strategy combinations in interchanged sequences.
Assessments were implemented before and after each period as well as three and six months
after the intervention. The primary outcome measure was text level reading comprehension
measured with the total score of a German version of the Test de Compréhension de Textes
(TCT-D). Secondary outcome measures addressed the self-reported perception of reading
abilities, reading activities, and feelings about reading (German version of the Comprehensive
Assessment of Reading in Aphasia CARA reading questionnaire) as well as selected cognitive

functions.

Outcomes & Results. The per-protocol-analysis included data from 22 participants. We found
significant small improvements up to 6 months post-intervention compared to pre-intervention
in the TCT-D Total (d = 0.35 — 0.46) as well as medium to large improvements in the CARA
questionnaire (d = 0.68 — 0.96). Up to three months after the intervention, treatment-induced
improvements in the TCT-D Total were significantly larger than change without treatment
during the control condition. There was no evidence of moderator effects. Furthermore, we

found improvements in several cognitive functions.

Conclusions & Implications. Reading strategies can lead to long-term improvements in text
level reading comprehension and in self-reported reading abilities, feelings about reading, and

reading activities in aphasia. In regular clinical settings, it seems reasonable to implement both



Intervention Micro and Intervention Macro. It remains important to investigate participant

characteristics that contribute to treatment success.



WHAT THIS PAPER ADDS

What is already known on this subject. Systematic reviews and multiple case studies
suggest that reading strategies are a promising approach to treat text level reading
comprehension in aphasia. The efficacy of reading strategies has been demonstrated for
different populations. However, to date no group study has evaluated the efficacy of reading

strategies on text level reading comprehension in people with aphasia.

What this study adds. This study provides the first group-level evidence about the efficacy of
a systematic strategy-based intervention in 22 people with post-stroke chronic aphasia. During
14 treatment sessions, participants applied four reading strategies to newspaper and
magazine articles within two intervention components called Intervention Micro and
Intervention Macro (two strategies per intervention component). We found improvements in
text level reading comprehension for at least 3 months post-intervention, as well as effects on
selected cognitive functions and self-reported reading abilities, thoughts and feelings about

reading, and the ability to engage in reading activities.

Clinical implications of this study. The strategies and materials evaluated in this study could
be used in clinical practice with people with aphasia. In order to replicate treatment effects in
clinical practice, we suggest applying the strategy combination with the same protocol features
(e.g. frequency, duration, homework, product-orientation) as in this study, implementing
Intervention Micro and Intervention Macro sequentially in either order. As treatment response
was not equal in all individuals, it seems important to investigate individual features that

contribute to treatment success.



INTRODUCTION
Background and rationale
Text level reading comprehension

Reading literacy can be defined as “understanding, using and reflecting on written texts, in
order to achieve one’s goals, to develop one’s knowledge and potential and to participate in
society” (OECD, 2006, p. 46). This definition highlights the importance of reading in major

domains of life.

From a psycholinguistic perspective, reading involves initial visual processes that are
complemented with linguistic as well as highly generalized non-linguistic comprehension
processes (Perfetti, 1999). The interactive model of text comprehension by Verhoeven and
Perfetti (2008) outlines two major components: word identification and word-to-text integration.
The identification of individual words within a text is enhanced by precise knowledge on their
orthography, phonology, morphology, and meaning. Automatic word recognition allows
readers to shift and allocate cognitive resources to the meaning of a text. Word-to-text
integration entails the construction of text models and situation models by analysing syntactic
structures as well as integrating word meanings, information read up to that point, and prior
knowledge (Verhoeven & Perfetti, 2008).

According to Kintsch (2018), the outcome of text comprehension can be described in three
levels of mental representation: the surface level for exact wording, the textbase for the
semantic content expressed by a text, and the situation model which integrates textual

information with a reader’s background knowledge.

The surface level refers to the short-lived memory for exact wording and syntactic structures
(Kintsch, 2018).

The textbase is the representation of semantic content in a propositional, idea-level format.
Propositions — “linguistic units consisting of a relational term (or predicate) and one or more
arguments" (Kintsch, 2018, p. 180) — allow to work with semantic content regardless of specific
wording (Kintsch, 2018). Propositions in a text are linked to one another by shared relational
terms or arguments, which results in local coherence (Chesneau, 2012). Following the
Construction-Integration-Model (Kintsch, 2018), the textbase consists of microstructure and
macrostructure. Whereas microstructure contains the whole “network of propositions that
represent the meaning of a text” (Kintsch, 2018, p. 181), i.e. all detailed information of a text,
macrostructure describes more global propositions or the gist constructed by reducing
microstructure based on macrorules: Relevant propositions are selected and irrelevant ones

are deleted (selection), subordinate propositions are replaced by superordinate propositions



(generalisation), or sequences of propositions are replaced by general propositions
(construction) (Kintsch, 2018).

Finally, readers construct a mental situation model by continuously integrating the content
represented in the textbase, the context and individual pre-existing knowledge taking into
account cognitive schemata like scripts (e.g. processes) and frames (e.g. situations, objects,
institutions or character types). Thus, according to cognitive models, readers construct
meaning by integrating text contents and prior knowledge (Jesch, 2010). These individual
coherent situation models in the episodic memory are a form of inference and can be

considered the actual outcome of the reading process (Kintsch, 2018; Rosebrock & Nix, 2020).

Cognitive functions such as short- and long-term memory, inference making, and executive
functions including working memory, inhibition and attention are necessary to bridge gaps, to
generate or retrieve information not explicitly stated in the text, and to construct a coherent text
representation: In working memory, text information is maintained and processed, whereas
inhibition processes and attention allocation help a reader to focus on structurally central
information in a text, to inhibit irrelevant information, and to monitor comprehension. Inference
making allows a reader to connect text contents and background information (Kendeou et al.,
2014; Kintsch, 2018).

Apart from these complex interactions between linguistic and cognitive resources, text level
reading in everyday life is usually embedded in a sociocultural context and influenced by
individual factors such as motivation, reading goals, or specific reading activities (Rosebrock
& Nix, 2020; Snow, 2002).

Text level reading comprehension in aphasia

In PWA, receptive and productive language skills (e.g. phonology, lexicon, semantics) as well
as cognitive resources such as verbal working memory, episodic memory, monitoring,
cognitive flexibility, attention, and executive functions may be impaired (Chesneau & Ska,
2015; Meteyard et al., 2015; Purdy et al., 2018; Schumacher et al., 2019). Differences in
underlying impairments go along with heterogenous manifestations of reading difficulties
(Purdy et al., 2018). Deficits in lexical and syntactic information processing, local and global
inferencing skills, and macrostructural processes may affect the construction of the
propositional textbase, especially the microstructure, but also macrostructures and situation
models (Chesneau & Ska, 2015; Meteyard et al.,, 2015; Riedel, 2014). PWA may thus
experience text comprehension difficulties including a reduced reading speed even though
these difficulties may not be detected in general aphasia tests that often focus on more basic
linguistic levels (Chesneau, 2012; Chesneau & Ska, 2015).



Webster et al. (2021) collected data on the subjective perception of reading abilities in 81
participants with varied types, post-onset times, and severity of aphasia. More than 70% of
their participants reported problems in reading and understanding longer units such as
paragraphs or books. Only less than 20% considered reading to be easy and experienced no
problems in reading-related cognitive functions such as concentrating when reading and

remembering what was read (Webster et al., 2021).

In line with these impairments, everyday life reading activities such as reading schedules,
instructions on food or on laundry, formal letters, or books may become more difficult, which
affects domestic, work, social, and leisure roles (Parr, 1995; Webster et al., 2021). Considering
that reading remains important for the majority of PWA (Webster et al., 2021), it is concerning
that many stroke patients reported that their needs with regard to their reading difficulties are

not or only partially met (McKevitt et al., 2011).
Treatment of text level reading comprehension and the use of reading strategies in aphasia

Current evidence on the efficacy of different types of text level reading comprehension
interventions for PWA does not allow general conclusions (Purdy et al., 2018): In their
systematic reviews, Purdy et al. (2018) and Watter et al. (2016) call for further research and

more rigorous study designs.

Purdy et al. (2018) distinguish oral, strategy-based, cognitive, and hierarchical reading
treatments. A brief overview of these treatment approaches is provided in Thumbeck et al.
(2021). Cognitive and strategy-based interventions have been explored in a few (multiple) case
studies, while oral and hierarchical reading treatments have been investigated in randomized
controlled trials (RCTs) (Purdy et al., 2018; Watter et al., 2016).

The present study evaluated the efficacy of a systematic strategy-based treatment called
“Strategiebasierte Textverstdndnis-Therapie bei Aphasie” (StraTexT). Reading strategies are
specific, target-oriented techniques applied either consciously and flexibly or automatically.
They facilitate reading comprehension including linguistic and cognitive processes such as the
maintenance of text contents or the construction of the textbase and the situation model (Artelt
et al., 2005; Jesch, 2010; Watter et al., 2016). Watter et al. (2016) distinguish visual strategies
(e.g. underlining, highlighting), content strategies (e.g. identification of key words,
summarisation, preview of headings), and (meta)cognitive strategies (e.g. re-reading, recall,

self monitoring).

We focussed on reading strategies because we think that they have several advantages. In
fact, the first results of case studies with PWA are promising (Purdy et al., 2018; Watter et al.,
2016). Reading strategies have been related to both linguistic and cognitive processes (Lynch

et al., 2013), they might be cost-effective due to a relatively low dosage (Watter et al., 2016),



they can be adopted flexibly across languages, and they are not confined to specific texts, text
types, or language-specific software. The ability of PWA to apply reading strategies in authentic

reading situations was demonstrated by Lynch et al. (2013).

Even though current evidence suggests that reading strategies may be effective, cost-efficient,
generalisable, and acceptable to PWA, in their systematic review Purdy et al. (2018) identified
only four case studies that evaluated strategy-based treatments including a total of six PWA.
Reading comprehension improved in four of the participants (Purdy et al., 2018). In addition,
Rogalski & Edmonds (2008) and Rogalski et al. (2013) applied Attentive Reading and
Constrained Summarization (ARCS) containing the strategy of summarisation. Two out of their
three participants improved in text-related measures. None of the strategy-based treatments
was explored in larger group studies with PWA yet. The type of strategies most frequently used
were content strategies (identifying / writing down key words and key messages, summarizing
paragraphs and chapters, creating mind-maps and using advance organisers), followed by
some visual strategies (highlighting key words, using cards to block lines above and below
focused lines), and the cognitive strategy of (re-)reading sections aloud and silently (Thumbeck
et al., 2021). Further strategies, such as discussions, foreshadowing, or answering given
questions, are only accessible with the help of a second person or text specific material, which
may not be available to all PWA in autonomous everyday reading situations. Note that the
previously explored strategies focus mainly on the macrostructure, on the situation model as
well as on the integration of background knowledge and (meta)cognitive abilities, whereas

barely any strategies targeted the microstructure.
Reading strategies in other populations

Extensive evidence, including meta-analyses, supports the impact of reading strategies on
reading comprehension for various populations, such as readers with regular reading abilities,
developmental reading difficulties or learning disabilities, and readers in a second language
context (e.g. Lenhard et al., 2013; A. Mayer & Marks, 2019; Souvignier & Antoniou, 2007; Yapp
et al., 2021). Overall, it has been shown that strategy combinations are more effective than the
use of single strategies (Mayer & Marks, 2019). Also, the autonomous and flexible use of
reading strategies in everyday life requires metacognitive abilities to monitor, plan, and control
reading behaviour (Rosebrock & Nix, 2020).

Meta-analyses regarding students with learning disabilities and readers in second language
contexts suggest strongest effects for the activation of prior knowledge, connecting new
information to what is already known, comprehension monitoring, summarisation, asking
questions, identification of the topic, guessing meanings from headings and pictures as well

as strategies focussing on the text structure (Souvignier & Antoniou, 2007; Yapp et al., 2021).



Watter et al. (2021) combined similar strategies in an evidence-based reading intervention for
persons with non-aphasic cognitive-communication reading comprehension deficits resulting
from acquired brain injury: They proposed a multiple-strategy reading intervention with a 3-
level hierarchical progression of reading complexity and text length combining the following
strategies: identifying key words / wh strategy (who, what, where, when, why, how);
summarizing information; underlining / highlighting key information; and self-checking (‘Have |
understood it?’) (Watter et al., 2021).

Strategy-based concepts in educational contexts include SQ3R (survey, question, read, recite,
review), PQ4R (preview, question, read, reflect, recite, review) and reciprocal teaching
(prediction, clarification, summarisation, question generation) (Rosebrock & Nix, 2020).

Furthermore, Schmidt (2007) proposed the use of referential links as a reading strategy.
Integration of theory and evidence in StraTexT

Based on current evidence and cognitive models, we designed StraTexT, a multiple-strategy
intervention to treat text level reading comprehension in aphasia. We took into account
potential impairments in functions relevant for text comprehension, i.e. linguistic as well as
cognitive functions and processes such as inference making, shifting attention to relevant
information, inhibiting irrelevant information, maintaining and processing information, and
cognitive flexibility. StraTexT consists of two components — Intervention Macro and
Intervention Micro — with two strategies each. The selected strategies are described in more
detail in the Methods section. For Intervention Macro targeting macrostructure and the situation
model, we modified strategies that have already been explored with PWA in the case studies
described above, resulting in the strategies a) use of advance organisers and key words to
create a mind map before and while reading, and b) summarisation and re-reading. For
Intervention Micro targeting surface structure and microstructure, we selected strategies that
have been explored in other populations and are applicable without a second person or
additional text-specific material, i.e. a) generating questions and answers, and b) using
referential links and elaboration. To facilitate the use of these reading strategies, they were

embedded in a product-oriented approach (see below).
Action- and product-orientation in language teaching and language learning

The step-by-step-procedures and the tasks implemented in StraTexT were inspired by an
action-oriented (and particularly product-oriented) approach. Action-oriented approaches are
a key concept in the Common European Framework of Reference for Languages: Learning,
Teaching, Assessment (Council of Europe, 2020) and intend to enable language learners to
communicate in the target language. Therefore, they integrate real-life situations and authentic

materials in teaching and learning (Piccardo, 2014). As one of the features, learners are



instructed to apply knowledge within projects and tasks to create meaningful products (e.g.
posters, videos, magazines, or exhibitions) that they can present or share with others.
Instructions and procedures become easier and clearer to grasp within these product-oriented
tasks compared to abstract instructions. Furthermore, experiencing the progress and the final

product can be very motivating (Gudjons, 2014).

Considering language barriers in instruction comprehension in PWA, a product-oriented
approach may have several advantages: First, the goal to construct a familiar product may
facilitate the comprehension of the procedures. Second, the use of authentic materials may
promote transfer to real-life situations. Third, reading in real life is often connected to activities

and goals which — as products do — require individuals to apply the read information.
Objectives

The primary objective of this study was to investigate whether the effects of a systematic
strategy-based intervention on text level reading comprehension and on reading-related
activities and feelings in PWA are superior to a waiting period without treatment (control

condition) in short and long term.

Secondary objectives were (1) to compare the effects of two types of strategy-based
interventions on the comprehension of the microstructure and the macrostructure and (2) to
explore the influence of potential moderator effects such as sociodemographic variables and

cognitive functions on treatment efficacy.

We anticipated the intervention to be superior compared to a waiting period regarding
improvements in text level reading comprehension and in activities and feelings related to
reading. Furthermore, we expected that Intervention Micro would particularly contribute to
improvements in the microstructure, while Intervention Macro would particularly contribute to

improvements in the macrostructure.
METHODS

This study was approved by the ethics committee of Deutscher Bundesverband fiir
akademische Sprachtherapie und Logopédie (dbs; 20-10074-KA-MunmErw+Ko) and
preregistered on Deutsches Register Klinischer Studien (DRKS; DRKS00021411). We
published the study protocol (Thumbeck et al., 2021) prior to data acquisition and conducted
the study as prespecified in the protocol. In this article, we present information guided by the
CONSORT 2010 Checklist (Schulz et al., 2010). We describe our participants using the
DESCRIBE checklist (Wallace et al., 2022), and our intervention following the template for
intervention description and replication (TIDieR) checklist and guide (Hoffmann et al., 2014).
Data supporting the findings of this study is available on Open Science Framework (OSF;
Thumbeck, Schmid, et al., 2023).



Trial Design

As suggested in systematic reviews, in our preregistered, group-based study we ensured a
more rigorous design than previous studies that explored reading strategies in PWA using
case studies: We compared the effects of a strategy-based intervention to a waiting period in
a repeated measures, single group design with six measurements and a primary endpoint of
text level reading comprehension (see Figure 1). During the control condition, i.e. waiting
period, participants did not receive any aphasia treatment for four weeks. The strategy-based
intervention consisted of two phases with different types of strategies (Intervention Micro and
Intervention Macro; seven sessions each). To explore strategy-specific effects and to control
for potential order and sequence effects, participants were allocated to two parallel groups who
completed these two phases in counterbalanced order after the waiting period. Assessments
took place before the waiting period (T1), directly before the start of the intervention (T2), after
the first intervention phase (T3), immediately after the second intervention phase (T4), and

three and six months after the second intervention phase (follow-ups T5 and T6).

ASSESSMENT T1 T2 T3 T4 T5 T6
PHASE Enrolment andi Waiting - Strateg'y-Based - Follbw- '
Randomization: Period | Intervention ' Up |

GROUP 1 E[nter\_rentionlnterventions

' Micro Macro .

GROUP 2 E[nterventionlnter\_/entioni

. Macro Micro ,

WEEKS 1 i 2-5 1 7_4p 1 12-15 i

Figure 1: Trial Design (see Thumbeck et al., 2021).



Participants

Inclusion was based on the criteria specified in Table 1. The inclusion and exclusion criteria
aimed to identify PWA in the chronic phase without severe problems in reading comprehension
on the word level. We also included people with residual aphasia, i.e. people with the current
classification “no aphasia or residual aphasia" according to the standardised aphasia
assessment Aachener Aphasie Test (AAT; Huber et al., 1983) if medical records confirmed a
previous diagnosis of aphasia. Due to the complexity of the approach and the focus on text
level reading comprehension, global aphasia and severe reading problems were exclusion

criteria (Table 1).



Table 1: Inclusion and exclusion criteria as specified in Thumbeck (2021).

Inclusion o«
criteria .

Exclusion e
criteria

age of at least 18 years

aphasia according to Aachener Aphasie Test (AAT) (Huber et al., 1983) OR
no current symptoms / only residual aphasia according to the latest AAT
assessment but previously diagnosed aphasia and current language
difficulties (subjective or perceived by a speech and language pathologist)
scores outside normal range in the German version of Test de
Compréhension de Textes (Chesneau, 2012) (TCT-D)

first language: German

at least 3 months post-onset

global aphasia AND / OR severe problems in word level reading (score <
12 in AAT subtest “single word reading comprehension”) AND / OR severe
problems in written language processing (score < 22 in category “written
language” in AAT)

neurological, psychiatric or any other disease that impedes a (repeated)
assessment and valid interpretation with the AAT or TCT-D (particularly if
the disease can result in decreasing or strongly fluctuating linguistic or
cognitive performance)

pre-morbid dyslexia

An a-priori power analysis revealed a requirement for a minimum of n = 21 participants.

Participants were recruited and allocated to the two groups in three waves between December

2020 and July 2021, from all over Germany with a regional focus on rural and urban Munich.

After wave three, 26 participants were enrolled, and recruitment was stopped because the

prespecified number of participants was reached. Interventions were completed by December
2021. Follow-Up assessments T5 (n = 23) and T6 (n = 20) were completed by June 2022.

Three participants dropped out due to medical reasons unrelated to the study (P25 before

starting the intervention, P4 and P12 before completing the intervention). P5 had to be

excluded from the per protocol analyses because information on a pre-existing neurological

disease was only provided after all intervention sessions and assessments had been

completed. Figure 2 shows the participant flow diagram.



[ Enrollment ]

Assessed for eligibility (n=41)
Excluded (n=15)

* Not meeting inclusion
. criteria (n=8)
* Covid circumstances
v (n=5)
‘ Randomised (n=26) * Notinterested (n=1)
* Not available during
study period (n=1)

Allocation

Allocated to Group 2, order: Macro Micro (n=13)

* Received allocatedintervention (n=11)

* Dropout(n=2; P4, P12: neurological incidents
before T3 (P4) or T4 (P12))

Allocated to Group 1, order: Micro Macro (n=13)
* Received allocated intervention (n=12)
* Dropout (n=1; P25: surgery at T2)

.

Follow-Up 1, ‘

v Y

L Assessment T5 ]
Participated in T5 (n=11)
Lost to follow-up T5 (n=0)

Participated in T5 (n=12)
Lost to follow-up T5 (n=0)

Follow-Up 2,
Assessment T6
Participated in T6 (n=11) Participated in T6 (n=9)
Lost to follow-up T6 (n=1; P2: declined to Lost to follow-up T6 (n=2; P8 and P10: declined
participate) to participate)

Analysis T1 to TS

Analysed (n=11) - -/
Excluded from analysis (n=1; Analysed (n=11)
P5: exclusion criteria of pre-stroke neurological Excluded from analysis (n=0)

disease, information available after T6)

Analysis T1 to T6

Analysed (n=10) h g
Excluded from analysis (n=1; Analysed (n=9)
P5: exclusion criteria of pre-stroke neurological Excluded from analysis (n=0)

disease, information available after T6)

Figure 2: Participant flow diagram.



Table 2 provides an overview of participant characteristics of the 22 participants included in

the main analyses up to assessment T5. The participants included in the analyses had a mean

age of 59 years. All participants were in the chronic phase with a minimum of six months and

an average of 6 years post-onset, and the majority presented with mild to moderate

impairments according to the Token Test (Huber et al., 1983). Characteristics about individual

participants, additional information on their aphasia, and baseline characteristics of the two

groups including the stratification parameters age, severity of aphasia, and text comprehension

are provided in Supplementary Tables 1, 2 and 3. At T1, no statistically significant differences

in these parameters were found between the two groups (Supplementary Table 3).

Table 2: Participant descriptors for all 22 participants included in the primary analysis.

Age

Gender

Formal education

Age at onset of aphasia

Time post-onset

Aphasia syndrome according to AAT (Huber et al., 1983)

Severity of aphasia (Token Test in AAT, T-Score)

Severity of aphasic impairment in Token Test, AAT

Text comprehension (TCT-D Total in per cent)

Self-reported perception of reading (CARA Total in per

cent)

Mean = 58.6 years
SD =10.6
Range: 28.5 - 76.3 years

13 male 9 female

8 less than twelve years
14 twelve years or more

Mean = 52.4 years
SD =13.2
Range: 13.3 - 74.5 years

Mean = 6.2 years
SD =6.3
Range: .5 - 25.7 years

2 Wernicke

5 Broca

5 Amnestic

2 not classifiable
5 residual aphasia
3 unknown

Mean = 62.0
SD =91
Range =42.0 — 73.0

13 minimal / none
4 mild

4 moderate

1 severe

Mean = 61.1
SD =19.1
Range = 16.7 — 92.2

Mean = 68.1
SD =10.9
Range =46.1 —91.2

Note. Information based on assessment T1; AAT: Aachener Aphasie Test (Huber et al., 1983); TCT-D Total: Total

score in the German version of Test de Compréhension de Textes (Chesneau, 2012); CARA Total: Total score in



the German version of the Comprehensive Assessment of Reading in Aphasia reading questionnaire (Thumbeck,
Webster, et al., 2023).

Setting

In Germany, outpatient speech and language therapy for PWA in the chronic phase is typically
prescribed according to directives called "Heilmittelrichtlinie", diagnosis group SP5. These
directives recommend scheduling language therapy sessions between one and three times
per week, with each session lasting 30 to 60 minutes. Protocol features (frequency, dosage,
duration of the sessions) were designed to be compatible with this context. To recruit
participants, we contacted rehabilitation centres and support groups, and advertised the study
in newsletters of professional associations for speech and language pathologists (SLPs). Prior
to inclusion, participants had to give written informed consent. Participants who were already
receiving speech and language treatment took part in the experimental intervention with their
existing SLP, otherwise treatment sessions were arranged with an SLP local to them or with
ST. Sessions were scheduled individually. 12 certified SLPs including ST and four supervised
SLP-students conducted intervention and assessment sessions after completing a three-hour
preparatory workshop (theoretical training and role play to practice StraTexT). All SLPs met
qualification standards required by the German health insurance system. Due to its novelty,
none of the SLPs had previous experience with StraTexT. Between T1 and T4, the participants
did not receive any other aphasia treatment, whereas (routine) treatment after the experimental
intervention (i.e. after T4) was not controlled for due to ethical reasons. Covid measures (e.g.
face masks) were implemented as required by state regulations and did not vary between

groups.
Procedure

Participants were allocated to two parallel groups with the ratio 1:1 by stratified permuted block
randomisation to control for order and sequence effects, and to explore strategy-specific
effects in a secondary between-group analysis. We stratified for age, severity of aphasia (age-
adjusted score in the subtest Token Test of AAT, Huber et al., 1983), and the TCT-D Total
score. In three waves, SLPs screened and enrolled participants. Participants’ identification
numbers along with their stratification factors were reported to the scientific managing director
of the ErfurtLab at the University of Erfurt, Germany, who was not involved in the study
otherwise. He generated blocks and randomly allocated the participants to one of the two
groups without disclosing the allocation algorithm or the block sizes. Due to the nature of
behavioural speech and language therapy, neither participants nor SLPs could be blinded

about the intervention they received or provided.



Intervention

The strategy-based intervention StraTexT — Strategiebasierte Textverstandnis-Therapie bei
Aphasie consisted of two components, Intervention Macro targeting macrostructure and the
situation model and Intervention Micro targeting microstructure and the surface structure.
Intervention Micro and Intervention Macro each consisted of seven 60-minute sessions,
provided twice a week in German language in face-to-face individual therapy in the
participants’ regular rehabilitation centres or at participants’ homes. Additionally, the
participants practiced the same strategies as homework for 60 minutes after each intervention
session. Homework was monitored with a timetable. At least 75% of the assigned homework
had to be completed to allow inclusion in the analysis. To promote transfer, we selected
strategies that do not require a second person, and we encouraged participants to apply
reading strategies in everyday reading activities. Considering the complexity of reading
strategies outlined in the introduction as well as potential difficulties in instruction
comprehension in PWA, we embedded the strategies in product-oriented tasks to raise
motivation and to use possibly unimpaired schemata (i.e. knowledge on familiar products) as
facilitators (Gudjons, 2014): By applying the reading strategies, the participants created
familiar products (i.e. a mind map, a quiz, news in short and fake news). The step-by-step
procedures and the target products demanded the use of specific reading strategies.
Strategies, products, step-by-step procedures, rationales, and examples are provided in Table

3 (Intervention Macro) and Table 4 (Intervention Micro).



Table 3: Intervention Macro: strategies, procedures, rationales, and examples (Thumbeck et al., 2021).

Strategy Macro 1: Use of advance organisers and key words to create a mind map
before and while reading

Product

Procedures

Rationale

Mind map

1. PWA finds out the topic of the text by using advance organisers such
as title, pictures or subtitles from the text

2. PWA inserts five associations to that topic into the template of a mind
map

3. PWA starts strategy 2 (summarisation). Throughout the course of
reading, PWA integrates one to three key words from memory about
each paragraph into the mind map

The activation of background knowledge is expected to facilitate the

integration of the reader’s knowledge and the new information from the text

(and therefore the construction of the situation model) (A. Mayer & Marks,

2019). It had large effects on reading comprehension in other populations

(Yapp et al., 2021). Advance organisers such as pictures can support

paragraph level reading in PWA (Nguyen et al.,, 2018). By inferring a

maximum of three key words about each paragraph, participants were

required to reduce microstructure to the most relevant information and to

inhibit less relevant information.

Strategy Macro 2: Summarisation and re-reading

Product

Procedures

Rationale

Example

News in short

PWA reads paragraph aloud

PWA re-reads 2-3 sentences of that paragraph aloud

PWA re-reads the same 2-3 sentences silently

Text is covered, PWA summarizes these sentences from memory

based on macrorules (Kintsch, 2018) and with specific restrictions (no

personal opinion, no unspecific words) similar to Rogalski & Edmonds

(2008) and Rogalski et al.(2013)

5. Same procedure for the next 2-3 sentences from the same paragraph,
until paragraph is completed

6. From memory, PWA adds 1-3 key words about the paragraph into the
mind map

7. Repeat from step 1 with the next paragraph

We intended to facilitate the comprehension of the macrostructure and the

construction of the situation model by actively applying macrorules. We

combined strategies previously described for PWA (use of keywords,

writing down key messages, summarisation, and re-reading text). We used

a modified version of ARCS (Rogalski et al., 2013; Rogalski & Edmonds,

2008) in order to integrate the cognitive strategy of re-reading text aloud

and silently and to target cognitive functions such as attention and

maintaining information. Summarisation had large effects on reading

comprehension in other populations (Souvignier & Antoniou, 2007)

The young guy who wore a suit opened the door. He looked around, sat

down and asked for the menu. He ate soup, lasagna and tiramisu, paid,

and left.

- The guy ate a meal in a restaurant.

PO~

Note. Intervention Macro targeted the macrostructure and the situation model; items in italics illustrate answers
produced by the participants.



Table 4: Intervention Micro: strategies, procedures, rationales, and examples (Thumbeck et al., 2021).

Strategy Micro 1: Asking questions and providing answers

Product

Procedures

Rationale

Example

Quiz

1. PWA skims a paragraph

2. PWA underlines any part of the first sentence

3. PWA asks for the underlined part of the sentence

4. PWA generates a) a synonym / paraphrase, b) a semantically related
answer, c) logically possible but wrong answer according to the text

5. Repeat steps 2-4 until paragraph is completed, then repeat from step 1
for the next paragraph

Despite evidence for large effect sizes in other populations (Souvignier &

Antoniou, 2007; Yapp et al., 2021), this reading strategy has not been

investigated in PWA apart from using predetermined questions (Purdy et al.,

2018; Watter et al., 2016). This procedure allowed PWA to ask questions on

subordinate propositions, which may facilitate the comprehension of the

microstructure. We assumed that rearranging sentence structures from

statements into questions would only be possible with understanding the

links between the clauses. To ensure that participants would not stick to the

surface structure but access the semantic content of the answers to the

questions, they generated a) a synonym / paraphrase and b) a semantically

related answer. To address previously described problems in cognitive

flexibility and to integrate background knowledge, they generated c) a

possible but incorrect answer to the question.

Original sentence: The boy stole candy.
What did the boy steal?

a) sweets (synonym)
b) chocolate (semantically related)
c) a computer (logically possible but wrong according to text)

Strategy Micro 2: Using referential links and elaboration

Product

Procedures

Rationale

Example

Fake news

1. PWA identifies topic of the text

2. PWA substitutes the topic by a topic that is similar to the original topic
and that PWA is interested in

3. PWA substitutes word by word as many words as possible and produces
a semantically coherent text based on the structure of the original one

The participants produce a coherent text based on the surface structure of
the original text by substituting as many words as possible. Similar
techniques have been used in second / foreign language teaching (e.g.
Frieg et al., 2012). Medium to large effect sizes for strategies focusing on
the text structure were observed in other populations (Souvignier &
Antoniou, 2007; Yapp et al., 2021). Valency theory (Héllein, 2020) suggests
that this task requires participants to understand thematic roles of all
elements in a sentence. To maintain the surface structure, participants had
to apply the strategy of using referential links between the elements.
Furthermore, participants continually had to switch between the situation
models of the original and the new text which may address potential
difficulties in cognitive flexibility.

The boy waited in front of his house.
e.g. 1 The skier  queued up behind the line.

eg.?2 A hiker marched towards a cottage.




Note. Intervention Micro targeted the microstructure and the surface structure; items in italics illustrate answers
produced by the participants.

All participating therapists received a manual including instructions, examples, structured
guidance for facilitation, and worksheets (see Supplementary Figure 1 for an example of a
worksheet). Worksheets and step-by-step-instructions were designed with short sentences,
easy wording, sans serif font, pictograms, use of colour, and frames to facilitate comprehension
in PWA (Herbert et al., 2012). We are preparing the therapy manual for publication. Stimulus
material consisted of selected articles from magazines with two categories of difficulty (based
on word count, number of pictures, and Lix readability index, Anderson, 1981). The articles
were randomized for each participant starting with articles from the easier category followed
by more difficult ones. Procedures of allocated interventions could not be modified. Whenever
a participant could not solve a given task, standardised strategy-specific increasing cues were
offered (e.g. references to authentic situations, semantic cues, or phonological cues; see
Thumbeck et al., 2021). In steps that required participants to read out elements aloud,
therapists were instructed to correct mistakes. During the intervention sessions, SLPs wrote
down the answers of the participants. In addition to the procedures outlined in the protocol, the
following facilitation methods for homework were added: Participants who were unable to write
used speech-to-text-technologies or asked caregivers to help in writing. Participants who had
difficulty with interrogative pronouns in Strategy Micro 1 were provided with a modified
worksheet with visual symbols. Participants who reported difficulty in word-finding in

Intervention Micro were advised to look up synonyms and antonyms online or in dictionaries.

Adherence to the therapy manual was monitored by ST using a standardized step-by-step
documentation form in which SLPs had to check all steps for each session, and in weekly

supervision.
Outcome measures

The outcome measures were selected according to the levels functions and activities of The
International Classification of Functioning, Disability and Health (World Health Organisation,
2005). Assessments took place at six points (T1, T2, T3, T4, T5, T6). In case of temporal
deviations (e.qg. illness of participants or SLPs) up to three weeks, intervention or assessment
sessions were continued according to the protocol, whereas longer deviations resulted in
dropout. Table 5 provides a summary of the outcome measures including time of the
assessments. Details including psychometric properties are presented in Thumbeck et al.
(2021). Where applicable, scores were adjusted for age and / or education, compared to
normative data, and interpreted as at least mildly to moderately impaired if below test-specific
cut-offs or 1.5 SD from the mean (i.e. T-scores below 35 or percentiles below 6; Brooks et al.,
2011).



Table 5: Outcome measures and times of assessment.

Outcomes measurement instruments Times of
assessment
Text level reading comprehension All assessments:
German version of Test de Compréhension de Textes (TCT; T1, T2, T3, T4,
Chesneau, 2012) T5, T6
Self-reported reading abilities, thoughts and feelings about reading, and All assessments:
reading activities T1, T2, T3, T4,

German version of Comprehensive Assessment of Reading in Aphasia T5, T6
(CARA) Reading Questionnaire (Morris et al., in preparation;
Thumbeck, Webster, et al., 2023; Webster et al., 2021)

General information Initial
Information required according to the DESCRIBE checklist (Wallace assessment:
et al., 2022) T1

Information on inclusion and exclusion criteria
Aachener Aphasie Test (AAT; Huber et al., 1983)
Montreal Cognitive Assessment (MoCA; Bartusch & Zipper, 2004)

Written discourse comprehension Before and after

MAKRO (subtests text reception and inferences; Buittner, 2018) the intervention:
T2, T4

Generalisation and individual effects After the
Semi-structured interview intervention: T4

Cognitive functions Before and after
Wechsler memory scale (WMS-1V, subtest logical memory 1; the intervention:
Petermann & Lepach, 2012) T2, T4

Wechsler memory scale (IWMS-R, subtests digit span forward and
digit span backward; Harting et al., 2000)

Aphasie-Check-Liste (ACL, subtest attention; Kalbe et al., 2002)
Stroop-Test: Farbe-Wort-Interferenz-Test (FWIT; subtests
Farbstrichebenennen FSB: naming the colour of ink of colour lines,
Farbworterlesen FWL: reading out colour words, Interferenzversuch
INT: naming the colour of ink of incongruent colour words, Nomination
NOM: adjusted naming speed, Selektivitat SEL: individual sensitivity
to interference; Baumler, 1985)

The primary outcome was text level reading comprehension measured with the outcome
variable TCT-D Total (sum of microstructure and macrostructure scores across all subtests of
TCT-D, maximum TCT-D Total score is 90 points). The TCT-D measures specific text level
reading functions that can be impaired in PWA. It consists of three parallel versions with
narrative texts. In each assessment session, participants read three texts that varied
systematically in the number of propositions and in the need for updating the situation model.
They were not explicitly encouraged to use reading strategies during post-intervention
assessments. In the subtest macrostructure, participants summarized each text. For
microstructure, they answered questions about detailed information from the text. Rating was
based on a standardized protocol and duplicated for assessments T1, T2, and T4 by a blinded

assessor based on audio recordings. The level of agreement is reported in the Results section.



As normative data is not yet available for the German version, we used normative data of the
original French version to detect impairment, i.e. deviations of more than 1.5 SD from the mean
(Chesneau, 2012). Supplementary Tables 4 and 5 provide demographic information and TCT-
D results for test and re-test of a neurotypical German sample matched to the participants of
this study by sex, age, and education. Secondary outcomes were TCT-D scores in
microstructure, macrostructure, reading time, and the situation model (classified as

successfully updated if two specific events presented in the text were integrated).

Furthermore, in all assessments participants reported on their perception of reading with an
adapted German version of the Comprehensive Assessment of Reading in Aphasia (CARA)
Reading Questionnaire (Morris et al., in preparation; Thumbeck, Webster, et al., 2023; Webster
et al.,, 2021). Participants rated reading abilities, reading activities, and attitudes towards
reading on visualized Likert scales with a range from 1 to 9: Section A refers to current reading
and is introduced by the phrase “At the moment, how difficult do you find reading and
understanding” followed by eight items “single words / short sentences / paragraphs / a book /
reading aloud / concentrating on reading / remembering what you have read / having a
conversation about what you have read”. Section B asks about thoughts and feelings about
reading and section C investigates sixteen different reading activities such as reading labels,
signs, letters, or newspaper articles. Sum scores for each section and for the entire
qguestionnaire were calculated based on the ratings resulting in a maximum possible CARA
Total score of 288 points (Webster et al., 2021).

We transformed scores of TCT-D and of CARA into percent of maximum possible scores
(POMP) to allow an interpretation as percentages of the possible maximum score (Moeller,
2015).

At T2 and T4, we measured the ability to draw inferences and to understand macrostructure
using the MAKRO Screening (Buttner, 2018). The MAKRO Screening (Buttner, 2018) provides
two parallel versions. In text reception, the participants read a narrative text and answered ten
single-choice questions. Correct answers were rated with 3 points, compared to 0 points for
wrong answers. In inferences, ten brief written sequences of events had to be completed with
one missing causal inference each. According to a modified evaluation protocol for PWA, a

maximum of 2 points per inference resulted in a maximum score of 20 points.

At T2 and T4, we also measured selected cognitive functions that have been shown to be
relevant for reading in PWA (see Table 5 for a list of measures used). The Stroop test was

discontinued at participants’ request.

At T4, we conducted semi-structured interviews to explore individual effects on functions,

activities, and participation a) across domains, b) in language-related domains, c) in text



comprehension, and d) in language activities. Generalisation of strategy use was explored by
asking about behavioural changes in reading. We will report on the interview data in a separate

article.

We analysed change in individual scores across the whole group and across the two
subgroups between specific assessment points. Data was collected by ST and by participating

SLPs based on standardized manuals and protocol booklets (see section Setting).
Statistical methods

In line with the study protocol (Thumbeck et al., 2021), primary and secondary analyses were
conducted using contrast analyses within repeated measures analyses of variance
(rmANOVA) models controlling for group. Firstly, we analysed changes in the primary outcome
(TCT-D Total) over time. To this end, we used three contrasts to analyse short-term (contrast
weights: -1712; 174) and long-term benefits (-112; 115 and -112; 176) of the intervention. Secondly,
we investigated superiority of the intervention to recovery without treatment by comparing the
change scores from step one (T2 — T4; T2 — T5; T2 — T6) with the change score from the
waiting period (T1 — T2) using three contrasts (-172-11; 11412 and -11271; 1152 and -172-11; 176

T2).

To address our secondary objectives, we conducted the same two-step-procedure using
analogous contrasts with the total score and the section scores of the German version of the
CARA Reading Questionnaire.

Furthermore, we explored strategy-specific effects on macro- and microstructure as well as on
the self-reported perception of reading by analysing changes in TCT-D Microstructure, TCT-D
Macrostructure and CARA Total scores over time as a function of group allocation in rmANOVA
models. Moreover, potential moderator effects of severity of aphasia, gender, age, education,
time post-onset and cognitive functions on changes in the primary outcome over time were
explored in rmANOVA models. Differences between scores at T2 and T4 in MAKRO subtests
text reception and inferences as well as in cognitive functions were analysed with t-tests or the

non-parametric Wilcoxon signed-rank tests for paired samples.

We used a significance level of o = 0.05 for all models. We adjusted for multiple testing using
the Bonferroni-Holm method in confirmatory analyses for short-term (o/2) and long-term effects
(a/4) for TCT-D Total and CARA Total separately. In case of missing data points, we used
listwise deletion and analysed just the metrics that had both pre- and post-treatment data
points available. In addition to the prespecified per protocol analysis, we conducted an intention
to treat analysis: We repeated our primary analysis with data up to T5 of all participants

(including dropouts) who had started the strategy-based intervention, imputing missing data



with “endpoint analysis” (Armijo-Olivo et al., 2009). Statistical analyses were conducted with R
using Jeffreys's Amazing Statistics Program (JASP; JASP Team, 2022).



RESULTS
Text comprehension and neuropsychological profiles

At T1, all participants presented with scores within the impaired range in at least one of the
subtests microstructure, macrostructure, situation model, or reading time in the TCT-D. In
CARA Total, participants reported a range of difficulties in reading including reduced
confidence and dissatisfaction with their reading speed. Difficulties generally increased with
longer and more complex material. For some participants, difficulties started already in reading
and understanding single words or short sentences, whereas for others, difficulties were
perceived only in complex materials such as books, e-mails, official letters, or newspaper

articles.

In neuropsychological assessments at T2, all but one participant (P20) had scores below cut-
off in at least one of the assessments. Four participants requested to abandon the Stroop test.
In seven out of ten subtests, at least half of the sample presented with scores within the
impaired range. Most frequently impaired scores were WMS-R digit span forward, WMS-IV
logical memory 1, and Stroop test (FWIT, subtests FSB, FWL and INT). Individual participants’

data for assessments T2 and T4 is presented in Supplementary Table 6.
Treatment fidelity

Therapists documented each treatment session in standardized step-by-step-documentation
forms containing 9 to 19 steps depending on the strategy in use. The forms were checked by
ST immediately after each treatment session, and therapists had the opportunity to discuss
questions or unclarities in supervision at any time throughout the period of the study. Across
all participants and all sessions, 98.5% (SD =2.6%, R =91.2% - 100%) of the prespecified
steps were completed. Documentation forms confirmed that all participants included in the per-
protocol analysis completed at least 75% of the assigned homework. For 19 out of 22
participants, exact minutes of homework duration were available (per session M = 64 minutes

homework).

Adverse events resulting in dropout were not related to study participation (see Figure 2).

Primary Analyses
TCT-D Total: Text level reading comprehension.
Figure 3 shows the development in our primary outcome TCT-D Total across assessments.

The analyses of short-term efficacy indicate that the intervention was effective in increasing

text level reading comprehension in PWA on the short-term: Preregistered contrast analyses



of short-term effects revealed that TCT-D Total scores increased significantly immediately after
receiving the intervention (T2-T4; Table 6). Additional preregistered comparisons between
changes during the intervention phase (T2-T4) and during the waiting period (T1-T2)
confirmed the superiority of the intervention effect over random fluctuation or spontaneous
remission (Table 6).

Post-intervention improvements in TCT-D Total scores remained stable over time (Figure 3),
as demonstrated by significant improvements in preregistered contrast analyses of long-term
effects (T2-T5; T2-T6; Table 6). Comparisons between long-term changes during and after
the intervention phase (T2-T5; T2—-T6) and during the waiting period (T1-T2) confirmed a long-
term effectiveness of the intervention for T5 but not for T6 (Table 6). Thus, the intervention had
an effect on text level reading comprehension in PWA at least for 3 months. All effect sizes
show that the impact of the intervention on text level reading comprehension is rather small by

convention (Table 6, Sedimeier & Renkewitz, 2018).
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Figure 3. TCT-D Total score (in per cent); n = 22 for T1 to T5, n = 19 for T6; see Supplementary Table 7 for further details. Green color highlights the assessments during and
immediately after the intervention. The brackets indicate statistically significant differences between pre-intervention scores (T2) and post-intervention scores (T4, T5, T6): *** p < .001;

*p<.01;*p<.05.



Table 6: TCT-D Total (in per cent); results of contrast analyses within repeated measures ANOVA models.

Contrast n MD SE df t P d (95% ClI)®
Efficacy of treatment
. 0.46
Short-term: T4 — T2 22 864 208 80 4.16 <.0012 (0.19-0.74)
. 0.43
Long-term: T5 — T2 22 793 208 80 3.82 <.0012 (0.16-0.69)
) a 0.35
Long-term: T6 — T2 19 6.93 224 85 3.10 .003 (0.08-0.61)
Superiority of treatment compared to waiting period
Short-term: T2 — T1 (waiting period) 0.90
o - 22 1025 434 20 236 .0282 © 10’_1 71)
g T4 — T2 (intervention) ' '
o
®  Long-term: T2 — T1 (waiting period) — 0.96
S T5-T2 (change up tofirst follow-up) 22 920 342 20 279 0T g 534 gg)
g Long-term: T2 — T1 (waiting period) — 0.72
T6 — T2 (change up to second follow- 19 751 336 51 224 .098 (-0 15_1 59)

up)
Note. Full rmANOVA models are provided in Supplementary Table 8; analyses are based on percent of maximum
possible (POMP) scores allowing an interpretation as percentages of the possible maximum score; MD = Mean
Difference (in per cent of maximum possible scores); remained significant when applying Bonferroni-Holm-
adjusted significance level for short-term (o/2) and long-term effects (a/4), see Supplementary Table 9; Punadjusted
confidence intervals.

The rating of the primary outcome for assessments T1, T2, and T4 was duplicated by a blinded
SLP student based on all available 195 audio recordings (recordings were partially not
available for three participants). Interrater agreement based on single measures, absolute-
agreement, 2-way mixed-effects model between the ratings of the blinded and the unblinded
rater was moderate to excellent, Intraclass Correlation Coefficient ICC =0.94
(F(64, 64) = 62.84, p < .001, 95% CI[0.68, 0.98]).

Secondary Analyses

CARA Total: Self-reported perception of reading abilities, thoughts and feelings about reading,
and reading activities. Figure 4 shows the development in the German version of the CARA
reading questionnaire (Thumbeck, Webster, et al., 2023) across assessments (see
Supplementary Table 10 for further details). Preregistered contrast analyses of short-term and
long-term effects between pre-intervention scores (T2) and post-intervention scores (T4, T5,
T6) showed significant improvements in CARA Total (Table 7, Supplementary Table 11) and
across all CARA sections (Supplementary Table 12) with medium to large effect sizes.
However, comparing post-intervention change scores in CARA Total against change during

the waiting period, preregistered contrast analyses revealed only one significant effect which



did not remain significant when applying Bonferroni-Holm correction (Table 7). Thus, the
results in CARA Total did not reveal evidence for the superiority of the intervention compared

to the waiting period.
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Figure 4. CARA outcomes (in per cent); n = 22 for T1, T3, T4, T5, n = 21 for T2, n = 19 for T6; Green color highlights the assessments during and immediately after the intervention.
(4A) CARA Total Score, see Supplementary Table 10 for further details; (4B) CARA Section A, Current Reading; (4C) CARA Section B, Thoughts and feelings about reading; (4D)
CARA Section Activities (for each individual, the total score of section C was divided by the individual number of selected relevant reading activities). The brackets indicate statistically
significant differences between pre-intervention scores (T2) and post-intervention scores (T4, T5, T6): *** p <.001; ** p <.01; * p < .05.



Table 7: CARA Total (per cent); results of contrast analyses within repeated measures ANOVA models.

Contrast n MD SE df t P d (95% ClI)®
Efficacy of treatment

. 0.68
Short-term: T4 — T2 21 821 195 76 4.20 <.0012 (0.28-1.07)
Long-term: T5 — T2 21 953 195 76 488 <.001@ , 078

: | | : ' (0.37-1.20)
Long-term: T6 — T2 18 1208 214 80 564 <.001a 096

' ' ’ ' ' (0.47-1.45)
Superiority of treatment compared to waiting period

Short-term: T2 — T1 (waiting period) — 0.61

@ T4 -T2 (intervention) 21601 401 19 150 150 4 25.1.46)
(]
O  Long-term: T2 — T1 (waiting period) — 0.62
o T5- T2 (change up to first follow-up) 21 733 476 19 154 140 454148
cscv Long-term: T2 — T1 (waiting period) — 1.04
O T6 -T2 (change up to second follow- 18 1121 474 16 237 .031 © 05‘_2 02)

up)
Note. Full rmANOVA models are provided in Supplementary Table 11; analyses are based on percent of maximum
possible (POMP) scores allowing an interpretation as percentages of the possible maximum score; MD = Mean
Difference (in per cent of maximum possible scores); @remained significant when applying Bonferroni-Holm-
adjusted significance level for short-term (0/2) and long-term effects (a/4), see Supplementary Table 9; Punadjusted
confidence intervals.

TCT-D Total: Moderator effects. Exploration of potential moderator effects on the primary
outcome TCT-D Total in rmANOVA models with data up to assessment T5 did not reveal any
significant interaction between time of the assessment and severity of aphasia (age-adjusted
score in the subtest Token Test of AAT, Huber et al., 1983), biological sex, age, education
(university entrance qualification yes / no), time post-onset, or any of the cognitive functions

(Supplementary Table 13).

Strategy-specific effects in TCT-D Microstructure, TCT-D Macrostructure, CARA Total:
Exploratory between-group analysis. During the first intervention phase, Group 1 received
strategy-based treatment targeting the microstructure, whereas Group 2 started with the
strategy-based treatment targeting the macrostructure. Treatment components were
interchanged during the second intervention phase. Change after the first intervention phase
in TCT-D Macrostructure was numerically larger for Group 2 that was receiving macrostructure
treatment (M = 12.99, SD = 14.84) compared to Group 1 that started with microstructure
treatment (M = 1.95, SD = 13.21) (see Supplementary Figure 2). Despite numerical differences
between groups in change in TCT-D Total, TCT-D Macrostructure, TCT-D Microstructure, and
CARA Total scores, prespecified contrast analyses within ANOVA models, n = 11 per group,
did not reveal differences between groups during the first (i.e. T2 — T3) or the entire intervention
period (i.e. T2 — T4) (Supplementary Tables 14 and 15). Only an additional exploratory non-

parametric analysis showed that during the first intervention phase, Group 2 improved



significantly more in TCT-D Macrostructure than Group 1, Mann-Whitney U = 32.00, p = .032
one-tailed. There were no significant differences between groups with regard to TCT-D
Microstructure (Mann-Whitney U = 56.50, p = .616 one-tailed). In fact, numerical improvements
in TCT-D Microstructure during the first intervention period were even larger for the group that
had received macrostructure intervention than for the group that had received microstructure
intervention. At T4 (after both intervention phases), there were no significant differences
between groups in TCT-D Total, TCT-D Micro- and Macrostructure, or CARA Total
(Supplementary Table 16).

TCT-D reading time. The reading time varied largely with some participants requiring around
2.5 minutes and others around 24 minutes to complete reading the three TCT-D texts pre-
intervention at T2. Although reading time decreased from M = 541s (SD = 370s) at T2 to
M =519s (SD =458s) at T4, the effect was not significant in a rmANOVA model with
Greenhouse-Geisser correction taking into account assessments T1 to T5,
F(1.43, 28.52) = 1.53, p = .233, partial n? = 0.07.

TCT-D Situation model. The TCT-D situation model is evaluated in two out of three texts which
require the participants to integrate two events and thereby infer that the first part of the text
was a dream. Descriptively, all 22 participants were able to update the situation model in both
of these texts at the end of the intervention (i.e. T4), as compared to 14 participants at T1, 16

participants at T2,18 participants at T3, and 21 participants at T5.

MAKRO Screening, subtests text reception and inferences. Despite numerical improvements
between assessments T2 and T4 in all measures, improvements in total scores, reading time
(i.e. time required to read the text), working time (i.e. time required to answer the questions),

and the number of correct inferences were not significant (Supplementary Table 17).

Cognitive functions. Between T2 and T4, the number of participants scoring within the impaired
range decreased in WMS-IV logical memory 1, WMS-R digit span forward and backward, ACL
percentage of mistakes, and Stroop test (FWIT subtests FWL, FSB, INT, NOM). The number
of scores below cut-off did not improve in ACL (subtest number of items) and in FWIT (subtest
SEL) (Supplementary Table 6). Most changes from the impaired to the normal range were
observed in digit span forward with 16 (T2) as opposed to 9 (T4) scores below cut-off.
Improvements at T4 compared to T2 were significant for ACL (number of processed items),
Stroop Test (subtest FSB: naming of colour lines), and WMS-R digit span forward. There were
no significant differences in WMS-IV logical memory 1, WMS-R digit span backward, and the

other variables measured in Stroop test (Supplementary Table 18).



Exploratory analyses

TCT-D Total and CARA Total — Robustness analyses and additional analyses. We conducted

several robustness analyses (Supplementary Tables 19 and 20):

At the group level, the mean TCT-D Total score decreased numerically between T1 and T2
during the waiting period. In the preregistered contrasts, we compared post-intervention scores
to pre-intervention scores collected at T2 (see above). Considering potentially higher scores
at T1, we repeated our contrast analyses comparing post-intervention scores (i.e. T4, T5, T6)
to scores collected at T1. Post-intervention scores in TCT-D Total and in CARA Total remained

significantly larger at T4, T5, and T6 also compared to T1.

As mean scores had numerically increased already after the first intervention phase at T3, we
added an additional contrast comparing TCT-D Total and CARA Total scores at T3 against
pre-intervention scores at T1 and T2. Improvements after the first intervention phase (without
having completed the second intervention phase yet) were not significant when taking into

account all contrasts.

In the CARA Total, we observed a numerical increase at T2 after the waiting period. Therefore,
we added an additional contrast comparing results at T2 against results at T1. Scores did not

change significantly during the waiting period without aphasia treatment.

Intention to treat analysis. We replicated the primary analysis up to T5 for the main outcome
TCT-D Total based on data from all participants that had started the intervention (n = 25 as
compared to n = 22 in the per protocol analysis). We imputed missing data using “endpoint
analysis” with carrying forward TCT-D total scores from T2 for P4 and T3 for P12, and we
included data from P5 (Armijo-Olivo et al., 2009). All effects including long-term superiority
compared to the waiting period up to three months post-intervention remained significant. In
the case of short-term superiority immediately after the intervention the p value was .058

(Supplementary Tables 21 and 22).

Individual improvements. We conducted additional item-based analyses for each participant
with one-tailed non-parametric tests to explore improvements in the total scores of TCT-D and
CARA on an individual level (Supplementary Table 23). We found significant improvements for
ten participants in the CARA, for three participants in the TCT-D, and for one participant in
both CARA and the TCT-D. Significant effect sizes were small in TCT-D, and small (n = 1),
medium (n =6) and large (n =4) in CARA. Eight participants demonstrated no significant

improvements in either of these outcome measures.



Interviews. Preliminary analysis underlines that the participants were able to employ the
StraTexT materials and to incorporate protocol features such as frequency, duration, and
commitment to homework into their weekly schedules. 20 out of 22 participants reported that
they benefitted from the intervention. The interview data suggests a wide spectrum of individual
experiences with StraTexT as well as interindividual differences in treatment response with
regard to text comprehension, other language functions, activities, and the generalisation of
the strategies to everyday reading materials. A detailed analysis will be presented in a separate

article.



DISCUSSION
Effects of reading strategies on text level reading comprehension

We found significant small improvements in text level reading comprehension (i.e. primary
outcome TCT-D Total) up to six months post-intervention compared to pre-intervention. The
effects of the intervention phase were superior compared to the control condition, i.e. waiting
period without treatment, up to three months in follow-up, which supports the assumption that
the improvements were induced by the treatment. The intention to treat analysis confirmed the
maijor pattern of the primary analysis with regard to efficacy and long-term superiority. As TCT-
D Total combines the subtests TCT-D Macrostructure and TCT-D Microstructure, the
intervention helped participants to better understand, retain, and reproduce main information
as well as details in a text. All participants were able to update the situation model in TCT-D
after the intervention, which indicates that reading strategies also seem to facilitate the
integration of text contents with the reader’s previous knowledge including preceding text
contents. The additional analysis on an individual level suggests that not all PWA respond
equally to StraTexT. However, at least in this sample, the treatment effect was not moderated

by any of the sociodemographic variables or cognitive functions tested.

Effects of reading strategies on the subjective perception of reading abilities, thoughts

and feelings about reading, and reading activities

We found significant medium to large improvements in self-reported reading abilities, thoughts
and feelings about reading, and reading activities (i.e. CARA Total) up to six months post-
intervention compared to pre-intervention. This may indicate that reading strategies improve a
person’s perceived ability to read and to engage in reading activities as well as individual
attitudes towards reading. The CARA Total data suggest that after the intervention, scores
might continue to increase and reading strategies might have a sustainable impact on the
perception of reading in aphasia. However, despite a numerical trend, the significant
improvements in CARA Total were not significantly larger than change during the waiting
period. Therefore, we cannot be certain that the observed improvements during and after
treatment were specific to the intervention. Possible explanations include heterogeneity in
treatment response or effects that may have been present also during the waiting period (e.g.
influences of social desirability, motivation, or increased awareness of one's own abilities and
difficulties). However, while random fluctuations usually go up and down, the CARA Total score
increased throughout the entire period of the study with significant improvements only after the

intervention.



The results of our group study in TCT-D and in CARA strengthen the promising outcomes of
previously conducted case studies that explored strategy-based interventions in aphasia
(Purdy et al., 2018). TCT-D Total and CARA Total measure two different constructs. It is
remarkable that the effect sizes in the CARA Total were larger than in the TCT-D Total. The
items included in the CARA questionnaire relate not only to self-reported text level reading
abilities, but also to smaller units (e.g. words or sentences), to cognitive functions (e.g.
remembering read content or concentrating while reading), to feelings and emotions (e.g.
motivation, enjoyment, confidence, or satisfaction with reading speed) as well as to specific
reading activities (e.g. reading labels, books, or newspaper). Thus, the CARA questionnaire
encompasses a broader scope compared to the TCT-D. The small improvements observed in
the TCT-D Total may only capture text level reading comprehension functions, while the larger
effects in the CARA Total might indicate effects beyond this level such as improvements in
functions, feelings, activities, or resources like strategy use which were not captured by the
TCT-D Total. In fact, Webster et al. (2022) demonstrated that the personal perception of
reading abilities, feelings, and activities as measured with the CARA questionnaire does not
correlate with performance-based reading scores. The improvements in the CARA
questionnaire show that the effects reached a magnitude which was perceivable by the
participants and therefore suggest clinical rather than solely statistical significant effects of
StraTexT.

Strategy-specific effects and order effects

Within the whole group, improvements in TCT-D Total were not yet significant after the first
intervention phase (i.e. T3), suggesting that the significant improvements at T4, T5, and T6
resulted only from the combination of both intervention phases (i.e. Intervention Micro and
Intervention Macro). As there were no between-group differences at T4 after the intervention,
the current data suggest that the order of interventions Micro and Macro does not affect the

results.

We anticipated improvements in TCT-D Macrostructure specifically after the macrostructure
intervention, and improvements in TCT-D Microstructure specifically after the microstructure
intervention. The between-group analysis should be interpreted with caution because our
sample size was calculated for the within-group analyses and the preregistered contrast
analyses did not reveal significant differences between the two groups. According to the
descriptive results, each of the components, i.e. Intervention Micro and Intervention Macro,
affected both micro- and macrostructure. The group differences at T3 in TCT-D Macrostructure
in the additional exploratory analyses suggest that the reading strategies included in
Intervention Macro might indeed be linked to specific improvements in the macrostructure

(irrespective of whether treated before or after the microstructure intervention) and also



generalize to the microstructure. However, TCT-D Microstructure improved irrespective of the
intervention in use without more pronounced effects after Intervention Micro. Thus, Intervention
Micro does not seem to specifically target the microstructure, but to contribute essentially and
indispensably to the overall improvements. Considering that the total number of sessions in
previous case studies on strategy-based interventions in aphasia ranged between 8 and 58
sessions (Purdy et al., 2018), it is possible that seven sessions in each of the two intervention
phases were just not enough to promote more pronounced strategy-specific effects. This could
account for the lack of significant differences between the two groups in the preregistered

contrast analyses.
Text comprehension, reading strategies, and cognitive functions in people with aphasia

As outlined in the introduction, text level reading comprehension involves many cognitive
resources. Interpreting the results with regard to interactions between reading strategies and
cognitive functions in PWA, two main subjects emerge: a potential impact on treatment

response as well as co-occurring treatment effects in language and cognitive functions.

According to a recent scoping review (Diedrichs et al., 2022), studies on the relationship
between nonlinguistic cognitive abilities (executive functioning, memory, visuospatial skills and
attention) and language treatment efficacy in PWA yielded inconsistent results. While an
impact cannot be ruled out, the results of our moderator analysis suggest that the treatment
efficacy of StraTexT was not influenced by the cognitive functions considered in the present

study.

In most of the neuropsychological assessments evaluated in the current study, the number of
participants scoring within the impaired range decreased post-intervention. In line with Watter
et al. (2016), and even though StraTexT did not primarily address cognitive functions, the
results suggest that reading strategies might indeed affect not only linguistic, but also cognitive
functions in PWA. Our results indicate significant improvements post-intervention in a)
selective attention (ACL, number of processed items; Kalbe et al., 2002), b) information
processing speed and conceptual structuring (Stroop Test FWIT, naming of colour lines;
Baumler, 1985), and c) maintenance of verbal information (WMS-R, digit span forward; Harting
et al., 2000). There were no improvements in verbal episodic memory (WMS IV logical memory
1; Schellig et al., 2009) and in processing maintained information (WMS-R digit span
backward; Schellig et al., 2009).

While the primary outcome in the present study was text level reading comprehension, the
implementation of the reading strategies in StraTexT clearly took into account potential
impairments in aphasia not only in linguistic but also in cognitive functions: The reading

strategies required the participants to retrieve background information and to integrate it with



text information (as required in inference making), to maintain and process information, to shift
attention to relevant information, and to inhibit irrelevant information. Unfortunately, cognitive
functions were not included as pre- and post-intervention outcome measures in any case study
on strategy-based treatments in PWA included in the systematic review by Purdy et al. (2018;
i.e. Cocks et al.,, 2013; Gold & Freeman, 1984; Lynch et al., 2009; Webster et al., 2013).
Therefore, the impact of other types of strategy-based treatments on cognitive functions in
PWA remains unclear. Nevertheless, evidence for co-occurring treatment effects in cognitive
functions and reading comprehension was found in case studies on cognitive treatments which
addressed underlying cognitive functions such as attention or working memory to enhance
reading comprehension in PWA (e.g. Coelho, 2005; Lee & Sohlberg, 2013; J. F. Mayer &
Murray, 2002; Sinotte & Coelho, 2007). Our results suggest that improvements in both
cognitive functions and text level reading comprehension may result not only from cognitive
treatments, but also from the reading strategies implemented in StraTexT. The relationship
between specific reading strategies and their potential effects on particular cognitive functions

remains to be evaluated in more detail.

The results should be interpreted carefully because most of the assessments contained
linguistic stimuli. As cognitive functions were evaluated pre- and post-intervention only, it was
not possible to compare change after the intervention to change without treatment, and
information on critical change scores exceeding re-test effects or practice effects in PWA
during the specific time interval was not available. The results of this study thus call for more
detailed research with regard to the potential effects of reading strategies on cognitive

functions in aphasia.

Clinical implications

The results suggest that systematic strategy-based interventions could be incorporated into
clinical practice to treat text level reading comprehension in people with post-stroke chronic

aphasia.

Protocol features. The treatment fidelity analysis shows that one-hour treatment sessions allow
the implementation of all steps and procedures outlined in the study protocol. StraTexT
requires a lower intensity than other evidence-based treatment approaches in the chronic
phase of aphasia. We suggest replicating the protocol features (i.e. intensity and duration) in

real life clinical settings.

Selection of reading strategies. To achieve significant treatment effects, both Intervention
Micro and Intervention Macro seem to be essential components. Since there was no evidence

indicating that the order of implementation affects the results, we cannot recommend any



specific order and suggest implementing Intervention Micro and Intervention Macro
sequentially without preference for either order. If the intervention time is limited, it may be
more helpful to focus on the intervention targeting the macrostructure, but the evidence for this
is weak. Studies with larger sample sizes are necessary to investigate strategy-specific effects
as well as individual preconditions that may contribute to a successful use of specific reading
strategies. Other reading strategies (e.g. highlighting, covering information) or text-to-speech-

technologies as explored in Hux et al. (2021) could be used additionally.

Additional impairments in metacognitive functioning in PWA might affect monitoring and
selecting reading strategies flexibly according to individual reading goals in everyday life
reading activities (Rosebrock & Nix, 2020). To facilitate transfer after the 14-session treatment,
it might be possible to start with only one or two specific reading strategies according to
individual reading goals to be applied in very specific reading activities in everyday life.
Metacognitive strategy training might guide transfer and help PWA to monitor and evaluate the
use of the selected reading strategies during the selected reading activities. A protocol for an

adapted metacognitive strategy training intervention is suggested by Kersey et al. (2021).

Target population. Reading comprehension in aphasia cannot only be treated with strategy-
based interventions, but also with oral, cognitive, or hierarchical reading interventions (Purdy
et al., 2018). We still lack sufficient knowledge about predictors that motivate the choice of one
method over another in an individual PWA. According to Purdy et al. (2018), the oral
intervention Oral Language for Reading in Aphasia (e.g. Cherney, 2010) might be particularly
beneficial in more severe aphasia. Despite the aphasia-friendly design of StraTexT worksheets
and materials, the complex nature of reading strategies along with requirements in
metacognitive abilities suggest that StraTexT might be more suitable for people with mild to
moderate aphasia. However, the only participant with severe aphasia included in this study
(P28) improved significantly in TCT-D Total. This result implies that, although challenging,
StraTexT may also be practicable and beneficial for people with severe aphasia. For this target
group, modifications such as additional facilitation techniques, a reduced number of strategies,
an abbreviated number of steps within each strategy, or shorter or easier text material could

be explored.

Text material. The use of individually relevant and authentic text material might contribute to
motivation, engagement, and improvements (Purdy et al., 2018). Text length and reading
complexity might progress from basic factual reading materials to longer factual information,

and finally to inferential reading of complex, lengthy text as suggested by Watter et al. (2021).

Future research



It is important to acknowledge that statistical significance on a group or individual level does
not allow conclusions about clinical significance (Breitenstein et al., 2022). The improvements
in the CARA questionnaire indicate that the improvements in text comprehension as measured
with the TCT-D were indeed perceived in everyday life reading by the participants. To gain a
deeper insight, we will analyse the interview data with regard to subjectively perceived effects,
potential responder characteristics, modifications proposed by the participants, self-reported
generalisation, as well as transfer to other linguistic levels. We suggest investigating whether
effects on the more complex level of text comprehension generalize to less complex structures
such as written word or sentence comprehension as has been shown for other language
structures in the Complexity Account of Treatment Efficacy (Thompson, 2007) and in Ablinger
and Domahs (2009). The results of our study may encourage randomised controlled trials
including a control group and — in view of the relatively low dosage in this approach — cost
effectiveness as a measure. It could also be investigated whether the sole use of the
Intervention Macro causes the same (or even larger) treatment effects as the combination of
Micro and Macro. A key research endeavour remains to identify individual features that
contribute to treatment success in this specific intervention approach. Purdy et al. (2018)
suggest considering several aspects, e.g. neurological factors, stamina, motivation, treatment
protocol factors such as dosage and materials, level of reading difficulties at the beginning of

the intervention, or accompanying motor speech deficits.
Limitations

Our study was powered for the primary within-group analyses. The a priori determined sample
size was maintained up to the first follow-up T5, whereas at T6, we could only include 19
instead of the required 21 participants. We therefore presented results both including and
excluding data from T6. Equally, our between-group analyses should be interpreted with

caution, given the limited statistical power.

Participants and SLPs providing treatment and collecting data could not be blinded, which
involves a potential risk of bias. As a measure to reduce this risk of subjectivity in data analysis,
we had the primary outcome duplicated by a blinded second rater and reported a high interrater

agreement.

The study design did not allow any aphasia treatment during the waiting period (T1 to T2) or
in addition to the controlled intervention period (T2 to T4). However, due to aspects of
practicability and ethical concerns about participants not being able to access their routine
treatment for the full duration of the project, it was not possible to control treatment during the
6 months follow-up period (T4 to T6). In fact, 16 out of 22 participants received uncontrolled

standard speech and language therapy (i.e. 45 minutes once or twice per week) between T4



and T5. While interpreting the follow-up period is challenging in light of this aspect, it reflects

standard speech and language therapy practice in Germany.

Due to the lack of appropriate diagnostic outcome measures in German language to assess
text comprehension in PWA, we translated and adapted the TCT (Chesneau, 2012) and the
CARA questionnaire (Morris et al., in preparation; Thumbeck, Webster, et al., 2023; Webster
et al., 2021). Despite extensive translation and adaptation procedures including forward and
back translations as well as pilot testing and data collection with the TCT-D in a neurotypical
German sample matched to the PWA of this study, information on psychometric properties of

the German versions of these outcome measures is still limited.

Although eligibility criteria did not specify an upper age limit, the mean age of the participants
who enrolled in this study was 59 years, suggesting a somewhat younger sample compared

to the typical stroke population.
CONCLUSION

This is the first group study that evaluated the efficacy of StraTexT, a strategy-based
intervention to treat text level reading comprehension in aphasia. This novel multiple-strategy
intervention is theory- and evidence-driven and takes into account aphasia-specific
impairments in linguistic resources and cognitive functions relevant for text comprehension.
The approach consists of two treatment components (Intervention Micro and Intervention
Macro) with a total of four reading strategies that are used to treat surface structure,
microstructure, macrostructure, and the situation model. The strategies are embedded in a

product-oriented approach to facilitate their application in aphasia.

The intervention proved to be effective in both performance-based measures of text level
reading comprehension (small effect sizes) and in self-reported measures of the personal
perception of reading abilities, feelings, and reading activities (medium to large effect sizes)
up to six months post-intervention. The improvements in text level reading comprehension
were superior to a waiting period without treatment for at least three months after the

intervention.

The results with regard to strategy-specific effects of Intervention Micro on the microstructure
and Intervention Macro on the macrostructure are inconclusive and call for further research.
Strategy-specific effects of Intervention Macro are suggested only by the additional exploratory
analyses. Thus, to the current state of knowledge, both components can be considered

indispensable contributors to treatment success.

Overall, the results build on findings from previously conducted case studies. As the protocol
features such as duration and frequency of treatment sessions were designed to be compatible

with regular rehabilitation contexts, we suggest integrating StraTexT in regular clinical settings.
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