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Figure 1: Design patterns (left) and the corresponding use identified from a data-driven news article example (right).

ABSTRACT
Technological advancements have resulted in great shifts in the pro-
duction and consumption of news articles. This, in turn, lead to the
requirement of new educational and practical frameworks. In this
paper, we present a classification of data-driven news articles and
related design patterns defined to describe their visual and textual
components. Through the analysis of 162 data-driven news articles
collected from news media, we identified five types of articles based
on the level of data involvement and narrative complexity: Quick
Update, Briefing, Chart Description, Investigation, and In-depth
Investigation. We then identified 72 design patterns to understand
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and construct data-driven news articles. To evaluate this approach,
we conducted workshops with 23 students from journalism, de-
sign, and sociology who were newly introduced to the subject. Our
findings suggest that our approach can be used as an out-of-box
framework for the formulation of plans and consideration of details
in the workflow of data-driven news creation.
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1 INTRODUCTION
Data journalism integrates traditional journalism with analytics ap-
proaches like data gathering, cleaning, analysis, visualization, and
publication [31]. Data-driven news articles are artefacts that blend
the textual narrative with data and visualizations and have recently
become a pillar in the contemporary news landscape. Currently,
the creation of such articles is now shaped by the emergence of
digital technologies and new methods of dissemination, accommo-
dating both detailed and selective reading habits, for instance, by
emphasizing key excerpts [1]. Furthermore, the landscape of article
production and consumption is undergoing profound shifts due
to the swift expansion of data resources, a diverse array of data
mining technologies, the establishment of communal databases,
and worldwide collaborations [26, 49]. Such advancements have
given rise to what can be termed as ‘big data articles’, marking
a significant evolution in the field [10, 38]. Eventually, there are
many ways to design data-driven articles, e.g., by integrating dash-
boards [4] and interactive visualizations, leveraging storytelling
and other methods from data-driven storytelling [19, 59].

Because of this, designing rich and informative data-driven arti-
cles presents a complex challenge; Creators are required to navigate
a multitude of design decisions, encompassing genre conventions,
data visualization, interactivity, depth of analysis and explanation
of visualization and data, including strategies such as highlighting
the main messages in the visualizations. While existing research,
notably on visual elements and interaction techniques [74], presen-
tation frameworks [43, 53], and key features [69] of data-driven
new articles tend to focus on long-form stories or award-winning
projects. Shorter articles and the more daily routine practices have
not received adequate exploration. Hence, many educators and
novices still do grapple with communicative skills for effectively
integrating data visualization and news articles. A lack of under-
standing of these components and their combination makes it hard
to make deliberate design decisions.

In this paper, we provide a taxonomy of article types alongside a
set of design patterns to describe the richness of data-driven news
articles and inform creators’ design choices. By analyzing articles
from 6 major news media websites, we were able to classify data-
driven news articles into five categories: Quick updates, Briefings,
Chart Descriptions, Investigations, and In-Depth Investigations. This
framework is intended to facilitate determining the communication
goal, the scope of information, and the emphasis when composing
an article. Next, we identified 72 design patterns across 11 groups,
each pattern describing common components and solutions for data-
driven news articles. Besides their analytical value, these design
patterns can serve as an educational framework for structuring and
presenting information in articles in a modular and scalable design
approach.

Eventually, we conducted interviews with 7 experts and edu-
cators in the field of data-driven storytelling and journalism, and
evaluated the design patterns in workshops with 23 participants
to create outlines for data-driven news articles. The outcomes
demonstrated that identifying the article types and design patterns
can assist participants in understanding the nuance of structure
and opens up a broader spectrum of creative opportunities for
data-driven news article construction. A detailed description of all

our design patterns, and the workshop can be accessed online at:
https://datadrivenarticle.github.io/

2 RELATEDWORK
Adata-driven news article is a data journalistic artefact that presents
a journalistic data story [69] in a magazine style (in the taxonmy by
Segel and Heer [59]). In the following, we review literature about
classification, creation process, and creation support for data-driven
news articles.

2.1 Classification of Data Journalism
With the dawn of the digital age, data journalism has witnessed
a transformative journey. It began with the advent of computer-
assisted reporting in the 1950s [23, 37], gained momentum with
the implementation of the Freedom of Information Act and re-
lated legislation from 1960s [58], conceptualized in 2008 [27], and
has now flourished into a commonplace practice of data journal-
ism [10]. Global news organizations have undertaken extensive
data journalism projects with variations in their structure and use
of visualization [68]. Faced with this diverse landscape of practices,
describing types of data-driven articles can benefit teaching and
comprehension of this form of news [57], help meet the diverse
reading preferences [1], assist creators in selecting projects aligned
with their interests and capabilities [68], and can offer templates
and structured references for recurring practical projects [48].

Several taxonomies have been developed to describe the charac-
teristics and production practices in data journalism. For example,
Uskali et al. [67] sub-classify data-driven journalism into investiga-
tive data journalism, general data journalism, and real-time data
journalism, based on criteria such as production time, story scope,
technical level, data set, data validation, and analysis method. Simi-
larly, Borges-Rey [9] describes data journalism practice in the UK
as either a) daily, with a quick turnaround, generally-visualized,
and brief, b) extensive, thoroughly researched and investigative; or
c) light, editorialized, entertaining, often-humorous, and gamified.
Google News Lab’s classification [57] focuses on the relation be-
tween story and data and describes three types—Stories Enriched by
Data in which data is used to verify the report; Stories Using Data
to Investigate which surfaces stories hidden in the data; and Stories
Explaining Data that focus on providing meaning behind the data.
All these classifications help establish a high-level understanding of
data journalism and its production. Yet, they pay limited attention
to the form of data-driven news articles, their content, their the
construction, and the use of data visualization. Our classification
of article types and their design patterns fills this gap by providing
specific solutions, ideas, and templates.

2.2 Data-Driven Story Creation Process
Several models describe the creation process of data-driven stories.
For example, Kosara et al. [39] develop a basic model based on
journalistic practices from information collection to presentation.
Lee et al. [42] describe three main components of data-driven story-
telling process—exploring data, making a story, and telling a story.
Building on this work, Chevalier et al. [16] describe artifacts and
roles involved in the storytelling process and note that crafting a
story and constructing story material require different skill sets.
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Similarly, the production process in data journalism is described as
getting data, understanding data, and delivering data [10], and by
Mirko Lorenz [12] as four stages—compile (i.e., start with either a
question that needs data, or a dataset that needs questioning), clean,
context, and combine. This creation process is rarely always linear
and journalists adopt a multi-faceted, iterative, and often cyclical
process to news creation [61]. Our work primarily concentrates on
the stage of narrative construction, providing materials for teach-
ing, and designing data-driven news articles, rather than offering
technical support for specialized tasks within those stages, such as
data analysis or creating data visualization.

2.3 Data-Driven News Article Creation Support
Educational materials and creation support for data journalism in-
clude handbooks with the introduction of journalistic practice in
newsroomswith case studies [10, 27], models of narrative structures
of news articles (e.g., [18, 33]), and the key elements in data journal-
ism [18, 69, 74]. Regarding specific approaches for constructing jour-
nalistic stories, McKane [46] identifies the in medias res approach,
which starts with the most dramatic moment and then moves on
to the background and less important details (also known as the
inverted pyramid structure [50]). Another option is the chronologi-
cal approach which is rooted in Aristotle’s Tragedy Structure: the
beginning, middle, and end [22]. This basic structure is further ex-
tended by Freytag [24] as Exposition, Rising action, Climax, Falling
action, and Resolution, has found application in data stories and
journalism [20, 71]. Other models provide various strategies for
organizing the content in investigative news articles, such as the
Martini Glass [59], the Kabob [32], the Stack of Blocks [25], and the
Water Tower [33].

In addition to structure, design guidance introduced in general
data stories and visualizations can serve as valuable inspiration
for crafting data-driven news articles. Examples include genres of
narrative visualization [47, 59], structures for sequencing [35], the
interplay between text and visualizations [41], or story synthesis
from visual analytics [15]. Some studies have further supported the
education and creation of data storytelling by describing design
space and patterns, such as narrative patterns for data-driven story-
telling [6], design patterns for data comics [7], narrative semantics
of Data Videos [60], dashboard [4], embellishment [14] and compo-
sition [36] for data visualizations. The creation supports mentioned
above provide invaluable insights, including a high-level workflow,
guidance for individual components and specific techniques, and
specific tools or automation techniques. However, as these high-
level theoretical categories fall short in offering practical guidance,
a gap remains for novices in the creation of data-driven news arti-
cles. Our approach provides a practical approach, intended to assist
creators in informing the structure of data-driven news articles and
to bridge the gap between theoretical knowledge and practical use,
particularly for novices to data-driven articles.

3 METHODOLOGY
Our research methods included 1) article sampling, iterative coding
of 2) article types and 3) design patterns, as well as user evaluation
through 4) one-on-one sessions and 5) workshops (Fig. 2).

3.1 Article Sampling and Article Coding
Our initial sample of articles focused on the global outbreak of
COVID-19 (Stage 1, Fig. 2). As an international emergency, COVID-
19-related news reports provided a confined topic, lots of data
reporting, and allowed comparison among those articles. We con-
ducted our sampling from 6 prominent English-language news me-
dia, chosen for their high website traffic, dedicated data columns,
diverse editorial styles, and global reputation for representative
journalism. All of these media outlets cater to a wide range of reader
demographics [63] and political inclinations [30], providing a rich
and varied sample of data-driven news articles. The data-driven
news articles were sampled from The Guardian (n = 26), The Econo-
mist (n = 20), The Times (n = 17), Financial Times (n = 18), New York
Times (n = 12), and BBC News (n = 9), and were randomly sampled
from the respective COVID-19 related columns. In the process of
sampling, we ensured that the collected data-driven news articles
were presented in magazine style [59] , and contained at least one
data visualization each. All 102 samples were published between
March 2020 and April 2022.

Through coding these articles into different types, we aimed to
understand how the evolving production and consumption land-
scape influences the presentation of these articles. This aids in
comprehending their structural layout and positioning within the
broader landscape. Our approach was inspired by the work of
Uskali [67] and Rogers [57], who categorized various data parame-
ters including data sources, quantity, journalistic verification, pro-
duction cycle, and usage. However, our focus was primarily on the
types of articles rather than the process of their creation. As such,
we adapted their classification method by omitting elements like
production cycle and technical level.

We classified articles by variation of five criteria (detailed in
Section 4) and employed both inductive and open coding methods
(Stage 2, Fig. 2). Two coders coded the same 15 articles indepen-
dently and improved the codes based on three rounds of discussions
until an agreement was reached. Then, one of the authors completed
the coding of all 102 articles. The coding resulted in labels describ-
ing the level of five criteria by describing how each criterion is
presented in an article, which was then used to classify data-driven
news articles into 5 types (Section 4).

3.2 Coding for Design Patterns
In this second coding stage (Stage 2) we coded articles according to
common design pattern for an article’s syntactic components and
their visualizations: headline, data sources, narratives, visualization
titles, visualization techniques, visualization annotations, visualiza-
tion captions and interactions. To prevent uniformity, we extended
the set of articles for this coding stage to topics other than COVID-
19. First, we randomly chose 4 articles about COVID-19 articles
from each article type from our initial set of 102 articles. Second,
we went back to the 6 media outlets and sampled new data-driven
news articles from the respective columns on economy, society, cul-
ture, politics, health, and others (Fig. 3). However, through random
sampling, we found that many articles belong to our type investi-
gations and hence do not sufficiently cover our other four article
types. In the hope of increasing article type coverage, we searched
for other articles by individual authors named on these randomly
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Figure 2: Overview of study methods. Data-driven news articles were sampled and coded twice, once for article types (Stage 2)
and again for design patterns (Stage 3). Stage 4 involves soliciting feedback for improvements from experts. In Stage 5, we
conducted workshops and interviewed educators to evaluate the use of our design patterns.
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Figure 3: Frequency of (A) sources and (B) topics in the 80 data-driven articles sampled in Stage 3 (Fig.2)

sampled articles. Our assumption was that these individual articles
might be shorter while still published by the same media outlet.
These individual authors identified their roles as ‘visual project
editor,’ ‘data project, visual storytelling reporter,’ and ‘information
designer.’ In total, this gave us 35 articles. Together with 25 of the
randomly sampled team-authored articles, and the 20 articles from
the COVID-19 topic, our sample set for Stage 3 coding was 80. Last,
we coded all of those new 60 articles according to our article types
(Stage 3) to verify we did not encounter any new article types. All
those articles were published between 2019 to 2022 and followed
the same selection criteria as our initial set of 102 articles. Across
all 80 articles, our samples contained 1,224 paragraphs and 313 visu-
alizations, corresponding to 15.3 paragraphs and 3.9 visualizations
per article.

The same person who coded all 102 COVID-19 corpus coded
design patterns for each of these components and engaged in discus-
sions with the other co-authors to refine the codes. Once saturation
in refinement was reached, the same person coded all 80 articles. In
total, we identified 60 design patterns (Figure 1, details in Section
5).

3.3 Iteration and Evaluation
To obtain initial feedback on the classification of the article types
and design patterns (Stage 4, Fig. 2), we conducted one-on-one ses-
sions with one data journalist (14 years experience as a professional
journalist) and three data-driven storytelling and visualization re-
searchers (2 PhD students and 1 post-doctoral researcher). In the
one-on-one sessions, we described the type of article to the expert
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and showed relevant article cases, as well as our design pattern
cards, then invited the expert to use the cards to construct a sim-
ple article framework, which helped the expert discover problems
and provide feedback. Afterward, we asked the expert for their
experience in design articles, how our approach could be used in
their workflow, and potential improvements. According to the feed-
back, we modified some names and descriptions of our article types
and patterns to enhance clarity. For instance, the article type that
provides summary information was renamed from Daily News to
Briefing to avoid giving audiences the impression that it was solely
based on information from the same day. We added narrative struc-
tures from existing literature [18, 33] to serve as inspiration for
narrative construction. We have also added a few design patterns
based on their suggestions. For example, Inference was split from
the original coding as part of the interpretation. After refining the
codes we recorded all articles again. Lastly, we evaluated the design
patterns in multiple workshops with students from journalism, and
design backgrounds and interviewed their lectures about potential
future usage of involving our design patterns in their classrooms
(Stage 5, Fig. 2).

4 FIVE TYPES OF DATA-DRIVEN NEWS
ARTICLES

We identified five types of data-driven news articles in Stage 2 of
our process. We categorized articles based on five key criteria:
C1: Data—The range of data sources from single to multiple,

collection techniques from public and open access data sets
or unofficial information sources and self-collected data, and
analytical methods.

C2: Analysis—The depth of data description, ranging from
overview summaries to detailed explanations, and whether
visualizations are employed to support the data.

C3: Context—The degree of contextual detail provided, from
minimal to extensive.

C4: Investigation—The breadth and depth of the investi-
gation, topic, and factors associated with the event, from
narrow to wide-ranging.

C5: Discussion—The depth of discussion, from superficial to
comprehensive.

We specifically focus on content and structure, as these components
indicate the depth of data analysis, the logic used, and the intended
objectives of data-driven news articles. Our focus does not extend
to the authoring process in terms of the collaboration model among
journalists, the number of collaborators, technical proficiency, or
production time. We also abstain from categorizing articles based
on text length or the number of visualizations. For example, Maga-
zine Dashboards [4], could be longer if they display multi-faceted
information with many visualizations or shorter if they focus on a
single aspect; however, only the length and numbers of data visual-
izations do not necessarily dictate a change in the article type. Also,
the five types are not intended to have rigid boundaries; rather, they
serve to describe five typical representations along a spectrum.

4.1 Article Type: Quick Updates
Quick Updates generally offer a snapshot of current data, featuring
visualizations as the key elements and limiting textual descriptions

for quick comprehension. Similar to Uskali’s Real-Time News [67],
data presented in the articles are automatically updated, and Mag-
azine Dashboards [4] (Fig. 4A, [N1]), which provides at-a-glance
insight [73], Quick Updates is commonly used in journalism for
presenting data related to public health or political elections, e.g.,
data update during the COVID-19 pandemic period [75]. According
to the examples we coded, Quick Updates mainly use open pub-
lic data (C1), and cover multiple facets of an event with limited
text descriptions (C2), the main component of this article type is
visualizations.

4.2 Article Type: Briefings
Briefings provides concise summaries and overviews of events. It
typically includes a summarized overview of an event and data
over a certain period, offering audiences a glimpse of trends, or the
latest developments. For example, the article from BBC News titled
Coronavirus: What is the R number and how is it calculated? (Fig. 4B,
[B4]) presents a brief explanation of the R value, its variations
across different regions in the UK, and three key infectious disease
metrics. The article provides a high-level overview of the subject
without delving into detailed interpretations. Similarly, the World
This Week column in The Economist, featuring concise articles like
Business [E2], offers varied economic summaries without delving
deeply into analysis.

Briefings typically source their data from open data or data from
other published articles (C1). They provide event summaries and
highlight significant data changes but do not delve deep into the
reasons behind the data (C2). More than just presenting minimum
descriptions as in Quick Updates, the textual descriptions in Brief-
ings are more informative, and visualizations are used as supple-
ments rather than being main components. In Briefings, the depth
of data analysis remains shallow, primarily offering a collection of
summary-level insights (C3).

4.3 Article Type: Chart Descriptions
Chart Descriptions indicates news articles with an explicit narra-
tive structure, depicts the development of events with analysis of
more than one aspect. Regarding data sources, Chart Descriptions
typically uses publicly available data to focus on various facets
of events (C1). While they offer observations, they provide only
limited insights (C2). There is ample relevance between the context
and the description of data, the text supplements the causes and
consequences of the development of the event (C3).

This type is akin to what Rogers referred to as stories that are
enriched by data [57], leaning more towards traditional reporting,
where data is used to validate foundational reporting. The example
from The New York Times titledWhat the BA.5 Subvariant Could
Mean for the United States (Fig. 4C, [NYT7]) explores the changes
brought about by the BA.5 subvariant of COVID-19 in the United
States, offering a multifaceted explanation of the challenges associ-
ated with this variant. The article then goes on to predict the future
trajectory of cases in the United States by drawing comparisons
with the situations in other countries.
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Figure 4: Examples of the five types (Section 4) of data-driven news articles, with thumbnails showing the continuation of the
articles above. (A) Quick Update example: COVID-19 vaccine tracker: the global race to vaccinate. (by the Financial Times,
[FT2]); (B) Briefing example: Coronavirus: What is the R number and how is it calculated? (by BBC News, [B4]); (C) Chart
Description example: What the BA.5 Subvariant Could Mean for the United States. (by the New York Times, [NYT7]); (D)
Investigation example: One million coronavirus deaths: how did we get here? (by the Guardian, [28]); (E) In-Depth Investigation
example: The pandemic’s true death toll (by The Economist [21])

4.4 Article Type: Investigations
Investigations aims to uncover critical issues or provide a deeper un-
derstanding of complex phenomena. This type of article draws on a
range of data sources, including government open datasets and aca-
demic reports, and may also include data unearthed by journalists,
to provide a well-rounded view of the issue (C1). It often involves
storytelling through data-driven narratives using visualizations
with interactions to engage and inform audiences (C2). These arti-
cles exhibit close contextual connections, and each section builds
upon the previous one in a progressive manner (C3). Journalists
compile and analyze fragments of information from diverse sources
to reveal hidden patterns, trends, and insights accompanied by di-
verse types of data visualization techniques (C4), to guide readers
to reflect on the event (C5). The Guardian’s article titled One million
coronavirus deaths: how did we get here? (Fig. 4D, [28]) chronicles
the progression of COVID-19, leading to one million deaths in a
span of nine months. Through the creation of character sketches of
individuals who succumbed to the virus in various countries and
interviews with their family members, along with an exploration of
the overall development of the disease, the story sheds light on the
resultant policy and lifestyle changes, and the grief experienced by
the loved ones of the deceased. By investigating the personal stories
behind the death toll, the report encourages readers to contemplate
more deeply the real-life impact of the relevant data.

4.5 Article Type: In-Depth Investigations
The In-Depth Investigations features articles that delve much deeper
than surface-level reporting, utilizing comprehensive data analy-
ses to uncover complex trends, relationships, or anomalies. These
pieces often involve extensive research, rich data sources from
multiple channels (C1), and sophisticated statistical and data visu-
alization techniques (C2), to bring new insights through lengthy
narratives (C3). The aim is to provide a thorough understanding
of the issue at hand (C4), often challenging traditional wisdom or
revealing previously hidden aspects of a subject, thereby fostering
critical discussion and thought (C5).

An example is The Economist’s article titled The pandemic’s true
death toll (Fig. 4E [21]). The authors expressed skepticism regarding
official reports of death tolls, prompting them to collect data from
121 indicators from over 200 countries and regions and create a
machine-learning model. According to the estimation, the authors
provide a central figure of 10.2 million deaths, which was twice
the official estimate and even as low as one-quarter in some cases.
Using new data sources and estimation models, the article offers a
different perspective with novel insights.
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5 DESIGN PATTERNS FOR DATA-DRIVEN
NEWS ARTICLES

5.1 Design Pattern Descriptions
This section describes 72 design patterns for data-driven news arti-
cles (Figure 5), identified by coding the 80 articles in Stage 3, (Fig-
ure 2). Patterns are categorized according to 11 article components:
Headline, News Lead, Data Source, Narrative, Image, Visualization Ti-
tle, Visualization Technique, Visualization Annotation, Visualization
Caption, Visualization Interaction, and Video. Percentages indicate
the frequency of articles applying a given pattern. Percentages for
each component do not sum up to 100% because multiple patterns
can be used in combination. Percentages associated with design pat-
terns for visualization titles, visualization techniques, visualization
annotations, visualization captions, and visualization interactions
indicate pattern occurrence across all articles, per article, not pat-
tern frequency per visualization. In other words, a 10% value means
10% of our 80 articles feature at least one visualization with the
respective pattern.

Headline Patterns—Prior studies have explored the pivotal role
of headlines in news articles, along with the sentiments they con-
vey [3, 17]. However, research targeting headlines in data-driven
news articles remains notably limited. According to our coding,
patterns for headline ranges from directly referring data to different
forms of summary. Data highlighting (3.75%) directly specifies
numerical values in the headline. Stating an issue (40%) not
directly displaying data but using dataset or event names, as in G4
‘Covid in the UK: Cases, deaths. . . ’. Making an evaluation or
judgment (19.75%) states a finding from the data or an identified
issue. Asking a question (36.25%) formulates questions as head-
lines, similar to an open framework [8]. Sensationalism (1.25%)
employs exaggerated and dramatic language to capture attention.

News Lead Patterns—The news lead, also referred to as the
‘news lede’, is situated below the headline and concisely introduces
audiences to the main points and essential information of the arti-
cle [18]. Textual lead (71.25%) introduces the article’s content
through text, and Image lead (63.75%) uses images, photographs,
or a combination of visuals and data visualizations (56.86%) to rep-
resent the article’s content.

Data Source Patterns—The data source is a critical factor that
influences the credibility and transparency of a news article. Data
sources were specified by Giving the link directly (73.75%) (e.g.,
URL) to the database, or Mentioning the data source (25%) in
the text. We found that only one article in our samples does not
specify the data source.

Narrative Patterns—Regarding narrative framework, we drew
inspiration from previous research, including the analysis of data
tasks [2], the recognition of semantic content within articles as
explored [45], and the fine-grained analysis of text narrative pre-
sented by Latif et al. [41], who analyzed 22 data-driven geographic
news stories, distinguishing between data-driven and embedding
text narratives. Our encoding builds upon their work, presenting
an extended version and diversity introduced by various article and
visualization types. We categorize text narratives into three distinct

types: structure, data-driven text, and context-enhancing text, we
have compiled 26 relevant design patterns for these narrative types.

Previous research has explored narrative structures in news arti-
cles, although not exclusively those that are data-driven (e.g., [18,
33]). Four patterns are commonly used in our samples. Inverted
pyramid structural pattern [50], commonly employed in traditional
journalism and still prevalent in data journalism. This pattern starts
with the most important information and then provides background
information and conclusions. Freytag’s pyramid pattern [24]
consists of five phases in a narrative: Exposition, Rising action,
Climax, Falling action, and Resolution. The Drilling-down ap-
proach transitions from a broad overview to a detailed, micro-level
analysis, offering an in-depth exploration of particular facets within
a larger subject. The Compositing structure centers on a uni-
fying theme, presenting various pieces of information in either
a complementary or parallel fashion to create a comprehensive
view. Each section independently explains an aspect of the topic.
It may also take the form of a question-and-answer format, where
questions are used as titles for subsections.

There are five types of data-driven text patterns: Stating the
value (10%) simply presents the values or the change of the value.

Change over time (63.75%) describes the trend and comparison
of values at different times. Contrasting (75%) is to compare the
data, such as contrasting a whole with its parts or present rankings.

TheComparing between regions approach (30%) compares data
values across different geographical areas. Data notables (15%)
focuses on specific values such as outliers and extrema.

Context-enhancing text patterns include: Basic description
(62.5%) presents a summary or an overview. Citing the author-
ity (71.25%) involves referencing government or academic reports,
as well as quoting experts to enhance the article’s credibility. Co-
relation and causality (68.75%) puts data into context, reveals the
co-relation of events, and explains reasons. As in the G12 ‘. . . these
indicators have important implications for the level of inequality:
taxation, social spending in sectors such as health, welfare and ed-
ucation, and labor rights’. To elaborate on co-relation or causality,
creators may extend to explaining concepts in specific domain
knowledge (30%). For example, G14 introduces the problem of
drinking water quality by specifying the pollutants and their ef-
fects, ’EPA stipulates that the nitrate content per liter of water is
10 mg, but it is often exceeded. This standard is designed to pre-
vent the fetus from getting enough oxygen.’ Adding detailed
data (72.5%) is to provide specific examples or more in-depth data.

Inferences (60%) is to provide appropriate inferences according
to the data. Interpretation (50%) illustrates links in the devel-
opment of things, e.g., ’Despite the additional disruption caused
by Brexit, developed economies around the world are dealing with
similar problems’ (G11). Citing different viewpoints (18.75%)
to present different opinions by citing perspectives from different
entities. The Adding Emotional Factors category (constituting
11.25% of articles surveyed) refers to the intentional inclusion of
emotionally resonant elements in the article to elicit empathy from
readers. For instance, in coverage of the COVID-19 pandemic, an
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Design Paterns for Data-driven News Article
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A
B

？AA

Headline
News Lead

Narrative

Visualization Title

Annotation

Interaction

Caption

BA

200

Begin Middle End

There have been 7m-13m excess 
deaths worldwide during the 
pandem (E14) 

Textal lead
The latest updates on coronavirus 
cases, deaths and hospitalisations, 
using the best available national 
data. (G4) 

Contents are presented in the 
descending order of importance 
and relevance. [50] 

Based on the four major narrative 
categories: Establisher (E), Initial (I), 
Peak (P), and Release (R)) [24]

Uber spans about 1,200 locations, 
covering 10,000 towns and cities 
worldwide. (G6) 

Britain is ranked only 109th for the 
proportion of budget it spends on 
education... (G12)

In Wales, 15 per cent of the 
population were aged 65 and over in 
1981 — the same as London — but 
that rose to 21.3 per cent in 
2021.(FT8)

...the town’s water system has
exceeded the federal legal nitrate 
limit by 15 times.... (G14) 

In the past four months, more than 
180 journalists from 44 media outlets 
in 29 countries around the world 
have excavated these records. (G6) 

...these indicators have important 
implications for the level of 
inequality: taxation, social spending 
in sectors such as health... (G12) 

the theme of G7 is the high 
temperature in Europe, and specific 
cases from France and the United 
Kingdom are added for auxiliary 
analysis.

Despite the additional disruption 
caused by Brexit, developed 
economies around the world
are dealing with similar problems. 
(G11)

Others, however, back the 
government’s decision to unlock 
now.(G10)

She is on 20mg of morphine a day to 
manage the pain, yet regularly wakes 
in the night.(T4)

We used statistical patterns to create 
baselines... Our materials include 
databases from Berkeley 
collaborations and datasets created by 
Karlinsky et al....(E12)

By 2050, scientists expect
new items to have the same carbon 
timestamp as medieval items. (E8)

... the areas most affected by the 
disaster have announced a ban on the 
use of hoses... (G13)

Photo

 (G13)  (Ft14)

Illustration

The UK’s lack of investment in 
education and relatively low tax rates 
have created a highly unequal society 
in which the poor are “often unable to 
cover living costs”,... (G12)

In the table below, you can check
the number of deaths in the location. 
(G4)

Our COVID-19 tracking shows that Western 
European countries have been slow to the 
vaccine in early 2021, leading to an increase 
in excess mortality. But by June the mortality 
rate in the region has normalized(E12)

the current estimate of the number of 
people infected with the new crown in 
the UK is based on NHS household 
surveys and test samples. Times are 
posted weekly.(G4)

EPA stipulates that the nitrate content 
per liter of water is 10 mg, but it is often 
exceeded. This standard is designed to 
prevent the fetus from getting enough 
oxygen. (G14) 

....than most other rich countries,”said 
Max Lawson, head of inequality policy 
at Oxfam International.. (G12) 

This discrepancy mirrors a global 
trend: low-income countries tend to 
have more progressive tax 
structures... (G12) 

Guide the reader from a wide view 
to a focused view.

Each module independently 
explains a portion of the theme,  
Contains structures such as 
Kabob, the Stack of Blocks...... 

Giving the link directly Mentioning the data source
Official figures say there have been 
55,000 covid deaths in South Africa 
since.....(E14) 

Image lead

Covid in the UK cases, deaths and 
vaccinations – the latest numbers 
(G4)

Data highlighting Stating an issue
United Kingdom - Daily number of 
new coronavirus hospitalizations 
(G4) 

July 2022 was one of three warmest  
Julys on record (FT7) 

Mentioning the data source Visualization attribution
Data: data. gov. uk (G9) Guardian Graphic (G9) 

Numerical annotations Threshold annotations 
Mark numerical information in the 
vicinity of a location. (B1) 

Delineate intervals or values with 
specific significance.  (T5) 

Show the specifics of the data 
[hover line graph,hover line graph 
dot, hover map] [11]

Mark something to keep track of it 
[click line graph, click line graph dot, 
click map, click list label],  and [click 
list checkbox]  [11]

Show me more or less detail 
[zoom in or out inside a map view 
to adjust level of abstraction] [72]

Scrollytelling is one such emerging 
approach where dynamic updates 
to the article content are triggered 
by scrolling [65]

Show related items [hover list] [10]

For example: Game (FT16); 
website links(NYT3) ......

Show something else, [click 
query-button]  [11]

Inspecting Selecting

Zooming Exploring

Scrollytelling Connecting

Other

Combining data visualizations, 
animations, and audio narrations 
(FT6) ......

Data video

Providing additional information to 
enhance the the topic beyond the 
data, with background information, 
interviews, expert opinions, and 
related coverage.(FT15) 

Complementary Video

Textual annotations Visual annotations 
Uk: More than 40 housed destroyed 
in London after grass fires spread in 
several areas. (G7) 

refer to the provision of supplementary 
information through interactive tooltips and 
enhanced graphical imagery. (E14) 

Scope of data collection Describing the content of the 
visualizationcorrect as of 5 July 2021 - two weeks 

before 19 July - allowing for vaccine 
become effective. (G9) 

Additional information
Note: Charts show 14-day case averages, and 
the frequency of variants among cases is an 
estimate. Sequencing rates can reflect 
localized trends based on testing from a 
particular region or hospital. (NYT7) 

3-month moving average of median 
hourly wage growth (FT20) 

By July 2022, the burned area of the 
EU is 515,000 hectares, which is four 
times the estimated level recorded 
since 2006. (G7)

Hospital treatment is still a waiting 
game. (T4) 

The global stagflation shock of 
2022. (FT20) 

Does Gen Z spend too much time on 
social media? (E1)

Making an evaluation or judgment Asking a question
Another massacre. (E7) On average, how many litres of 

water do you think  your household 
ueses every day?  (E9)

Used only when precise locations or 
geographical patterns in data are 
more important to the reader than 
anything else. [66]

Like a scatterplot, but adds 
additional detail by sizing the circles 
according to a third variable. [66]

The standard way to show the 
relationship between two continuous 
variables, each of which has its own 
axis. [66]

For example: grid charts (FT1), heat 
maps(E12),  matrix diagram (E13), violin 
plots (FT19), timeline (G5), Sankey 
diagram (FT12), and illustrations (FT16)..... 

Excellent solution in some instances 
– use only with whole numbers (do 
not slice off an arm to represent a 
decimal). [66]

Perfect for showing how ranks have 
changed over time or vary between 
categories. [66]

A simple way of showing part-to-whole 
relationships but can be difficult to read 
with more than a few components. [66]

Use for hierarchical part-to-whole 
relationships; can be difficult to read 
when there are many small 
segments.. [66]

The bar/column chart has various 
variants that serve different purposes, 
including:Diverging Bar Chart 
(Deviation); Ordered Column Chart 
(Ranking) etc. [66]

Line charts are the most prevalent 
type of visualization found in the 
wild. The standard way to show a 
changing time series. [66]

Tables provide multiple data 
comparisons and overviews and can 
be visually encoded through color, 
fonts and mini icons. (B1)

The top and bottom of the chart are 
combined to jointly display the data 
content in a certain direction. (B1)

Small multiple plots are another way 
to provide comparison and 
spatiotemporal overview. (B1)

...using figures collated by Our 
World in Data - a collaboration... 
(B1) 

 (FT19) 

Citing the authority

... even as Downing Street staff were 
breaking the government’s own 
lockdown rules by throwing 
parties.(link to article: Boris Johnson’s 
Partygate remorse lasts all of 30 
seconds) (G8)

Figure 5: The full list of our design patterns for data-driven news articles with examples. The patterns are identified by coding
80 articles in Stage 3 (Fig. 2), also informed by literature on narrative structures in journalism, and design patterns such as
description of visualization techniques [66] and visualization interaction [11, 65, 72].
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article might not only present the statistical increase in cases but
also provide real-life examples of individuals who succumbed to the
virus. Family interviews and testimonials can serve as emotional
touchpoints, adding a human element to the raw data, thereby mak-
ing the information more relatable and impactful. Data source
description (38.75%) is to provide information about the issuing
organization, sample method, and whether the data is preprocessed
or filtered for certain reasons. Presenting a different statistic
method (16.25%) involves the use of novel statistical approaches to
reveal insights that may not be apparent using conventional meth-
ods of data analysis. This category aims to provide fresh perspec-
tives on existing data by employing less commonly used statistical
techniques, thereby shedding new light on a topic or issue. Data
analysis (13.75%) is to present the process of analyzing the data,
interpreting the statistics, and drawing conclusions. Predicting
the future trend (26.25%) is to predict the future trend of an event
based on the current data. Describing the content of the visu-
alization (25%) involves providing an interpretation or summary
of what the data visualization is presented. Actions (20%) focuses
on detailing the actions that have been taken or are recommended
to be taken in light of the data-driven findings. Linking to ex-
ternal references (85%) is to include links to other articles in the
text as references. Summarize (90%) means to conclude from
the pre-mentioned data and arguments as a take-home message of
a section or the entire article.

Image Patterns—In our analysis, we identified two image de-

sign patterns in the articles: Photo, used in 17.5% of articles
(14 out of 80), and Illustration, found in two instances, e.g.,
illustrations are used as separators between chapters [Ft14].

Visualization Title Patterns have been found to use the same
patterns as for article headlines.

Visualization Technique Patterns—Through statistical anal-

ysis of 313 visualizations in the 80 articles, we found that Line
charts were the most frequently employed type (26.2%), followed
by Bar charts (13.1%), Tables (10.22%), Small multiples
(10.22%), Combined charts (9.27%), Maps (6.07%), Tree
maps (4.79%), Stacked charts (3.51%), Slope graphs (2.24%)
and Pictogram (2.24%). A smaller proportion of visualization
techniques are also found such as Scatter plots (1.6%), Bubble
charts (1.6%) and Other chart types (8.95%), such as grid charts,
heat maps, violin plots, and innovative illustrations.

Visualization Annotation Patterns—There aremany types of
annotations by their forms. Ren et al. [56] conducted an analysis of
variations in line charts, bar charts, and scatter plots in data jour-
nalism visualizations, proposing visual annotation methods such as
text and shapes. Building upon this, and influenced by the presence
of visualizations like maps and information charts in our corpus,
our analysis delved further. We identified additional annotation
types beyond numerical annotations, leading us to recode and cat-
egorize our findings into four types: Numerical annotations

(76.92%) represent the most prevalent category, encompassing nu-
merical value near its visual representation. Threshold annota-
tions (15.2%) delineate intervals or values with specific significance.

Textual annotations (9.47%) describe data information or pro-
vide additional summary-like information. Visual annotations
(14.79%) refer to the supplementary visualization annotated in a
visualization.

Visualization Caption Patterns—Visualization caption refers
to the textual descriptions that typically appear as footnotes be-
neath the visualization or occasionally below the title (N=2). Out of
246 charts, we found patterns including Mentioning the data
source (84.5%), Visualization attribution (60.16%) that states
the creator or source of the visualization, Scope of data col-
lection (48.78%) that refers to the contextual parameters within
which data is collected, often specifying aspects like the time range,
geographical locations, or any other conditions that define the
boundaries for data acquisition. Describing the content of the
visualization (15.85%) is the same as the pattern in the narrative.
Lastly, Additional information (4.47%) adds extra details, such
as influencing factors to a trend or contextual information related
to the visualization.

Visualization Interaction Patterns—Yi et al. [72] explored in-
teractions for analysis, and subsequently, Boy et al. [11] supple-
mented Yi’s work, including semantic operations such as inspection,
which have been adopted in data journalism [74]. In our sample
articles, 124 charts (40.13%) employed interactions, revealing eight
interaction intents: Inspecting (70.16%) reveals detailed data on
hover. Selecting (39.51%) enables audiences to opt for specific
items to view, often via drop-down menus or by highlighting par-
ticular elements. Zooming (12.1%) enable audiences to display
more or less detail. Exploring (9.68%) allows audiences to search
for information according to their preferences. Scrollytelling
(4.48%) navigates audiences to the next section through scrolling.

Connecting (3.23%) links all related elements of a certain ele-
ment for comparison. And a portion of Other (6.45%) forms of
interaction, such as games or links to anchors of contents within
the article.

Video Pattern—Within our corpus, six articles (7.5%) incorpo-
rated videos, all of which originated from the Financial Times. We
classified videos into Data video (40%), wherein information is
conveyed as animated visual narratives with data visualizations [60].

Complementary video (60%), providing additional information
to enhance the topic beyond the data, such as background informa-
tion, interviews, and expert opinions.

5.2 Association Between Article Types and
Design Pattern Usage

While coding patterns, we sometimes observed trends between arti-
cle types and design patterns summarized in Figure 6. For instance,
Quick Updates often use data names as headlines patterns, while
Investigations and In-Depth Investigations used more subjective or
abstract headlines (Fig. 6 A). Narrative patterns, we found, vary
with the depth of data discussion (C5)(Fig. 6 B),e.g., Quick Updates
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Figure 6: (A) Distribution ofHeadline design patterns; (B) Distribution of Narrative design patterns; (C) Number of Visualizations;
(D) Distribution of Visualization Information Dimensions; (E) Distribution of Interaction design patterns across different
article types.

commonly use the Stating-the-value pattern, while Investigation
articles often employ the Comparing-between-regions and the
Data-notables pattern. Context-enhancing patterns like Linking-
to-external-references are widespread, enhancing dissemination
and visibility. Chart Descriptions and Investigations frequently em-
ploy Citing-the-authority, Adding-detailed-data, and Co-
relation-and-causality, while Data-analyis and Presenting-a-
different-statistic-method are exclusive to In-Depth investigations.

Regarding Visualization patterns, although there is no notable
variance in the visualization titles, the quantity and complexity of
visualizations vary. Quick Updates and Investigations include more
visualizations, with Quick Updates showing higher data density,
often revealed through hovering or other interactive means. Visu-
alization Interaction patterns increase from Briefings to In-Depth
Investigations (Fig. 6 C, D, E).

6 WORKSHOP
We conducted a workshop (Stage 5, Fig. 2) to evaluate to if article
types and design patterns can help novice journalists understand
and create data-driven news articles. The workshop also sought
to identify the challenges creators faced throughout the creation
process.

6.1 Participants
The workshops were open to students from different backgrounds
who were interested in crafting data-driven news articles. It did not
require any specific skills. We recruited 23 participants (16 females)
aged between 19 and 35 by advertising on online social media plat-
forms and directly contacting course instructors teaching design,
digital media, and journalism from three universities in China and

the UK. 13 students majored in journalism and communication
(1 Ph.D. student, 12 undergraduate students); 8 in visual, interac-
tion design (3 Ph.D. students, 3 master students, 2 undergraduate
students); 2 graduate students in law and ecological economics
respectively. Seven participants (30%) had previously learned data
visualization in a university course and had experience in creating
between 3 and 5 data-driven articles. The remaining participants
had read articles, but had no practical experience creating them. We
conducted one offline workshop (8 people) and 8 online workshops
(15 people), and the participants were divided into 13 groups (Stage
5, Fig. 2).

6.2 Data and Materials
We prepared workshop materials around the topic of cancer, which
allowed for diverse possible perspectives for varied story types. We
provided participants with a Briefing article on the topic of ‘The 5
types of cancer with the most deaths domestically’. Alongside, we
provided data sets on cancer as well as 4-5 data visualizations on
the proportion of new cancer cases across countries and national
cancer incidences. Participants were free to seek additional data
online.

6.3 Procedure
All workshopswere run by one of the authors onMiro (https://miro.com)
(Stage 5, Fig. 2), accompanied by a different university course ed-
ucator each. The online workshops were with students from the
journalism, law and ecological economics disciplines. The offline
workshops were with students from design discipline. After the
workshops, we interviewed three of the educators, two in graphic
design, one in journalism. Each educator had 3-4 years of university
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teaching experience. Both online and offline workshops had a du-
ration of 2.5 hours each. We began with a 30-minute introduction
to data-driven journalism, data stories, and data visualization, then
introduced the five article types and design patterns with examples.

After the introduction, participants were divided into groups of
two on a voluntary basis. In the online workshops, participants
joined in pairs, with one session featuring one participant. We
provided the Briefing article and the othermaterials. Each groupwas
asked to create one type of article chosen from Chart Descriptions
to In-Depth Investigations by using inspiration from the design
patterns. For offline workshops, we offered physical copies of the
design patterns and worksheets as cards. Each card contains the
title, icon, brief description and case of the design pattern. Online
workshops featured digital copies of those cards on a shared Miro
board. This creation phase took about 60-70 minutes. Participants
were told to think aloud and be free to discuss with their team
members.

Finally, we asked each group to present their article outline and
design rationale. The article outline mimics the structure of a data-
driven news article, with design pattern cards being selected and
dragged into the corresponding parts of the article. For example, se-
lecting a headline card and placing it at the beginning, accompanied
by a brief textual annotation explaining how the title was created
using the card prompt. Narrative cards are similarly selected and
placed in order, with a short textual description explaining the con-
tent. To reflect on their design process and associated challenges,
we conducted semi-structured interviews with online workshop
participants and questionnaires with offline participants. Questions
centered around Whether our article types and design patterns were
helpful for creation, and if so, in what ways?What were the challenges
you encountered in your creation process? How can our approach be
improved? Did you employ other digital assistants, such as Chat-
GPT, during the creation process? If so, how did you utilize them? All
sessions of the online workshops were video and audio recorded.
Following the workshop, we conducted interviews with three ed-
ucators. We presented five types of data-driven news articles and
related design patterns and engaged in semi-structured interviews
that started with two questions: Whether our approach could assist
learning and teaching, and if they would like to use these materials
for teaching, how they would implement them?

6.4 Results
The outcome of all workshops included 13 data-driven article out-
lines presented by assembled design pattern cards, brief textual
descriptions of their design rationales on worksheets, as well as
feedback gathered from interviews and questionnaires.

One group chose In-Depth Investigations on the topic of medi-
cal fees and insurance; they used ChatGPT for data queries. Eight
groups created Investigations, with the topic falling into two cat-
egories: regional comparisons and detailed analyses of particular
types of cancer, such as breast and lung cancer. Participants utilized
diverse sources for data collection, including datasets we supplied,
and enriched their research by querying additional data and ma-
terials through search engines, data from academic publications,
and ChatGPT. Four groups of students created Chart Descriptions,
with three groups highlighting the differences in cancer prevalence

across regions and among different populations, and one group
focusing on the relationship between food temperature and the risk
of cancer.

Regarding the article construction process, we noted a variety
of approaches to structuring the articles. The design patterns were
used in a flexible way rather than following the same workflow.
Five groups focused on the data and visualization techniques first,
then moved to the narrative section, while the other eight groups
discussed the narrative aspect first, followed by the selection of the
visualization.

Classification of article types——Based on our observations
and feedback, we found that identifying the article type initially
helps to set expectations for the article’s content and guides the
scope of initial data searches. In our workshops, identifying and
determining the article type was the first step in the construction
process, contributing to the overall planning of the article, and
forming an initial selection of the design pattern cards for the
framework. Group 8 participant 1 (G8P1): “The questions of what
type you plan to write made it easier for me to make choices on the
narrative” ; Educator 2 (Edu2): “Identifying the article type is an
important initial step in article construction, providing students with
a directional framework for their work.” ).

Design pattern usability——Our design patterns effectively
enable beginners to rapidly engage in hands-on practice, fa-
cilitating the creation of data-driven news articles. The type
of articles and design pattern cards gave participants a rich pool
of inspirational options for their writing. Even participants new
to data journalism and data visualization can discuss and use the
design pattern cards to frame the articles. Among the seven groups
who constructed Investigations, each group employed 9 to 12 narra-
tive patterns. The most frequently used data-driven text patterns
were Change over time (by 7 groups) and Contrasting pattern (by 6
groups). Additionally, participants made extensive use of context-
enhancing patterns, including Citing the authority and Summarize
(by all 7 groups), as well as Co-relation and causality and Domain
knowledge (by 6 groups). Participants’ pattern usage closely mir-
rored the patterns we coded in the Investigations, suggesting that
participants’ planning of the depth and direction of their inves-
tigative endeavors aligns with the established conventions of this
article type. G7P1: “The patterns are very comprehensive and work as
small molecules. Beginners like me were able to understand and use
them to build an article framework” ; Edu1: “[design patterns] con-
tribute to the development of students’ abilities to organize material
effectively, which in turn encompasses both the richness of the content
and the clarity of its presentation”.

Due to the variation of article types constructed by participants,
it is challenging to identify clear trends in the use of different types
and design patterns. However, we still observed some design pat-
terns that aligned with participant preferences. For instance, the use
of headline patterns, Ask a Question (5 groups) and Sensationalism
(4 groups) are more frequently used, indicating that participants
aimed to create titles that effectively capture attention. Narrative
design patterns showed Contrast being frequently used (13 groups)
in data-driven narratives, followed by Change over time (7 groups).
In context-enhancing aspects, patterns like Summarize, Citing the
authority, and Correlation and causality were frequent (11 groups
each). Interestingly, Action was also widely used (9 groups).
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We also observed that 6 groups used ChatGPT during the cre-
ative process. They explored various directions for their inquiries,
including data sources (e.g., G1: ‘Could you suggest websites that
offer digital health reports containing relevant data on cancer?’),
understanding a topic (e.g., G2: ‘What are the factors that cause
cancer?’ ‘What foods are likely to cause cancer?’), participants used
design patterns to frame their questions enquiring ideas for specific
components (e.g., G1: ‘Provide a headline idea with a sensational
tone.’ and G2: ‘What are co-relation or causality between lifestyle
and cancer?’).

Providing diversemethods for presenting information broad-
ens the range of creative possibilities inwriting. Integrating data
into articles and visualizations was a recurring challenge and focal
point in group discussions among the participants. They found our
design patterns useful in inspiring them to address this challenge.
For example, G4P2:After learning so many ways of interaction, I have
a clearer idea about how to deal with a large amount of data. The dis-
cussion in groups was mainly about making decisions among these
options such as visualization techniques and proper interactions to
be applied.

Increasing awareness of data transparency. Indicating the
sources of data is a demonstration of journalistic transparency [64].
The data source design patterns served as a reminder for partic-
ipants to emphasize data authenticity and credibility, facilitating
their inclusion of these elements in their articles. All of the partici-
pants used this pattern in their outlines.

Educators have expressed appreciation for our article types and
design patterns, believing that these materials can aid students
in their reporting-writing process. Regarding the usability of our
materials in teaching, Edu1, the lecturer in journalism, suggests
that our materials can be integrated into courses in news reporting
and interviewing in journalism. Journalism writing demands both
efficiency and objective accuracy, which extends beyond sourc-
ing data or obtaining foundational materials. It also requires effi-
cient textual narrative structures, an area where our materials can
provide valuable guidance. For teaching interviews in journalism,
“[narrative pattern cards] offer a variety of options, which can help
students organize the logical flow of their writing, thereby avoiding
major oversights or logical inconsistencies during the writing or inter-
view process”. Design instructor Edu2 expressed that our materials
can assist students in developing effective thinking patterns and
practical approaches. In the visualization techniques section, com-
monly used data visualization techniques are introduced, providing
students with valuable guidance for creating visualizations. He rec-
ommends, ’expanding the introduction of data visualization design
tools to provide further guidance for professionals specializing in data
visualization design.’

7 DISCUSSION
7.1 Creating Data-Driven News Articles with

Design Patterns
By analyzing articles from data columns and the personal websites
of data journalists, we identify and describe a spectrum of five
types of data-driven news articles, ranging from Quick Updates to
In-depth Investigations. Built on the existing classification of data
journalism by Google News Lab [57] and Nardelli [55], our article

types and design patterns systematically describe the corpus of
article structure, and components. This ready-to-use resource is
invaluable for teaching, designing, and engaging in discourse on
data-driven news articles.

Our design patterns offer several opportunities in the multi-
faceted process of creating data-driven news articles, which spans
data collection, analysis, visualization, and article composition.
Firstly, they act as cognitive aids for conceptualizing and structuring
data-driven articles, thus enhancing both writing and investiga-
tive skills. These patterns offer a rich information pool that helps
kickstart creative thinking and foster a logically structured flow. In-
spired by the successful use of cards for design thinking [7, 29, 34],
we create the multi-card format of design patterns to promote alter-
native methods of presentation and organization with digital and
physical activities, and stimulate fruitful discussions.

Additionally, design patterns can enhance the investigative qual-
ity of articles as they guide students in formulating questions and
in critically interpreting data (e.g., by Citing different viewpoints or
surface the process of Inference), as well as reduce the likelihood of
omitting crucial details (e.g., by Mentioning the data source). Essen-
tially, article type and design patterns offer a ready-to-use toolbox
for aspiring authors, benefiting both educational and communica-
tive fields.

However, it is important to note that these patterns alone do not
guarantee best practices. They are meant to facilitate the article-
writing process by offering structured support. However, the even-
tual quality of the final article depends on numerous factors, such
as writing style, data complexity, quality and suitability of visual-
izations, on the authoring side, as well as logical reasoning, data
literacy, and relevance, on the audience side. Future research could
focus on exploring how to involve this approach in current jour-
nalism education.

7.2 Efficiency Gains and Formulaicity Risks
with Design Patterns for Data-Driven News
Article Creation

Although Section 5.2 presents some trends of patterns with specific
article types, it is crucial to remain cautious of the formalization
risks associated with rigidly applying these patterns. Even though
we counted, we opted not to disclose the frequency of pattern usage
by article type to avoid creating potential biases for participants.
Presenting such statistics from the sample could inadvertently es-
tablish a perceived ‘standard’ for how certain patterns should be
used for specific article types. This could lead to a ‘one-size-fits-all’
approach, stifling individualized or innovative design decisions tai-
lored to unique cases and communication goals. In the workshop,
we did not observe the fixed modes of combination patterns. Partic-
ipants presented various creative approaches. Our design patterns
served as a toolbox rather than a standard structure. Participants
actively discussed their choices of patterns with their collaborators
in the creation process.

Balancing creative freedomwith structured guidance is, however,
a trade-off in support tools for article creation[52]. Future research
could delve into the relationships between article types, design
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patterns, and communication objectives with a larger sample, po-
tentially informing the development of design tools that offer more
nuanced guidance.

7.3 Adaptions and Extensions
Our design patterns for data-driven news articles can extend be-
yond traditional formats to inform the design of other storytelling
genres, such as scrollytelling or slideshow articles that also incor-
porate titles, textual descriptions, visualizations, and references to
data sources. Additionally, the design patterns could be adapted
to various social media platforms where long-form investigative
pieces are distilled into concise teasers to quickly inform and attract
specific audiences, including through visually engaging formats
such as GIFs [62]. Thus, our design patterns could provide the basis
for the development of a flexible framework for content adaptation
across platforms that could inform the development of targeted,
platform-specific information algorithms.

Furthermore, our design patterns can be combined by using
other low-level narrative devices that serve specific intents, such as
the 6 detailed time-oriented narrative sequences (i.e., Chronology,
Trace-back, Trailer, Recurrence, Halfway-back, and Anchor) [40],
or the 18 narrative design patterns for data-driven storytelling [6]
such as Convention breaking and Concretize to enrich the narration
in news reporting. By adapting to other layouts, our design patterns
can be used to create data-driven news articles in other forms of
presentation such as posters, data comics, or data videos.

Finally, our design patterns could help human-machine collab-
orations. We noted that workshop participants utilized various
forms of assistance during the article creation process, includ-
ing using ChatGPT to seek inspiration for diverse facets of the
topic and to locate data resources. Within the realm of journal-
ism, technologies can be seen as collaborative human partners,
or ‘co-creators of journalism.’ [51]. However, current automated
technologies are limited in interpreting cultural sensitivity or hu-
man emotions which are essential factors for investigative types
of journalistic reporting [70]. There is indeed a gap between au-
thoring tools, AI-supported tools [44], and AI-generator tools [54].
Recommended approaches for the latter are typically solely based
on data features or design guidelines ignoring creators’ intent [13].
Hence, significant untapped potential exists for tools that bridge
technologies with creative practice. Our design patterns could serve
as a modular framework to facilitate more effective interactions
between creators and AI-based generation tools.

7.4 Limitations of the Work
We acknowledge that our article samples are primarily from West-
ern English-speaking media. Expanding the dataset to articles in
different languages and from different cultures could provide valu-
able cultural and complementary perspectives. While our sampled
corpus showcases a degree of diversity, limitations in sample size
and representativeness remain; e.g., our samples represent what
Sparks [63] describes as the ‘serious press’ and ‘semi-serious press’,
characterized by a blend of traditional news and soft news features.
However, our study did not include much of the ‘serious-popular
press’ and ‘news stand tabloid press’, known for their visual em-
phasis and focus on scandal, sports, and entertainment, and the

ones which leans heavily towards scandal and entertainment while
retaining some serious news elements. One could think that our
sampling initiated with articles on COVID-19 could be a further
limitation. However, when we compared design patterns across
articles on COVID-19 with those on other topics, we found no
significant differences in their frequency and application.

Eventually, while our paper focuses on the structure and com-
ponents of data-driven news articles, other elements like layout,
font, color, and presentation devices warrant further investigation.
While article types and design patterns serve as useful aids for con-
tent creation, effective teaching and learning in visualization [5]
and data-driven news should also incorporate other critical com-
petencies, such as data and visualization literacy as well as ethical
approaches to data and journalistic practice. We focus on novice cre-
ators planning to create data-driven news articles. Future research
could engage with professionals to expand or refine the patterns
and usage.

8 CONCLUSION
In this paper, we describe design patterns for data-driven news
articles to support literacy and proficiency in writing data-driven
news articles. Building on existing classifications in data journalism
and analyzing contemporary examples, we also identified five types
of data-driven news articles tailored for various scenarios, aiding
creators in setting expectations and swiftly constructing a frame-
work for their articles. Subsequently, we approach the article from a
holistic perspective, identifying design patterns under eleven com-
mon components of data-driven news articles: headline, news lead,
data source, narrative, image, visualization title, visualization tech-
niques, visualization annotation, caption, interaction, and video.
These design patterns were refined through expert interviews and
workshops. Results suggest that our design patterns could guide
beginners in quickly getting started and improving their efficiency
in constructing data-driven news articles.
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