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ABSTRACT

Automated journalism refers to the generation of news arti-
cles using computer programs. Although it is widely used
in practice, its user experience and interface design remain
largely unexplored. To understand the user perception of an
automated news system, we designed NewsRobot, a research
prototype that automatically generated news on major events
of the PyeongChang 2018 Winter Olympic Games in real-time.
It produces six types of news by combining two kinds of con-
tent (general/individualized) and three styles (text, text+image,
text+image+sound). A total of 30 users participated in us-
ing NewsRobot, completing surveys and interviews on their
experience. Our findings are as follows: (1) Users preferred
individualized news yet considered it less credible, (2) more
presentation elements were appreciated but only if their qual-
ity was assured, and (3) NewsRobot was considered factual
and accurate yet shallow in depth. Based on our findings, we
discuss implications for designing automated journalism user
interfaces.

Author Keywords
Automated journalism, robot journalism, multimedia
modality, automated news generation system.

CCS Concepts
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INTRODUCTION

Automated journalism (also known as robot journalism) refers
to the generation of news articles using algorithmically de-
signed computer programs [20, 26, 39]. Such programs usu-
ally collect and process data and integrate it into a predesigned
article structure, producing news articles [39]. Unlike hu-
man journalists, the programs can create articles on a large
scale quickly, cost-effectively, and even accurately. Many
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companies, such as Narrative Science [48] and Automated In-
sights [31], are already producing and providing news articles
based on this technology, and traditional media companies,
like The Los Angeles Times and Thomson Reuters, are also
distributing automatically generated news articles [22]. The
technology is also used in a variety of areas, such as sports
event highlights, weather forecasts, and disaster and election
reports [21, 39, 55].

Surprisingly, while the importance of automated journalism
is often noted [34, 35], the topic is rarely studied in the
field of human—computer interaction (HCI). Although not
explicitly addressing automated journalism, recent discussions
on the transparency and fairness of algorithms in automated
systems show that it is important to not only focus on the
technical design of the algorithm but also closely observe the
user experience of these systems [56, 61]. This calls for the
active involvement of designers and HCI researchers in the
design of automated news generation systems.

In this study, we aim to explore the user perception of auto-
mated journalism and discuss design implications for auto-
mated news generation systems based on the findings. We
designed a research prototype, NewsRobot, which automat-
ically generated a series of summary news articles of the
PyeongChang 2018 Winter Olympic Games in real-time. It
collected data on the results of major events and competitors’
information from from the official website of the Olympic
Games [13], processed the data, and input it into a predesigned
article structure. We designed the system to generate news
with two different types of content (general/individualized)
in three different styles (text/text+image/text+image+sound).
Combining the two factors, it produced six different types of
news articles for every event.

We conducted a user study of NewsRobot with both quan-
titative and qualitative approaches. We asked 30 recruited
participants to watch Olympic Games races on a TV screen
and then showed them one of each of the six types of news
articles per race. They then filled out questionnaires on each
news article and took part in semi-structured interviews. The
results of the study can be summarized in the following three
points:
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o Content: While users preferred individualized news to gen-
eral news, they considered individualized news less credible
than general news.

e Style: As more news presentation elements were added,
users’ preference increased. People liked fext+image+sound
news the most, followed by text+image news and then
text news. On the other hand, in terms of quality, users
rated rext+image news as more clear and concise than
text+image+sound news.

e Overall assessment: While people were satisfied with
NewsRobot’s accuracy, objectivity, selection function, and
various presentation elements, they found the articles were
sometimes dull, repetitive, and out of context.

Based on these findings, we discuss the design implications for
user interfaces for algorithm-based automated news generation
systems. The main contributions of this work to the HCI
community are as follows:

e NewsRobot, an automated news generation system, can not
only automatically generate news in real time, but is also
capable of enriching user experience by providing users
with individualized news according to their choices while
expressing various multimedia modalities through the use
of text, images, and sound.

e QOur study measured how a user’s perception of news varies
depending on the content and style according to a set of com-
prehensive criteria, which can serve as a basis for expanding
the existing body of knowledge on automated journalism.
We think this analysis can spark research on a variety of
topics, including interface design, news structure design,
and the collaboration of various stakeholders involved.

BACKGROUND AND MOTIVATION

In line with the attempt to apply technology to journalism [28,
40, 541, automated journalism (also known as robot journal-
ism), which is the generation of news articles using computer
software instead of human reporters, has been introduced [20,
26, 39]. Since this technology can create a large number of
news articles quickly and accurately, it has attracted the atten-
tion of both the media industry [22, 31, 48] and scholars [8,
36, 52]. Many researchers have searched for technical ways
of generating news articles that are indistinguishable from
those of human reporters [4, 38]. In addition, these techni-
cal explorations have brought about extended discussion of
the sociocultural impacts [2], such as authorship [39], labor
substitution [7, 12, 33, 55], and algorithm power [16, 17, 18].

In the field of HCI, interest in and research on automated jour-
nalism have been gradually increasing recently. Early studies
were mainly focused on suggesting a news generation frame-
work [15, 34] or designing authoring tools to facilitate news
generation. For example, Kim and Lee proposed a five-step
robot journalism framework for automated news content gen-
eration [34], which consisted of (1) data crawling, (2) event
extraction, (3) key-event detection, (4) mood detection, and
(5) news article generation. Based on this framework, they
also created an algorithm-driven interactive news generation
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system, demonstrating its capability of generating news sto-
ries that are significantly more interesting and enjoyable than
traditional news articles [35]. Several studies have proposed
different kinds of authoring tools to support news content
generation [1, 37, 53].

Meanwhile, in consideration of the user’s point of view, re-
search has been conducted on how the user perceives and
evaluates the news content produced by the automated jour-
nalism technology. While several studies found that computer-
generated news was perceived as less credible and more arti-
ficial than human-generated news [27, 57], others found no
difference in the perceived credibility between the two types
of news [60]. Though these studies are meaningful in that
they attempt to include a user’s perspective in the study of
machine-generated news, most of them are limited to compar-
ing machine-written articles with articles written by human
reporters. There has been relatively little research on how to
design algorithm generated news itself through a more focused
and multi-layered analysis of user perceptions and experiences
on it.

The first consideration could be what news content to design
and provide to the user. In automated journalism, software
algorithms can use the same data to tell stories from different
angles, customizing languages, topics, tones, and styles ac-
cording to an individual reader’s preferences. In this situation,
deciding which content should be provided to the user among
numerous various news contents could be important. In par-
ticular, whether individual preferences should be considered
first or whether the overall content should be conveyed is an
important question. Research has demonstrated that person-
alized messages can engage and persuade an audience more
effectively than generic mass messages [44, 45]. On the other
hand, the use of a personalized news system can have a direct
negative effect on knowledge acquisition [3]. It also has the
potential to allow users to collect and consume only biased
information. The problem of transparency and fairness of algo-
rithms in the selection process is also constantly being raised.
These various studies raise the need to examine in detail how
content affects users’ perceptions of news.

Another consideration could be what style of news to design
and present to the user. While most automated journalism
research has focused on text news generation [38, 43], the
resources used to produce news articles are no longer lim-
ited to text but also include images, audio/video clips, and
graphic animations [30, 42, 59]. Adding multimedia resources
to news articles can increase audiences’ engagement in news
articles [50]. It is necessary to recognize the possibility of
using such multimedia and to introduce these factors into news
generation. Generally, the use of multimedia can increase the
expressiveness, usability, and enjoyment of computer inter-
faces as well as content itself [41]. On the other hand, simply
increasing the multimedia modality level of an information
system can increase its complexity and adversely affect its
ability to convey information [32]. Introducing multimedia
modalities requires more attention to user needs and com-
prehensive field studies to investigate the most appropriate
solutions for each kind of application and user category [32].
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In this study, we design and create an automated news system
with various factors, evaluating the potential of automated
journalism, and evaluate it from various perspectives. We
especially focus on the content and style of the algorithm
generated news articles. We then create a basis for a discussion
of a system design that promotes a desirable user experience.

NEWS ROBOT

In this section, we describe NewsRobot, the research prototype
of this study. In the design of NewsRobot, we aimed to create
a system that generates real-time news about an actual sports
event.

Selecting Main Event and Data Source

As the first step, we selected the main event that NewsRobot
would report about and its relevant data source. Since we
aimed to create a variety of news contents in real-time on
major sports events, we chose the PyeongChang 2018 Winter
Olympic Games, held between February 9 and 25, 2018, in
PyeongChang, South Korea. It featured 102 events over 15 dis-
ciplines in seven sports, and 2,914 athletes from 92 countries
competed in the games.

During the PyeongChang Olympic Games, the International
Olympic Committee updated the results of all matches on its
official website in real-time [13]. The committee prepared
separate pages for every event, providing not just the basic
information of the event, such as location and date, but also all
participants’ intermediate records and ranks, differences from
other participants, speeds, and finish records in real-time. The
committee also created separate pages for each athlete partici-
pating in the Olympics and posted their personal information,
such as nationality, birthdate, age, gender, event and rank, and
even biographical information. Information on competitors’
previous Olympic and world championships, injuries, family
relationships, idols, mottos, and even nicknames was included
in the biographical information. We collected both the real-
time data of the results of each event and athlete information
by building a crawling software with Python.
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Since it was necessary to create articles in the same format
for the controlled experiment, we limited main events to races
where multiple competitors competed for the record so that
NewsRobot could create articles for every competitor and
compare records between them according to their intermediate
records. Finally, we chose three events: (1) Speed Skating
Men’s 1,000 Meters (February 14, 2018), (2) Alpine Skiing
Women’s Downhill (February 21), and (3) Short Track Speed
Skating Women’s 1,000-Meter Final (February 22).

Desighing News Article Structure

After the main events and data were defined, we designed a
news article template that could cover all three races. We made
the template following the inverted pyramid structure [23, 46,
47], the most common method for writing news stories. In
the inverted pyramid, the widest part (at the top) represents
the most important information, while the tapering lower por-
tion illustrates that other material should follow in order of
diminishing importance. We placed the headline in the first
sentence of the template, followed by the lead sentence and
then the body sentences. The lead sentence summarizes the
most important information according to SW1H (who, what,
where, when, why, and how) [29]. The body sentences are
then composed of supporting details, background details, and
general details (Figure 1).

Content and Style of NewsRobot News Articles
In addition to the template article structure, we considered two
main factors, content and style.

Content

We designed NewsRobot to create two different types of news:
general news and individualized news. The former is provided
to all users equally, while the latter is customized to the users’
choice and is provided differently for each user (Figure 1).

o General news: General news, the most common type, sum-
marizes the overall game in a comprehensive way. It focuses
on the competitors who reached the podium, especially the

(a) General news (Alpine Skiing Men’s Downbhill)

Olympic {Alpine Skiing Men’s Downhill}
results 2018: {{Norway} wins gold and silver};
{Switzerland} wins bronze

{Aksel Lund Svindal} of {Norway} won the gold medal with
his {1: 40.25} run in the {Alpine Skiing Men’s Downhill}
event at the {Jeongseon Alpine Center} on {February 15}.

He passed the main intermediate measurement points
{9th-gth- 8th-2nd-2nd}, passing the finish line first with
{1:40.25}. This record is {0.12} seconds faster than that of
the silver medal competitor.

{His most recent record was fourth place in the same
event at the Sochi Olympic Games 2014.}

Meanwhile, {Kjetil Jansrud} of {Norway} won the silver
medal with his {1:40.37} run. {Beat Feuz} of {Switzerland}
won the bronze medal with his {1:40.43 run}.

Component

Head
Headline

Lead

Most important information
(5W1H)

Body

Supporting
details

Background
details

General
details

(b) Individualized news (Beat Feuz)

{Beat Feuz} of {Switzerland} wins
{Alpine Skiing Men’s Downhill} {bronze}

{Beat Feuz} of {Switzerland} {won the bronze medal} with
his {1:40.43} run in the {Alpine Skiing Men’s Downhill}
event at the {Jeongseon Alpine Center} on {February 15}.

He passed the main intermediate measurement points
{18th-3rd-3rd-3rd-3rd}, passing the finish line {third} with
{1:40.43}. This record is {0.18} seconds slower than that of
the gold medal competitor.

{His most recent record was first place in the same event
at the Alpine World Ski Championships St. Moritz 2017.}

Meanwhile, {Aksel Lund Svindal} of {Norway} won the
gold medal, and {Kjetil Jansrud} of {Norway} won the
silver medal.

Figure 1. (a) General news vs. (b) Individualized news. We made the template following the inverted pyramid structure. The braces are interlocked
with the database, so they are tailored to each news article. The original version is written in Korean, and this figure is the English-translated version.
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gold medalist. It details the result of the gold medalist (gap
between silver records, intermediate ranks variation) with
additional information (from biographical information) and
then briefly describes the results of the silver and the bronze
medalists (Figure 1 (a)). Only one general news article is
made per event.

o Individualized news: Individualized news is a recap of a
particular athlete who participated in an event. Unlike gen-
eral news, this details the record of the particular competitor
(gap between gold records, intermediate ranks variation)
with additional information (from biographical information)
and then adds a brief summary sentence about the podium
(Figure 1 (b)). In principle, the number of individualized
news articles made is the same as the number of competi-
tors who participated in the event. However, considering the
selection view of NewsRobot’s user interface, we limited
the number of competitors to nine per game. To maintain
the high interest of users, the nine competitors included
mainly high-ranked competitors and national competitors.
In the case of the Short Track Speed Skating Women’s
1,000-Meter Final, as the total number of competitors was
six, the number of articles was limited to six.

Style

We designed NewsRobot to create news articles in three styles:
text, text+image, and text+image+sound (see Figure 2), ac-
cording to the level of multimedia modality.

o Text news: Text news refers to basic news consisting of
only text. This includes numerical data, such as competitor
record and rank (Figure 2 (a)).

o Text+image news: This style combines text with graphical
features by sentence, turning it into multiple slides. Graph-
ical features include the background color of the medal
according to the competitor’s rank, a pictogram of the sport,
the competitor’s image (from a real-time Twitter search
using the competitor’s name as the hashtag), the competi-
tor’s intermediate ranks variation graph, and a picture of
the podium with the national flags. All of the features are
automatically integrated with each sentence of the article
(Figure 2 (b)).

(a) Text news

Breezy Johnson of the U.S. finishes
seventh in Alpine Skiing Women’s
Downhill

Breezy Johnson
‘Seventh with 1: 40.34 rur

Breezy Johnson of the U.S. finished seventh
with her 1: 40.34 run in the Alpine Skiing
Women’s Downhill event at the Jeongseon
Alpine Center on February 21.

She passed the main intermediate

(b) Text+image news
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o Text+image+sound news: This style combines text+image
news with sound. The voice API engine [14] automatically
reads out the text of the article as an announcer, and the
graphical features are displayed when the corresponding
text is being read. Background music is included to boost
the intensity (Figure 2 (c)).

By combining these two types of content and three types of
styles, a total of six types of articles ((1) generalxtext, (2)
generalxtext+image, (3) generalxtext+image+sound, (4) in-
dividualizedxtext, (5) individualizedxtext+image, (6) individ-
ualizedxtext+image+sound) are created for each event.

Generating News Articles

Based on the data, structure, and six types of news, we created
the automatic news generation program with Python program-
ming. The collected data were calculated, refined, and entered
into the necessary parts of the news text. The news articles
were also created with various multimedia elements, such as
images, graphs, voice, and sound. Through the pilot test before
the three events that we selected, we were able to elaborate on
the algorithm and source codes of news generation. On each
game day, we ran the news generation program immediately
after the game finished, and finally, we were able to success-
fully generate all the news articles we had planned, with a total
of 81 news articles (30 from Speed Skating Men’s 1,000 Me-
ters ((1 general + 9 individualized) x 3 styles), 30 from Alpine
Skiing Women’s Downbhill ((1 general + 9 individualized) x
3 styles), and 21 from Short Track Speed Skating Women’s
1,000-Meter Final ((1 general + 6 individualized) x 3 styles)).

Designing NewsRobot User Interface

After successfully generating the news articles, we created
the NewsRobot user interface. The interface was designed to
operate on web browsers of users’ smartphones, and it was
made with JavaScript and HTMLS programming. Participants
were able to access NewsRobot’s webpage and watch vari-
ous news articles on the Olympics. Although the user study
was conducted several months after the Olympics, no addi-
tional modifications were made to the news articles for the
experiment. We only included the news that was generated in
real-time during the Olympics.

(c) Text+image+sound news

same event at the Alpine World Ski

Championships St. Moritz 2017. Gold Silver

Meanwhile, Sofia Goggia of Italy won the gold Zz{
medal, and Ragnhild Mowinckel of Norway

won the silver medal, and Lindsey Vonn of the )-
U.S. won the bronze medal. 1

measurement points 12th-27th-14th-8th-7th,

passing the finish line seventh with 1: 40.34. Graphical features ,"\

This record is 1.12 seconds slower than that of /)

the gold medal competitor. ( ) .
Background color  Pictogram  Competitor's Intermediate ranks

Her most recent record was 15th place in the . image variation graph

#nameoftheplayer

Sound effects

1 fip!

Voice APl Background music
\ )

Figure 2. Three different styles of news presentation delivered by NewsRobot.
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Specifically, users could select a game on the first screen of the
user interface. On the next screen, the names of the athletes
participating in each game were presented in the form of a
tile with the national flags. NewsRobot then displayed the six
types of news articles for that match in random order.

STUDY DESIGN

To understand how users evaluate the news articles of the
system, we designed a user study. The design protocol was
reviewed and approved by the Institutional Review Board of
Seoul National University.

Participants

In the recruitment of participants, we aimed to balance the
age and gender of general users who have no trouble access-
ing news articles using smartphones. We posted a recruiting
document on our institution’s online community website and
recruited a total of 30 participants (15 males and 15 females).
Their average age was 30.4, and the SD value was 7.6 (M:
Mean = 29.3, SD = 6.5; F: Mean = 31.5, SD = 8.6). Our
interview records indicate that none of the participants ex-
hibited any special interest in the Winter Olympics. Before
the experiment started, we provided the participants with a
detailed explanation of the purpose and procedure of the ex-
periment as well as NewsRobot. They were told that the news
was produced in real-time by a computer program during the
Olympics. We also ensured that NewsRobot worked properly
on the users’ smartphones. Users were allowed to manipulate
the system for a while so that they could get used to using it.
On average, each experiment lasted about 70 minutes. Each
participant received a gift voucher worth $10.

Procedures

We designed a user study that consisted of watching racing
events and reading/watching news articles on NewsRobot, fol-
lowed by completing surveys and semi-structured interviews.

Task

To enhance the users’ immersion in the game situation, we
prepared the pre-recorded and edited events videos and played
them on a TV screen in the experiment room. The videos
of the three races were shown in random order. Before each
race was played, the participants were asked to select one
of the participating athletes on the NewsRobot interface on
their smartphones according to their interests. At the end of
each video, the participants were given six types of articles in
random order. As a result, each participant read a total of 18
kinds of news articles (3 x 6 within-subjects design).

Survey

To understand the user’s perception of the news generated
by the prototype more systematically and in a multi-faceted
way, we designed 18 questionnaires with reference to Sundar’s
study [49]. Sundar’s index offers a comprehensive set of items
and is widely used to study user perceptions of online news.
Sundar identified multiple criteria used by the public in evalu-
ating news articles, combining them into four major factors:
credibility, liking, quality, and representativeness. Credibility
is composed of biased, fair, and objective. Liking consists of
boring, enjoyable, lively, interesting, and pleasing. Quality
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has five sub-items: clear, coherent, comprehensive, concise,
and well written. Representativeness is composed of accurate,
believable, disturbing, informative, and sensationalistic. In
our study, users evaluated each news article on the survey with
a 7-point Likert scale, ranging from highly disagree (=1) to
highly agree (=7).

Interview

At the end of the experiment, participants were asked to take
part in semi-structured interviews. In the interviews, we asked
participants for their overall impressions of NewsRobot, their
thoughts on two separate pieces of content, and three different
styles. We requested that they explain the advantages and
disadvantages of NewsRobot as well as provide suggestions
for the improvement of each news item delivery.

Analysis Methods

After the experiment, we conducted a quantitative analysis
on the survey data and a qualitative analysis on the interview
data.

Quantitative Analysis

In the quantitative analysis, we aimed to determine whether
the content and style of NewsRobot news articles had any
significant effects on users’ evaluations. Accordingly, each of
the 18 questionnaires was set as a dependent variable, and
content and style which produced six experimental condi-
tions, and its interaction (content x style) were set as indepen-
dent variables. As 30 participants assessed the questionnaire
items (DV) while consuming six different news articles for
each of the three events, a total of 540 data points were col-
lected for each item (30 participants x 6 conditions [news
articles] x 3 trials [events]). Since the experiment design
was within-subject, where the participants performed all the
conditions and they conducted multiple trials in each condi-
tion, we analyzed the survey data using two-way repeated-
measures ANOVA. Mauchly’s test indicated that the assump-
tion of sphericity for all 18 items had been violated; therefore
degrees of freedom were corrected using Greenhouse-Geisser
estimates of sphere. We also conducted post-hoc test using the
Bonferroni correction for pairwise comparisons. These correc-
tions made our analysis more conservative and less likely to
be giving out the wrong information.

Qualitative Analysis

The qualitative data from interviews were transcribed and
analyzed using thematic analysis [6]. To do so, we used Re-
framer [62], a qualitative research software tool. We seg-
mented the transcripts into sentences and finally obtained 471
observations. While reviewing the data, a total of 250 keyword
tags were created. By combining the relevant tags iteratively,
we conducted a theme-building process, yielding three main
categories.

RESULTS 1: QUANTITATIVE ANALYSIS

In this section, we report the results of the quantitative analysis
of the survey data. The results will be explained sequentially
with four factors—credibility, liking, quality, and representa-
tiveness—, referring to Sunda’s study. The analysis of each
factor consists of an analysis of the items that make up it.
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Credibility

First, a repeated measures ANOVA with a Greenhouse-Geisser
correction showed that content had a significant main effect
on the three items that make up credibility: biased, fair, and
objective (Table 1). In the case of biased, individualized news
received higher scores than general news (Figure 3). In con-
trast, in the case of fair and objective, general news scores
were higher than individualized news scores. In other words, it
can be seen that users felt that general news was more credible
than individualized news. Meanwhile, there was no significant
main effect of style on the credibility of news articles.

Biased Fair Objective
6 | 6 5. | 69 = o p—
ir i) 532 © SS, (o0
(1.18) 5279 O ; o
484 (1.18) 512 °
590 (131) w08 i (120) (123)
(1.82) 412 | (1.43) (1.39) | |
N oo # Content ! Style
248 -O- General (@) Text
(1.27) (b) Text+image
r: gg)#’/‘H: ggw -O- Individualized 4:; Tex:+\mage+scund
2 I i 1 | 2 I I I | 2 I I I |
(a) (b) (c) (a) (b) () (a) (b) (€
Effect df MSE F p-value
Biased content (1,29) 3.17  33.70 <0.0001
style (1.60, 46.26) 0.41 0.97 0.37
content:style (1.85,53.60) 024 1.23 0.30
Fair content (1,29) 094 18.62 0.0002 ***
style (1.96, 56.87) 0.32 1.29 0.28
content:style (1.53,44.41) 0.30 0.75 0.45
Objective content (1,29 0.69 1127 0.002 **
style (1.74,50.43) 0.25 0.78 0.45
content:style (1.79, 51.90) 0.19 0.71 0.48

Figure 3 and Table 1. Users’ evaluations of credibility of NewsRobot
news articles. The interaction plots show the mean and SD of each con-
dition for each item of credibility (the error bar at each point represents
mean + 2.58xSE at the 0.01 significance level). Color represents content,
red for general and green for individualized news. The x-axis represents
style: (a) for text, (b) for text+image, and (c) for text+image+sound. The
table summarizes the results of the two-way RM ANOVA, and the re-
ported p-value(s) associated with the F statistic(s), and degrees of free-
dom were adjusted via the Greenhouse—Geisser correction (MSE: mean
squared error). Statistically significant results are reported as follows:
Pp<0.001(*%%), p<0.01(**), p<0.05(%).

Liking

We identified that style had a significant effect on all five
items of liking: boring, enjoyable, lively, interesting, and
pleasing (Table 2). The pairwise comparison from the post
hoc tests using the Bonferroni correction revealed that bor-
ing scored the highest in fext, followed by text+image and
text+image+sound (Figure 4), showing significant differences
between text and text+image (p<0.001***) and between rext
and text+image+sound (p<0.001**%*). In the case of enjoy-
able, the mean values were in the order of text+image+sound
> text+image > text, showing significant differences between
text+image+sound and text+image (p=0.035%) and between
text+image and text (p<0.001***). Likewise, regarding lively,
the mean scores were in the order of text+image+sound
> text+image > text (text+image+sound - text+image:
p<0.001*%** text+image - text: p<0.001***), In the case of in-
teresting, although the difference between text+image+sound
and fext+image was not significant (p=0.62), the scores
showed the same pattern:text+image+sound > text+image >
text (text+image - text: p<0.001***%), Lastly, pleasing showed
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the same pattern (text+image+sound - text+image: p=0.89,
text+image - text: p<0.001**%*).

We also identified that users liked individualized news more
than general news. In all the items of liking except for lively,
content showed a significant main effect: boring, enjoyable,
interesting, and pleasing (Table 2). Meanwhile, we found no
significant interaction effect.

Boring Enjoyable Lively Interesting Pleasing
67 4o |6 6 |6 285 | 8 482
(1.39) 448 461 (141) 458 (1.47)
491 (144) T
3.63 (1.26)
(1.34)
47 4 | 4 a0 451 |4 4.43 447
(1.23) (1.46) (1.18) (1.33)
3.76
3.39 3.34 (1.31)
(1349) 751 280 (1.19)
2+ I I 1 24 ( ‘19‘ I I 2 I I I | 2 I I 1 2
(@ () () @ () (© (@ () (o) (@ ) () @ () (©
Effect df  MSE F  p-value
Boring content (1,29) 0.87 9.19 0.005 **
style (1.65,47.77) 234 1404  <0.0001 #**
content:style  (1.78, 51.71) 0.45 0.59 0.54
Enjoyable  content (1,29) 0.38 11.58 0.002 **
style (1.40,40.61) 1.91 19.68  <0.0001 ***
content:style  (1.65, 47.80) 0.25 0.33 0.68
Lively content (1,29) 0.28 1.87 0.18
style (1.31, 38.18) 303 1412 0.0002
content:style  (1.83,53.14) 0.29 0.98 0.38
Interesting content (1,29) 0.40 8.93 0.006 **
style (1.36,39.32) 1.57 2338  <0.0001 ***
content:style  (1.86, 54.08) 0.35 0.35 0.80
Pleasing content (1,29) 0.32 7.93 0.009 **
style (1.31,38.01) 1.51 10.52 0.001 **
content:style  (1.99, 57.83) 0.25 0.62 0.54

Figure 4 and Table 2. Users’ evaluations of liking of NewsRobot news
articles. The details are the same as those of Figure 3 and Table 1.

Quality

In terms of quality, first, we found that style had a significant
main effect on clear and concise (Table 3). However, unlike
the order of text+image+sound > text+image > text in cred-
ibility and liking, for both items, fext+image news showed
the highest value, followed by text+image+sound and text
(Figure 5). The pairwise comparison from the post-hoc anal-
ysis revealed that, in the case of concise, there were signifi-
cant differences in the mean scores between text+image and
text+image+sound (p=0.015%*) as well as between text and
text+image (p<0.001**%*). In the case of clear, the mean
score difference between fext and text+image was significant
(p=0.00015***). From this result, we identified that simply in-
creasing the multimedia modality level does not guarantee the
articles’ perceived quality, especially in relation to clearness
and conciseness.

Second, we examined whether content had a significant main
effect on items of quality, finding that it had a significant effect
on comprehensive (Table 3). General news received higher
scores than individualized news in comprehensive. Meanwhile,
we found no significant main effect on coherent or well written.

Represenlativeness
Lastly, for the analysis of representativeness, we focused on
identifying noticeable patterns rather than significant relation-
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Effect df MSE F p-value Effect df MSE F  p-value
Clear content (1,29) 030 2.77 0.11 Accurate content (1,29) 0.18 124 0.27
style (1.93,5597) 0.64 541 0.008 ** style (1.93,56.02) 026 0.60 0.55
content:style  (1.98,57.49) 0.16 0.70 0.50 content:style (1.94,56.13)  0.07 2.63 0.08
Coherent content (1,29) 033 202 0.17 Believable content (1,29) 046 0.00 0.97
style (1.80,52.07) 042 145 0.24 style (1.29,37.31) 140 0.21 0.71
content:style  (1.99,57.73) 020  0.71 0.49 content:style (1.95,56.50)  0.15 0.89 0.41
Comprehensive  content (1,29) 2.67 31.82 <0.0001 *** Disturbing content (1,29) 022 629 0.02 *
style (1.72,49.80) 034 0.54 0.56 style (1.30,37.73)  0.89 2.56 0.11
content:style  (1.93,55.99) 029 0.04 0.96 content:style (1.95,56.67)  0.15 1.50 0.23
Concise content (1,29) 046 3.19 0.08 Informative content 1,290 077 0.00 0.99
style (191,5526) 076  8.00 0.001 ** style (1.58,45.81)  0.55 9.12 0.001 **
content:style  (1.98,57.55) 020 3.52 0.04 * content:style (1.83,53.18) 025 142 0.25
‘Well written content (1,29) 048 249 0.13 Sensationalistic  content (1,29) 0.07 11.28 0.002 **
style (1.58,45.72) 149 1.16 0.31 style (1.82,52.75) 012 1.71 0.19
content:style  (1.86,53.90) 035 3.12 0.06 content:style (1.93,55.99) 0.05 146 0.24

Figure 5 and Table 3. Users’ evaluations of quality of NewsRobot news
articles. The details are the same as those in the caption of Figure 3 and
Table 1.

ships between the variables. First, overall, users evaluated
NewsRobot’s news as relatively accurate and believable (Fig-
ure 6). Unlike any other items, all kinds of news articles
received scores higher than 5 points in both items. Conversely,
participants evaluated NewsRobot news as relatively less dis-
turbing and sensationalistic (1-2 points).

Finally, style showed a significant main effect on informative
(Table 4). The pairwise comparison analysis from the post-
hoc test revealed that participants rated both rext+image and
text+image+sound news as more informative than text news
(text+image - text: p=0.023%*, and text+image+sound - text:
p=0.001%%).

RESULTS 2: QUALITATIVE ANALYSIS

In addition to the findings from the survey, we also report users’
in-depth thoughts about the news articles and NewsRobot from
the interview session.

Users Evaluate NewsRobot Features Highly

First, we were able to identify that several NewsRobot features
provided a good experience for users, which illustrates the
potential of automated journalism.

Individualized news

Participants highly appreciated that NewsRobot could generate
individualized news as well as general news. They told us that
individualized news was more satisfying, since it contained
customized information tailored to their personal interests and
delivered it first in the articles. For example, P30 said, “/
really liked the fact that the article started with the result
of the competitor I selected.” Some participants even told us
that individualized news made them feel their interests were
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Figure 6 and Table 4. Users’ evaluations of representativenesss of News-
Robot news articles. The details are the same as those in the caption of
Figure 3 and Table 1.

recognized and respected by the system. P22 said, “I felt
that it [NewsRobot] was trying to learn more about me.” In
addition, some of the participants told us that simply being
able to select a competitor according to their interests made
them feel they were provided with a better experience. PO7
said, “I thought it was a simple selection procedure, but it
was good. That’s why I was so attached to the article that I
created.”

Various Presentation Elements

In addition, participants particularly appreciated NewsRobot’s
various presentation elements. We identified users’ high prefer-
ence for text+image and text+image+sound news, which con-
tained more elements, such as background colors, pictograms,
competitor images, graphs, and even voice and background
music. Regarding the background colors of text+image news,
participants responded that they helped them intuitively under-
stand how a particular competitor ranked. P27 said, “When I
first saw the color, I thought it was useful. If the background
was gold, I knew immediately that this competitor had won the
gold medal.” Competitors’ real-time images from Twitter also
helped users understand the competitors. P13 said, “When
the athlete’s image emerged in the background, I knew exactly
who this athlete was.” Moreover, users evaluated the use of
the voice API in fext+image+sound news as useful. Some
users thought the voice was better than expected. P19 said,
“I was curious about how it could read it so naturally.” PO3
said, “I was able to concentrate more on the news, as the voice
automatically read the news.” Some argued that it would be
more useful in contexts where users can’t see the news, such
as driving situations. P06 said, “It would be great if I could
use this while driving, when I cannot read news articles.”
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Among the various elements, participants were most satisfied
with the intermediate ranks variation and comparison graphs
including each competitor. Usually, it was difficult for users
to know the relative performances of each competitor, because
the competitors completed their races one after another in turn.
However, these graphs showed how quickly each competitor
passed through each point relative to other competitors, pro-
viding users with an appropriate visualization of information
that was not provided on the TV screens. P17 said, “The graph
was good, in that I could see the game at a glance.” Some
users told us that they were able to understand the competitors’
game flow through the graphs. P13 said, “This competitor
started slowly at the beginning, but he gradually increased his
speed in the second half and eventually placed first.”

Instantaneous News Generation

Participants were surprised that NewsRobot generated news
articles so quickly all at once. Although they read the articles
in the experiment several months after the Olympics, they
were amazed and impressed when they heard that all the news
articles were generated in real-time during the event. For
example, P09 said, “Producing news articles quickly is very
important. Of course, reporters can also write quickly, but
they cannot make so many articles at the same time.” P30 said,
“It’s very fast. I am surprised that it could create so many
articles as soon as the game was over.” P20 said, “A reporter
could never make images or video clips at this rate.”

NewsRobot Is Unbiased but Predictable

In line with the survey results, the interviews also revealed that
participants described the NewsRobot news articles as accurate
and matter-of-fact. They were convinced that since the system
computed and included specific figures based on the input
data, the information should be accurate. They recognized
that, for this reason, algorithm-based, automatically generated
news articles provide objective and reliable information. P11
said, “The numerical information gave me the impression that
the news was objective.” P25 also said, “The figures were
reliable, not biased. It seemed to be based on facts. I think the
biggest advantage of algorithmic news is that it calculates and
displays figures based on data.” P16 also added, “NewsRobot
cannot lie; it only tells the truth,” showing strong confidence
in the accuracy of the news articles.

Participants also expressed that the lack of emotional elements
and the exclusion of subjective judgments in the sentences
increased the credibility of the news. For example, POl said,
“Regardless of whether the competitor is loved or famous, it
[NewsRobot] will describe him in the same way.” People de-
scribed algorithm-based news as objective, because it only
provides predefined expressions, unlike the news, which of-
ten reflects the subjective opinions of reporters and anchors.
POS said, “I could not find anything subjective in this news.
You know, journalists often write using certain expressions to
make their arguments more convincing.” P09 said, “Reporters’
subjective thoughts often influence the atmosphere of the news,
but the program reports it as it is.”

However, despite these advantages, users also pointed out the
inherent shortcomings of NewsRobot: It often seems tedious,
is unable to convey anything but data, and does not understand
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the context. Most participants expressed that the news articles
were dull and uninteresting, since all the articles followed the
predesigned structure without any variation. P27 said, “Al
still seems to require a lot of refining. The biggest problem is
that it is dull. I know it is accurate, but so far, it is only based
on numbers.” PO7 commented, “All the articles are almost
identical in format. If I were to read more, I would feel bored.”

Participants also complained that the algorithmic news arti-
cles could not deliver anything other than data and could not
deliver in-depth news stories. As the system relied only on
data, other information that was not included in the data was
necessarily omitted. For example, in the Short Track Speed
Skating Women’s 1,000-Meter Final, two competitors col-
lided with each other and one of them was disqualified. When
NewsRobot did not explain the collision in detail and only
reported the disqualification, P21 said, “It just focused on the
record; I could not get any more information. Shim Suk-hee
was disqualified, and why she was disqualified was the most
important part, but it did not discuss that.” P23 said, “If some-
one asked me to explain a race, I would first talk about the
collisions between competitors. Reporters usually discuss the
collisions in detail and mention the shocking reactions people
have received. But it [NewsRobot] did not.”

Benefits and Drawbacks of Using Multimedia

The final point of the qualitative study results relates to the
benefits and drawbacks of using multimedia. As outlined in
the survey results and previous sections, participants were
satisfied with NewsRobot when it produced news articles
with multimedia, such as images and voice. They thought
of text+image+sound news as more vivid, pleasant, and infor-
mative than either fext or text+image news. However, in terms
of clearness and conciseness, text+image+sound news pro-
vided a worse experience than fext+image news, although the
latter had a lower multimedia modality level than the former.
We were able to confirm this in the in-depth interviews.

Overall, people described that they were satisfied with the
video news but found it strange for two reasons. First, partici-
pants discussed the dissonance between their expectations and
the actual quality. They claimed that as the multimedia modal-
ity levels of news articles increased in the order of text, image,
and sound, their expectations also grew. However, the gap
between their expectations and the actual quality of each style
seemed to become larger as the multimedia modality levels
increased. When reading text news, because of their low ex-
pectations for the text, they felt that the quality was acceptable.
In contrast, when watching text+image+sound news, their high
expectations for the news made them evaluate its quality as
relatively low. PO8 said, “In the order of text, text+image, and
text+image+sound, I felt they were very different from what I
expected. I believe that in text+image+sound news, a reporter
should appear on the screen and inform viewers of the result
of the match with a realistic and vivid voice.”

On the other hand, some participants added that presenting
news with multiple multimedia elements made the awkward
parts of the news more “noticeable.” When they read a sen-
tence with an awkward expression, they just passed that part
without noticing, whereas when they heard it, they suddenly

Page 8



CHI 2020 Paper

felt strange and became less focused on the news. P09 said,
“In video news, when NewsRobot read the name of the foreign
competitor aloud, it sounded awkward.” P24 said, “When the
voice read the same word in succession, like ‘third place, third
place, third place’, I suddenly found it strange. I did not notice
it when I read the same thing in text news. If a reporter had
been reading that part aloud, he would not have done that.”

DISCUSSION
We discuss implications for user interfaces of automated news
generation systems.

Provide Individualized News with Adaptable Interface

The first thing we want to discuss is whether it is right or
not to provide users with only individualized news articles
that are tailored to their interests, rather than general news.
Traditionally, concerns have been constantly raised about the
uniformity of public news consumption using major media or
channels [11]. The concentration of news production may not
meet the diverse needs of users and may even lead to social
problems in which public opinion is focused on specific issues.

NewsRobot, in this regard, showed the possibility of the
diversification of news article production and the impor-
tance of users’ choice of news articles. NewsRobot’s pre-
programmed algorithm simultaneously generated multiple
competitor-specific articles, without the extra expense, effort,
or time associated with creating articles using human reporters.
Users showed great satisfaction with the individualized news.
They preferred individualized news to general news and rated
the former as less boring and more enjoyable, and interesting.
They felt as if the algorithms produced news tailored to their
interests. Some even described that the individualized news
made them feel their tastes were respected. They have experi-
enced diversified and individualized news consumption that
is distinct from the news consumption through mass media,
which was provided in a representative, uniform, and unilateral
manner.

On the other hand, the adverse effects of individualized news
consumption should be considered at the same time. Indi-
vidualized news consumption is likely to make people more
biased in other respects. It can insulate users from information
that does not attract their interest, isolating them in their own
thoughts. In particular, this can cause problems such as filter
bubbles and echo chambers [5, 25]. The survey results also
showed that users were aware that individualized news articles
may be less credible than general news articles. If individu-
alized news consumption is accelerated and transparency in
the process is not ensured and recognizable by the people,
individualized news is likely to cause many side effects in
spite of its many advantages.

In this situation, introducing the concept of adaptable inter-
faces in designing automation systems [24] could be consid-
ered. Adaptable interfaces provide a customization mecha-
nism that relies on the user to perform the adaptation (i.e.,
user-controlled personalization). Users need to select their
news according to their interests, by themselves, and be explic-
itly informed that the news articles they receive are based on
their choices [18]. Fortunately, in the interview, participants
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also responded that they had a good experience in the news
selection process, as it made them feel like they were active
News service consumers.

Providing users with an adaptable, automated news generation
system also requires the attention and efforts of the various
communities-designers as well as algorithm engineers since it
is not just an algorithm problem but also an interface problem.
In this regard, it is necessary for the designers of the HCI com-
munity to address their concerns and strive to create adaptable
interface designs of automated journalism systems to prevent
the potential risks of such algorithms and promote better user
experiences.

Design recommendation: Provide individualized news to
users, but let them “customize it themselves” and know that
the news is created through the adaptation process.

Present Various Multimedia Elements but Not Too Many
The second discussion point is about the style of NewsRobot.
The user study showed that participants had better news con-
sumption experiences when more multimedia elements were
included. People thought that news articles were more en-
joyable, lively, interesting, pleasing, and even informative in
order of text+image+sound, text+image, and text news. They
expressed high satisfaction by specifically mentioning the var-
ious presentation elements of NewsRobot. People appreciated
the fact that it could produce those elements more quickly,
accurately, and easily than human reporters and provide addi-
tional information not previously revealed.

On the other hand, people complained that text+image+sound
news was a bit different from their expectations and that it
brought out the awkwardness of the automatically generated
news contents. According to user research studies on software
or agents that replace human workers or simulate abilities
of humans, people can feel more awkward or uncomfortable
as they become more similar to humans [51, 58]. The more
elements that are included in the news, the greater the expec-
tations of people. However, at the same time, the awkward-
ness could be more prominent, and people’s disappointment
could be greater [9]. The problem of both these high expecta-
tions and disappointments in algorithm-based news generation
needs to be solved, because it can foster users’ negative percep-
tions of the news contents more rapidly. It has been reported
that people are likely to lose confidence in algorithmic re-
porters more quickly than they do in human reporters after
seeing them make the same mistake [19].

Although advanced algorithms and technologies for creating
content are constantly being developed, relatively little atten-
tion is paid to how real users will accept content or interfaces
that utilize them. It is needed to consider creating news content
that is more perceptible to people rather than creating overly
experimental and challenging news content that relies only on
new technologies. Understanding users’ mental models on
each multimedia modality of news contents could be a way of
this approach, since it can help shape users’ expectations and
set an approach to provide users with optimized experience. If
more user-oriented and element-specific design principles are
established and reflected in the content design and generation
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algorithm, it will be possible to utilize more effectively the
advantages of various multimedia that the user wants.

Design recommendation: Use a variety of multimedia to
effectively present information in news articles but design
them based on users’ mental models for each news format to
meet realistic user expectations.

Importance of Quality Data and Algorithm Refinement
The last point we discuss is the importance of obtaining quality
data and refining algorithms for automatic news generation. In
the user study, participants highly appreciated NewsRobot’s
data-driven news generation algorithm, describing it as accu-
rate, objective, and even trustworthy. However, at the same
time, they pointed out its limitations due to its excessive depen-
dence on data, describing it as dull and shallow. Considering
that software-generated content is usually perceived as de-
scriptive and boring, despite being considered objective [10],
this could be an inherent problem that automotive journalism
needs to address.

In order to alleviate these problems while taking advantage
of providing data-based information, it is necessary to obtain
more and better data and refine the news generation algorithm.
In terms of data, using diverse data sources, such as image
information extraction and social media reactions, and avoid-
ing using only refined numerical data could be considered. In
terms of contents-generation algorithms, they should actively
interpret the input data and produce various versions of the
articles. They should not only provide calculated values but
also help users understand the information by adding more
detailed explanations of the meaning.

Above all, it is necessary to introduce state-of-the-art artifi-
cial intelligence technologies that can learn and interpret data
autonomously, and generate sentences and elements based
on it, rather than depending on rule-based templates. To do
so, designers also need some understanding of Al techniques,
including machine learning, for designing and creating news
content. They should continue to search for new technologies
related to news generation, such as natural language generation
APIs that can express various voices and emotions naturally.
If not, at least they should be able to actively communicate
with and share their knowledge with the technicians develop-
ing them or those familiar with them. This will help develop
algorithms that learn data more actively and produce content
more adaptively to the user, which will increase the overall
quality of news based on automated algorithms.

Design recommendation: By introducing new and diverse
technologies and human expertise, obtain quality data and en-
hance algorithms so that users can understand the rich context
of news articles.

Limitations and Future Work

We have identified several limitations of this study. (1) We
did not conduct a comparative study comparing NewsRobot’s
articles and actual articles written by human reporters in the
evaluation. (2) Although we generated the news articles dur-
ing the Olympic Games in real-time, the user evaluation itself
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was not conducted in real-time, since we had to consider un-
expected situations that could occur in a real environment and
control the experiment. (3) As the prototype and the experi-
ment were designed for only one sporting event, generalization
issues can be raised. (4) It is arguable whether the item set we
used in the questionnaire is the best indicator for automated
journalism, since it is rather old and not intended to be used
directly as survey items, though it has been widely cited in the
literature. (5) We designed the structure of the articles using a
rule-based template and did not make various changes.

In future work, we plan to carry out a comparative study on
news articles written by both human journalists and News-
Robot. Moreover, we will proceed with a user study when
an event is actually happening, measuring the user evaluation
of the automated news generation system in real-time. We
also plan to expand the user study area to various topics, such
as election reports and weather forecasts, to generalize our
results on automated journalism. We will review various pre-
vious studies, including Sundar’s follow-ups, to explore new
criteria and methods for assessing news based on automated
journalism. Lastly, we will improve the automation level of
news generation by adopting state-of-the-art techniques.

CONCLUSION

This study examined the user perception of automated journal-
ism, where news articles are generated by algorithms, mainly
focusing on its content and style. We designed a research pro-
totype, NewsRobot, which generated news articles about the
PyeongChang 2018 Winter Olympic Games, and conducted a
user study of the system using both quantitative and qualitative
approaches. The results of the study revealed the following.
(1) Although people regarded general news as more reliable
than individualized news, they preferred the latter to the former.
(2) People also liked news with a high multimedia modality
level, but they considered slide news to have the best quality.
(3) People regarded NewsRobot as accurate and objective but
monotonous, and they were mostly satisfied with its diverse el-
ements. Finally, based on these findings, we suggested design
implications for automated news generation systems. We hope
that this work will serve as a step toward a more productive
and more inclusive understanding of interfaces for automated
news generation systems.
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