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Abstract. In the Netherlands, 2.5 million adults grapple with low lit-
eracy—a gap between integration and an increasingly information-dense
society. To address this, we have developed an innovative intervention
using GPT-4, integrated within the user interface built via Streamlit, to
summarize and simplify the complexity of official documents and every-
day text. This paper outlines the design and anticipated functionality of
our tool, which uses the summarization capabilities of GPT-4 to trans-
form complicated language into concise, accessible content with clear
action points and connect with related organizations. Six participants
were invited to this study. We evaluate the tool’s impact on enhancing
the societal participation of adults lacking basic skills, proposing that
such an application can empower low-literacy individuals and bridge the
gap to an informed and equitable society.
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1 Introduction

On a typical quiet afternoon, you exit your room to find a letter waiting in
your mailbox. The envelope’s light blue color and prominent logo indicate its
importance, originating from the government. Nevertheless, feelings of anxiety
and irritation prompt you to delay retrieving the letter. Fears of unfavorable
news, such as a fine or additional payment, weigh heavily on your mind. These
concerns cause you to leave the letter unopened for six months. Ultimately,
you muster the courage to open it. Initially, you experience uncertainty. Soon,
this uncertainty gives way to discouragement. The reason lies in the letter’s
content, which features complex numbers and multicolored hyperlinks, rendering
its message unclear.

This vignette illustrates a harsh reality. Lacking basic reading, math, and
writing skills leads to many daily challenges. It makes managing money, getting
information, dealing with health issues, and relationships difficult [1,2]. The
Survey of Adult Skills (PIAAC) shows adults’ ability in three key skills: literacy,
numeracy, and problem solving in technology-rich environments. Literacy is the
ability to understand and respond to written texts. Numeracy is the ability to
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use numbers and math. Problem solving in technology-rich environments is the
ability to access, interpret, and analyze information in digital environments [3].
Low literacy refers to individuals who struggle with reading and writing without
being completely illiterate. It is known to be a significant issue in developed
countries, including the Netherlands and the consequences are usually severe,
leading to feelings of shame, insecurity, and dependence [4].

In the Netherlands, about 2.5 million people struggle with reading, math,
and using digital devices due to low literacy. This includes about 1.3 million
residents aged 16-65. Research shows that many adults are hesitant to admit
their struggles with literacy and, as a result, rarely seek help [5, 6]. These people
often struggle to find and keep jobs. Nearly half of those with poor basic skills
are unemployed. Additionally, people with limited reading and writing abilities
often face health and communication challenges [4,7,8|. Therefore, the Dutch
government aims for every municipality to assist individuals with low literacy
by 2024 [9].

Nowadays, many researchers focus on early intervention. It targets children’s
and teenagers’ education [10]. However, the Survey of Adult Skills (PTAAC)
reveals that, like most participating countries, a large minority of adults in
the Netherlands are poor at literacy, numeracy, and problem-solving. Moreover,
foreign-language immigrants in the Netherlands exhibit significantly lower Dutch
proficiency levels than native-born adults with Dutch as their first language [3].
The National Library’s Library and Basic Skills program supports efforts to ad-
dress this issue by establishing a nationwide library infrastructure to improve
basic skills for 45,000 vulnerable adults, including those who are low literate,
refugees, migrants, unemployed, elderly, and computer illiterate [5].

In this context, the Emergency Lab from Eindhoven Engine?® and Eindhoven
University of Technology* aim to explore a more innovative solution to this prob-
lem. This work is part of the Met Mij [11] project from Eindhoven Engine. It
investigates how Al can improve interaction and user experience for individuals
with low literacy in Dutch using a well-known large language model (GPT-4)
designed in an online interface (Streamlit) to tailor to low-literacy people. This
study focuses on the development, design, and evaluation of a document summa-
rization tool based on GPT-4. With a user-centered approach, qualitative and
quantitative data are collected and analyzed. The goal of this study is to con-
tribute to exploring how Artificial Intelligence (AI) can address the low literacy
problem through more accessible design. The findings provide key insights into
user interaction, covering information on informed effectiveness and efficiency,
personal needs, and trust. These insights give a clearer picture of how low-literacy
individuals interact with and obtain information from official documents despite
their lack of proficiency in the Dutch language.

3 https://eindhovenengine.nl/
4 https://www.tue.nl/en/
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2 Related work

2.1 Wicked Problem

In 1973, design theorists Horst Rittel and Melvin Webber introduced the term
"wicked problem". They did this to show the complexities and challenges of ad-
dressing planning and social policy problems. Wicked problems lack clear aims
and solutions. They face real-world constraints that prevent many risk-free at-
tempts to solve them [12]. For these kinds of problems, there are no clear rules
to stop complex problems, and there is no standard "right" or "wrong" criterion
for solving them, only "good" and "bad" solutions [13].

Mari Suoheimo et al. [14] observed a significant shift in design practice over
the last fifteen years, influenced by increased interaction with social and political
matters. They suggest that designers should improve at navigating complex con-
texts. They should also get better at aligning designs with challenging situations.
This will help them to effectively address tricky issues. Therefore, designers face
complex, unpredictable, wicked problems. They must evolve their understanding
and proposals while being open and sensitive.

Low literacy is a wicked problem in Dutch society, affecting a diverse group
with various needs. Researcher Inge Hootsmans has identified a big constraint.
It’s the hidden group of young adults aged 18-40 who struggle with literacy
issues [15]. This problem leads to feelings of shame, lack of well-being, and
marginalization. As a result, it is crucial to address this long-standing issue
in a more creative and innovative way.

2.2 Target Audience

In Eindhoven, 7% of the working population does not have the necessary basic
skills, which is approximately 19,000 inhabitants [16]. The number is even higher
in the report of the National Audit Office [17]. In recent years, efforts have been
made to assist residents with limited basic skills. Although many hope for a
decline in these numbers, the expectation is that they will actually rise. This
increase is expected because more young people are leaving education without
enough language skills. There are also more non-native speakers, and society is
becoming more digital [18].

Low literacy individuals are split into different levels, as shown in Table 1.
The "Everyone Basic Skills City Plan 2024-2028" outlines the levels in Eind-
hoven. It categorizes people based on their Dutch proficiency as a first (NT1) or
second (NT2) language [18]. The levels are aligned with the Common European
Framework of Reference for Languages (CEFR) and other educational standards.
Below is a summary of the different literacy levels and the corresponding number
of individuals in each category [19,18]. The NT1 group represents about 54.2
percent of the low literacy population.

The city plan of Eindhoven aims to ensure that every adult in Eindhoven
possesses basic language, arithmetic, and digital skills. A significant challenge
lies in reaching and motivating NT1 individuals mentioned by other research [11,
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Table 1. Language Level Reference Framework for Language and Arithmetic

Dutch Illiterate 1F 2F 3F 4F

as First

Language

(NT1)

Dutch as|A0 Al-A2 B1 B2 C1-C2

Second

Language

(NT2)

Comparable End of pri-|End of|[End of{End of pre-

Education mary school [VMBO® and|MBO-4  or|university

Level MBO°1,2,3 |HAVO? education
(vwo),
higher pro-
fessional
education
(hbo), or
university
(wo)

Low literate Not low literate
Legal regu- Integration, Language Requirements, WEB
lations

source https://www.eindhoven.nl/
® Preparatory secondary vocational education
5 Secondary vocational education
7 General secondary education

15]. To gain more insights into their behaviors and feedback for improvement,
we studied NT1 together with the NT2 group.

According to the city plan, this study will focus on both NT1 and NT2 groups
who belong to 1F (Table 1). These individuals, at rudimentary and basic literacy
levels, are the target audience for this study.

2.3 Large Language Models(LLMs) and GPT-4

Large language models (LLMs), like GPT-3 and GPT4, have greatly improved
natural language processing (NLP). They were trained on huge amounts of text
data to generate human-like text and do language tasks accurately [20-22]. Re-
cent advancements in LLMs have demonstrated their potential to achieve a level
of intelligence comparable to humans [23, 24].

OpenAlI developed the Generative Pre-Trained Transformer (GPT), a lan-
guage model capable of producing human-like text [25]. The development of
GPT follows a two-step process: generative, unsupervised pretraining using un-
labeled data, and discriminative, supervised fine-tuning [26, 27]. GPT stands out
due to the scale of its training program and the extensive amount of data used.
With access to the entire internet, the algorithm is trained on billions of data
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sources [28]. As a result, GPT can perform a wide range of language-based tasks,
such as translation, question answering, and text generation.

The latest large-scale, multimodal model, GPT-4, developed by OpenAl, is
a significant area of study due to its ability to process both image and text
input and generate text output. This model holds great potential for various
applications, such as dialogue systems, text summarization, and machine trans-
lation [29].

Currently, there is much research related to how the GPT model can solve
or improve financial literacy and health literacy [30-34]. Moreover, there is also
research on GPT-3 on simplified mathematics problems in education and peo-
ple with cognitive impairments, which all contribute to better understandable
results for the target audience [35]. However, research also indicates that the
current GPT interface is not suitable and accessible for people with low literacy,
especially those who have difficulties in reading and writing [36].

Additionally, XuanXin Wu et al. found that GPT-4 makes simpler outputs
with fewer errors. It also keeps the original meaning better than the best current
model, Control-T5. Their research highlights GPT-4’s superior performance in
text simplification tasks [37].

In conclusion, the GPT-4 model demonstrates an effective ability to com-
prehend context, summarize, and simplify text, thereby generating more un-
derstandable and accessible content. Due to its superior performance, we have
chosen the GPT-4 model for text summarization and simplification for our work.

3 Method

3.1 Interactive Prototype

The interface prototype prioritizes logic and practicality. It has an interactive in-
terface tailored to our research. It also takes into account the significant cultural
disparity between users and developers. Dutch experts conducted initial testing
and interviews during the first iteration. Figure 1 illustrates the logic underlying
the prototype. This prototype includes a scenario and interactive interface built
with Streamlit®. They help users form immersive during the evaluation study
and are easy to interact with.

The prototype uses the prompt test to give clear context and visuals through
icons. It categorizes the summarized content into four sections. The comprehen-
sive user summary page is illustrated in Figure 2.

Sender Information - Identification of the party responsible for sending the
correspondence

— Action Points - Specific tasks the recipient is expected to undertake upon
receiving the letter

Contact Details - Means of communication

— Direct Action - A direct avenue for recipients to establish contact

8 https://streamlit.io/
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Fig. 2. Summarized content and interface

3.2 Evaluation Study

In the Evaluation study, we first did the whole process test with baseline and the
prototype with the NT1 group (P1, P2). An oral assistant and a text content
Dutch assistant together with researcher work on the study. Then, we tested with
four NT2 group members (P3-P6) with a link they can test on their digital de-
vices. The qualitative and quantitative data are collected. It was based on the six
questions about the four categories from the letter. The User Experience Ques-
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tionnaire (UEQ) combined with Cognitive Load Questionnaire(CLQ) are used
in this study [38,39]. It focuses on effectiveness, efficiency, and cognitive load.
Additionally, we did semi-structured interviews for the NT1 and NT2 groups.
We asked open-ended questions to learn more about their user experience.

3.3 Participants

In total, 6 users were evaluated and interacted with the tool and did the inter-
view. Hereby, there are 2 people from the NT1 group and four people from the
NT2 group. (n=6) We found five themes in the data. They are: (1) user interac-
tion, (2) informing effectively, (3) reading efficiently, (4) understanding context,
and (5) personalization and customization needs

Set up The evaluation consists of two sessions, as shown in Figure 3. In the first
session, the user chooses the letter and reads the original text. There are four
designated topics. However, only two are currently accessible: health and finance.
After thoroughly reviewing the correspondence, participants will be prompted
to use the evaluation questionnaire. Subsequently, respondents will address six
inquiries about content across three distinct categories. A secondary question-
naire focusing on user experience and cognitive load will ensue, followed by an
invitation for participants to partake in an interactive session involving our pro-
totype. Upon completing the text overview, participants will once again complete
the evaluation questionnaire and the content-related inquiry. Lastly, an in-depth
semi-structured interview is reserved for individuals categorized under NT1 to
glean additional insights.

1 —_ — —
participants
Letter PDF-> Text Questions about Questionnaire
the content
« Who'to call
« Where to go + Key actions et them * UXQ + Cognitive
« What they should do choose Load Questionnaire
Consent
Choose letters
Intro
Consent o
. N Interview
Letter Our Tool Questions about Questionnaire

the content
* Whoto call
* Whereto go « Key actions let them + UXO + Coanitive
* Whattheyshoulddo ~ choose Load Question:

Fig. 3. Evaluation set up.
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4 Findings

4.1 Quantitative Data Analysis

The data analysis shows participant performance across two groups (NT1 and
NT?2) and two letter types (health and financial). It covers before and after an
intervention. The metrics evaluated include sum scores (SS) and accuracy ratings
(AR). The data is summarized in Table 2

Table 2. Participant Performance Before and After Intervention

Group |Participant |Letter Sum Accuracy|Sum (Af-|Accuracy
Type (Before) |(Before) |ter) (After)

NT1 P1 health 11 5 44 5

NT1 P2 health 25 2 34 1

NT2 P3 health 29 5 42 5

NT2 P3 financial 24 5 40 5

NT2 P4 health 32 6 45 6

NT2 P4 financial 45 6 45 6

NT2 P5 health 31 5 31 6

NT2 P5 financial 31 6 44 6

NT2 P6 health 34 6 44 6

NT2 P6 financial 34 6 43 5
Average 29.6 5.2 41.2 5.1

The data in Table 2 demonstrate a significant increase in average sum scores
(SS) from 29.6 before the intervention to 41.2 after, indicating enhanced par-
ticipant performance across both health and financial letter types. Despite this
improvement, the average accuracy rating (AR) slightly decreased from 5.2 to
5.1, suggesting that overall task performance improved while accuracy did not
uniformly benefit. However it is notable for P2 from NT1 group, even though
P2 claimed to get a higher score, the accuracy after the tool is actually less.

Figure 4 and Figure 5 show a substantial increase in cognitive load post-
intervention, with median and mean values rising significantly. Participants han-
dling financial letters generally maintained or improved their SS and AR, as
exemplified by P4. Besides, the bar chart in Figure 5 highlights big increases
in cognitive load related to effectiveness and efficiency. Post-intervention scores
increased to 4.53 and 4.55, respectively. This suggests that participants found
tasks more effective and efficient.
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Comparison of Cognitive Load Before and After Intervention
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Fig. 4. Comparison of Cognitive Load Before and After Intervention.

Cognitive Load on Effectiveness, Efficiency, and Overall Before and After
Intervention
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Fig. 5. Cognitive Load on Effectiveness, Efficiency, and Overall Before and After In-
tervention.

4.2 Qualitative Data Analysis

A significant difference in attitude between NT1 and NT2 groups

Aiming to explore the whole user experience further, each participant got a
semi-structured interview and provided qualitative data. Researchers found that
there were significant behaviors in the NT1 group and the NT2 group. The
NT1 and NT2 groups can quickly search for answers when they get the letter.
However, NT2 has more confidence in answering due to their better searching
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skills, as shown in Table 2. When P1 from the NT1 group got the letter, it was
noticeable that the participant mentioned, "If it’s blue or thick... I don’t open it
right away... I just put it aside." This reaction highlights the emotional barrier
and procrastination associated with dense, official-looking mail.” The NT2 group
has a learning attitude toward reading letters. P3 (NT2) mentioned, “ I can
understand most of the content, about 50%.” Generally, the NT2 group showed
more confidence than the NT1 group when they received official documents.
Also, P1 mentioned that after finishing the letters, "I found it took a lot of
effort because I found these list things very unclear." This underscores the need
for clear and concise communication in official documents. Most of the NT2
group mentioned that they have memorable letter-related to the daily topics .

Preference for Summarized Content There was a clear preference for sum-
marized content over full text. One participant mentioned, "But if something just
says like... Immediately what you have to do. Then there is very little room for
noise and panic." This preference highlights the importance of direct and clear
communication. Furthermore, an NT1 participant mentioned twice that the text
was perfect. They said they wanted to use it for other letters. “I always find it
very nice because reading a (summarized) letter is exciting. It helps me avoid
misunderstanding the information and prevents me from creating fake news in
my panic.” From the NT2 group, there are three participants who mentioned
that it would be good to use it for financial problems or to help them select
them of different letters. One participant mentioned specifically that “it would
be nice if I could use it for reporting taxes, and I don’t need to search for pieces
of information online.”

Improved Confidence and Efficiency Using the tool especially made NT1
participants feel more confident and efficient in handling official documents. One
participant stated, "This app with summarizing is always faster than waiting
two weeks to open that letter." This reflects the tool’s ability to streamline the
process and reduce the cognitive load. Additionally, the NT2 group mentioned
that this tool can enhance the time spent reviewing official documents. One
mentioned that if the tool can help them know the topic quicker, it can also help
them tell if this letter is for them or not.

Accessible user experience design elements. Participants expressed a need
for customization, such as larger font sizes and clear visual indicators. One from
the NT1 group noted, "I would have made it a bit bigger personally." This
feedback points to the importance of adaptable design elements in enhancing
user experience. Meanwhile, participants mentioned that it would be nice if there
were an audio option or if some people could read the content. NT2 people want
more layers; for example, they can adjust how detailed information they can
see. All participants mentioned that it would be nice if the tool could scan the
document on the mobile.
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Trust between technology and users. Trust is the biggest issue mentioned
by NT2 participants mostly; one participant noted, “I want to know more ex-
planation on how the tool summarized the key action points. For example, if 1
click on the summarization, it can turn to the original file automatically”. There
is a trust gap between LLMs and users; they want to know more about why and
how the information is given. Besides, it depends on the topic. If they know the
documents are important, they prefer to use a summarization tool first and then
double-check with the original files.

5 Discussion

The digital summarization tool enhances the reading of official documents and
streamlines the process of responding to them. NT1 participants, who had pre-
viously delayed engaging with such documents due to anxiety and confusion, re-
ported significant improvements in their ability to handle these tasks promptly.
The tool effectively presents key information, enabling users to make decisions
and act quickly without prolonged hesitation. This efficiency reduces both the
time spent and the cognitive burden associated with understanding complex
official documents.

Accessibility emerged as a critical factor in the tool’s effectiveness. Partici-
pants emphasized the need for customization options, such as larger font sizes,
clear visual indicators, and audio support, to cater to their diverse needs. These
features are needed for an inclusive user experience. They are especially impor-
tant for low-literacy people who may struggle with standard text. By adding
accessible design elements, the tool can serve a wider range of users, ensuring
that individuals with different literacy levels can manage official documents ef-
fectively.

The qualitative feedback underscored the emotional challenges faced by NT1
participants when dealing with official documents. The tool’s design addressed
these challenges by reducing anxiety and fostering a sense of control over the
information. Participants prefer summarized content and they mention it is im-
portant to communicate directly and clearly. This helps reduce overwhelm and
panic. Researchers analyze the users’ feelings and aims to reduce negative ones.
This approach improves user engagement and satisfaction.

The study revealed distinct behavioral differences between NT1 and NT2
groups. NT1 participants often feel anxiety and delay dealing with official doc-
uments. In contrast, NT2 participants show more confidence and a proactive
attitude, likely due to their better-developed basic skills. This difference shows
the importance of tailored interventions that address the specific needs and chal-
lenges of each group. The tool enhances NT1 participants. on getting information
simpler and clearer. This is especially helpful for overcoming emotional barriers
and promoting timely action.

Trust is crucial for adopting digital summarization tools. This is especially
true for NT2 participants. Since they want more transparency in how the tool
works. Users need explainable Al features to understand how the summariza-
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tion works. The functions let users compare the summary with the original doc-
uments, which will be useful to solve this problem. These features can boost
trust and reliability. Building this trust is essential. Users need it to feel confi-
dent in using the tool for critical tasks. This trust will increase the tool’s overall
effectiveness and user satisfaction.

6 Conclusion

In conclusion, the digital summarization tool with GPT-4 has shown great po-
tential. It can improve the efficiency, accessibility, and emotional comfort of
low-literacy individuals with official documents. While the tool enhances perfor-
mance and reduces cognitive load, further refinements in accessible design, emo-
tional considerations, and explainability are necessary to fully meet the needs of
both NT1 and NT2 groups. By addressing these areas, the tool can play a more
transformative role in empowering low-literacy individuals and bridging the gap
to an informed and equitable society.
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