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In research on Easy Language and automatic text simplification, it is imperative to evaluate the comprehensibility of texts by presenting them to target users and assessing their level of comprehension. Target readers often include people with intellectual or other disabilities, which renders conducting experiments more challenging and time-consuming. In this paper, we introduce Okra, an openly available touchscreen-based application to facilitate the inclusion of people with disabilities in studies of text comprehensibility. It implements several tasks related to reading comprehension and cognition and its user interface is optimized toward the needs of people with intellectual disabilities (IDs). We used Okra in a study with 16 participants with IDs and tested for effects of modality, comparing reading comprehension results when texts are read on paper and on an iPad. We found no evidence of such an effect on multiple-choice comprehension questions and perceived difficulty ratings, but reading time was significantly longer on paper. We also tested the feasibility of assessing cognitive skill levels of participants in Okra, and discuss problems and possible improvements. We will continue development of the application and use it for evaluating automatic text simplification systems in the future.
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1. Introduction

The terms “Easy Language”, “Plain Language”, “easy-to-read language”, and “simplified language” all denote varieties of standard language which aim to improve comprehensibility for a wide range of target groups, including people with intellectual disabilities1 (IDs) or communicative impairments, people who are deaf or hard-of-hearing, or non-native speakers (Maaβ, 2020). As efforts to automate the process of simplifying texts are increasing (Schulz et al., 2020; Al-Thanyyan and Azmi, 2021), it also becomes increasingly important to develop and apply accurate and reliable methods for evaluating simplified texts.

Much of the previous work on comprehensibility assessment of simplified texts has focused on comprehension tests and perceived difficulty ratings by experts (e.g., simplified language translators) or readers sampled from a general population, which are not necessarily representative of the target group (Alva-Manchego et al., 2021). The reason for this is that target groups are often difficult to access and experiments involving them require significantly more time and expertise (Saggion et al., 2015; Stajner, 2021). Particularly in the field of automatic text simplification, evaluation studies involving the target audience are rare (Stajner, 2021), and most researchers resort to experts or users on crowdsourcing platforms for human evaluation (e.g., Xu et al., 2016; Sulem et al., 2018c; Zhao et al., 2020). In addition, although many people in the target group are active users of digital media and devices (Ramsten et al., 2018), existing tools and platforms for human evaluation are rarely optimized for people with disabilities (Uzor et al., 2021), leading to a high threshold to including the target group in evaluation studies. These impedes digital participation, because people with IDs are excluded from research on improving communication technology targeted at them.

We believe that this situation can be improved by providing tools which enable more efficient, effective, and inclusive evaluation studies with participants from diverse target groups, particularly, people with IDs. Developing digital applications for comprehensibility assessment and adapting them to the needs of these target groups reduces the need for close supervision and increases flexibility in terms of where and when experiments can be conducted. In addition to reducing cost, this also enables a more naturalistic reading environment compared to paper-and-pencil tests in a laboratory setting. In the present work, we introduce and test such a tool and apply it in an initial experiment with participants with ID.

The main contributions of this paper are:

1. We describe the design and implementation of Okra, a mobile application for testing text comprehensibility with people with IDs (Section 3).

2. We present results from a small-scale study with Okra aiming to detect potential effects of the digital testing modality compared to traditional paper-and-pencil methods, and to test the feasibility of administering low-level cognitive tasks (Section 4).



2. Background and related work


2.1. Human evaluation of text difficulty

Although there is no consensus on best practices, it is generally accepted that evaluating Easy Language with target readers is crucial for obtaining representative results (Alva-Manchego et al., 2020, 2021; Stajner, 2021; Stodden, 2021). However, human evaluation of text difficulty is mostly done with populations such as crowdworkers (Leroy et al., 2013; Redmiles et al., 2019), experts (Sulem et al., 2018a,b), students (Fulmer et al., 2015; Leroy et al., 2022), or target groups that are more easily accessible, such as non-native speakers (Crossley et al., 2014; Vajjala et al., 2016; Vajjala and Lucic, 2019). Exceptions include studies with deaf and heard-of-hearing participants (Alonzo et al., 2021), readers with dyslexia (Rello et al., 2013a,b,c), and people with IDs (Huenerfauth et al., 2009; Fajardo et al., 2014; Saggion et al., 2015; Gutermuth, 2020). Particularly in the field of automatic text simplification, output texts are rarely evaluated with vulnerable populations. The main reasons for this are the difficulty and time involved in accessing these groups and adapting the experiments to the special needs of the participants, as well as ethical issues (Saggion et al., 2015; Deilen and Schiffl, 2020; Stajner, 2021).

Several different methods have been proposed and used to measure the difficulty of texts. For subjective perception of difficulty, Likert scales are most frequently used (e.g. Leroy et al., 2013, 2022; Fulmer et al., 2015). For measuring actual or objective difficulty, various types of comprehension testing are applied, including multiple-choice questions (Leroy et al., 2013, 2022; Fajardo et al., 2014; Charzyńska and Dębowski, 2015; Alonzo et al., 2021), cloze tests (Charzyńska and Dębowski, 2015; Redmiles et al., 2019), and free recall questions (Leroy et al., 2013, 2022). Some studies also measure different aspects of reading behavior, such as the time taken to read a text (Crossley et al., 2014; Saggion et al., 2015; Alonzo et al., 2021), gaze patterns recorded through eye-tracking (Rello et al., 2013c; Vajjala et al., 2016; Gutermuth, 2020), or scrolling interactions (Gooding et al., 2021).



2.2. Tools for computer-based reading experiments

Many tools used in behavioral and psycholinguistic research support various types of reading tasks, for example, PsychoPy (Peirce et al., 2019), PsyToolkit (Stoet, 2017), or jsPsych (de Leeuw, 2015). Survey platforms such as Qualtrics or SurveyMonkey provide basic features for multiple-choice or text-based responses, and Amazon Mechanical Turk and Qualtrics support custom front-end implementations to collect behavioral measurements such as reading time and scrolling behavior, which often involves considerable technical expertise (e.g. Alonzo et al., 2021; Gooding et al., 2021), and making implementations accessible requires user testing. We are not aware of any tools specifically developed for reading experiments with people with IDs. Large-scale digitized testing for this target group is uncommon, and studies designed for participants with IDs are still mostly done using paper-based methods (e.g. Huenerfauth et al., 2009; Fajardo et al., 2014).



2.3. Usage of technology by people with ID

Insights from interviews and surveys have shown that the use of information and communication technologies, and mobile devices in particular, has become widespread among adults with IDs (Ramsten et al., 2018), and may even have significant personal and social benefits (Chadwick et al., 2018; Martin et al., 2021). Use of technology has also been found to be beneficial for people with IDs in education (Maebara et al., 2022) and the development of skills in daily life (Jung et al., 2021), particularly due to the variety of modalities (text, images, video, audio, etc.) supported by the devices. This strongly suggests that participation in digital comprehensibility studies should be possible for this group. However, existing software solutions, including crowdsourcing platforms such as Amazon Mechanical Turk, are generally suboptimal in terms of accessibility for many user groups, including users with IDs (Uzor et al., 2021).

Due to this increased use of technology and the growing need of human evaluators from target groups of Easy Language, developing a digital application that is accessible for people with ID is a logical next step. However, the feasibility of such applications and potential effects of the digital modality compared to conventional paper-based methods must be thoroughly tested. Our work presents a first step in this direction.




3. Application description

In response to the increasing demand for and importance of representative human evaluations of text simplification and the lack of suitable tools for one of the main target groups of Easy Language (people with IDs), we present a prototype of a mobile application for touchscreen-based assessment of reading comprehension. Its main goal is to create a simple way for researchers to set up and configure experiments, which can then be presented to participants in an accessible way, either on their own device, or a device provided to them by the researcher (in a laboratory setting).


3.1. Requirements

Based on the specific needs and difficulties of the target users and the shortcomings of existing tools for collecting reading comprehension data described in Section 2, we formulate the following requirements for our application:

From a participant's perspective, the application should:

• Provide an easy-to-understand and easy-to-use interface, specifically for participants with mild to moderate IDs or limited language skills.

• Support independent use as best as possible, i.e. on a personal device, without supervision.

• Keep up the user's motivation.

From a researcher's perspective, the application should:

• Collect all data which is potentially useful for evaluating Easy Language.

• Allow conducting both remote and in-lab experiments.

• Provide a simple and reproducible way of setting up customized experiments.



3.2. Design and implementation

To allow conducting experiments both in a lab and remotely using participants' personal devices, we chose a client-server implementation. The client application is installed on a touchscreen device and used by the participant to complete tasks. On the server side, we implemented a web application which includes a dashboard where researchers can configure experiments and download results, and an application programming interface (API) to communicate with registered clients.

To address the requirements described in the previous section, we designed the graphical user interface to reduce the amount of information visible on screen simultaneously and provide clear indicators of the next steps at every point in time. As it is safe to assume that most participants are at least somewhat familiar with modern Android or iOS applications (Ramsten et al., 2018), we follow Material Design specifications2 to implement components and navigation behavior reminiscent of widely used apps. When participants open Okra, they are asked to scan a QR code given to them by the researcher, which registers their device and allows them to receive experiments to participate in. Each experiment starts with a screen with instructions written in Easy Language, followed by a practice task and a number of main tasks. After each task, an encouraging message is shown for positive reinforcement, and the participant is allowed to take a break and continue at their own pace. Where easily possible, we included gamification elements such as colorful pictures and animations (see Figure 1 for sample screenshots). During tasks, user interactions (i.e., scrolling and touch events) are recorded, and the log is sent to the server after the task is finished.


[image: Figure 1]
FIGURE 1
 Screenshots of Okra. (A) Reading task with comprehension questions on a tablet screen (in German), as it was presented to participants (cf. Section 4.2). (B) Difficulty rating on a phone screen. (C) Instructions for a lexical decision task on a phone screen.


No personal information is collected or stored in the client application, and participants are only identified by randomly generated identifiers. The researcher is responsible for collecting personal information and mapping them to participant identifiers. This means that data confidentiality can be handled by the researcher according to individual requirements.

The client application is implemented using the cross-platform user interface (UI) toolkit Flutter3, meaning that it can be compiled into a native Android/iOS app or a Progressive Web App (PWA) which can be installed directly from a web browser. The server is a Django4 app and contains a dashboard for registering participants and configuring experiments, and the API for communicating with clients.



3.3. Tasks

We identified tasks which can be made accessible to target users while remaining useful for Easy Language research and evaluation of text simplification. In a typical study, measuring low-level cognitive skills may also be relevant for screening or comparing to a control group. Therefore, apart from reading comprehension tasks, we also include tasks for measuring skills such as working memory and visual attention. The following types of tasks are currently implemented in the prototype:

• Reading tasks with multiple-choice questions and Likert-scale or slider ratings [screenshots (A) and (B) in Figure 1].

• Multiple-choice cloze tests, where a short segment of text with a single gap is shown at a time.

• Lexical decision tasks, where the user judges whether a string of characters is a word or a non-word.

• n-back tasks for testing working memory, first introduced by Kirchner (1958).

• Digit span tasks, where participants need to remember and recall sequences of digits of increasing length.

• Word-picture-matching tests, where participants choose the matching picture for the displayed word, as described by Deilen (2020).

• Reaction time tests, where an image appears on screen and participants tap it as quickly as possible.

• Trail Making Tests for testing visual attention (Reitan and Wolfson, 1993).

• An adaptation of the electronic short-term memory skill game Simon, where participants remember an increasingly long sequence of buttons to press.

Implementations of these tasks are contained in the client application installed on participants' devices. Instructions, stimulus data, and procedure details (number of trials, size of UI elements, timing etc.) can be configured by the researcher through a web application. The client is currently available in German and English.



3.4. Availability

The source code for both client and server implementations are available under free and open source licenses at https://github.com/saeub/okra and https://github.com/saeub/okra-server. The client application is currently not available through any official app store.




4. Experiment: effect of testing modality and feasibility analysis

We used Okra in a small-scale experiment with participants with IDs. The goal of this experiment was to gather initial evidence for the following two questions:

• Is there a measurable difference between reading comprehension and perceived difficulty rating tasks performed in Okra compared to paper-and-pencil testing?

• Is it feasible to test low-level cognitive skills with people with ID using Okra?

The latter question is relevant because in future studies, these cognitive tasks will be useful for characterizing the target group, screening participants, or correlating reading behavior to certain cognitive skills.

A selection of results of this study has been reported in Säuberli (2021).


4.1. Participants

After institutional review board (IRB) approval and a pilot study with two participants, 16 participants took part in the main study. They were recruited directly through their instructor in an educational program for people with learning difficulties and disabilities in Austria. There were no additional inclusion criteria. They took part on a voluntary basis and were compensated monetarily. Participants were not screened for disability specifically, but all participants in the educational program have some form of cognitive impairment or learning disorder (the most common being Autism Spectrum Disorder, Down Syndrome, and developmental delay) and a degree of disability of at least 50% according to Austrian legislation.5 They were aged between 18 and 38 (median: 26) at the time of the first session. Eight of them identified as female, eight as male. All were native German speakers. According to their survey responses from the first session, 14 of them use a smartphone on a daily basis, two only weekly. This is in line with previous research of technology usage among people with ID (Ramsten et al., 2018) and validates our assumptions for the design of the application (cf. Section 3.2). Self-reported reading frequency [“How often do you read texts (for example, in newspapers, books, or the internet)?”] was distributed between every day (n = 4), once per week or more (n = 8), and less than once per week (n = 4). All of them had at some point read texts in Easy Language before.



4.2. Procedure, tasks and variables

There were two sessions per participant. Each session was administered one-on-one by an employee at the facility where the participants' educational program took place. The experiment consisted of a reading task, which was split across the two sessions, and three different low-level cognitive tasks at the beginning of the second session. Each task was preceded by written instructions and a practice trial. These instructions and the remaining text material were checked by a professional in Easy Language to ensure that they adhere to guidelines designed for the target group. In addition, the session administrator constantly monitored the participants' screens during the experiment and, if necessary, added oral instructions, in order to prevent misunderstanding of the tasks.

For the reading task, we selected eight newspaper articles written in German Easy Language taken from the APA (Austrian Press Agency) corpus (Säuberli et al., 2020), ranging between 63 and 122 words in length. For each text, we wrote three multiple-choice comprehension questions with three answer choices. After initially reading the text (without seeing the questions yet), participants had to rate the difficulty of the text on a 5-point rating scale (1 = very difficult, 5 = very easy). The text was then shown again, together with the comprehension questions, and participants had unlimited time to answer them. This was followed by two more 5-point ratings on the difficulty of the questions (1 = very difficult, 5 = very easy) and enjoyment (“How much did you enjoy this task?”; 1 = not at all, 5 = very much). Each participant read four texts on an Apple iPad 2018 (9.7 inches) using Okra6, and four on paper, using a pen to mark their answers. Care was taken that the visual presentation (font size, layout, etc.) was the same in both conditions. In the paper condition, the administrator used a stopwatch to measure the initial reading time.7

In the reaction time (RT) task, a red balloon was visible and the participant was instructed to tap it as quickly as possible. After popping the balloon, the next one appeared after a random delay between 0 and 1 second. In the lexical decision task, a string of letters was shown on screen and the participant was instructed to tap the correct button (labeled “WORD” or “NOT A WORD”) as quickly as possible. We selected ten words from a list of the 5000 most frequent German words (Perkuhn et al., 2009), and generated ten pseudowords using Wuggy (Keuleers and Brysbaert, 2010). In the short-term memory task, participants had to observe four differently colored buttons light up in a specific sequence, starting with a sequence of length 1. They then had to repeat this sequence by tapping the buttons in the correct order. The sequence was then extended by an additional button press and presented again, and so on. The trial ended as soon as the participant pressed an incorrect button. Since the three cognitive tasks heavily rely on precise stimulus timing and touch-based user interaction, they could only be performed on the iPad. The main reason for including them is to test their feasibility with the target group.



4.3. Analysis

We used item response theory (IRT) to answer the question on the difference between modalities. IRT models are used to study how underlying latent traits (i.e., unobservable traits such as reading ability) are linked to observed performances (i.e., scores on a reading test or questionnaire responses on reading difficulty) (see also Ockey, 2021). One particular method of IRT is many-facet Rasch measurement (MFRM; Linacre, 1994), which allows researchers not only to investigate the link between latent traits and observable performances, but also how other factors (so-called “facets”) influence the performances (Eckes, 2015). As the factor we were particularly interested in is the condition (paper-and-pencil or Okra), we constructed a MFRM model consisting of three facets (participant, item, and condition) and used MFRM bias analyses to study differences between the item and condition facet. For the analysis, we first coded the answers to the items dichotomously as either correct or incorrect. For the three ratings, we applied separate MFRM models with three facets (participant, text, and condition) using the 5-point rating scale responses.

To test the difference in reading time between modalities, we applied a linear mixed-effect model with participants and texts as random effects using the R package lme4 (Bates et al., 2015) and the formula reading.time~condition + (1 | participant) + (1 | text).



4.4. Results
 
4.4.1. Reading task

Out of the 128 data points obtained (16 participants × 8 texts), one measurement was lost due to a software bug (which was immediately fixed), leading to a total of 127 data points.

Figure 2 shows the distribution of measurements for participants and items (questions). Question 2 of text G was answered correctly by all participants. For the remaining data points, mean-square infit statistics range between 0.70 and 1.44 for participants and between 0.75 and 1.38 for items, indicating an acceptable model fit. The model could not statistically separate the two elements in the condition facet (separation = 0.00), indicating that participants performed equally well in the two conditions. The bias analysis showed no significant difference between the two conditions for any of the items (all p > 0.17). Overall, the ratio of correct answers was quite high, with an average of 17.5 out of 24 correctly answered questions per participant (s.d.: 3.3).


[image: Figure 2]
FIGURE 2
 Wright map (Many-Facet Rasch Measurement) of performance in comprehension question responses. Participants and comprehension questions (Q1–3 for texts A–H) are projected onto a common logit scale. The higher a participant's logit value, the better their performance, and the higher a question's logit value, the higher its difficulty. A participant has an estimated chance of 50% of correctly answering a question with the same logit value as theirs.


Figure 3 shows mean rating responses for each text. For most participants, there was a strong tendency toward very positive responses, and some of the participants gave the same responses for all texts (four participants in the case of text and question difficulty ratings). All three rating dimensions are also highly correlated with each other (Pearson's r > 0.55, p < 0.001). For all ratings, the MFRM analyses resulted in 0.00 separation of the condition facet, suggesting that there was no difference in perceived difficulty and enjoyment/motivation between modalities.


[image: Figure 3]
FIGURE 3
 Mean rating responses for each text. 1 is the lowest (most negative), 5 is the highest (most positive) response. The questions were “How much did you enjoy this task?” (1 = not at all, 5 = very much), “How difficult were the questions?” (1 = very difficult, 5 = very easy, “How difficult was the text?” (1 = very difficult, 5 = very easy) (presented to participants in German, here translated to English by the authors).


Average reading time was noticeably shorter on the iPad than on paper for almost all texts, as Figure 4 shows. According to the linear mixed-effect model, this effect is 9.97 seconds with a standard error of 2.22 seconds (p < 0.001). The model also shows considerable variance between individuals, with a standard deviation of 17.53 seconds for the random effect of participants, and less variance between texts (s.d.: 7.83 seconds).


[image: Figure 4]
FIGURE 4
 Comparison of initial reading times between the two modalities for each text. Reading times are not normalized by text length, as they include the time taken for both reading and the text difficulty rating.




4.4.2. Cognitive tasks

Since the three cognitive tasks heavily rely on precise stimulus timing and touch-based user interaction, they could only be performed on the iPad. A summary of the most relevant measurements is presented in Table 1.


TABLE 1 Summary of aggregated measurements for all participants and tasks.

[image: Table 1]

The RT task resulted in a relatively low variance (mean: 0.68 sec, s.d.: 0.10 sec), and there is no significant correlation with any of the other measurements. This suggests that the effect of differences in motor response speeds between participants on other tasks is minimal.

Results from the lexical decision task are in line with psycholinguistic expectations, with pseudowords generally causing a longer RT than words. However, three participants (3, 5, and 10) gave the same response “WORD” to all trials and did not exhibit any difference in RT between words and pseudowords. Responses by participant 11 were also equal to random guessing and showed no difference in RT.

Since the short-term memory task consisted of a single main trial which stopped immediately after the first incorrectly pressed button, we used the maximum score out of practice and main trials to get a more reliable measurement. Still, we can observe a very large variance between participants.




4.5. Discussion
 
4.5.1. Effect of testing modality

Both in terms of accuracy of responses to the comprehension question and in terms of subjective perception ratings, we found no evidence of any difference between the two modalities. However, Figures 2, 3 suggest that there is a ceiling effect due to low text and/or question difficulty. This underlines the need for a sufficiently large sample size in the pilot study, since variance between participants is difficult to predict in such a diverse target group. The relatively small sample size is another obvious limitation. At the least, the results allow us to exclude large effect sizes from modality for this target group. This confirms our expectations, given the frequency of technology use reported by the participants and the population of people with IDs in general (Ramsten et al., 2018).

The large difference in reading time is more difficult to explain. One possibility is that actual reading speed was faster when reading on the iPad than on paper, which contradicts previous research which found differences in comprehension but not in reading speed (Kong et al., 2018). Another explanation could be that participants are less inhibited to make the conscious decision that they have finished reading and push the “CONTINUE” button in the application, compared to the paper modality, where the end of the initial reading stage was indicated by participants using the pencil to mark an option on the rating scale. In any case, since the difference in reading time did not appear to affect comprehension, we consider it unproblematic.



4.5.2. Feasibility of cognitive tasks

In order to be feasible in studies with people with ID, the administered tasks must be understood by participants, and maintain participants' attention by avoiding excessive strain or boredom. At least in the RT and lexical decision tasks, the high performance and relatively low variance show that most of the participants have correctly understood the tasks. Moreover, based on comments by some participants, the cognitive tasks were perceived as games (the short-term memory task in particular), which may have supported motivation and attention (cf. Bratu et al., 2022).

However, given the random-guessing accuracy of several participants in the lexical decision task and the large variance of performance in the short-term memory task, which cannot be plausibly explained by differences in memory capacity alone, there are clearly still problems with some of the tasks. Particularly in the memory task, we suspect that performance was heavily influenced by task familiarity and individual learning curves. Some participants had to repeat the practice trial several times, while one participant, who performed very highly, remarked that they often played similar games. Choosing tasks with a high error tolerance (which the memory task was not) or using a larger number of trials may also yield more reliable results. Regarding the lexical decision task, it is unclear whether the three participants who always gave positive responses without any difference in RT between words and pseudowords misunderstood the task or lost motivation, since two of them did give some negative responses during the practice task. Further testing is necessary to determine how this task can be improved.

In this study, we refrained from displaying any feedback about correct or incorrect responses in the application, in order to avoid discouraging participants. However, depending on the difficulty of the task, it may be better to show feedback, especially if there is little to no personal supervision, to avoid misunderstanding and strengthen extrinsic motivation (cf. Rodríguez et al., 2022). In the future, we would also like to further develop the gamification elements and put more measures in place to monitor motivation or misunderstanding of instructions.





5. Conclusion and outlook

We presented Okra, a prototype mobile application for conducting reading experiments with people with IDs. Our primary goal was to provide a tool for researchers to enable digitized comprehensibility evaluation with target readers (instead of experts or general populations) by making use of the increased technological literacy among people with IDs, and ultimately lowering the threshold to including target groups in research on Easy Language and text simplification.

Therefore, our mobile application contributes to participation in digital technologies (Bosse, 2016) of persons with disabilities. At the same time, automatic text simplification as an assistive technology increases participation through digital technologies; here, more representative evaluations of texts in Easy Language of the kind made possible through our mobile application are capable of improving the quality of automatic text simplification models.

We also conducted a study with people with ID, testing the effect of modality (paper vs. iPad) on reading comprehension and subjective ratings and the feasibility of assessing cognitive skills in Okra. Although there was no evidence of a modality effect, we found that reading times were significantly longer on paper than on the iPad. Observations from this initial study confirm that it is feasible to use the application for evaluating Easy Language and basic cognitive assessment with this target group. However, we have identified several issues concerning usability and reliability of results, which we are going to address in future versions of the application. An additional limitation of our study is that we did not conduct any standardized testing of language competence or a detailed survey of reading habits. As a next step, we will conduct more systematic usability testing and use Okra to evaluate the output of human and automatic text simplification with people with ID.

While the experiments described in this paper were conducted in a highly controlled environment and with close supervision, we will also work to improve the usability and accessibility of the application to allow participants to use it more independently (ideally, outside of laboratory conditions), and to implement and test a wider range of task types. As a long-term goal, the user interface should also be made accessible for other target groups of Easy Language. Thus, we hope that it will become a tool for researchers to simplify and encourage the inclusion of people with disabilities.
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Footnotes

1 We use the term intellectual disability as an umbrella term to include all forms of cognitive impairment leading to a right to information in Easy Language according to the United Nations Convention on the Rights of Persons with Disabilities (UN CRPD).

2 https://material.io/

3 https://flutter.dev/

4 https://www.djangoproject.com/

5 Verordnung des Bundesministers für Arbeit, Soziales und Konsumentenschutz betreffend nähere Bestimmungen über die Feststellung des Grades der Behinderung (Einschätzungsverordnung), BGBl. II Nr. 261/2010.

6 Okra was built as a PWA from the code in public repository (https://github.com/saeub/okra) at commit hash b56c7a7 and run in the Safari web browser.

7 Reading time was measured as the duration between the start of the initial text presentation and the end of the first rating after reading the text (in both conditions). Because the text difficulty rating was on the same page as the text in the paper condition, it was not possible to measure the end of reading precisely.
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Time measurements are in seconds. Measurements in italics were excluded from further analysis due to chance-level performance.
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