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Abstract
Understandable health information is essential for treatment adherence and improved health outcomes. For readability testing,
several instruments analyze the complexity of sentence structures, e.g., Flesch-Reading Ease (FRE) or Vienna-Formula (WSTF).
Moreover, the vocabulary is of high relevance for readers. The aim of this study is to investigate the agreement of sentence
structure and vocabulary-based (SVM) instruments. A total of 52 freely available German patient information booklets on cancer
were collected from the Internet. The mean understandability level Lwas computed for 51 booklets. The resulting values of FRE,
WSTF, and SVM were assessed pairwise for agreement with Bland–Altman plots and two-sided, paired t tests. For the pairwise
comparison, the mean L values are LFRE = 6.81, LWSTF = 7.39, LSVM = 5.09. The sentence structure-based metrics gave signif-
icantly different scores (P < 0.001) for all assessed booklets, confirmed by the Bland–Altman analysis. The study findings
suggest that vocabulary-based instruments cannot be interchanged with FRE/WSTF. However, both analytical aspects should
be considered and checked by authors to linguistically refine texts with respect to the individual target group. Authors of health
information can be supported by automated readability analysis. Health professionals can benefit by direct booklet comparisons
allowing for time-effective selection of suitable booklets for patients.

Keywords Evidence-based health information . Patient information booklets . Readability . Understandability . Support vector
machine

Introduction

Low health literacy of patients is one of the most important
reasons for worse prognosis [1]. It leads to less use of screen-
ing (e.g., mammography), preventions (e.g., influenza vacci-
nation), and decreased therapy adherence. This eventually re-
sults in an overall poorer general health status, as well as
greater barriers to the availment of adequate medical care.
Yet, a greater involvement of patients in decision-making pro-
cesses leads to higher treatment satisfaction, improved treat-
ment adherence, less decision conflicts, improved health be-
haviors, and a better global health status. Moreover, further

improvements are higher therapeutic safety and a decrease of
unnecessary medical procedures, less hospitalizations, lower
emergency room visits, and less false receipts of drugs
resulting in less consumption of resources [1–3].

Thus, the improvement of health literacy in general and
provision of suitable information for the individual patient is
a major concern in the German National Cancer Plan and
similar initiatives in other western countries [4]. These include
a low-threshold access to target group-oriented, quality-
assured information, advice, and offers of assistance, leading
to a strengthening of shared decision-making [5].

One of the main problems of written patient information
material is the gap between the language of experts and lay
people. Even with a higher level of health literacy, most vo-
cabulary and concepts of diagnosis and treatment may not be
easy to understand. In addition, even for patients with higher
levels of education, understanding medical concepts might be
difficult. Obviously, this also applies for patients with lower
(health) literacy. Furthermore, the concepts of oncologists and
patients concerning the origin of cancer are different [6, 7]. As
information on diagnostic procedures, treatments, and follow-
up treatments is highly complex [8], it is often not easy to
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describe the underlying concepts in laymen-friendly language.
Many cancer patients report that with the diagnosis of cancer,
concentration and understanding decline noticeably [9].
Therefore, written health information should be made even
easier to comprehend for those affected by such a diagnosis.

Readability is a term to describe the properties of
written text with respect to the readers’ understanding
of the document. It depends on the complexity of the
text structure, the sentence structure, and the vocabulary
used. In this context, the readability of written informa-
tion can be checked with different instruments. Through
each of these instruments, a specific readability score
can be calculated. Examples for the English language
include the Flesch Reading Ease Scale [10], the
Flesch-Kincaid Readability Formula, the Fog Index, the
SMOG Readability Formula, or the Fry Readability
Graph [11]. However, the manual computation of these
related formulas can be difficult and time-consuming
and is therefore associated with a high demand of hu-
man and/or financial resources.

In addition to the aforementioned readability metrics, esti-
mating the difficulty of a text can be interpreted as a text
classification problem. Thus, methods from the field of natural
language processing and machine learning can be applied for
this task.

This paper presents the comparison of a computer-based
readability analysis based on German patient information
booklets for oncological patients. The assessment of the diffi-
culty of 51 booklet texts was conducted by applying a German
adaptation of the Flesch-Reading Ease Scale (FRE) [12], the
Vienna Formula (Wiener Sachtextformel, WSTF) [13], and a
purely vocabulary-oriented method, i.e., Support Vector
Machines (SVMs).

Methods

Selection of Patient Information Booklets

We collected patient information booklets on cancer in
the German language. All booklets had to be available
for free on the Internet. From a former analysis of
websites with information for cancer patients, we were
able to identify websites with booklets for cancer pa-
tients [14]. This procedure was described in detail in a
previous publication [15].

We focused on the six most common types of cancer in
Germany for women and men respectively [16]. Thus, nine
different types of cancer were taken into consideration: breast
cancer, prostate cancer, lung cancer, colorectal cancer, endo-
metrial cancer, bladder cancer, melanoma, pancreatic cancer,
and oropharyngeal cancer.

FRE Scale

Awell-established readability metric for the English language
is the Flesch-Reading Ease Scale [10]. The FRE measures the
readability of a text via its average sentence length (ASL) and
average number of syllables per word (ASW). It relies
on the fact that short words or sentences are usually
easier to understand than longer ones. However, for this
analysis, we applied the modified FRE for the German
language by Toni Amstad [12]:

FRE = 180 −ASL − (58.5 ⋅ASW)

Vienna Formula (WSTF)

In contrast to the FRE, the Vienna Formula (WSTF) is not an
adapted version for the German language. Instead, it relies on
the work by Bamberger and Vanacek [13], who conducted an
analysis on the bases of German text material. They derived at
least five versions of the so-called Vienna formula for prose
and non-fictional text. Typically, the fourth WSTF is used for
text analysis. This metric also relies on the average sentence
length (ASL) and on the proportion of words with three or
more syllables (MS):

4th WSTF ¼ 0:2656⋅ASLþ 0:2744⋅MS−1:6939

Transformation of FRE and WSTF Scales

For the purpose of comparison with the SVM results, the
obtained readability scores of FRE and WSTF were trans-
formed to the value system of L. Hence, normalized FRE
values LFRE were transformed as follows:

LFRE ¼
xFRE≤90 : 10−

xFRE
10

xFRE > 90 : 1

8
>><

>>:

with xFRE ∈ [0,100], xFRE ∈ℝ.
Analogously, WSTF scores were transformed to the scale

of L according to

LWSTF ¼ xWSTF−3
1:2

¼ xWSTF−3ð Þ⋅ 5
6

with xWSTF ∈ [4,15], xWSTF ∈ℝ.

Understandability Level L

Modern methods from the field of machine learning can be
leveraged to compensate for the limitations of and enhance
established readability measures [17, 18]. In previous work,
a vocabulary-based computation of an Bexpert level^ using a
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specifically trained SVM was presented, which is also appli-
cable to German cancer booklets [18].

For this analysis, the raw material of all cancer booklets
was originally downloaded as PDF documents. For this rea-
son, a tool to transform and extract the raw text material was
applied. As a second step, the extracted material was cleaned
from disturbance artifacts (such as OCR artifacts). Then, stop
word removal and stemming techniques were applied [19].
Next, unclassified documents (here: paragraphs from the
booklets) were transformed into document vectors v based
on the previously (i.e., in the training phase) computed feature
set F [20]. The SVM probability output computed via Platt
scaling is then transformed into L [21]. After these steps, the
resulting SVM classifier allows to discriminate between
laymen- and expert-centric text materials. The procedure
was described in detail in [15].

Computation of L

First, the mean understandability level L for every patient
information booklet was computed by the use of the specifi-
cally trained SVM. Second, the mean FRE and WSTF levels
for every booklet were calculated, according to the original
formulas. The computation was conducted via a self-
implemented software tool which was tested for correctness
against reference text material from the literature.

Next, the transformation was applied according to the
aforementioned section. Thereby, a direct comparison of two
classic metrics for readability analysis against a vocabulary-
based metric (SVM) is made possible on the same scale (L).

Interpretation of Scores

The corresponding measure L ∈ [1, .., 10] describes the under-
standability of text material, here booklets. A value of L ≥ 8–
10 represents a high degree of difficulty (academics); L ≥ 6–<
8, a difficult text; L ≥ 4–< 6, a moderate text for laymen with
medical educational background; L ≥ 3–< 4, an easy text (in-
termediate level/junior high school); and L between 1 and < 3,

a very easy text (elementary level/elementary school). Higher
values of L require an academic (medical) background knowl-
edge or working experience in the medical domain. The
corresponding scores of FRE, WSTF, and LSVM, as well
as the corresponding class labels of all three scores, are
presented in Table 1.

Statistical Methods

For a pairwise comparison of the aforementioned readability
metrics, the differences (delta) of their respective values were
plotted against their mean according to the methodology in-
troduced by Bland and Altman [22]. The upper and lower

limits of agreement (LOA) are defined as d � 1:96s where d
denotes the mean difference and s denotes the standard devi-
ation of pairwise differences. If 95% of computed readability
score differences lay inside the LOA, both methods can be
considered interchangeable, i.e., equally appropriate.
According to Bland and Altman, the resulting absolute delta
of upper and lower limits should be carefully evaluated for
practical implications. In the presented setting, an observed
LOA delta of 1 would equal 10% of the normalized readability
scale L. In case less than 5% of the observed values are ob-
served outside of the LOA range, this might suggest that the
two metrics could be used interchangeably. However, if the
actual LOA delta spans a large amount of the scale, the results
should be interpreted very carefully, as done by Bland and
Altman [23]: BHow far apart measurements can be without
leading to problems will depend on the use to which the result
is put, and is a question of clinical judgment. Statistical
methods cannot answer such a question.^

In addition to the Bland–Altman analysis, all LSVM scores
were tested pairwise (n = 51) against LFRE and LWSTF values
with a two-sided, two-sample t test (α = 0.05). The alternative
hypothesis is thus defined as the difference of means for LSVM
and LFRE scores, LWSTF, respectively.

The software suite R was used in version 3.3.3 (2017-03-
06) for the statistical analysis on a Windows 10 Enterprise
LTS 2016/64bit computer.

Table 1 Interpretation of scores
with corresponding class label Description FRE ∈ [0, 100] WSTF ∈ [4, 15] L ∈ [1, 10] Class label

Very difficult to read [0–29] [14–15] [8–10] VD

Difficult to read [30–49] [13–14] [6–8] D

Fairly difficult to read [50–59] [10–13] [5–6] M

Average readability [60–69] [8–10] [4–5] M

Fairly easy to read [70–79] [7–8] [3–4] E

Easy to read [80–89] [5–7] [2–3] VE

Very easy to read [90–100] [4–5] [1–2] VE

FRE readability by Flesch-Reading Ease Scale;WSTF Readability by Vienna Formula; L understandability level
by Support Vector Machine; class label: VE very easy; E easy; M moderate; D difficult; VD very difficult
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Results

Characteristics of the Patient Booklets

The acquisition of booklets was carried out between February
14 and 21, 2015. A total of 52 different patient booklets were
downloaded. One booklet from the pharmaceutical industry
about lung carcinoma could not be investigated, since the
length of the related text sections was not sufficient for the
analysis. Finally, 51 booklets could be assessed within this
study (see Table 2). In sum, 26 booklets (51.0%) were avail-
able from the different regional Cancer Societies in Germany,
10 (19.6%) from the German Cancer Aid, 1 (2.0%) from the
Cancer Information Service, 6 (11.8%) from the websites of
the pharmaceutical industry, 5 (9.8%) from the websites of
different statutory health insurance companies, and 3 (5.9%)
from the websites of the self-help organizations. Most book-
lets referred to breast cancer (14; 27.5%) followed by prostate
cancer (8; 15.7%) and colorectal cancer (7; 13.7%). For more
detailed information, see [15].

Understandability of the Booklets (SVM)

The booklets had a mean understandability value of

LSVM ¼ 5:09. As listed in Table 2, two of the 51 booklets
(3.9%) had a mean score ≥8 and therefore are only suitable
for an academic readership. Seven of the 51 booklets (13.7%)
had a mean score <4 and were therefore suitable for a lay
audience. In only five of the 51 booklets (9.7%) was a mean
score <3 reached, so that an elementary education was suffi-
cient for understandability of these booklets. For the remain-
ing 42 booklets (82.4%), a mean score between ≥4 and <8
shows a level suitable for laymen or persons with medical
knowledge or strong medical background. The distribution
of the computed values of LSVM is depicted in Fig. 1a.

The group of endometrial cancer booklets showed the low-

est mean value LSVM; endometrial ¼ 4:08. The highest under-
standability level was observed for the booklet group on pros-

tate cancer with LSVM;prostate ¼ 6:08:

Readability of the Booklets (FRE)

The mean FRE score for all booklets resulted in a value of

LFRE ¼ 6:81 (see Table 2). An academic background—i.e.,
mean readability score ≥8—is necessary for three of the 51
booklets (5.9%). All of the other booklets (94.1%) scored an L
between ≥4 and <8. This indicates that a reader should have
(basic) medical knowledge or an educational background in
the field of medicine to understand these booklets. None of the
51 booklets showed a readability score <4 which corresponds
to the non-existence of class labels VE and E in Table 2.
Figure 1b depicts the LFRE value distribution.

Table 2 Listing of scores (L) and associated class labels (C) for all
metrics under investigation

Booklet topic LSVM LFRE LWSTF CSVM CFRE CWSTF

Breast_01 4.91 6.49 6.95 M D D

Breast_02 6.57 6.50 7.10 D D D

Breast_03 4.25 7.08 7.55 M D D

Breast_04 8.48 9.00 9.65 VD VD VD

Breast_05 6.75 7.29 8.04 D D VD

Breast_06 5.00 7.45 8.24 M D VD

Breast_07 5.50 5.84 5.93 M M M

Breast_08 1.80 7.10 7.52 VE D D

Breast_09 5.00 6.13 6.19 M D D

Breast_10 4.62 7.03 7.73 M D D

Breast_11 5.23 6.78 7.38 M D D

Breast_12 5.81 7.28 8.20 M D VD

Breast_13 4.92 6.68 7.15 M D D

Breast_14 4.30 5.58 5.36 M M M

Mean 5.22 6.87 7.36

Prostate_01 6.75 7.67 8.30 D D VD

Prostate_02 6.62 6.51 7.12 D D D

Prostate_03 5.24 6.98 7.55 M D D

Prostate_04 1.67 5.88 6.80 VE M D

Prostate_05 6.68 7.47 8.53 D D VD

Prostate_06 5.50 6.81 6.95 M D D

Prostate_07 6.29 7.37 8.14 D D VD

Prostate_08 9.79 9.15 9.83 VD VD VD

Mean 6.08‡ 7.23 7.90‡

Lung_01 4.77 6.50 7.04 M D D

Lung_02 4.84 7.34 7.92 M D D

Lung_04 2.53 5.64 6.11 VE M D

Lung_05 5.44 6.82 7.48 M D D

Mean 4.40 6.58 7.14

Colorectal_01 4.41 6.40 6.94 M D D

Colorectal_02 5.74 6.54 6.70 M D D

Colorectal_03 5.49 6.99 7.57 M D D

Colorectal_04 4.84 6.61 7.03 M D D

Colorectal_05 5.44 7.04 7.84 M D D

Colorectal_06 4.94 6.71 7.45 M D D

Colorectal_07 4.71 6.64 7.25 M D D

Mean 5.08 6.70 7.25

Bladder_01 5.83 6.64 7.38 M D D

Endometrial_01 4.44 6.99 7.62 M D D

Endometrial_02 2.67 8.10 8.37 VE VD VD

Endometrial_03 4.00 6.82 7.39 M D D

Endometrial_04 5.22 7.04 7.92 M D D

Mean 4.08† 7.24‡ 7.83

Melanoma_01 4.58 6.32 6.66 M D D

Melanoma_02 7.70 6.99 7.80 D D D

Melanoma_03 1.88 5.32 5.22 VE M M

Melanoma_04 5.87 7.27 8.32 M D VD

Melanoma_05 4.45 6.76 7.74 M D D
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The booklets on pancreatic cancer achieved the lowest

mean value LFRE;pancreatic ¼ 6:30. The highest readability level
was observed for the text material on endometrial cancer:

LFRE;endometrial ¼ 7:24:

Readability of the Booklets (WSTF)

For the Vienna Formula, the booklets scored an LWSTF of 7.39.
A total of 19.6% (10 of 51) of booklets were identified as very
difficult to read (VD); see Table 2. The remainder of the book-
lets (80.4%) were classified as M and D which correspond to
an L between ≥4 and <8. None of the booklets showed levels
of L below 4, as depicted in Fig. 1c.

With a mean value of LWSTF;pancreatic ¼ 6:84, booklets on
pancreatic cancer achieved the lowest value for all cancer
types. The highest mean WSTF score was observed for the

prostate cancer group: LWSTF;prostate ¼ 7:90.

Comparison of Instruments

The results of a quantitative comparison analysis of all book-
lets are presented in Fig. 2. It depicts a Bland–Altman plot for
the delta of LSVM − LFRE. A total of 48 of the 51 data points are
located within the upper and lower LOA. The LOA range
spans from − 4.181 to 0.736 which represents approximately
50% of the scale of L. The two-sided, two-sample t test

Table 2 (continued)

Booklet topic LSVM LFRE LWSTF CSVM CFRE CWSTF

Mean 4.90 6.53 7.15

Oropharyngeal_01 4.38 6.53 7.13 M D D

Oropharyngeal_02 3.33 6.98 7.94 E D D

Oropharyngeal_03 6.41 6.57 7.06 D D D

Oropharyngeal_04 5.96 6.64 7.17 M D D

Mean 5.02 6.68 7.33

Pancreatic_01 4.33 6.69 7.47 M D D

Pancreatic_02 3.38 5.42 5.65 E M M

Pancreatic_03 4.97 6.54 6.87 M D D

Pancreatic_04 5.38 6.53 7.36 M D D

Mean 4.52 6.30† 6.84†

Mean total 5.09 6.81 7.39 M D D

xClass labels: VE very easy, E easy, M moderate, D difficult, VD very
difficult
†Lowest mean of L among all cancer types
‡Highest mean of L among all cancer types

�Fig. 1 a Distribution of the SVM vocabulary-based scores of LSVM (n =
51, mean = 5.090, sd = 1.530). b Distribution of the FRE scores,
transformed to LFRE (n = 51, mean = 6.813, sd = 0.719). c
Distribution of the WSTF scores, transformed to LWSTF (n = 51,
mean = 7.385, sd = 0.883)
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showed a significant difference between the means of LSVM
when compared to LFRE (P < 0.001).

A similar result is given by the Bland–Altman plot in Fig. 3
(comparison between LSVM and LWSTF). In this case, the LOA
ranges from − 4.774 to 0.185 (again, approx. 50% of the L
scale). Again, three data points are not within the limits of
agreement. In accordance with the prior comparison, the
two-sided, two-sample t test revealed a significant difference
between LSVM and LWSTF (P < 0.001).

Figure 4 depicts a direct comparison between the Bclassic^
readability metrics (LWSTF − LFRE). A total of two data points
are found outside the respective LOA which ranges from
0.025 to 1.119, reflecting merely 11% of the L scale. By con-
trast to the plots in Figs. 2 and 3, the direct comparison of
WSTF and FRE suggests that both readability formulas can be
applied interchangeably for the assessed text material on var-
ious cancer types. Pairwise delta values of all direct compar-
isons are given in Table 3 for all 51 booklets.

When compared as a triplet, eight out of 51 booklets are
assigned the same class label, either M, D, or VD (see
Table 2). Only two of the booklets were rated as Bvery difficult
to read^ by all applied readability formulas: Breast_04 and
Prostate_08. In contrast, none of the booklets was rated as
Beasy or very easy to read^ by FRE and WSTF. But seven
booklets were classified as E or VE by SVM. In our assess-
ment, we found only four booklets (7.84%) in which all three
metrics showed agreement, that the related text material was
adequate for laymen with basic medical background knowl-
edge (breast_07, breast_14, melanoma_03, pancreatic_02).

In the case of four booklets, the classification result of the
SVM resulted in a higher absolute score than the correspond-
ing result of the FRE (see Table 3). In detail, it was one booklet
about breast cancer from a cancer society (breast_02), two
booklets about prostate cancer, one from a cancer society
(prostate_02), one expert guideline which was found on a
webpage of a self-help group, and finally one booklet about
melanoma (melanoma_02) from a cancer society. Yet, no
booklets resulted in a higher SVM value compared to the
WSTF value.
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Discussion and Conclusion

Discussion

A high-quality health information must not only include the
best available external evidence; it must also be readable and
correspond to patient preferences [24]. In order to comply
with these requirements, the application of easy language is
essential [25]. In addition, patients show a high level of satis-
faction when information was written in a simple language
and was available prior to therapy [26].

However, our findings suggest that the majority of the 51
booklets (92.16%) is hard to read (see Table 2). Thus, it can be
difficult to understand for the intended group of readers. The
primary reason for this finding is attributable to the scores of
the sentence-structure-based FRE and WSTF metrics and the
corresponding classification into difficult or very difficult
texts. This corresponds to the results of other authors, which
also report on high readability levels [27–31]. Moreover, to
understand a medical text, the vocabulary used by authors is
of high relevance for the understandability and might be even
more decisive than the sentence structure [32].

With our evaluation of patient booklets on cancer, we dem-
onstrated that a specifically trained support vector machine is
able to analyze text material with respect to its vocabulary. By
contrast to established instruments, i.e., FRE and WSTF, for
most analyzed documents, the SVM instrument resulted in
lower readability scores, i.e., text documents are easier to
comprehend for readers.

In terms of text production, a selection of one of the three
instruments may also depend on the aims of the authors. An
author, who is already experienced in writing text material for
cancer patients, could benefit by a quick check for expert
vocabulary for a certain paragraph or the whole docu-
ment. In contrast, a less experienced author might be
more interested in checking sentence structures. Our
study demonstrates that both needs can be satisfied au-
tomatically during the text production phase, even
though we conducted a post-publish analysis.

Several limitations apply for the study setting. The PDF
documents were automatically converted to Microsoft Word
documents via text recognition. Furthermore, disturbance ar-
tifacts—e.g., different kinds of hyphens, markup language
(e.g., XML or HTML tags), mis-encoded characters from

Table 3 Listing of pairwise differences (denoted as δ) of all metrics
under comparison

Booklet topic δSVM − FRE δSVM −WSTF δWSTF − FRE

Breast_01 − 1.58 − 2.04 0.46

Breast_02 0.07 − 0.53 0.6

Breast_03 − 2.83 − 3.3 0.47

Breast_04 − 0.52 − 1.17 0.65

Breast_05 − 0.54 − 1.29 0.75

Breast_06 − 2.45 − 3.24 0.79

Breast_07 − 0.34 − 0.43 0.09

Breast_08 − 5.3 − 5.72 0.42

Breast_09 − 1.13 − 1.19 0.06

Breast_10 − 2.41 − 3.11 0.7

Breast_11 − 1.55 − 2.15 0.6

Breast_12 − 1.47 − 2.39 0.92

Breast_13 − 1.76 − 2.23 0.47

Breast_14 − 1.28 − 1.06 − 0.22
Prostate_01 − 0.92 − 1.55 0.63

Prostate_02 0.11 − 0.5 0.61

Prostate_03 − 1.74 − 2.31 0.57

Prostate_04 − 4.21 − 5.13 0.92

Prostate_05 − 0.79 − 1.85 1.06

Prostate_06 − 1.31 − 1.45 0.14

Prostate_07 − 1.08 − 1.85 0.77

Prostate_08 0.64 − 0.04 0.68

Lung_01 − 1.73 − 2.27 0.54

Lung_02 − 2.5 − 3.08 0.58

Lung_04 − 3.11 − 3.58 0.47

Lung_05 − 1.38 − 2.04 0.66

Colorectal_01 − 1.99 − 2.53 0.54

Colorectal_02 − 0.8 − 0.96 0.16

Colorectal_03 − 1.5 − 2.08 0.58

Colorectal_04 − 1.77 − 2.19 0.42

Colorectal_05 − 1.6 − 2.4 0.8

Colorectal_06 − 1.77 − 2.51 0.74

Colorectal_07 − 1.93 − 2.54 0.61

Bladder_01 − 0.81 − 1.55 0.74

Endometrial_01 − 2.55 − 3.18 0.63

Endometrial_02 − 5.43 − 5.7 0.27

Endometrial_03 − 2.82 − 3.39 0.57

Endometrial_04 − 1.82 − 2.7 0.88

Melanoma_01 − 1.74 − 2.08 0.34

Melanoma_02 0.71 − 0.1 0.81

Melanoma_03 − 3.44 − 3.34 − 0.1
Melanoma_04 − 1.4 − 2.45 1.05

Melanoma_05 − 2.31 − 3.29 0.98

Oropharyngeal_01 − 2.15 − 2.75 0.6

Oropharyngeal_02 − 3.65 − 4.61 0.96

Oropharyngeal_03 − 0.16 − 0.65 0.49

Oropharyngeal_04 − 0.68 − 1.21 0.53

Pancreatic_01 − 2.36 − 3.14 0.78

Table 3 (continued)

Booklet topic δSVM − FRE δSVM −WSTF δWSTF − FRE

Pancreatic_02 − 2.04 − 2.27 0.23

Pancreatic_03 − 1.57 − 1.9 0.33

Pancreatic_04 − 1.15 − 1.98 0.83

Mean − 1.72 − 2.3 0.58
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different encoding schemes, etc.—may still be included in the
extracted raw text material. The FRE and WSTF metrics are
computedmainly on the mean sentence length, the mean num-
ber of syllables per word, and language-specific weighting
factors. However, detecting syllables is not a trivial task for
the German language and does not work reliably in some rare
circumstances [33]. For this reason, the computed FRE or
WSTF scores are influenced by the aforementioned inaccura-
cies, which constitutes a systematic bias; yet, this affects all
NLP tools for analysis on German text material.

Furthermore, it has to be considered for every applied in-
strument that an exclusive computation of readability disre-
gards individual knowledge and motivation of readers [13].
Aspects related to illustration and design were not included in
our analysis. Consequently, the suitability of health informa-
tion cannot only be judged on the basis of readability of in-
formation [11].

Conclusion

Methods from the field of Machine Learning may add valu-
able information for authors of cancer brochures, thus,
complementing established readability assessment methods,
such as FRE and WSTF. In addition to these metrics, the
readability of patient information should be analyzed in terms
of its vocabulary, e.g., via SVM-based metrics. The results of
the presented study show that the automatic computation of
related scores can support authors either (a) during the text
production process or (b) at the final quality assurance stage.
Yet, our Bland-Altman analysis revealed that the computed
SVM scores cannot be interchanged with FRE or WSTF as
they express different aspects of written text. This is con-
firmed by the results of the conducted t tests (P < 0.001).
However, both aspects of text analysis, i.e., sentence structure
vs. vocabulary, can be examined by booklet authors to refine
their texts linguistically, especially with respect to the intented
target group of readers.

The authors of the study recommend the use of both vo-
cabulary and established readability assessment instruments
as a supportive measure to ensure and provide understandable
health information.

Practice Implications

Authors of health information can benefit by automatic anal-
ysis tooling which provides feedback on the readability of
written text. This includes both aspects of readability, i.e.,
sentence structure complexity and the expert level of the used
vocabulary. For 51 German cancer brochures, our study re-
veals that a significant difference between both aspects exists.
Authors should therefore re-evaluate existing brochures and
reduce sentence complexity, as our study shows higher scores
for FRE and WSTF when compared to the vocabulary-based

metric (see Figs. 2 and 3). Moreover, the results of the study
suggest that authors should, however, check their text
material with all of the aforementioned instruments dur-
ing the writing process.

Professionals or institutions looking for information mate-
rial can benefit by a direct comparison of several brochures
(see Table 2), as they do not have to compare cancer booklets
by themselves, thus saving time. But more importantly, it
helps to decide which brochures are easy—or at least easi-
er—to understand and could be recommended to patients in
case of a certain tumor type.
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