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Abstract. Reading is an important ability, especially for patients during their
medical treatment. It is needed, for instance, to complete administrative forms and
patient-reported outcome questionnaires in clinical routine. Unfortunately, not every
patient is able to read caused by illiteracy, low vision or simply speaking another
language. Thus, a minder is required to support the mentioned reading tasks.
Providing patients with the possibility to read and understand texts without
additional help is an important factor to improve their self-empowerment. Digital
voice pens can be programmed to play prerecorded audio files if tipped onto
predefined areas of interactive paper. They can be a tool for impaired patients to
read texts aloud in multiple languages. In this work, we wanted to evaluate the
possibilities of these digital voice pens. A feasibility study was conducted by using
the commercially available tipfoi digital voice pen by Ravensburger AG and the
tttool application by Joachim Breitner for the programming of the pen. Focusing on
the use case of questionnaires, a schematic questionnaire was implemented which
enforced the usage of a digital voice pen. To simulate foreign languages or illiteracy,
questions and answers of the document were represented by placeholders and the
digital voice pen was required to read aloud the question texts. The correctness of
the given answers was documented and the usability of the digital voice pen was
measured by the System Usability Scale. The evaluation was performed by 15
volunteers (8 male/7 female) between 24 and 35 years old. The usability and
acceptance of digital voice pens were rated as “Good” in our constructed setting.
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1. Introduction

Completing administrative forms and questionnaires are common tasks of patients in
modern medicine. These tasks require the patient’s ability to read questions and their
associated answer options. Illiteracy and low vision are a huge hurdle for patients in
medical routine. For the year 2010, Pascolini and Mariotti estimated that globally 246
million people are suffering from low vision [1]. In Germany, approximately 7.5 million
people have very limited reading and writing skills [2]. However, even if no medical
condition or educational shortfall is present, reading can still be an insurmountable
challenge, if patients do not speak the language of the country in which they are treated.
From 2008 to 2017, the Internal Displacement Monitoring Centre (IDMC) listed 246
million refugees caused by geophysical and climate-related disasters not taking war and
crime refugees into account [3].
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If texts cannot be read, a minder or interpreter is needed to read them aloud or
translate them into the required language. It was shown that completing a questionnaire
with an interviewer, i.e., a minder, can have an impact on the answers of a patient in
comparison to completing the questionnaire on his/her own [4].

Digital voice pens can recognize their position on interactive paper and play sound
files based on their position [5]. Frequent applications can be found in the toy industry,
to give children the opportunity to read the contents of picture books by themselves at
an early age. The ability to read texts aloud through a digital voice pen multilingually
would greatly enhance the patient's independence. Especially children and patients with
illiteracy, low vision or simply speaking another language could be enabled to provide
information about their disease and its course without outside assistance.

The aim of this work is to evaluate the possibilities and functionality of digital voice
pens, whether they are a solution for the mentioned challenges of low vision and reading
weaknesses.

2. Methods
2.1. Used Digital Voice Pen and Its Functionality

One of the first publicly available digital voice pens in Germany was tipfoi produced by
Ravensburger AG in 2010 (see Figure 1) [6]. The pen consists of an infrared sensor on
the top and a data storage of up to 3.34 GB in the main body, which can be accessed via
USB. By using interactive paper marked with many tags consisting of 4x4 matrices
formed by small black dots that do not occupy the underlying image, the pen can read
the matrices and decode them into internal IDs. Based on a script in the data storage,
each ID can trigger an action like playing an audio file or switching between languages.
An example of stickers marked with matrices by Ravensburger can be found in Figure
1, where tipping on one of the small animals triggers playing a sound file.

2.2. Used Software for Programming the Pen

Unfortunately, Ravensburger does not provide a framework or toolset to create self-made
applications for its pen. Therefore, the exact functionality of the pen and the structure of
the internal scripts are unknown. However, using reverse engineering, the most important
functionality of this pen has been decoded. Joachim Breitner is leading the decoding of
tiptoi and has developed #fool [7]. This command-line based tool is able to generate the
matrix codes required for the interactive paper and to transform a script written in a
custom YAML markup language’s syntax into the pens vendor-defined binary format,
i.e., a file with GME ending. Therefore, a YAML script following this syntax has been
implemented.

To combine the matrix codes from tttool with elements like images or texts, we used
the open-source software GIMP [8]. GIMP was chosen since its command-line usability
enabled us to automate the process of interactive paper generation by scripting without
the need for manual configuration. However, nearly any other imaging software can be
used. Most important is the capability of defining a paper format in 600 dpi without
scaling the matrix codes.
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Figure 1. The tiptoi digital voice pen and an Figure 2. Questionnaire used for the evaluation,
example of an interactive paper by Ravensburger. using placeholder to simulate illiteracy.

2.3. Evaluation Setup

A questionnaire in a table like structure was used to evaluate the feasibility of the digital
voice pen (compare Figure 2). In the table, questions were placed in the first column of
each row and a 6-level Likert scale was placed next to it. To simulate illiteracy or a
foreign language, only placeholders were used and no real question or answer texts were
printed. Therefore, the participants were forced to rely on the voice output of the pen.
Instead of asking subjective questions, the questions were designed to determine a single
correct answer like “Please mark answer V3”.

To evaluate the multilingual capabilities of the pen, we simulated different
languages, i.e., modes in the top right corner of the questionnaire. Some questions asked
the user to switch the mode. Each answer of a participant had to be marked with an
additional pen, since tiptoi is not capable of writing.

After completing the questionnaire, the participants were asked to complete the
German translation of the System Usability Scale (SUS) [9] and give their subjective
feedback on the technique. The evaluation was performed by 15 volunteers (8 male/7
female) between 24 and 35 years old. All volunteers were from the field of medicine or
computer science and had no previous experience with digital voice pens.

3. Results
3.1. Implementation of the Questionnaire

A simple YAML script was implemented that played a prerecorded instruction based on
the position on the questionnaire where the user tipped the pen. The first column
(questions) had their own audio for each row where the columns labeled with ‘V’
(answers) had a single audio. Since three languages where simulated, each script entry
was associated with three different audio files based on the current state. All IDs used in
the script were generated by tttool. Each ID image was doubled (not scaled) since the
default image size from tttool was too small for our use case. In a GIMP script, the matrix
IDs were arranged in a table structure as shown in Figure 2. The text was rendered on
top of the matrix codes.
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3.2. Evaluation Results

The correctness of each participant’s answers can be seen in Figure 3. All 15 participants
answered the first and last question correctly. Questions H2, H3 and H5 had missing
answers. H3 and H4 had wrongly given answers. The SUS had an average value of 75.54,
which equals “Good” usability according to Bangor et al. [10].

Three major subjective feedback statements on the technique can be extracted which
were given by more than a single participant. These statements are complaining about
problems reading the IDs with the pen, in contrast to having no problem after a short
familiarization and complaints about double reads of the pen, i.e., starting the audio for
the first read, stopping it immediately and playing it again for the second read.
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: B ; i : B ) 8 3 10 11 2 13 14 15
Participant

Figure 3. Correctness of evaluation answers sorted by participants.

4. Discussion
4.1. Evaluation Results

The evaluation has shown “Good” usability and acceptance in average. However, we
have to keep in mind that the participants were of a young age and may be more familiar
with new technologies. Nevertheless, it was shown that elderly patients could handle
digital pens for their assessment of pain in a diary [11].

All errors that happened during the completion of questions H2-HS5 can be tracked
down to our evaluation design. These questions asked the user to switch the mode and
reselect the question to hear the correct audio file. As written in the feedback, many users
were confused by the mode change because they forgot which cell (question) they read
recently and mixed up rows. Since the selection of language normally happens at the
beginning of a questionnaire and the changes during the execution were forced by our
design, this should not be an issue during normal application.

The subjective feedback statements of some users complaining about problems
reading the IDs with the pen in contrast to others stating they had no problem after a
short familiarization implies that the correct handling of the pen seems to be a process,
which is learned at different speeds. These six questions seemed not to be enough for all
participants to get the handling right.

The last statement about double reads of the pen is a known issue and was especially
problematic in our evaluation setting, since after switching the language mode, the
original success message was canceled and the “this language is already selected”
message was played. This resulted in confused users. It is possible to negate this effect
in the YAML script, but doing so is not recommended by the tttool community since it
could have side effects on newer releases of tiptoi.
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4.2. Limitations

The most important drawback of digital voice pens is the missing capability of writing,
which requires a second pen for marking tasks. Other digital pens capable of writing do
exist as used by Lind et al. [11]. A combination of both techniques would be beneficial.

In addition, the limited storage of the pen could be an issue based on the use case.
Overall, approximately 24 hours of audio can fit onto the internal storage. This should
not be an issue for a single application, but can be problematic, if multiple applications
should be stored on the pen at the same time. Although there is per se no limit on
supported languages per application, each language requires its own audio files and
therefore counts towards the storage limit. However, different applications and languages
can be distributed on multiple pens if the storage limit should be an issue.

4.3. Alternative Implementation Possibilities

Besides Ravensburger, there are other vendors of digital voice pens like T/ING by the
TING GmbH [12]. However, for all pens on the market, no software development kit is
publicly available and third-party software is always required. We chose tiptoi, since
tttool had the best documentation and provided all functionality needed for our
evaluation.

Handling multilingual questionnaires can also be achieved by using electronic
patient-reported outcome questionnaires (ePRO) where a vast variety of ePRO software
is available. However, these tools follow a generic implementation and only support a
limited number of types of question, e.g., Likert scale. Thus, there is a limitation in
degrees of freedom regarding the questionnaire design. Furthermore, these systems
address the issue of foreign languages, but rarely illiteracy or low vision.

If no ePRO software is used, questionnaires can be printed in multiple languages,
but this is economically not feasible if pre-printed versions should be available. Besides
that, the treating physician has a more challenging task evaluating the results without a
translation. In addition, the previous issue of illiteracy and low vision still remains.

Another alternative would be the usage of mobile phones, which are commonly
available nowadays. By using an app or web service, the device can load and access
audio files and the logic can be implemented in nearly any programming language. In
previous work, it was shown that mobile phones could utilize barcodes like QR Codes
or Data Matrix Codes to transfer complex input sequences onto the phone [13]. These
codes can be placed next to questions and can trigger an audio file after scanning. This
approach would replace the dependency of the pen with the dependency of a mobile
phone. Unfortunately, especially elderly people or refugees often do not have access to
mobile phones and may not be familiar with their handling. Furthermore, although not
part of our evaluation, using a tool designed for children would naturally serve underage
patients.

5. Conclusion
Our feasibility study has shown that digital voice pens can be programmed with

individual applications and applied to medical use cases. With a SUS score of 75 in the
scenario of a schematic questionnaire, the initial usability was evaluated as good. In the
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future, we would like to extend the use cases and apply a study with elderly and foreign
patients for real test conditions. In addition, the implementation of tools for certain use
cases would be beneficial. Although tttool helps with generating codes and scripts, the
manual configuration of questionnaires is time consuming and automatic transformation
would be desirable.

5.1. Outlook

As shown in our evaluation, patient-reported outcome (PRO) questionnaires are one
possible scenario for digital voice pens.

Another use case would be markings on medication packaging. Instead of generating
full-size questionnaires, a simple and good visible sticker containing a single ID can be
printed and put on medication packaging. Elderly people can use the digital voice pen to
read aloud the name of the drug or the prescribed dosage. This use case may not be
relevant for clinics but may be important for private care or retirement homes.

Finally, another use case would be a real-life tooltip as it is implemented in most
software tools. Small question mark icons can be printed with an ID and placed in
hospital rooms or laboratories to allow patients or new employees to read quick
introductions. Each question mark can explain the tool next to it, like how to use the
telephone in the patient’s room, or who is responsible for questions regarding a certain
device.
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