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In recent years, data visualization has been gaining space in journalism, not only in the specialized press, but also in the general press. The objective of this article is to analyze whether there are differences between the impact of receiving a traditional news item and that of a news item with data visualization, in terms of interest, comprehension and attitudes toward data visualization. For this, a study (N = 700) was carried out with two experimental conditions (traditional news vs. news with data visualization), using scientific and health communication news. Moderated mediation analysis were performed to understand how data visualization affects factors such as attitude, or interest, and affects public comprehension. The results showed significant indirect effects that indicate that reading a data visualization news item increases comprehension and, with it, positive attitudes toward data visualization. Variables related to comprehension and interest have been found to have a significant impact on attitudes toward data viewing, opening new lines of research to delve into the factors that affect data-driven news performance.
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1. Introduction

With the arrival, development and massive reach of the Internet, the media have reconsidered their business models, production and distribution processes during the last two decades (Pérez-Montoro and Veira-González, 2018). Audience news-reading preferences have become visual and mobile-based, so professionals need to produce simpler, more creative, and more suitable content intended for digital distribution (Baker et al., 2001; Bounegru and Gray, 2021).

Currently, the public plays an active role in communication, since it seeks information on its own and is even the creator of news, which encourages new, more innovative forms of communication. In this context of digitization, characterized by the generation of large amounts of data and the development of tools to analyze them, journalistic practice is adapting. The data is incorporated into the news and help to understand reality, with new content such as info graphics, diagrams, or interactive applications, which offer clearer and simpler information to citizens.

The use of large amounts of data (big data) and its graphic visualization in the media proved to be very relevant during the COVID-19 pandemic, since the public needed to understand news about science, health and technology. The media became the center for daily monitoring information, but also for the publication of warnings and guidelines for action (Bao et al., 2020), which demonstrates the capabilities, opportunities, and challenges of this field, which has still been little studied (Ma, 2021).

This paper focuses on analyzing whether there are differences between the impact of reading traditional news and news with data visualization. The main objective of this work is to carry out an experimental study to evaluate the impact on the interest and attitude of citizens about the comprehension of data visualization news.



2. Theoretical framework and state of the art

Data journalism is the journalistic practice that encompasses the collection, analysis and interpretation of quantitative data in the news (Veglis and Bratsas, 2017). For Bradshaw (2011), data journalism is the process by which, through computers, it collects, cleans, contrasts, uses, visualizes, and combines information from various sources.

Data visualization is a powerful presentation technique for data journalism (Figueiras, 2014). Friendly and Denis (2001) understand data visualization as the science that visually represents data, while Kirk (2012) explains it as “the representation and presentation of data that exploits our visual perceptual abilities to enhance cognition” (p. 17). Visualization implies, therefore, the graphical representation and presentation of relationships between data (Manovich, 2011; Pérez-Montoro and Veira-González, 2018), which includes everything from simple statistical representations (such as bar and circular graphs), to complex simulations that require computer and graphic design skills (Segel and Heer, 2010; Obie et al., 2019).

With the use of massive data, the practice of journalism breaks with the fully narrative style of traditional news (Liu, 2021), using graphic or interactive visualization as a factor that facilitates the comprehension of information (Salvat, 2018). Data visualization has been used for years in financial fields or in mapping, however general journalism was not characterized by exploring large amounts of data (Weber and Rall, 2012; Franklin, 2014; de Haan et al., 2018). Numerous studies have shown that the combination of text and visualizations improves story comprehension, compared to text alone (Moreno and Valdez, 2005; Bucher and Schumacher, 2006; Burmester et al., 2010).

In the age of converging media, single text reports, and even graphic reports can no longer cover the needs of audiences. Visualizing news with data can make up for this shortcoming. It can not only express news content intuitively, but also highlight key points through elements such as icons and colors to help audiences get key information in the news (Burmester et al., 2010). In recent years, the use of data visualization in the news has grown rapidly given its effectiveness in facilitating the understanding of content that is difficult to interpret thanks to the fact that the data can be analyzed visually, with increasing interactivity (Liu, 2021; Ma, 2021).

The new techniques for the creation of journalistic information with data require specific knowledge, as well as the use of databases and management of information visualization programs (showing the contents through graphics, maps, info graphics, or moving graphics) (Vivar and Aguilar, 2013).

The press no longer has the exclusivity of the news, but other media take center stage, which is why some authors are beginning to study the importance of combining data visualization with news with interaction, to attract more audiences (Freixa et al., 2021). Following this idea, these techniques have the ability to attract readers by integrating large amounts of data into the news (Schroeder, 2004; Smit et al., 2014), which makes it possible to understand complex news topics (Bakker et al., 2013).

Pérez-Montoro and Veira-González (2018) establish that thanks to their interactive dimension, these visual products occupy a predominant position in the narrative of the news and play a relevant role in attracting readers. Cairo (2017) states “data visualization is not only to be seen, but to be read and interpreted carefully” (p. 1,026). In this line, Lee and Kim (2016) conducted an empirical study on data visualization and found that the text that accompanies the visualization can influence how readers interpret the visualization, therefore, the news with the combination of text and visualization it makes it easier for the news consumer to process the story.

In fact, there are theories that support this idea, such as the dual-coding theory developed by Paivio (1971), which proposes that visual or audio content activates verbal and non-verbal systems in people. More specifically, this psychological theory posits that people have two representational systems, verbal and non-verbal, which they process differently and on different channels in the human mind. Thus, the non-verbal system refers to the imagery system as it focuses on the analysis of scenes and the generation of mental images. Encoding a stimulus in two different ways increases the chance of recalling a memorized item. When both visual and verbal information can be processed, efficiency in the learning process improves (Paivio, 1971, 1990).

In this sense, one of the challenges for communication researchers has been to know what and how audiences learn through the media (Jensen, 2011). In this line, there are studies that establish that a learning catalyst can be comprehension, the ability of an individual to apply the content of a message to another domain (Woodall et al., 1983). Unfortunately, there is little research that has attempted to measure how well-audiences understand the news (Jensen, 2011). By now, Kintsch and Van Dijk (1978) and Findahl and Höijer (1985) represent two of the most relevant studies on how to measure news comprehension. They measured both recognition and comprehension by assessing the participant's ability to recall “essential parts” of a news story. They found that remembering essential parts of a news article demonstrated an understanding of the overall narrative.

Communication studies began to explore models of spillover effects based on process research (Woodall et al., 1983; Fleming et al., 2006). Indirect effects models assume that relationships between variables are often mediated or moderated by other variables. In the case of comprehension through the media, exposure, and memory may be mediated by elements such as interest. Data visualization can make it easier for readers to understand, but authors such as Burns et al. (2020) establish that, although comprehension is much more than the extraction of individual values, the final interpretation of visualization depends on both the designer and the reader.

Previous research indicates that readers' knowledge of various topics is related to their interest in those topics (Tobias, 1994; Babbitt and Barron, 2004; Forsia et al., 2022). Interest is understood as the extrinsic motivation that predisposes people to participate in certain activities (Forsia et al., 2022). The interest therefore depends on the characteristics of the reader (for example, his Hobbies), inherent factors of the text (for example, his writing style) and the interaction between reader and material (for example, if it meets his needs) (Bernstein, 1955).

On the other hand, attitude is understood as a cognitive process that affects a person's decision to do something or not. Bastug (2014) found that attitude was a significant predictor of reading comprehension.

A classic definition of attitude is that established by Allport, who foresees “a state of mental and nervous disposition, organized through experience, which exerts a dynamic directive influence on the individual's response to all kinds of objects and situations” (Allport, 1935). Also Newcomb (1958) completed that the attitude is “a way of seeing something with liking or disliking.” The attitude, therefore, is understood as the way in which a person understands, perceives and responds to certain situations.

Alexander et al. (1994) found that one of the predictors of comprehension was interest. In this sense, Godin and Gingras (2000) argued that multiple aspects influence the level of comprehension that the public can reach about certain scientific concepts, including scientific literacy and the attitude or interest toward science and technology, since the latter can motivate to demand more quality information on these issues.

As can be seen, the empirical evidence on the use of data visualization in the news and even the fact of how people learn and understand the news is not conclusive. Some authors argue that the increased use of visualizations can make the news more confusing for audiences, since it can be complex to understand and process (Lester, 2000; Brescani and Eppler, 2009). In this line, Holsanova et al. (2008) establish that reading data visualizations takes more time than simply observing images and drawings.



3. Objectives and hypothesis

The main objective of this work is to carry out an experimental study to evaluate the impact on the interest and attitude of citizens about the comprehension of data visualization news. The specific objective, therefore, is to know the factors that influence comprehension and attitudes toward data visualization and to what extent they affect. The following hypotheses are proposed.

H1. Data visualization exerts a positive effect on the interest in news, generating a positive indirect effect on the comprehension of the news.

H1A. The effect will be moderated by the previous attitude toward science, data visualization, and data journalism, so that a more positive previous attitude leads to a greater comprehension of the news.

H1B. The effect will be moderated by previous interest in science, data visualization, and data journalism, so that the greater the interest, the greater the comprehension of the news.

Likewise, it is intended to know if the degree of comprehension of the news can influence the fact that people have more positive attitudes toward data visualization after reading the news. In this way, news with data visualization could be a useful tool not only to increase reading comprehension but also to lead to more positive attitudes of citizens toward data visualization.

H2. Data visualization exerts a positive effect on the comprehension of the news, generating a positive indirect effect on the attitude toward data visualization.



4. Material and methods


4.1. Procedure and sample

An experimental investigation was carried out in Spain. A questionnaire was used that was distributed online through the Qualtrics platform (www.qualtrics.com) (see Supplementary Table 1), accessing a total sample of 700 people. 48.9% of the sample identified as male, 50.5% as female, and 0.60% as another gender. The mean age is 45.03 (SD = 13.84; minimum = 18 years, maximum = 79 years).

The questionnaire was composed of three blocks: (1) pre-test measurements, (2) experimental manipulation, and (3) post-test measurements. In the first block of pre-test measures, socio-demographic questions were included and the variables of previous attitude and previous interest were included.

Then, in the second block, the 700 participants were randomly assigned by the platform to one of the experimental conditions (1 = traditional news n = 374/2 = news with data visualization n = 326). In the experimental manipulation, two versions (traditional news and news with data visualization) of the same news were used. To do this, a real news with data visualization was selected that dealt with the evolution of COVID-19 that contained interactive graphs, images, and a large amount of data (see Supplementary Figure 1). For the traditional version, the same news item was adapted, removing all elements related to data visualization (see Supplementary Figure 2).

Post-test measures were presented immediately after reading the news in a third block and the attitude toward viewing data, interest in reading the news, and comprehension of the news were measured. The post-test measures were presented with questions to contrast the efficacy of the experimental manipulation of data visualization, and measures of the mediating variables (interest/comprehension) and the dependent variables (comprehension/attitude) according to the models proposed (Figures 1–4).


[image: Figure 1]
FIGURE 1
 Effect of interest on comprehension in data visualization. Model: independent variable—type of news; mediating variable—interest in the news; dependent variable—comprehension. **p < 0.01; ***p < 0.001.


The questionnaire was designed and controlled during distribution in such a way that it could only be completed in a single session, from start to finish, ensuring that each person took at least 15 min to complete the questionnaire. Qualtrics ensured this requirement. In addition, only those of the participants who spent between 3 and 20 min reading the exposed news were counted as valid cases. Thus, 12 participants were excluded and the total sample was 700 people. To calculate the internal consistency of the instrument, Cronbach's alpha was used, resulting in all cases higher than the recommended value of 0.70 (Cronbach, 1951).



4.2. Measurements

The sociodemographic questions were measured as follows: gender was measured as 0 = male, 1 = female, 2 = other, age was collected and grouped (from 18 to 24, from 25 to 34, from 35 to 49, from 50 to 64 and over 65 years), educational level following the official structure of the Ministry of Education of Spain (1 = primary; 2 = secondary; 3 = professional training; 4 = Graduate or equivalent; 5 = postgraduate or equivalent), employment status (1 = Inactive; 2 = Unpaid domestic work; 3 = Student; 4 = Unemployed; 5 = Active worker).

Regarding the measures used in the pre- and post-test, they are described below, together with the value of Cronbach's alpha obtained:

- Previous attitude (pre-test). Three questions designed for research were included, referring to attitudes toward concepts of data, scientific news and news with data visualization (measured with a scale from 0 = very negative to 10 = very positive) (α = 0.83).

- Previous interest (pre-test). Taking the study by Atwater (1988) as a reference, three questions were included on the level of interest in traditional, scientific news and data visualization (measured on a scale from 1 = not at all interested to 4 = very interested) (α = 0.72).

- Comprehension (pre-test). The level of news reading comprehension is self-assessed, not directly measured by the instrument. It was measured through a 5-item scale (from 1 totally disagree to 5 totally agree) elaborated from a rubric to evaluate reading comprehension in education (Orientaciones Andújar, 2019), to measure how they assess their own understanding and whether they consider themselves capable of identifying the most important points of the news [e.g., “When I read a piece of news, I know what it is about;” “I easily locate the explicit information (what, who, when, how, etc.) of a piece of news”] (α = 0.89).

- Comprehension (post-test). The measurement of post-test comprehension has been carried out in the same way as the pretest comprehension, but adapted to the position after reading a piece of news to measure whether they have been able to identify the most important points of the news [e.g., “I have been able to identify what the news that I just read is about;” “I easily located the explicit information (what, who, when, how, etc.) of the news”] (α = 0.93).

- Interest in the news (post-test). Taking the scale used in the study by Hermans and Prins (2022) as a reference, three items were included to assess the interest shown by people after the news [e.g., “The news I have read is interesting;” “The news included information based on solutions;” using a scale from 0 = not at all to 10 = a lot (α = 0.85)].

- Attitudes toward data visualization (post-test). To measure attitudes toward data visualization, an adaptation of the Schepman and Rodway (2020) scale was made, created to measure attitudes toward artificial intelligence. Their goal was to develop a measurement tool for general attitudes toward artificial intelligence in different contexts. To do this, he identified positive (reflecting social and personal usefulness) and negative (reflecting concerns) subscales, capturing emotions and measuring them with an agreement scale. Participants viewed AI applications involving big data positively, but viewed applications for tasks involving human judgment (e.g., medical treatment, psychological counseling) negatively. Applications with a strong ethical dimension caused more discomfort. This scale was initially validated with a composition of 16 positive items and 16 negative items toward this topic and was later confirmed by reducing the scale to 20 items (Schepman and Rodway, 2022). The scale was adapted using the positive elements for data visualization (e.g., “There are many beneficial applications in the news that use data visualization;” “Data visualization can provide new solutions in journalism”) and It was measured on a scale from 1 = strongly disagree to 7 = strongly agree (α = 0.95).



4.3. Analysis

Once the responses were anonymized, descriptive statistical tests (analysis of frequencies and means) and inferential statistical tests with t-student were applied (see Supplementary Table 3). Next, the regression models were developed, with moderate mediation, where the independent variable is Data Visualization and the dependent variables are interest, comprehension and attitude. Positive charges correspond to the absence of data visualization and negative charges correspond to the presence of data visualization. The moderated mediation analysis was carried out to test the hypothesis, using the IBM SPSS package, version 26, and the Process macro for SPSS (Models 4 with simple mediation and seven with moderated mediation) (Hayes, 2022) (see models and variables in Figures 1–4), with 10,000 bootstrap samples (95% and intervals confidence—CI—corrected for bias). This method is based on multiple linear regression analysis estimated by ordinary least squares (OLS). The moderate mediation model was chosen since it explains how or why a variable influences between X and Y. The analysis design with moderate mediation is necessary to study the effect of each of the independent variable (data visualization) on the dependent one and to measure the possible effects of moderation and at the same time in which conditions this relationship occurs (Igartua and Hayes, 2021; Hayes, 2022).




5. Results

Sociodemographic data is shown in Supplementary Table 2. First, it was observed that the randomization of the experimental groups was effective in terms of gender [[image: image] = 4.65, p = 0.09], age groups [[image: image] = 6.70, p = 0.08] and educational level [[image: image] = 4.33, p = 0.36]. To verify that the mediating processes presented convergent correlations with the proposed hypotheses (that is, between the mediating, moderating and dependent variables), correlations between these variables were analyzed. In addition, it was also confirmed that the mediating and moderating variables showed statistically significant relationships with the dependent variables. These results justify the proposed mediation model (see Table 1).


TABLE 1 Correlations between mediating, moderating, and dependent variables.

[image: Table 1]

In the experimental group that viewed the news without data visualization (traditional version; experimental condition 1), previous interest presented a mean of 3.09 (SD = 0.62), previous attitude 6.96 (SD = 1.72), and previous comprehension 3.93 (SD = 0.69). The posterior interest presents a mean of 7.70 (SD = 2.11), the posterior attitude of 5.06 (SD = 1.09), and the posterior comprehension of 3.71 (SD = 0.83). In the experimental group that viewed the news item with data visualization (visualization version; experimental condition 2), previous interest had a mean of 3.13 (SD = 0.60), previous attitude 7.15 (SD = 1.72), and previous comprehension 3.97 (SD = 0.69). The posterior interest presents a mean of 7.91 (SD = 1.93), the posterior attitude of 5.11 (SD = 1.04), and the posterior comprehension of 3.95 (SD = 0.75) (see Supplementary Table 3).


5.1. Effect of data visualization on interest in news and on news comprehension

To contrast the first hypothesis (H1), an analysis was carried out with PROCESS, specifically with model 4 (Hayes, 2022; Figure 1). In this sense, it was observed that the news with data visualization did not increase interest (B = −0.20, p = 0.18). However, an increase in interest in the news item read caused an increase in its comprehension, regardless of its type (B = 0.22, p = 0.000). In addition, a direct effect was shown between reading a news item that includes data visualization and a greater comprehension of the news item (B = −0.19, p = 0.000). No significant indirect effects were observed [B = −0.04, SE = 0.03, 95% CI (−0.11, 0.02)]. The total effect was (B = −0.24, p = 0.000). It can be stated that the news with data visualization increased comprehension but this relationship was not mediated by interest.


5.1.1. Moderated effect of previous attitude

Regarding the hypothesis H1A, an analysis similar to the previous one was carried out, specifically, with model 7 (Hayes, 2022; Figure 2). Again, news type was found to have no influence on interest (B = 0.29, p = 0.58). However, a relationship was observed between previous attitudes and interest in the news (B = 0.67, p = 0.000). People with more positive previous attitudes generally had greater interest in the news item shown. In this way, interest increased comprehension of the news (B = 0.22, p = 0.000). Although no significant conditional indirect effects were observed, a direct effect of X on Y was again observed, that is, the inclusion of data visualization in the news item increased reader comprehension (B = −0.19, p = 0.000).


[image: Figure 2]
FIGURE 2
 Effect of previous attitudes. Model: independent variable—type of news; mediating variable—interest in the news; moderating variable—previous attitudes; dependent variable—comprehension. **p < 0.01; ***p < 0.001.




5.1.2. Moderated effect of previous interest

Regarding the hypothesis H1B, model 7 (Hayes, 2022) was used again (Figure 3). As a result, it was possible to see that previous interest increased subsequent interest (B = 1.72, p = 0.000). Likewise, subsequent interest increased post-news comprehension (B = 0.22, p = 0.000) when the news was about data visualization (B = −0.19, p = 0.000). In this sense, an indirect conditional effect was observed: the fact of reading a data visualization news item increased subsequent interest among those people who had high previous interest, which increased comprehension of the news item [B = −0.08, SE = 0.04, 95% CI (−0.16, −0.00)]. However, the moderate mediation index was not significant.


[image: Figure 3]
FIGURE 3
 Effect of previous interest. Model: independent variable—type of news; mediating variable—interest in the news; moderating variable—previous attitudes; dependent variable—comprehension. ***p < 0.001.





5.2. Effect of data visualization on the comprehension of the news and on the attitude toward data visualization

Finally, to answer the second hypothesis (H2), the same procedure was followed with model 4 (Hayes, 2022; Figure 4). In this case, a statistically significant indirect effect was observed, such that reading a news story with data visualization increased comprehension, which in turn led to greater positive attitudes toward data visualization [B = −0.19, SE = 0.048, 95% CI (−0.29, −0.10)] (Table 2).


[image: Figure 4]
FIGURE 4
 Effect of news comprehension on attitudes toward data visualization. Model: independent variable—type of news; mediating variable—comprehension; dependent variable—attitudes toward data visualization. ***p < 0.001.



TABLE 2 Conditional indirect effects.

[image: Table 2]




6. Discussion

This paper aims to provide evidence of the effects of the presence of data visualization in news, measuring interest as a mediating variable, and previous attitude as a moderating variable toward news comprehension. At a theoretical level, this study fills the existing knowledge gap on the effect of some variables that intervene in the reading of a news item that incorporates visualizations with data.

There are few works that study how readers understand the news (Kintsch and Van Dijk, 1978; Woodall et al., 1983; Findahl and Höijer, 1985; Jensen, 2011) and this work contributes in two innovative aspects: first, the application of an experimental methodology to analyze the impact of news with data visualization on readers. Second, the findings yield relevant results on the relationship between previous interest and attitude and interest in the news and its comprehension.

It has been observed that the greater the previous interest, the greater the subsequent interest detected and that the increase in interest in the news is directly related to an increase in their comprehension. Based on this, content producers can work to improve the interest of readers.

On the other hand, it has been revealed that there is a positive direct effect of data visualization on the comprehension of news. It has also been found that people who have previous positive attitudes toward topics such as science, technology or the use of data show a greater interest in science news, regardless of whether they include data visualization or not.

With the competence self-perceived, future works can be contrasted with directly observed competence data. Survey researchers often treat self-rated understanding as a rough indicator of knowledge, which could affect what people believe about a topic. However, recent studies consider whether self-assessments may be unreasonably high and correlated with politics. The results on the topic of climate change suggest that the patterns are different and that among the most conservative, self-assessed understanding is not related or even negatively related to knowledge of the physical world (Hamilton, 2018).

These results are in line with some previous studies, such as those by Godin and Gingras (2000), who mention that the level of understanding of the public can be influenced by the attitude or interest in science and technology. McIntyre (2019) observed that news could have more impact for readers who consider the topic relevant to their own interests. And news with data visualization had better comprehension than traditional news, which was advanced in the studies by Moreno and Valdez (2005), Bucher and Schumacher (2006), and Burmester et al. (2010), who explained that the combination of text and visualizations (even interactive) improves the comprehension of the story, compared to plain text.

That is why it is relevant to train and educate society to increase interest in and demand for data-based information, thus contributing to developing critical thinking and comprehension of scientific communication. Similarly, journalists must be trained to correctly apply data visualization to the news, since according to Smith et al. (2014) the media face three major challenges: (1) time, with an accelerated pace of worked; (2) the simplification of traditional work processes; and (3) the knowledge of the readers to interpret the information.

One of the limitations of this study is having used only one news item per condition. There are studies that emphasize the need to use more than one message per experimental condition (Reeves et al., 2016). It should be noted that the models tested did not perform as expected, as data visualized news and traditional news turned out to have similar levels of interest among people. This may be due to the fact that the theme of the selected news, COVID-19, was very topical and may condition the interest of readers, regardless of whether it includes data visualization.

A second limitation is the exploratory nature of this study, since the fact that there are hardly any similar studies makes it difficult to develop mediation and moderation analysis models, since the role played by each of the variables considered is still poorly defined.

In this sense, future research should delve into the cognitive processes that take place when reading news with data visualization in order to develop guidelines on how to approach its elaboration by journalists, so as to improve comprehension by readers. Given the influence of the media and news on people's learning about the world around them, it is critical that data journalists know how to convey this information. It should be noted that the evolution of the information industry in recent years implies the incorporation of technology and the use of data in all its processes, which shows a concern for making efficient and productive use of these tools (Mogoş, 2016).
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