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Abstract

Background
Research indicates a lack of competence, expectations, and evidence-based reading programs tailored for
individuals with disabilities who utilize augmentative and alternative communication. This study
investigated the effects of a longitudinal and multicomponent reading intervention on 40 students aged 6 to
14 with Autism Spectrum Disorder and/or Intellectual Disability requiring augmentative and alternative
communication (AAC).

Methods
The reading intervention utilized multiple single-case designs with multiple randomized baselines to
investigate the effect of an AAC-adapted reading material concerning phonological awareness, letter sound
correspondence, decoding, shared reading, and sight words, and its effectiveness was measured using a
generalized estimating equation.

Results
Evidence of the effects of the intervention phase compared to the control phase is lacking; however, within
the intervention phase, scores showed an increase over time. Statistical analysis identified significant
results only within sound blending. Moreover, an adapted standardized reading test was administered,
confirming that 13 students developed phonological reading skills. Almost half of the participants also
attained phonological awareness.

Conclusions
Most students demonstrated an increase in their early reading competence, irrespective of their speech
abilities, age, and severity of diagnosis. Due to the heterogeneity of the sample, it is crucial to examine each
student’s outcomes. The present study contributes to the debate and the limited research base related to
comprehensive and longitudinal reading instructions for students with autism and/or intellectual disabilities
who require augmentative and alternative communication. Moreover, it provides important information to
build upon, confirming previous findings that students many have low expectations of can achieve early
reading skills. This study is registered with ClinicalTrials.gov (NCT05709405, registered on January 23,
2023). As the study involved educational, not health care, interventions, further registration was deemed
unnecessary.

Background
Reading skills are essential in many areas of life, including education [1], access to information [2],
independence, quality of life [3], lifelong learning [4], and self-determination [5]. Furthermore, reading and
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literacy skills support language learning [6] and precise communication in augmentative and alternative
communication (AAC) [7].

Students with Autism Spectrum Disorder (ASD) and Intellectual Disabilities (ID) may exhibit lower reading
skills than expected based on their cognitive abilities [8], although the severity of ID is related to students’
reading skills [9]. According to Arciuli and Bailey [10], the lack of reading competence among students with
ASD and ID can be attributed to insufficient literacy experience, the quality of instruction, and low
expectations [5]. Reading practices are often poorly organized and limited to instruction and recognition of
sight words [11, 12], and teachers have not been equipped with the necessary skills to deliver effective and
evidence-based reading instruction for this population [13]. This is one reason why approximately 90% of
individuals with ID who require AAC enter adulthood without functional literacy skills [14], particularly those
with moderate or severe ID [15]. Students with ASD and ID may have similar instructional needs as those
with ID [16] and require specialized literacy instruction to achieve better school outcomes [17]. Challenges
in producing speech and/or understanding language may further hinder literacy development and
participation in reading and writing activities [18]. Shane et al. [19] estimate that 30–50% of students with
ASD do not develop functional speech, and around one-third of individuals with ID struggle to communicate
through verbal language [20].

Within reading interventions for students with ASD and ID requiring AAC, research has mainly emphasized a
few reading components, such as letter-sound correspondence [21–23] and sight words [17, 24], while
other studies emphasize more comprehensive evidence-based reading interventions which contain multiple
components (e.g., Allor et al. [25]; Browder et al. [26]; Connor et al. [27]; Lemons et al. [28]), as it has shown
improved reading outcomes. Furthermore, research has primarily focused on the development of reading
skills for students who can express their language verbally [29]. El Zein et al. [30] note that such
interventions often overlook students with average or above-average IQs and those with moderate to severe
ID who have no or limited speech and require AAC. Additionally, high-quality single-case experimental
studies are limited in this field [31, 32].

The National Reading Panel [33] has identified five essential literacy components that are effective for
acquiring reading skills: a) phonemic awareness, b) phonics, c) fluency, d) vocabulary, and e)
comprehension. Evidence indicates that multiple components identified by the NRP should be explicitly
incorporated into early reading interventions [34], and students with ID benefit from evidence-based reading
interventions that are comprehensive [25–28].

Several evidence-based strategies have been proposed for teaching students with ASD and ID. Evidence-
based reading instruction provided with explicit strategies or adaptations (e.g., for those requiring AAC) is
effective for students with ASD and ID [25, 26, 35, 36]. Research emphasizes that systematic, direct, and
explicit phonics instruction is an evidence-based strategy for teaching reading skills to students with ASD or
ID [32, 36–38]. Direct and explicit instruction is an essential strategy when using a reading instructional
program that helps students interact with, comprehend, and understand written language [39]. In addition,
students should receive scaffolding, corrective feedback, and cumulative reviews [26, 32, 36–38]. Yorke et
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al. [36] also pointed out the need to adapt interventions for AAC users, allowing them to respond in ways
other than verbally.

Literature review
Research on strategies related to reading instruction for mainstream and struggling students has provided
evidence of the positive outcomes of multi-component interventions [40]. Afacan et al. [31] reviewed the
quality and characteristics of studies focusing on multi-component reading interventions for students with
ID. The seven studies included phonemic awareness, phonics, fluency, comprehension, and vocabulary.
Multicomponent reading approaches were effective for students with ID. However, reading interventions
specifically adapted for students requiring AAC are scarce. Furthermore, according to Michael Barker et al.
[41], building a cumulative knowledge base is challenging because of the wide variety of information and
assessments in these studies. Evidence bases for reading interventions for children requiring AAC
consisted of small groups of single-case design (SCD) studies that used different measures and teaching
strategies and demonstrated varying degrees of success. Although randomized controlled trials (RCTs) are
considered the gold standard in research, studies using SCD can also offer a robust methodology crucial for
developing evidence-based practices in special education [42]. SCD are frequently utilized and essential for
gathering evidence in the field, with 83% of interventions for individuals with ASD employing SCD [43].

Some longitudinal and comprehensive studies have utilized a phonological approach [25, 26, 44]. In the
intervention by Allor et al. [44], 28 children with moderate ID were randomly assigned to treatment or control
groups, however, it did not specify their speech abilities or whether they required AAC. Statistically
significant differences were identified in phonemic awareness, phonics, vocabulary, and comprehension,
with all measures demonstrating moderate-to-strong effects. Allor et al. [25] investigated the outcomes of
141 students with IQs ranging from 40 to 80. Students in the treatment group received 19 to 134 weeks of
instruction and made significant gains in phoneme segmentation (ES = 0.66), phonics (ES = 0.58), and
phonemic decoding efficiencies (ES = 0,49).

The 93 students enrolled in the study by Browder et al. [26] had moderate or severe ID; however, the number
of students requiring AAC was not stated. The students were only tested in one pre- and one post-test, and
decoding was not part of the intervention. The effect size between groups on the posttest ranged from
small (.15) to large (.95).

Two studies that have stated the AAC- population are Palmqvist et al. [45] and Ulriksen et al. [44],
emphasizing a phonic-based approach. Palmqvist et al. [45] included 123 students with mild-to-severe ID
who required AAC. The students were divided into four groups: one group received a phonics-based
intervention; the second group received a comprehension-based strategy; the third group received both
strategies; and the control group received typical teaching (TAU). They were assessed four times over the
12-week intervention, and it was found that the combination of comprehension-based and phonics-based
reading instruction was the only approach that improved phonological awareness. In a study by Ulriksen et
al. [46], seven students with moderate ID who required AAC participated in a phonological reading
intervention using a multiple SCD with a pre-posttest and follow-up maintenance. There was a functional
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relationship between the intervention and positive outcomes in the different components of letter-sound
correspondence, sound blending, phoneme segmentation, and decoding; however, there was less evidence
for decoding.

Methods
This study investigated 40 students with ASD and/or ID who required AAC and acquired early reading skills
through a longitudinal multicomponent reading intervention. The students have worked systematically and
explicitly with the reading program “Reading for all” for up to 18 months. “Reading for all” is based on the
research of the evidence-based reading program ALL [2].

The research questions are:

Is there a functional relationship between the use of “Reading for all” and improved acquisition of
letter-sound correspondence?

Is there a functional relationship between the use of “Reading for all” and increased accuracy of sound
blending?

Is there a functional relationship between the use of “Reading for all” and improved acquisition of
phoneme segmentation?

Is there a functional relationship between the use of “Reading for all” and improved acquisition of
decoding by students aged 6–14 with ASD and/or ID who require AAC?

Our main hypothesis is that working systematically and explicitly with the multicomponent reading material
“Reading for all” over 18 months will increase the student’s development in early reading skills.

The independent variable was the adapted reading material “Reading for all,” that is based on the research
of ALL [2]. The dependent variable was the students’ accuracy in identifying the early reading components,
such as letter-sound correspondence, sound blending, phoneme segmentation, recognition of sight words,
and decoding.

The assessments in this study were developed by the researchers and focused on reading materials. The
teachers conducted tests on letter-sound correspondence, sound blending, phoneme segmentation,
recognition of sight words, and decoding. Additionally, teachers evaluated students’ communicative
competence using the MacArthur-Bates Communicative Development Inventory (CDI) [47]. Furthermore,
after the intervention concluded, the students who had achieved level two in the reading materials and
those who demonstrated improvement in the final decoding test in month 18 were assessed using OL64, a
standardized reading test [48].

The first and second authors conducted lessons and informed teachers and principals about the reading
intervention at 12 schools from August to December 2022 to recruit students and teachers who could
participate in the reading intervention. Teachers who had students meeting the inclusion criteria reached
out to the students’ parents. Both the parents and teachers provided informed consent to participate in the
study.
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The inclusion criteria were:

Diagnosis of ASD, ID, or other diagnoses confirmed by multidisciplinary assessments conducted by the
Child Rehabilitation Service.

Age 6–14

They did not have functional speech and required AAC as their primary form of communication.

Could not follow ordinary curricula but have an individual education plan (IEP).

The exclusion criteria were:

Students with severe visual or hearing impairment

Students who were able to decode syllables or single words

Students with severe physical disabilities prevented themselves from answering or providing other
reliable answers.

Of the 40 students, two moved abroad, and one could not continue for reasons unrelated to the school or
intervention. One student could not be tested and was marked as having missing data throughout the study
period. Additionally, one student underwent the first assessment before the onset of school refusal turned
severe. Several students also experienced significant gaps during the intervention because of school
refusal and health-related problems. It was impossible to obtain a map of communicative competence from
all students because some teachers did not assess it despite several reminders. Three students had rare
diagnoses that were not noted to ensure their anonymity.

As Table S1 illustrates, there is considerable variability in students’ communicative competence, and their
communication skills and assumptions vary widely. Both unaided (not requiring the use of any physical
devices, such as manual hand signs, gestures, or facial expressions) and aided systems, including low-tech
options (such as communication boards or picture exchange systems) and high-tech devices (such as
speech-generating devices based on tablets), were utilized for expressive support and comprehension
assistance, or both.

Setting, procedures, and design
The reading intervention took place between March 2023 and October 2024. Forty students from 12
schools participated, and their primary teachers implemented the interventions at their regular schools. All
teachers were trained to conduct the assessments, perform daily reading instructions, and create video
recordings. The first author was available throughout the intervention.

The instructions were delivered one-on-one, and daily guidance was recommended for about 20 to 30
minutes. Additionally, the teachers were encouraged to use flashcards featuring all symbols and words that
the students encountered during the intervention. This approach aimed to enhance both students’
vocabulary and comprehension. All teachers were asked to register for each work session on a registration
form. Teachers should record correct and incorrect responses, the time spent, the folder used (e.g., whether
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they worked at level two in folder 22), and the specific task (e.g., sound-blending). The students were
assessed using the same test materials for early reading skills, with all tests administered by their primary
teachers. All the testing situations were recorded.

The reading intervention employed a multiple SCD with several randomized baselines. The students were
randomly assigned to four groups: A, B, C, and D, with each group starting at different times month. The
students were randomized using PASS23 via Wei s urn dynamically
changing the group assignment probabilities based on the level of imbalance to establish longitudinal
balance between groups [49] (See Table S2 in Additional file 1).

Ethical approval

was obtained from the Norwegian Agency for Shared Services in Education and Research (Sikt) on 10
October 2022, Sikt registration form: 988724. We submitted a preliminary application to the Regional
Committee for Medical and Health Research Ethics. However, such approval was not necessary for studies
involving human samples, in accordance with local legislation and institutional requirements; the REK
deemed this research to be pedagogical and, therefore, outside its purview. Written informed consent for
participation was secured from the parents or legal guardians of the participants. Rare conditions were not
specified due to privacy concerns and the risk of identification. Additionally, when multiple students
presented with three to four diagnoses, these were omitted since such combinations of diagnoses can lead
to recognition.

The intervention and the primary and secondary outcomes
The material in use is called “Reading for all” and is based on the research and the evidence-based reading
program ALL by Light and McNaughton [2]. ALL emphasizes a synthetic and analytic approach, which was
developed by the recommendations of the National Reading Panel (NRP, 2000).

All instructional tasks were adapted for students without functional speech by using symbols, and oral or
written responses were not required for any of the tasks. Internal speech (verbalizing phonemes silently in
their minds) was also emphasized among students with speech limitations. The reading material included
various strategies from evidence-based teaching, particularly for students with ASD and ID, such as direct
and systematic instruction [33, 35], explicit instruction [33, 35, 50], scaffolding, immediate and corrective
feedback, and cumulative review and practice [2].

The reading components emphasized in the reading material and intervention were as follows: 1) Letter-
sound correspondence (the relationships between letters and sounds), 2) Sound blending (building words
from individual sounds in spoken language), 3) Phoneme segmentation (initial sound isolation, detecting
the first sound in words), 4) Sight words: the ability to recognize a word without decoding (both phonetically
regular and irregular words and high-frequency words), 5) Word decoding (recognizing letters, associating
letters with the correct sounds, and pull the sounds together into words), and 6) Shared reading: in these
tasks, students are encouraged to decode target words that appear several times in the reading material.

surnalg or ithmdue → Wei
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The reading material consisted of several levels, with students required to master each task in each folder
with at least 80% proficiency before proceeding to the next task and folder (see Appendix 1 in Additional file
1, for a description of the different levels). Additionally, the teachers received flashcards containing all the
symbols and words (560 in total) that students encountered in the reading material. Teachers were
encouraged to use these flashcards to develop concepts and vocabulary.

The primary outcomes were assessed 18 times at equal intervals each month, focusing on the student’s
skills in letter-sound correspondence, sound blending, and phoneme segmentation. Decoding and sight
words were also evaluated at 1, 12, and 18 months. The first and second authors created all the early
reading tests. To the best of our knowledge, no assessments in Norway demonstrating evidence of validity
have been modified for students who require AAC. All tests were adapted from the reading material
“Reading for All”. In each test, the students must differentiate between the target word or target sound and
the three other options. The students’ primary teachers conducted all assessments. The tests incorporated
Widgit symbols [51], and there was no requirement for verbal or written responses. Students could answer
by pointing at symbols, making hand signs, or using speech.

1. In the first test, letter-sound correspondence [scores ranging from 0 to 25] measured students’ ability
to match sounds (phonemes) to correct letters (graphemes). The students had to discriminate
between four letter sounds, that is, the target sound “a” and three others. The letters q, w, x, and z are
excluded because they are rare in Norway.

2. The second test, sound blending [score ranging from 0 to 10], measured the student’s ability to listen to
extended phonemes (for example /s//s//s//u//u//u//n//n/), blend them, and respond by selecting the
symbol that represented the word “sun.”

3. In the third test, phoneme segmentation [scores ranging from 0 to 10] assessed students’ ability to
segment the first phoneme of the word (e.g., /c/ for cat).

Secondary outcomes were assessed at one time point during baseline and twice during the intervention (at
months 1, 12, and 18).

1. The assessment of sight words [scores range from 0 to 10] measured each student’s ability to
recognize words learned by sight. The tasks contained, beside the target sight word, novel sight words,
words with similar first sound as the target word and words with similar shape (for example in
Norwegian “kan” and “kam”). The words also consisted of different consonant-vowel-consonant
occurrences (CVC), such as VCVC, CCVC, VCCVC, and VCC.

2. Assessments in decoding [score ranging from 0 to 20] consisted of 20 tasks with CVC, VCC and CCV
words, for example, “sol” (sun), “ost” (cheese) and “kne” (knee). Ten of the words were worked on
explicitly in the material, but the last ten words were novel and were not included in the reading
intervention. The decoding assessments tested the students’ ability to recognize graphemes, associate
letters with the corresponding sound, blend these sounds to determine the word, and finally identify the
symbol representing the word.

The teachers registered all test situations in register forms. In addition, all assessments were videotaped
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OL 64 is a reading test designed to map students’ beginner word reading. Reading tests offer nuanced and
systematic information about the skills necessary for further reading and writing development [48].
Students who achieved at least Level 2 in the reading material required for a standardized reading test were
assessed after the intervention.

The teachers and parents worked together to assess students’ communicative competence using the
MacArthur-Bates Communicative Development Inventory (CDI) before implementing the reading
intervention [47]. Nordahl-Hansen et al. [52] found that the CDI demonstrated good psychometric properties
when administered to children with ASD, including interrater reliability and concurrent validity [53].

Data collection procedures
Since this was an open-label trial, it was not possible to blind the students to the interventions. Additionally,
the first author could not be blinded to the intervention due to the coordination of all teacher training and
fieldwork. However, the research assistant was blinded when the intervention was initiated for each student,
and the two assessors independently coded the results while remaining unaware of each other’s
information.

All tests throughout the intervention were video-recorded monthly. To calculate interobserver agreement
(IOA), Random.Org was used to randomly select 20% of the tests each month for the first seven months and
20% from the remaining recorded tests. In the first month, 27% of the test situations were selected based
on the critical startup phase. Training was conducted whenever IOA fell below 80%, through written
reminders and corrections emails. However, after the first assessment, we noticed that two tests (letter-
sound correspondence and sound blending) were challenging to perform accurately. Therefore, a training
video was recorded in which the first author provided the correct test instructions.

The agreements between the two assessors (the first and second authors of the manuscript) and the
teachers were reviewed. The research assistant was blinded to each student's starting point (whether they
were in groups A, B, C, or D), and the first and second authors conducted the IOA assessment in a blinded
manner. Operationalized observation criteria and checklists were adhered to when controlling for
agreement.

The same observers who collected the IOA also scored procedural fidelity by investigating the test videos
using a procedural fidelity checklist created by the first and second authors. The first test session was
scored with 27%, test sessions two-seven 20%, and the rest of the test sessions 20%. The checklist for the
probes consisted of whether the teachers followed the instructions: a) in sound blending, extended the
phonemes for one-two seconds, b) in letter-sound correspondence, said the letter sound and not the letter
name; c) in phoneme segmentation: said the name of the symbol first, without any prompt, then gave the
instruction; and d) in sight words and decoding: just pointing at the target word, not reading it.

In all tests, teachers were encouraged not to comment on whether answers were right or wrong, but to
praise the effort. If a teacher gave incorrect instructions, the observers rejected the student's answer and
marked it incorrect. The percentage of correct implementations was then calculated.
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During the intervention, teachers provided monthly summaries detailing the students' progress: the number
of sessions per week and the total minutes worked. Additionally, the summaries indicated whether students
had engaged with the explicit assignment folder, which level they worked in (1, 2, or 3), and the specific
folder and task they tackled. This ensures effective control over the intervention's implementation. When
teachers failed to submit summaries, they received reminders via email. Furthermore, the first author was
available for guidance throughout the intervention questioning.

Statistical analysis
A generalized estimating equation (GEE) was utilized to assess the effectiveness of the intervention
concerning phonological awareness, sight words, and decoding. Due to the repeated measures from the
same participant, the selected working matrix was an autoregressive first order. Thus, the primary model
included the following covariates: a) the phase of the intervention or control over time and b) time (noted in
the tables as a main effect). Additionally, two moderation models (also known as interaction models) were
conducted: The first interaction model examined whether the time effect on the outcomes would be more
pronounced during the intervention phase than in the control phase (as shown in Tables 1, 2, and 3, referred
to as Int 1). Furthermore, we tested whether the effect of time on the outcome was conditioned by the
severity of the disability (ranked from no severity to severe levels of disability), aiming to evaluate if overall
language development over time is influenced by the severity of the disorder, where greater severity
correlates with a diminished effect of time on the outcome scores (in Tables 1, 2, and 3 described as Int 2).



Page 11/26

Table 1
Results for letter-sound correspondence and sound-blending

  Outcome

Model Effects LSC 95% WCI p-
value

SB 95% WCI p-
value

Main
effects

Intervention 0.369 -0.488 1.277 0.398 0.662 0.094 1.229 0.022

Main
effects

Time 0.378 0.248 0.508 < 
0.001

0.196 0.139 0.254 < 
0.001

Int 1 Intervention -0.828 -2.616 0.961 0.364 0.908 -0.065 1.881 0.067

Int 1 Time -0.107 -0.900 0.685 0.791 0.299 -0.098 0.696 0.140

Int 1 Intervention*time 0.522 -0.297 1.331 0.206 -0.109 -0.507 0.288 0.590

Int 2 Intervention 0.371 -0.487 1.228 0.397 0.665 0.098 1.232 0.021

Int 2 Time 0.363 0.237 0.488 < 
0.001

0.192 0.137 0.246 < 
0.001

Int 2 Severity -0.574 -2.252 1.105 0.503 0.087 -0.546 0.720 0.788

Int 2 Time*

severity

0.030 -0.048 0.109 0.452 0.010 -0.019 0.039 0.489

Note. NA = The interaction parameter was set to zero because it is redundant. Int 1 = results derived
from an interaction model where the focus was on intervention*time effect’s coefficient; Int 2 = results
derived from an interaction model where the focus was on time*severity’s effect coefficient.



Page 12/26

Table 2
Results for phoneme segmentation and sight words

  Outcome

Model Effects PS 95% WCI p-
value

SW 95% WCI p-
value

Main
effects

Intervention -0.084 -0.682 0.513 0.782 -1.851 -4.255 0.553 0.131

Main
effects

Time 0.242 0.177 0.306 < 
0.001

0.286 0.145 0.427 < 
0.001

Int 1 Intervention -0.033 -0.981 0.914 0.945 NA NA NA NA

Int 1 Time 0.264 -0.129 0.656 0.188 NA NA NA NA

Int 1 Intervention*time -0.023 -0.424 0.374 0.909 NA NA NA NA

Int 2 Intervention -0.090 -0.687 0.508 0.769 -1.905 -4.270 0.461 0.114

Int 2 Time 0.260 0.195 0.324 < 
0.001

0.294 0.154 0.433 < 
0.001

Int 2 Severity 0.448 -0.079 0.975 0.095 -0.139 -0.481 0.203 0.426

Int 2 Time*

severity

-0.037 -0.078 -0.005 -0.085 -0.010 -0.044 0.025 0.579

Note. NA = The interaction parameter was set to zero because it is redundant. PS = phoneme
segmentation, SW = sight words. Severity refers to whether the students have different diagnoses as
Down Syndrome/rare, ASD or ASD and a level of disability.
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Table 3
Results for decoding

  Outcome

Model Effects Decoding 95% WCI p-value  

Main effects Intervention          

Main effects Time 0. 0. 0. < 0.001  

Int 1 Intervention NA NA NA NA  

Int 1 Time NA NA NA NA  

Int 1 Intervention*time NA NA NA NA  

Int 2 Intervention -0.787 -4.659 3.985 0.690  

Int 2 Time 0.462 0.216 0.708 < 0.001  

Int 2 Severity -0.143 -0.825 0.539 0.681  

Int 2 Time*

severity

-0.014 -0.090 0.062 0.718  

Note. NA = The interaction parameter was set to zero because it is redundant.

Bland-Altman plots and their derived estimates (mean difference, as well as lower and upper limits of
agreement) [54, 55] were employed to assess the agreement between teachers and researchers regarding
the continuous scores for all outcomes. A random subsample of 29 children was used for phonological
awareness outcomes, while 15 were used for decoding outcomes. The NCSS software was utilized to
calculate the Bland-Altman plots.

The significance level was set at p < 0.05. All analyses involving the intervention effect were performed
using the SPSS 29.

Results
Evidence is missing regarding the effect of the intervention phase (vs. control) on the outcome modified by
time (interaction 1) and the severity of the children’s disabilities (interaction 2). This finding indicates that a)
there is insufficient evidence that within the intervention phase, scores increase over time, and b) the overall
development of the children across all outcomes over time is not dependent on severity.

[Tables 1–3 here]

The students completed letter-sound correspondence, sound blending, phoneme segmentation, sight
words, and decoding at months 1, 12, and 18. Note that 18 measurements of letter sounds, sound blending,
and phoneme segmentation were conducted, but only three of those are presented here. For individual
outcomes in the different reading components, see Figures S1-S20 in Additional file 1.
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Assessment of trial results in a standardized reading test (OL 64)
The test results described the students’ initial word reading abilities. Emphasis is placed on accurate
reading and time management. Fast and confident readers exhibit a confidence level of 90% or more and
can read 64 words in less than 7 minutes. Slow and confident readers also show a confidence level of 90%
or more, taking between 7 and 10 minutes [48]. These students have gained alphabetic insights, recognize
letter sounds, and have mastered basic phonological reading (see Figure S21 in Additional file 1).

Table 4 describes the effects of the intervention and control phases on the three models. As shown, there is
a time effect over all the models, meaning that, on average, there is a positive increase in the scores for all
the outcomes and their respective measures. For example, for the main effect model, for each repeated
assessment of letters there is a 0.378 correct, meaning that in over ten assessments, the children are, on
average, getting 3.78 correct points. Our main hypothesis for the main effect model was to see if the phase
with the intervention had higher scores than the control phase, and only in the phonological awareness
domain, blending, can one observe the intervention effect being 0.662 correct points compared to the
control phase (p-value = 0.022). We lacked evidence of the difference between the two phases for all other
domains.

Table 4
Severity features and time spent with each child over 18 months

  N Mean Minimum Maximum

-1 16 29.4365 6.00 67.52

0 1 45.4000 45.40 45.40

1 13 46.0397 20.93 90.92

2 3 39.4222 16.90 64.88

3 4 51.3250 38.47 61.47

Total 37 38.8775 6.00 90.92

Note. Three students had missing data for hours/implemented time: ID 20, 24, and 30.

[Table 4 here]

[Table 5 here]



Page 15/26

Table 5
Interobserver agreement

Lower Limit of Agreement Upper Limit of Agreement

-14,62665 9,086416

-18,93642 12,3732

-25,2267 18,15773

-27,97599 15,97599

-21,5325 9,389639

The Bland-Altman plot and its derived estimates (mean difference between a teacher and the researchers
(also called bias) and lower and upper limits of agreements for the mean difference are reported in Table 5.
The mean scores from the teachers were consistently lower than those from the researcher, with the largest
difference noted in decoding and sight-word reading (about six points less on average). A perfect
agreement would be reached if the teachers and researchers scored the same, yielding a mean difference
of zero.

Overview of time used in hours for the participants (see Table S3 in Additional file 1). The result of the
social validity assessment, along with Figures S22 and S23, are presented in Appendix 2.

Discussion
This study aimed to investigate the effect of the independent variable, the adapted reading material
“Reading for all” based on the evidence-based reading program ALL [2] and evidence-based strategies for
students with ASD and/or ID who require AAC. None of the students decoded syllables or words at the
beginning of the intervention.

Blending, as a subdomain of phonological awareness, showed higher scores during the intervention phase
than during the control phase. This finding, along with other non-significant effects observed across various
domains of phonological awareness and outcomes, was not dependent on the time and severity of the
disorder. Our tools are currently being evaluated for their psychometric properties and, as a result, may not
be sensitive enough to capture monthly developments. As in previous research, this study provided mixed
results independent of the different baseline groups or the use of intervention time. Due to great
heterogeneity (students had great variability regarding their age, diagnosis, and baseline speech ability), our
results are more generalizable to a broad audience rather than a specific sampling of children with a single
diagnosis, for example autism. However, although statistical analyses stated significance only within sound
blending, it is also crucial to investigate students' individual development in different reading components
in such studies.

For students with limited or no speech ability (10 words or fewer, N = 11), internal speech was encouraged,
allowing them to demonstrate competence by hearing and extending the sounds in their minds and using
pointing as a response modality. The individual results in Table 4 show that some students acquired
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phonological awareness, enhanced their letter-sound skills, and exhibited phonological reading abilities.
However, a visual data inspection was not conducted using our statistical methods model.

Table S1 and Figures S1-S20 show that a few common denominators emerge for those demonstrating the
best reading development. The baseline mapping of communicative competence reveals significant variety
in both expressive and receptive languages. However, a common factor among most students acquiring
phonological reading skills is that they had already learned many letter-sound correspondences at the
beginning of the intervention. Letter-sound correspondence and phonological awareness are key
components predicting later literacy development [56, 57]. Individuals with ID who require AAC exhibit lower
phonological awareness and letter-sound skills compared to typically developing children [58], and they
often need additional time to develop this knowledge [25]. This represents a distinct challenge for this
population. By examining the individual test results from the final assessments, it was found that 33% of
the sample successfully cracked the reading code, while 62% mastered more than 16 letter-sound
correspondences in the first baseline assessment. In the final tests on phonological awareness, the specific
results indicated that 19 out of 40 students achieved a high degree of phonological awareness. However,
many students may require significantly more instructional time before developing phonological reading
skills, as numerous students in this population might use 1.5 to 3.5 academic years to achieve functional
reading skills [25].

Several students found it challenging to generalize their early reading skills to another adapted test, OL 64.
Many students (N = 18) in Figure S21 were not assessed with this last test due to difficulties with a new
format that differed from the researcher-made tests. Teachers reported that several students became
frustrated and did not understand what to do, even though they provided similar instructions as in the 18
measurements during the intervention. According to Whitbread et al. [59], there is a significant issue for
most individuals with ID in generalizing the skills they have achieved in controlled settings to everyday use.
Since we conducted both the OL64 and included novel words in the reading test, it was possible to detect
generalization skills, whether the students could read in another context, and whether they had automated
words as pictures or read phonetically. However, the OL64 test indicated that only 13 students had achieved
functional reading skills.

Using the standardized reading test OL 64 (adapted with Widgit symbols), the students could demonstrate
whether they had mastered reading novel words, words with different vowel and consonant combinations,
and words they had not encountered in the reading material, such as words with diphthongs (øy, au).
Furthermore, the researcher conducted tests based on the student’s placement within the materials. For
instance, in March 2024, during the tests on decoding and sight words, students who were still at Level 1
had no expectations about mastering these tests because they had not received explicit instructions in
phoneme segmentation and decoding prior to Level 2 in the reading material.

The aim was for the teachers to deliver the instruction for approximately 20–30 minutes each day.
Calculating the time needed for each student showed that they received less instructional time than
recommended, and the intensity of implementation was not optimal for many students. This is a common
challenge observed in other studies [15, 45].
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Owing to the large individual differences in the sample, it was not possible to determine the time used
against the results. There are significant differences in the amount of time students spend reading
instructions. During the monthly summaries, we noted that some students spent one minute on a task while
others spent 20 minutes. Although the intervention lasted for 18 months, it is important to consider
effective intervention time. For 18 months, at least 22 out of 82 weeks were holidays. Furthermore, several
students took vacations during the school year, some experienced health issues and some refused to
attend school. Allor et al. [60] noted that providing interventions with sufficient intensity is challenging,
given that many students with ASD and ID develop slowly and need extensive practice to acquire their
reading skills. In earlier research by Allor et al. [25], it was highlighted that even with 45 minutes of daily
instruction using evidence-based methods, students made progress in oral reading fluency equivalent to 1.5
to 3.5 academic years, while the majority of typical students may accomplish similar progress in just half an
academic year [25]. As detailed in Table S3, the instructional time indicates that most students received
less instructional time than recommended. Additionally, maintaining motivation over such an extended
period may be challenging, and a decrease in time was observed for some of the participating students.
Overall, it appeared that students requiring the most intervention time received less due to various factors.

The reading material emphasizes concise instructions, enabling students to process them effectively.
Students with ID may require additional processing time to receive, comprehend, and respond to
information [61]. Furthermore, including all instructions—specifically what the teachers conveyed and how—
at the back of each task ensured that all students received roughly the same guidance. This may have also
contributed to a predictable teaching style, which is often preferred by this population. However, some
students may have found it too rigid and therefore, they should have been allowed greater individual
adaptation.

Limitations and future research
This study had some limitations. The number of baseline points varied among the groups: Group A had two
before starting the intervention, Group B had three, Group C had four, and Group D had five data points.
According to Ledford and Gast [62], it would be methodologically stronger if all four groups utilized five data
points groups. However, the What Works Clearinghouse guidelines indicate that to meet design standards
within single-case intervention, “the study should include at least three attempts to demonstrate an
intervention effect at three different points in time” [63].

We aimed to measure student vocabulary before and after the intervention using the CDI, which the
teachers and parents completed. However, it was impossible to obtain that many students after the
intervention ended. Many students changed their teachers during the intervention, and the new teachers
justified the lack of CDI by saying that they did not know the students well enough to map their
communicative competence afterwards. Thus, assessing the impact of reading interventions on vocabulary
development is impractical. According to the teacher survey, 88.9% of teachers reported that the students
had improved their vocabulary.



Page 18/26

It is optimal to use standardized tests when measuring skills in an intervention; however, Norway has no
standardized tests to measure early reading skills in students who require AAC. The researcher developed
all early reading tests in phonological awareness, letter sounds, sight words, and decoding and aligned with
the reading material. According to Palmqvist et al. [45], measurement issues undermine the interpretation
of results in most studies on similar topics. Sermier Dessemontet et al. [32] noted that standardized tests
showed a smaller effect of phonics-based reading interventions in students with ID. This may be due to the
researcher developing tests based on the reading programs used in the interventions, which were very
similar to the material.

Another dilemma with these tests was that there was a 25% chance the students gave the correct answers.
During the tests, it became clear that several students had not mastered the skills but guessed correctly.
Therefore, in this case, with 18 measurements taken during the intervention, it was beneficial to stabilize the
measurements over time. Another challenge was that some students developed rigid strategies by pointing
to the square's bottom right.

Maintaining participation over such a long period was challenging because many students changed
schools and teachers during the interventions. First, it is unclear whether teachers who take responsibility
for students who have started an intervention are as motivated and engaged as the original teachers who
agreed to participate. Second, changes in schools and teachers required new training sessions, which were
time-consuming. Another challenge is that when students start at new schools with new teachers, it may
take a long time to get to know the students and settle into a teaching routine. Several students who
switched schools did not effectively engage with the intervention before October, three months after
changing schools.

Future research should involve a larger randomized controlled trial (RCT) to examine all the components
recommended by the Norwegian Research Council (NFR), also including comprehension. Additionally, it is
vital to consider factors such as disability type, IQ, expressive and receptive language, and prior literacy
experience. According to Allor et al. [60], a deeper understanding of these potential factors may enhance
our ability to tailor instructions to meet individual differences. Furthermore, exploring a more tailored
approach for each individual is crucial due to significant heterogeneity. According to Reichow et al. [64],
future studies should focus on moderators to improve our understanding of how instruction and individual
differences can be adapted to boost reading outcomes. However, it is important to note that moderation
analysis (i.e., interaction analysis) requires larger samples compared to analyses that estimate only main
effects.

Reading comprehension should also be measured as it is the ultimate goal of reading [65]. However, while
understanding the meaning of words or connected text was considered through shared reading books, it
was not assessed. Several studies [66–68] have shown that students with ID have less developed reading
comprehension skills, which highlights the need to investigate methods for teaching reading
comprehension and develop assessments that can measure reading comprehension for students with ID
who require AAC.

Implications for practice
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Research indicates a lack of high-quality reading instruction [10], expectations [5], and evidence-based
reading programs [69] for students with autism and ID who require AAC. In Norway, as in many other
countries, there are no clear guidelines for teaching functional reading and literacy skills to this population.
It is crucial for both policymakers and teacher education institutions to help establish clearer standards and
guidelines on how teachers should implement evidence-based reading instruction for this population.
Additionally, developing adapted assessments is essential to ensure validity and reliability, with robust
psychometrics that allow this population to demonstrate their skills.

Conclusions
The present study enhances the understanding of multicomponent phonics-based reading instruction for
students with autism and ID who require AAC. The intervention highlighted evidence-based strategies,
particularly those proven effective for students with ID who need AAC. While statistical analysis indicated
significance for the reading component of sound blending, it is essential to examine all individual results
and developments in this diverse population. Although it was challenging to identify many common factors,
one aspect was particularly notable. Most students who developed phonological reading skills had already
mastered numerous letter-sound correspondences before the intervention began. Additionally, it is
important to note that students with limited expressive and receptive language progressed in reading
components and acquired some functional early reading skills. To address the high levels of illiteracy in this
population, literacy expectations and experiences must evolve, beginning with the fundamental belief that
all students have the right to succeed as readers [22].

Further research is needed to establish reading standards for more homogeneous groups and deep dive
into each individual characteristic to find what works and for whom. Identifying common denominators, in
addition to implementing evidence-based strategies, may contribute to ensuring that individuals with
autism and/or intellectual disability who require AAC have the opportunity to become functional readers.
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