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Abstract
The Word Rain visualization technique is a development of the classic word cloud that aims to retain the simplicity of the word
cloud, while at the same time making it possible to use the text visualization for exploring and comparing corpora. We here
showcase how the Word Rain technique can be used for visualizing longitudinal changes by displaying the most prominent
words for each (user-defined) time period in the corpus. “Most prominent” for a time period can, however, have different
meanings depending on how the word rain is configured. We here list a number of possible configuration types, and we also
provide examples of word rains generated using some of these configurations. We showcase the configuration settings on a
corpus of periodicals from the Swedish Diabetes Association.

1. Introduction

The Word Rain visualization technique is a development of the
classic word cloud. The visualization technique was mainly devel-
oped with three different use cases in mind: (i) text genre com-
parison, (ii) expansion of lexical resources [AHES24], and (iii) the
study of longitudinal change in text corpora. We have previously
presented all three use cases [SAKL24], but the aim of this paper is
to dig deeper into one of them; the study of longitudinal change.

The Word Rain, similar to the standard word cloud, is a visual-
ization of the most prominent words in a document. However, what
“most prominent” means when visualizing a time series of docu-
ments published over a longer time period is not self-evident. The
visualizations depend on the configuration used, e.g., on the word
frequency cut-offs applied. By varying the configuration settings,
different kinds of longitudinal text changes can be shown, which
allows the user to explore the corpus from different angles. Using a
corpus of periodicals issued by the Swedish Diabetes Association,
we here provide a number of configuration examples. For each con-
figuration setting, we treat all periodicals published during a year
as one document to visualize and generate a time series consisting
of a word rain for each year in the corpus.

2. The Word Rain visualization technique

We refer to a previous publication [SAKL24] for a more thorough
description of the Word Rain technique, and will here only pro-
vide a summary. The Word Rain addresses two of the limitations of
the classic word cloud (i) that the word positioning lacks a seman-

tic interpretation, which can be confusing [BKP14] and which also
makes it difficult to explore a word cloud and compare the content
of two word clouds, and (ii) that font size is used as the sole indica-
tion of word prominence, which might have the effect that longer
words are incorrectly perceived as more important [VW08].

By addressing these two limitations, we have aimed to create
a visualization that to a larger extent than the classic word cloud
can be used as an analytical tool for exploring and comparing text
corpora. While such an aim might require a slightly more complex
visualization than the classic word cloud, a design criterion for the
Word Rain technique was to, as far as possible, retain the simplic-
ity of the classic word cloud. Most importantly, the visualization
should be able to fill the role that the word cloud fills today, i.e., it
should consist of a static image that can be included in a paper or
printed on a poster, and it should not contain any interactive ele-
ments other than zooming. To be able to zoom in on the generated
word rains is, however, an important feature of the Word Rain de-
sign. The word rains are therefore generated with a resolution high
enough to make it possible to zoom in and read the words that are
too small to be legible when the image is viewed in its original
size. Thereby, the Word Rain technique first provides an overview
of the most prominent words in the document, and allows the user
to zoom in to inspect interesting areas, supporting the “Overview
first [...] details on demand workflow” [Shn96]. This functionality
is, of course, better supported when digital word rains are used. But
stepping closer to inspect details on a poster that are not legible
when the poster is viewed from a distance provides a non-digital
take on the “Overview first, details on demand” workflow.
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The basic principle of the Word Rain technique is to position
the words along the x- and y-axes as follows: The x-axis indicates
semantics, i.e. words that have a similar meaning are positioned
close to each other on the x-axis, while the y-axis is used (as one of
the means) to indicate word prominence. The specific techniques
used for determining semantics and prominence could be varied.
However, our current implementation uses word embeddings to de-
termine semantics (x-axis), and term frequency or term frequency-
inverse document frequency to determine word prominence (y-
axis). More specifically, in our implementation, the semantic in-
formation from a multidimensional word2vec model [CG23] is
projected onto one dimension using t-SNE dimensionality reduc-
tion [vdMH08]. The x-position of a word is thereby provided by
the value in the vector resulting from this dimensionality reduction.
This results in that words occurring in similar contexts in the cor-
pus, on which the word2vec model is trained, are positioned close
to each other on the x-axis.

Font size is kept as an additional prominence indicator, despite
its limitations. Partly because the prevalent use of font size-based
word clouds has made this approach somewhat of a standard, but
more importantly because the use of different font sizes enables
the “Overview first [...] details on demand workflow”. The user can
locate interesting areas in the word cloud based on words that are
displayed with a font size large enough to be legible without zoom-
ing in and – based on these words – decide which areas that might
be interesting to explore more closely by zooming in. In contrast
to the classic word cloud, however, font size is not the only promi-
nence indicator. In addition to font size and position on the y-axis,
the Word Rain visualization also indicates prominence with a bar
chart, where bar heights are proportional to word prominence.

The reason for not relying solely on the position on the y-axis
as the prominence indicator to supplement font size, is that the y-
axis position only forms an approximate prominence indicator. This
is a consequence of the Word Rain algorithm for determining a
word’s y-position. The words are given their y-position in order of
prominence, starting with the most prominent word. The algorithm
for positioning the words always attempts to position a word at
the x-position given by the t-SNE-produced vector, and at the y-
position 0. If it then collides with a (more prominent) word that has
already been positioned close to this coordinate, the new word is
moved downwards in the graph until it no longer collides with any
of the previously positioned words. (That is, the word “rains down”,
i.e. a step in the algorithm which gave the visualization technique
its name.) Thereby, more prominent words will generally be given
a higher y-position than less prominent ones, but low-prominence
words might still be given a high y-position, in cases when they do
not collide with a word of larger prominence.

It is important to notice that when producing word rains for a
collection of documents that are to be compared — as for the case
here, when comparing word rains in a time series — the same t-
SNE projection is used for all visualizations. Thereby, the visualiza-
tions share the same semantic x-axis, and this axis can thereby be
used for semantic comparisons between different word rains. While
there are word cloud extensions specifically created for the task
of corpus comparison and/or exploration of longitudinal changes
[DES∗15, CVW09, LBSW12, LRKC10, WDN13, JBR∗18] as well

as those that base word positioning on semantics [JS16, HPP∗19],
we are not aware of any previous approach that uses dimensionality
reduction to create semantically comparable word clouds along one
dimension.

With these developments of the classic word cloud, we aim to
create a visualization that is practically useful when carrying out
distant reading [JFSC15] on a corpus too large for a full manual
analysis. The Word Rain technique is meant to support an induc-
tive corpus linguistics approach [Ste20], for exploring word (or n-
gram)-frequencies when the set of words to explore is not known
beforehand. For a deductive approach, if the aim is to study the
longitudinal frequency change for a set of pre-defined words, it is
better to simply plot these frequency changes, for instance using a
line graph.

We provide open source code that implements the Word Rain al-
gorithm [CDH24], which we have further developed based on our
previous expert review of the technique [SAKL24]. Using the con-
figuration options implemented, we will here explore the different
possibilities available for using the Word Rain for visualizing lon-
gitudinal changes in a corpus.

3. Configurations for selecting prominent words to show

The word prominence calculations of the Word Rain implementa-
tion relies on the TfidfVectorizer class within the scikit-learn pro-
gramming library [PVG∗11]. The user provides a set of folders
where the content of each folder is counted as a “document” by the
vectorizer. For instance, in the example provided below, we treat
each year as one document, and consequently have one folder for
each year in the corpus. Many configuration options available for
the Word Rain implementation are built on configurations for the
TfidfVectorizer class. These are (i) whether to use raw term fre-
quency (tf) or term frequency-inverse document frequency (tf-idf)
as prominence metric, (ii) if a stop word list is to be used (i.e. a list
of words to be excluded), (iii) the reverse of the stop word list, i.e.
an optional list for selecting which words that are to be included,
(iv) whether to use single tokens or n-grams (where n is config-
urable), and (v) the maximum document frequency and minimum
document frequency, i.e., the minimum/maximum number of doc-
uments in which a word has to occur in the document collection in
order to be included in the visualizations.

We have also implemented a number of additional configuration
options not available in the TfidfVectorizer class. These include (i)
the minimum number of occurrences in the entire corpus for a word
to be included, and (ii) the minimum number of occurrences in the
document for a word to be included when creating the visualiza-
tion for this document. The first option makes it possible to remove
words from the visualization that only occur rarely in the corpus.
This measure is similar to the minimum document frequency cut-
off, but the total number of occurrences of a word is counted, in-
stead of the number of documents in which it occurs. The second
option makes it possible to exclude words that only occur a few
times in a document. Words that are very infrequent in the corpus
as a whole can still receive a high tf-idf value by only occurring a
few times in a document. It might therefore be useful to be able to
exclude such words from the visualization.
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Figure 1: One year from the series “Time-typical”, where the top 1000 most prominent words are visualized. The most prominent words
have been translated from the original Swedish into English. The vertical grid and numbers provide guidance when comparing word rains.

3.1. Incorporating external resources

It is possible to, in several ways, incorporate corpus-external re-
sources when creating the visualizations. The aforementioned “re-
versed stop word list” (i.e., a list of words which functions as a
filter of what words to include in the visualization) can be com-
piled using external resources, e.g., different types of controlled
vocabularies or words included in other corpora. It is also possible
to configure the Word Rain implementation to use such word lists,
not as inclusion filters, but to emphasize words included in these
lists with a contrasting color and by underlining them.

Yet a configuration possibility is to use an external background
corpus for calculating the tf-idf value. For instance, to visual-
ize words typical to an IPCC report, in contrast to general lan-
guage words, we previously used paragraphs from a small sub-
set of “the British National Corpus” as background corpus. Words
from the general language, which occur in many documents in the
background corpus, receive a high df (document frequency), and
thereby a lower tf-idf value than words typical to the IPCC re-
port [SAKL24].

Finally, the word2vec model used for creating the semantic x-
axis for the word rain generated can be trained on another corpus
than the one visualized. This is a necessity when the corpus visu-
alized is too small to be used for training a word2vec model. How-
ever, our user study [SAKL24] showed that the use of an exter-

nal corpus for creating the semantic axis could lead to confusion.
When possible, it is therefore probably better to use a word2vec
model trained on the actual corpus visualized, also at the expense
of a poorer semantic representation resulting from the corpus used
being small.

4. Example word rain configurations

We here provide examples of different types of word rain confi-
gurations that might be relevant for studying longitudinal changes
in a corpus. Whether a particular configuration is relevant or not
depends on the research questions and/or what lens is relevant to
apply on the corpus. We have experimented with different confi-
gurations that use different word frequency cut-offs and/or filters
to include or exclude words. In order to make it easier to remember
and discuss them, we have given names to the configurations we
currently find most interesting.

Time-typical could arguably be claimed to be a default confi-
guration for exploring tf-idf-based longitudinal change in a corpus.
With this configuration, the most over-represented words for each
time period are shown. To what extent a word is over-represented
in this time era is measured by ranking words according to tf-idf. It
might be relevant to provide a stop word list or a maximum docu-
ment frequency cut-off, since although the potential stop words are
likely to be fairly stable over time, the idf value might not be high
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Figure 2: Examples from two years from the series “Time-typical”,
where the top 300 most prominent words are visualized.

enough to position the potential stop words at a lower ranking than
the more “interesting” words. For instance, words that occur in all
documents could be removed.

Mayfly phenomena are words that occur only a brief period of
time in the whole time period studied. To capture these words, the
maximum document frequency parameter can be used. That is, only
words that occur in a maximum of x documents (= time periods) are
included.

Rather innovative and semi-sticky. This configuration is similar
to the mayfly phenomena configuration. But it also aims to exclude
words that occur only in a few documents. So both the minimum
document frequency cut-off and the maximum document frequency
cut-off is used, to extract words that do not occur the entire time
period studied but that also are not mayflies.

Appears in many time periods is a form of opposite to “Time-
typical”, i.e. a study of words that occur (more or less) faithfully
during the entire time period studied. For instance, the minimum
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Figure 3: Example from one year from the series “Mayfly phe-
nomena”, i.e., where only words that occur in periodicals from a
maximum of five years are included. The top 300 most prominent
words are visualized.

document frequency could be set to half or 75% of the documents
in the corpus.

Focus on new words. This configuration focuses on new words
and how they develop. We have implemented this configuration by
compiling a list consisting of words that occur during the first x
years of the time series, and these are then treated as stop words,
i.e. words not to include in the visualization. That is, those words
are considered to be “old words”, to make it possible to focus on the
development of the new words that emerge over time in the corpus
visualized. These “new words” could, for instance, be studied from
the mayfly perspective (with a low maximum document frequency),
or it is possible to instead focus on the (semi-)sticky words.

5. Applying some of the configurations on a corpus

We will illustrate the configuration types we find most useful for
the current Word Rain implementation by three concrete examples.
We showcase the settings using one of the patient organization peri-
odicals studied within the ActDisease project [Act24], namely pe-
riodicals from the Swedish Diabetes Association, published from
the middle of the 20th century until 1990 [Swe] and processed as
described by Aangenendt et al. [ASS24]. Periodicals refer to publi-
cations that are issued at regular intervals, and in this case there are
typically six issues per year.

We pre-processed the corpus of diabetes periodicals by lemma-
tising it using efselab [Öst18]. As the model to use for creating the
semantic x-axes, we then trained a word2vec model on the corpus
using the Gensim library [RS11], with the CBOW algorithm, a win-
dow size of 3, and a vector size of 50. Words had to occur at least
10 times in the corpus to be included in the model.

We divided the corpus into years, which meant that all texts pub-
lished during a year were combined into one document, and treated
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Figure 4: Two years from “Appears in many time periods”. A word
has to occur in at least 75% of the years studied to be included.

as one document. For each configuration option explored, we thus
created a visualization series consisting of one word rain visual-
ization per year. Thereby, a cut-off using for example “minimum
number of occurrences in a document” is here equivalent to the
minimum number of times a word occurs in the periodicals during
that year.

For all word rains generated, we applied a cut-off of only visual-
izing words that occur at least 10 times in the entire corpus. We fur-
ther configured all word rains to emphasis new words – i.e. words
not included in visualizations for previous years – with a gray bar
color and “#” following the word. The number within parentheses
next to the words shows (the easily interpretable) raw word fre-
quency for the year visualized, regardless if term frequency or tf-
idf was used for extracting prominent words. The vertical through-
lines and their numbering have been added (as a result of the afore-
mentioned user-study) to facilitate the comparison of word rains.
Table 1 summarizes the configuration parameters used.

Time-typical We generated two versions of this configuration. For
the first version, we included the top 300 words in the visualization
and applied an inclusion cut-off of at least 10 occurrences during
the year (min occ. in document = 10). For the second one, we in-
cluded the top 1000 words, and required a word to occur at least
5 times during a year to be included (min occ. in document = 5).
To remove stop words, we applied a maximum document frequency
cut-off that excludes words that occur during all years investigated.
In addition, we created a stop word list containing numbers and also
manually added words referring to the diabetes association itself
and to “sockersjuk(a)” (suger-sickness, which was the word previ-
ously used for referring to diabetes), as these words took up a lot of
space in the visualization without providing any new information.
Visualizations for two of the years in the time series are shown in
Figure 2 (top 300), and for one year in Figure 1 (top 1000, where
the most prominent words have been translated into English). Note
that two different semantic t-SNE projections are used for the top
300 visualization and the top 1000 visualization. That is, the hor-
izontal positions for the two visualizations in Figure 2 (which use
the same t-SNE projection) can be compared, whereas the visual-
ization in Figure 1 uses another projection.

Figure 1 exemplifies how a lot of information can be encoded
into the word rain. The words displayed with a large font give an
indication to the semantic content of the region. E.g, (at the ver-
tical lines 4 and 5) there are names of persons – and a few cities
– as well as titles/position such as Member of Parliament, (at 7-8)
more cities, (at 12) a place for diabetes retreats called Nordande
and mentions of different camps/retreats, (at 20-21) body parts and
symptoms/diseases, (at 27-28) sweeteners and medicines. Figure 2
exemplifies how two word rains can be compared. For instance,
words related to Nordande are there in the 1975 graph (at 23),
but are not present in the graph from 1960. Sweetener/medication
words (at position 6-7) and food related words (at position 3-4),
on the other hand, exist for both years, but the words prominent in
1960 are not necessarily the same ones as in 1975. This shows how
the Word Rain technique provides the possibility to compare the
content of different years on a level higher than the word level, i.e.
on a semantic level.

Mayfly phenomena To achieve a mayfly phenomena visualization,
we set the minimum document frequency threshold to 1 and the
maximum document frequency threshold to 5. That is, words that
occurred during a maximum of five years were included in the vi-
sualization. We also required a word to occur at least twice in the
texts for a year for it to be included in the visualization (min occ.
in document=2). Note that we here still kept the cut-off requiring
a word to occur at least 10 times in the corpus as a whole, but to
achieve even more focus on the mayfly words, this criterion could
be dropped. The result of this configuration for one year can be
seen in Figure 3. It can, for instance, be seen (around position 14)
that there are many words related to specific beverages this year.

Appears in many time periods Here, we still removed words that
occur every year, to remove very generic words, such as “and”.
But we also used the minimum document frequency threshold to
require words to occur in at least 75% of the years studied to be
included in the visualization. In contrast to the other time-series,
we used raw document frequency (tf ) for ranking the words. Fig-

© 2024 The Authors.
Proceedings published by Eurographics - The European Association for Computer Graphics.

M. Skeppstedt et al. / Using the Word Rain Technique to Visualize Longitudinal Changes in Periodicals from the Swedish Diabetes Association 5 of 7



# top prominence max document min document min occ. in
words metric frequency frequency document

Figure 1 Time-typical-top-300 300 tf-idf #documents - 1 1 10
Figure 2 Time-typical-top-1000 1000 tf-idf #documents - 1 1 5
Figure 3 Mayfly phenomena 300 tf-idf 5 1 2
Figure 4 Appears in many time periods 300 tf #documents - 1 30 2

Table 1: Overview of the (cut-off) parameters used for the visualizations. All texts published during a year are treated as a single document.
Thereby, e.g. “max document frequency” is equivalent to the maximum number of years in which a word is allowed to be present in the
periodicals for it to be included in the visualization.

ure 4 shows two years with the top 300 most prominent words.
For this configuration, we also showcase the possibility to visual-
ize n-grams. Hardly any n-grams were included among the top 300
words though, with a few exceptions such as “vanlig socker” (reg-
ular sugar), “utan socker” (without sugar) and “Nancy Eriksson”
(chairperson of the Swedish Diabetes Association between 1956
and 1978 [Söd24]). When comparing the two graphs, we can, for
instance, see that “Fru” (Mrs.) and “Herr” (Mr.) are more often used
in 1960 than 1975.

6. Discussion and future work

We have here structured and exemplified some of the configuration
options implemented for the Word Rain algorithm, which we envi-
sion might be useful for studying longitudinal changes in corpora.
We have shown that by varying the configuration used, it is possi-
ble to highlight different aspects of the corpus content and different
types of longitudinal changes.

The set of configurations offered by the current Word Rain im-
plementation is, however, not complete. We have identified a num-
ber of other configuration possibilities that might be useful for ex-
ploring a corpus that spans over a longer time period. One such
extension could consist of providing additional measures than tf-
idf for extracting over-represented words for a time period. Likeli-
hood ratio [Dun93] is one such measure, which has previously been
used for extracting and visualizing over-represented words (using
a classic word cloud) in patient organization periodicals similar to
those studied here [SBL19]. Another possible extension consists of
providing more advanced functionality for measuring innovation
and stickiness. For instance to provide a rolling window for when
a word is still to be counted as new, and how many years onward it
must be retained in the corpus to be considered sticky (i.e., similar
to a previously used innovation measure [KPST21], but applied on
word level, rather than on text level). Finally, it could be interest-
ing to construct word rains where discrepancy between two time
periods are shown in just a single plot. For instance, it might be
relevant to use a prominence measure in the form of the increase
(or decrease) in word frequency compared to the frequency of the
previous time period in the series studied. E.g., the word frequency
increase compared to the previous year would be used as the word
prominence measure.

There are also possible extensions of the current Word Rain im-
plementation that go beyond additional configuration options for
word prominence calculations. One of the conclusions in the afore-
mentioned study on patient organization periodicals [SBL19] was

that word frequency statistics is not enough in itself – it was also
necessary to read the actual texts to understand the reason why
some words are over-represented. To enable the researcher to eas-
ily switch between the distant corpus reading provided by the word
rain, and a close reading of individual texts could, therefore, be
one such future direction. One way of implementing this could be
to allow the user to select a subset of visualized words and ex-
amine the texts in which they appear. Also for the layout, there
are possible improvements. For instance, there is currently a confi-
guration parameter governing how much the font size is decreased
for less prominent words. This parameter was here set to optimize
the layout for the year 1975 in the examples, but e.g. for the year
1960 in Figure 2, there is space not used in the graph. Either au-
tomatic methods that make sure the entire space is used could be
investigated, or more granular configuration options for governing
the font size decrease could be provided. Another potential useful
feature addition would be to also allow word rains with different
configuration parameters to share the same semantic x-axis. For
instance, it might be practical to let the Figures 2 and 3 share the
same semantic x-axis, to facilitate comparisons between the mayfly
words and the time-typical ones.

The aim here has been to showcase the possibilities of using the
Word Rain technique to visualize longitudinal changes in a corpus,
and to suggest different types of configurations for explorations us-
ing different lenses. The next step consists of carrying out such ex-
plorations, and to investigate whether the configurations suggested
here are useful. That is, to explore to what extent the Word Rain
visualization can help us understand how the content of patient or-
ganization periodicals has evolved over time.
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