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Abstract: This study examines the impact of the use of multimedia, interactivity, and hypertext in Internet news
reporting on learning from news. A knowledge experiment (N = 53) reveals that the use of multimedia,
interactivity, and hypertext applications in online news indeed have an effect on recognition and cued recall,
taking into account the level of difficulty of news content as well as users’ Web expertise. Experienced Web
users benefit from online features only if the news content is difficult, whereas the presence of online features
results in a drop in inexperienced users’ knowledge. Inexperienced Internet users benefit most from online
features when the news content is easy, whereas in the latter case the scores of expert users tend to fall. This
article provides insight into the way online features impact on the cognitive load and attitudes concerning news
content and how these variables might mediate learning from online news. Online journalists could put these
findings to their advantage when producing online news stories.
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Introduction
Today, online journalists produce online news in multiple ways. Thanks to digitization, one can make use of
multimedia features (e.g., video, audio, and pictures), interactivity (e.g., users’ reactions and polls) and
hyperlinks to cover news. Since ever more news consumers mainly rely on online news to get informed (Pew
Internet & American Life Project, 2010), the study of how these online features affect learning deserves our
attention.
This focus on how people learn from news is far from new. Numerous studies have demonstrated that news
consumers tend to misunderstand or forget considerable amounts of information presented by news media,
particularly when consuming television news (Graber, 1988; Gunter, 1987; Robinson & Levy, 1986). Many of
these studies used surveys to link news exposure to knowledge outcome. Confronted with contradictory and
unsatisfactory results, scholars started to focus more on the cognitive processes taking place between news
exposure and possible knowledge outcome. Experiments were set up to test the impact of different media on the
learning outcome using cognitive theories in an effort to describe what happens in the information processing
memory.
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In this respect, the Limited Capacity Model of Motivated Mediated Message Processing (LC4MP) by Lang
(2000, 2006) has been regularly used as a theoretical framework. This information-processing model proceeds
on the assumption that news consumers are information processors with limited cognitive capacities. The
processing of news begins at the very moment of exposure to news, including three sub-processes: encoding,
storage, and retrieval. During encoding, sensory receptors store verbal, and visual information based on
controlled and automatic selection, only transferring some of the information into the working memory. Storage
is the process of linking new information to information stored earlier in the human memory, which consists of
an associative network with nodes and associations. Retrieval constitutes the reactivation of previously stored
information in order to comprehend and store new information bits. The degree to which information is actually
processed depends on the cognitive efforts required for the sub-processes effectively resorted to by news users.
Consequently, the better these three sub-processes are implemented, the more they will result in acquisition of
knowledge. However, if the sub-processes are not fed with adequate cognitive resources, they will not be fully
implemented, and acquisition of knowledge will not be ideal. Online news users may choose to allocate fewer
resources to the processing than required, or else, the online news message may require more resources than
online news user have at their disposal to invest in the task. Since users have but a limited amount of cognitive
reserves, complex tasks may cause cognitive overload.
Another central element in Lang’s model is the notion of two underlying motivation systems. Each individual
has an appetitive system and an aversive system. These systems automatically respond to motivationally relevant
stimuli. In short, the appetitive system is activated by pleasant or positive stimuli, while the aversive system is
activated by unpleasant or negative stimuli (Lang, 2006; Lang, Bradley, & Cuthbert, 1997). This activation of
the appetitive system influences the ongoing cognitive processing: stimuli that are novel or motivationally
relevant will be better encoded (Lang, 2006). This focus on motivation is not new. Over time, more and more
scholars started to study individual motivations and attitudes towards media as important mediators during the
process of information processing (e.g., Blumler, 1979; David, 2009; Eveland, 2004). Motives and attitudes
concerning media would not only influence exposure and attention, but also the way the information is
processed. Eveland (2001) elaborates on this relationship between motivations, attention and information
processing activities in his cognitive mediation model. This model states that motivations for media use
stimulate attention to and elaboration of information, resulting in better learning. According to the Elaboration
Likelihood Model (Petty & Cacioppo, 1986a, 1986b), people’s involvement determines how likely one is to
invest in the elaboration of relevant information. Petty and Cacioppo (1979, p. 1915) define involvement as “the
extent to which the attitudinal issue under consideration is of personal importance”. Following this, highly
involved people are more willing to invest cognitive capacities than people with low involvement. Involvement
can help users reduce or eliminate unwanted or superfluous information in an effort to facilitate information
processing (Coyle & Thorson, 2001; Sicilia, Ruiz, & Munuera, 2005; Widing & Talarzyk, 1993).
With regard to online news, Eveland and Dunwoody (2002) argued that the presence of online key features
enriches the search for information online. The level of multimedia, interactivity, and hypertext defines the way
in which news consumers can control and scan through the content, choose the format in which information
should be presented (Deuze, 2004), use hyperlinks (Eveland & Dunwoody, 2001), and discuss news online
(Shah, Cho, Eveland, & Kwak, 2005). Although it is demonstrated that online news users do not always take
great advantage of these features (Chung, 2008), they tend to consider the Internet with its specific features as
serving more opportunities for gratification than other (traditional) media platforms (Dimmick, Chen, & Li,
2004). Consequently, we assume that when people face multimodal, interactive, and hypertextual news content
online, they will perceive their news consumption process as more gratifying than when faced with online news
messages lacking these features. The former will result in more positive attitudes and greater motivation that in
turn can stimulate learning from news.
This article elaborates on how the presence of online features may impact learning by taking into account the
effect on cognitive load and personal attitudes concerning online news content. It presents the results of an
Internet experiment designed to measure knowledge acquisition during consumption of online news stories that
are to varying degrees embellished with bells and whistles. Most importantly, this study analyses the combined
impact of both complexity of the online task and the user’s web expertise. This was hardly done before. Taking
into account both factors is important because earlier research suggests that the complexity of informationprocessing of online features may cause cognitive overload which is likely to impede learning.
In the next section, we use the above mentioned insights to focus on multimedia, interactivity, and hypertext as
key features of online news (e.g., Deuze, 2003), and to elaborate on how these may affect the information
processing of online news.

9

M. Opgenhaffen & L. d'Haenens / International Journal of Internet Science 6 (1), 8–28
The processing of online news features
Multimedia
Investigating the cognitive effects of multimedia is subject of a vast number of studies that elaborate on the
different modalities in traditional media platforms. Scholars have demonstrated the positive cognitive impact of
visuals on learning from television and print news (Brosius, 1991; David & Kang, 1998; Graber, 1990, 2001;
Katz, Adoni & Parness, 1977). According to the dual-coding theory (Paivio, 1986) that distinguishes between
two cognitive stores (one for verbal and one for visual information) in human memory, the combination of visual
and verbal cues stimulates news users to store information in two ways, i.e., verbally and visually. As a
consequence, the multimodal news is double-encoded and double-learned, resulting in better news recall (David,
1998; Gunter, Furnham, & Griffits, 2000; van der Molen & van der Voort, 2000). In addition, it is demonstrated
that the positive effect of multiple modalities is strongest when visuals and verbal cues are redundant and
reinforce each other. In this case, visuals can serve as an extra retrieval cue to the information stored so that
recalling the news becomes easier (Brosius, Donsbach, & Birk, 1996; Drew & Grimes, 1987; Lang, 1995; Reese,
1984; van der Molen & Klijn, 2004; Zhou, 2004). Lang (2000) argued that novel stimuli, like text on a television
screen or pictures on a computer screen, can be considered as changes in the media environment that may elicit
orienting behavior and automatic allocation of resources to encoding of news.
Nevertheless, it would be too simple to suppose that the use of several modalities will always lead to a thorough
processing of information, for we know from the limited capacity model that there are limits to the cognitive
efforts required for information processing. Cognitive overload may occur when more cognitive efforts are
required than are available: human memory cannot cope with the amount of processing required, thus the
information is inadequately processed. This seems especially the case when multiple information cues that are
necessary to understand the story are physically separated. When faced with a split-source format news
consumers are forced to split their attention between multiple sources of information and integrate these (Mayer,
2005). This mental integration, which is reduced when different modalities are physically and temporally
integrated, increases cognitive load and might cause inefficient use of the cognitive resources available in the
user’s memory (Chandler & Sweller, 1992; Mayer & Moreno, 1998).
With online news it is possible to combine and to vary different modalities, even more so than with traditional
media. In addition to text and images, online news articles may also include video footage, sound, slides shows,
and informational graphics. Sundar and Limperos (2010) argue that this presence of multiple modalities may
have a positive impact on perceptions of and attitudes concerning the online platform in that, for example,
websites that provide live video feeds in addition to text are being perceived as more “real” than text-based sites.
The authors argue that modalities like pictures and videos can create the experience of being present in distant
locations and make a real-life experience possible during online consumption. Following the notion that positive
attitudes and motivation have a positive impact on information-processing, we can assume that these modalities
can positively influence learning.
The few studies that elaborate on the cognitive effects of multimedia in online news come to contradictory
results. Berry (1999) found no significant differences between the retention of content presented in texts and
multimedia formats. Sundar (2000) showed that text, and text combined with images, are the best triggers of
memory and recognition, and that a more complex combination of different modalities, such as text,
photographs, and sound, or text, photographs, and video is actually an obstacle to the processing of news. More
recently, studies undertaken by the Poynter Institute (2004) registered the eye movements of 46 persons during
online news consumption: it was found that multimedia have an adverse effect on retaining factual information
(e.g., of names and place-names), whereas memory retention was better, in comparison with text messages, in
the case of information the test persons were not familiar with.
In sum, it can be argued that the correspondence between visual and verbal cues and adequate cognitive load
during production, online news embellished with multimedia features might stimulate attention and information
processing. In this study’s experiment, the ideal online version consists of some multimedia features (two
photographs and one video) that correspond well with the text, although unnecessary to fully understand the
story.
Interactivity
Building further on the literature (e.g., Cover, 2006; Heeter, 1989; Hodkinson, 2007; Kiousis, 2002; Rafaeli,
1988; Steuer, 1992; Sundar & Limperos, 2010; Wise & Reeves, 2007; Yun, 2007), interactivity is a complex
concept that stands for control over content, personalization of content, adaptivity, responsiveness, feedback,
openness, user-generated content, and so forth. In general, interactivity can be studied as the main characteristic
of online environments with the potential to make the news reader part of the news experience (Deuze, 1999).
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Due to interactive features of digital technologies, the media experience transforms from a passive into an active
and engaging behavior; media users can engage with content in a personal way (Sundar, 2008).
Features allowing control over content (i.e., controlling selection, order, and presentation style of online news
stories) tend to enhance concentration and motivation so that cognitive processes such as news attention and the
making of associations between new and previously acquired knowledge happen more efficiently (Eveland &
Dunwoody, 2002; Tremayne & Dunwoody, 2001; Wise, Bolls, & Schaefer, 2008). The general belief is that
control over content not only attributes to more positive attitudes toward Websites, but also helps users reduce or
eliminate unwanted or superfluous information so as to organize the information in a way that facilitates
information processing (Coyle & Thorson, 2001; Sicilia et al., 2005; Widing & Talarzyk, 1993). Interactive
features that stimulate the user to do something with the content evoke a heightened attention and stimulates the
processing of news (Sundar & Constantin, 2004). In addition, findings by Kalyanaraman and Sundar (2006)
illustrate that greater levels of personalized content provoke more positive attitudes towards the content itself and
affect users’ browsing activities (i.e., time spent online, returning to the site and number of searches).
Nevertheless, the large number of articles available and the absence of advising cues, combined with a good deal
of control at the users’ disposal, implies that online news users are likely to select information within their sphere
of interest (Schoenbach, de Waal, & Lauf, 2005). This ‘selective scanning’ (Kosicki & McLeod, 1990) has
positive sides, such as the enhancement of motivation and the encouragement of browsing according to one’s
own abilities, but it is also a hazardous habit. Some studies have shown that user’s control over content
negatively affects learning from online news (Southwell & Lee, 2004; Wise & Reeves, 2007). Control over
content implies activities like navigating throughout the online environment and selecting a news item from a
vast amount of news topics, at the expense of cognitive capacities. Consequently, a possible cognitive overload
or disorientation may arise, thus reducing acquisition of knowledge.
The possibility to communicate online with others about a given news item on discussion forums, through email
and users’ reactions also impacts learning from online news. These interactive features are found to have a
positive influence on the amount of time spent on the site and users' ability to recall news (Warnick, Xenos,
Endres, & Gastil, 2005). Eveland (2004) contends that having a discussion about a news item may motivate
users to invest in information processing. Other scholars (Kwak, Williams, Wang, & Lee, 2005; Lenart, 1994;
Scheufele, 2000, 2002) also show that a (political) discussion may have a positive impact on knowledge,
assuming that the use of interactive features stimulating online talks about the news may also foster information
processing and knowledge acquisition. When using interactive features, news users not only have to think what
to write about or respond to, they also have to decide whether or not they want to participate in the first place.
We suggest that this self-directed inquiry or ‘anticipatory elaboration’ (Eveland & Thomson, 2006) positively
affects attention to the news, resulting in increased learning. Then again, it is argued that the combined
presentation of too many of these interactive features might cause cognitive overload (Warnick et al., 2005).
New media are also characterized by the presence of features that make it possible to rate and review items or
stories. It is argued that online users rate content favored by other users as more worthy than those without users’
evaluation (Sundar & Nass, 2001). Users now can rate and review for example hotels and books. This kind of
information seems very important to other users, even so that users may feel disadvantaged when these
bandwagon cues are not available. “This need of a bandwagon to jump on is a classic example of a need
facilitated by user interactions with affordances offered by new media and was absent before” (Sundar &
Limperos, 2010, p. 16).
In sum, interactive features that stimulate control over content or communication might contribute to increased
information processing and news knowledge, as long as they do not lead to a feeling of disorientation or
cognitive overload. Therefore, the embellished version in this study’s experiment was featured with a limited
amount of interactive features (i.e., five users’ reactions below the article, a rating feature, and a poll in order to
enhance users’ interaction and engagement) without, however, provoking cognitive overload.
Hypertext
Since hyperlinks, more specifically navigational hyperlinks, are often considered as a form of interactivity (e.g.,
Deuze, 2003; Ruel & Wojdynski, 2009; Tremayne, 2008; Yun, 2007), the above insight into the influence of
interactive features that enhance control over content also apply for hypertext. Moreover, Eveland and
Dunwoody (2001) argue that the linkage of various chunks of text to one another by means of hyperlinks is in
fact a copy of the way human memory functions. Both the hyperlink structure and the human memory are
characterized by the linkage of several nodes. In human memory these nodes consist of previously acquired bits
of information which are interconnected. In online news these nodes are different news messages or chunks of
text connected to one another by hyperlinks, which in fact help the human memory by telling it which bits of
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information belong together. The similarity between the human memory and the online hyperlink structure, or
‘structural isomorphism’ as Eveland and Dunwoody (2001) call it, implies that the presence of internal and
external links enhances the storage of information and thus stimulates the processing of online news. The
presence of hyperlinks may also positively influence the gratifications during online news consumption. The
common activity of free navigation has become an important process gratification in the context of new media,
to such a degree that the absence of these hyperlinks can lead to complaints (Sundar & Limperos, 2010).
However, here the presence of hyperlinks may cause a cognitive overload as well. If a news user is faced with
hyperlinks, he or she will have to find out his or her whereabouts in the complex Web of online news. The larger
the number of hyperlinks and the more often one is referred to other messages or other news media, the harder it
becomes to find one’s bearings. When the user no longer knows where he or she is and how the desired
information is to be found, a feeling of ‘being lost in cyberspace’ (Conklin, 1987, p. 38) might emerge. It is
argued that external hyperlinks in particular require additional cognitive efforts on the part of the user to find out
where he or she is, which of course may result in cognitive overload (De Stefano & LeFevre, 2005). When
hyperlinks cause disorientation, major sub-processes in dealing with news tend to some extent to be neglected,
and the absorption of knowledge is adversely affected (Bucy, 2004; Eveland & Dunwoody, 2000; Lee, 2005).
This tells us that hyperlinks may enhance increased information processing and news storage, but at the same
time it can cause (perceived) cognitive overload, due to a feeling of disorientation.
In sum, the general picture emerging from studies on the impact of multimedia, interactivity and hypertext is that
these structural features of online news all have the potential to increase knowledge by stimulating information
processing and making news consumption more gratifying, but at the same time may provoke cognitive overload
which in turn hinders the learning process.
Based on the above insights and theories about the impact of multimedia, interactivity, and hypertext on
information-processing and attitudes, an embellished online version of different news stories was designed to
investigate the impact on learning from news as compared to unembellished online versions of the same news
stories. In other words, this study investigates the impact of the combined presentation of multimedia,
interactive, and hypertextual features on the learning from online news. Since many of the theories and insights
stem from studies that investigated traditional media like print and audiovisual media, a further elaboration of the
impact of the form of online news is needed. As new media require new literacies, one can argue that new
technologies have created a new environment for human thinking and learning and that the question rises
whether the existing findings still stand. Taking into account the media logic of the Internet and online news, it
may be that some findings with regard to the effect of traditional multimedia do not longer hold when studied in
the context of online news. Moreover, this study investigates the possible impact of both the complexity of the
online task and the users’ Web expertise. Only few studies that elaborated on the impact of online features on
learning from the online news included user’s expertise and task complexity. This is rather surprising since many
of the studies conclude that the complexity of the information-processing of online features may provoke
cognitive overload. It is therefore necessary to ask the question if and how news users’ digital experience
facilitates their information-processing when faced with a difficult task or complex features. In our experiment
we want to test how users with different levels of Web expertise cope with the complexity of online media
platforms, and if and how they benefit or suffer from the presence of multimedia, interactivity and hypertext.
Hypotheses
This experiment seeks to examine the impact of the combined use of multimodal, interactive, and hypertextual
features on learning from online news. To this end online news articles have been reworked: one set consisting
of versions with text only (i.e., unembellished version), a second set consisting of versions with the same content
as the previous set but with multimodal, interactive and hypertextual applications in a theoretically ideal way
(i.e., embellished versions). Each test subject was exposed to four different news stories, two in the
unembellished version and two in the embellished version. It is important to note that the content was left
unchanged. In other words, factual information in the unembellished version was the same as in the embellished
version so that possible differences in subjective knowledge could not be caused by differences in content.
We are aware of the fact that the combined manipulation of three variables in the embellished versions weakens
the predictive power of the experiments in that it is rather hard to distinguish between the impact of e.g.,
multimedia features and that of the two other features. However, this distinction between ideal embellished
versions and unembellished versions makes it possible to get theoretical and empirical insights into the different
impact of two theoretical end-points on a continuum, i.e., ranging from no features at all to all possible features.
The present experiment can serve as a starting point for future research on the impact of specific combinations of
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multimodal, interactive, and hypertextual features, the impact of combinations lying somewhere in between
those two end-points.
In other words, the rewriting of the news stories took into account the theories described above. Modalities,
photographs, and video footage were selected to correspond with the text, although they were not necessary to
understand the story. With regard to control over content, test users could navigate throughout the news story.
However, they had no control over the selection and order of the news stories presented in the experiment, so as
to reduce possible cognitive overload. Moreover, interactivity was stimulated by the presence of only five users’
reactions at the end of each story, by a poll, and by a rating feature. With regard to hypertext, only internal links
were used in order to avoid cognitive overload due to external hyperlinks. As a matter of fact, this procedure
aimed at producing the ‘ideal online news message’, which is thought to elicit adequate information processing
while at the same time not putting a heavy burden on the news consumer who is faced with a straightforward
reading task.
H1.

Embellished versions lead to more knowledge than unembellished versions.

In an effort to see whether the ideal embellished version still holds when faced with a complex reading task, the
complexity of the text is also manipulated together with presentation style as independent variables. Indeed, it is
argued that in addition to online features, the vocabulary, and syntax also require mental load (Bradley & Meeds,
2004; Bradley & Shapiro, 2004; Britton, Glynn, Meyer, & Penland, 1982). We assume that a complex text
structure might put cognitive load on the news consumer, especially when presented in combination with online
features like multimodality, interactivity, and hypertext. In this case the news user must invest cognitive
resources to make use of the online features while simultaneously making sense of the textual information,
which might lead to cognitive overload. The two levels of form (unembellished/embellished) and the two levels
of complexity (easy/complex) were crossed so that four different versions (unembellished-easy/unembellishedcomplex/embellished-easy/embellished-complex) were presented to all participants, each version representing a
different story. We predict the following:
H2.

The effect of online features on knowledge will be less positive for complex news stories than for easy
ones.

Next, we argue that the level of Web expertise has an impact on the way news consumers make use of online
features and, as a consequence, on the way these features may enhance or harm information processing and
knowledge acquisition. It has been demonstrated that there is a positive link between Web expertise and the
correct use of online applications (Jenkins, Corritore, & Wiedenbeck, 2003) or between Web expertise and
learning online news (Eveland & Dunwoody, 2001). A high level of Web expertise can reduce some ‘useless’
cognitive efforts or, as formulated by Eveland and Dunwoody (2000, p. 236): “As time passes and more people
gain access to and make use of the Web on a regular basis, levels of expertise will increase to a high and uniform
level, potentially reducing much of the existing cognitive preoccupation with orientation”. We predict the
following hypotheses concerning the relation between online features and Web expertise:
H3.

Both for easy and complex stories, the presence of online features will have a greater positive effect on
the knowledge of experienced Web users than on that of non-experienced Web users.

In an effort to provide support for the assumption made earlier, i.e., the combination of online features with
difficult text structures negatively affects learning from news caused, at least partially, by cognitive overload, we
predict the following:
H4.

There will be an interaction between the form of online news and text complexity such that the adding of
online features will cause more cognitive load with complex articles than with easy articles.

With regard to the impact of web expertise on cognitive load, we predict that:
H5.

Both in unembellished and embellished stories, Web expertise is negatively related to cognitive load.

In order to elaborate on the influence of online features on the gratifications during online news consumption and
learning, we investigate the impact of online news features on the users’ affective evaluations. We predict that:
H6.

News stories will be experienced as more informative, believable, important, enjoyable, and interesting,
after addition of online news features.
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Method
Design
The design of this repeated measurement experiment was a 2 (form) ✕ 2 (level of complexity) ✕ 4 (story)
factorial design, formal features, complexity, and story being within subjects factors. As to formal features, the
online stories were presented either in a unembellished (text only) or in an embellished version (text in
combination with multimodal, interactive, and hypertextual features). The degree of complexity was also
manipulated: news stories were presented either in an easy or complex version. Furthermore, four different
stories were selected for manipulation to avoid any story-specific effects during repeated measurements and to
make the study more generalizable. The articles selected for this experiment dealt with scientific subjects. The
four subjects were the following: the development of a new kind of computer chip, the problems related to the
construction of a new moon rocket, the destruction of a satellite, and a new arm prosthesis restoring active
feeling. As a result, each participant was exposed to four different stories, each presented in one of the four
versions (unembellished-easy/unembellished-complex/embellished-easy/embellished-complex). The order in
which stories were presented to the participants was randomized in an effort to control any impact it might have.
Stimulus materials
The formal aspect of the online versions was taken care of by a professional webmaster. Photographs and video
footage, while kept in the embellished versions, were removed from the unembellished versions. A number of
pictures were replaced with more suitable ones; to some embellished versions few photographs and a YouTube
video were added. Eventually each of the embellished versions included two photographs and one video
fragment. It is important to notice that this manipulation of formal features did not change any factual
information at all and that no further information for understanding the story was provided. Pictures and videos
were selected so that they were not necessary to understand the news story. Moreover, questions measuring the
objective knowledge were only referring to facts and figures that were presented in the text. For the sake of
comparison, both an unembellished and embellished version of one of the four stories are provided in the
Appendix (Figure A1 and A2). To manipulate the level of interactivity, a poll was integrated in the embellished
versions asking a question in connection with the subject of the article. It was also possible to rate the news
story. Moreover, at the end of the text five concocted reactions from readers were inserted. Furthermore, the
article was introduced by a brief table of contents containing internal hyperlinks (or anchors) referring to specific
passages in the article. The difference between the two versions consisted of the use of modalities (photographs
and video footage), interactivity (rating, poll, and readers’ replies), and hypertext (internal, navigational
hyperlinks) in the embellished version, absent in the unembellished versions.
Similarly, the text complexity of each article was carefully controlled. The texts were rewritten by a professional
journalist, producing an easy and a difficult version of each article under study. For the easy versions difficult
sentences were rewritten. A narrative structure was also used instead of the typical inverted pyramid structure.
Earlier research (Machill, Köhler, & Waldhauser, 2007) has shown that the narrative structure, which
chronologically describes the different stages throughout the news story, is more straightforward to follow than
the inverted pyramid structure, which places the most important aspects of the article first and then descends in
levels of importance to the least important story elements. In the complex versions, by contrast, the inverted
pyramid structure was retained and sentences were linked together, making them longer. A number of words
were also replaced with more difficult synonyms. A pre-test showed that these interventions and changes in
complexity did actually have the desired impact on reading behavior, so much so that there was a significant
difference between easy and complex versions with regard to the level of complexity that readers experienced,
F(1, 29) = 36.84, p = .004 and comprehensibility, F(1, 29) = 6.13, p = .032). Again, factual information was held
constant during manipulation of complexity so that possible differences in knowledge could not be caused by
differences in content.
Measurement
News knowledge was measured by cued recall and recognition, the two most sensitive measures that link the
knowledge outcome with the sub-processes of the information processing during news consumption.
Recognition can be used to measure the encoding of news, while cued recall is the measure that defines how well
the information is stored in memory (Lang, 2000, 2006). Studies have benefited from the use of these measures
to elaborate on the information processing (e.g., Eveland & Dunwoody, 2001; Grabe, Lang, & Zhao, 2003;
Lang, Bolls, Potter, & Kawahara, 2003). To measure cued recall, participants were asked a number of open
questions, such as “what are the advantages of the new computer chip”, and were given a sentence in which one
or more words were omitted and which they were asked to recollect. A correct answer was given one mark and a
cued-recall score was calculated with a maximum of five correct answers. Recognition was measured to find out
how well the news was encoded by facing the test persons with a number of multiple-choice questions and by
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showing them sentences asking them whether or not those sentences occurred in the text. The five questions
related to names, dates, and other factual data from the text. A correct answer was awarded one mark, and in this
way a recognition score was calculated, with a maximum of five correct answers.
The users’ level of Web expertise was determined on the basis of the number of years they had been online as
well as their familiarity with 11 Internet terms, which were each measured by a 5-item Likert question. The 11
Internet-related items were: Boolean commands, WMP, listserv, browser, bookmark, refresh, download,
myspace, slideshow, PDF, and flash (Cronbach’s α = .78). The mean score of Web expertise was M = 37.9 (Min
= 17, Max = 58, SD = 8.0). It is argued that the use of self-reports of familiarity with Internet-related items is a
valid technique to measure Web-oriented digital literacy as familiarity with Internet-related items is identified as
an important predictor of actual online skills (Hargittai 2005, 2009). The scores on the Web expertise scale were
dichotomized (highest 50% versus lowest 50%) so that the participants were divided into two groups:
experienced (N = 26, M = 43.7, SD = 5.20) and non-experienced (N = 27, M = 31.4, SD = 4.95). Although a
dichotomization of scores can arguably cause a loss of statistical power (e.g., Taylor, West, & Aiken, 2006), this
technique of using a high-low median split has been applied in many studies (e.g., David, 2009; Morgan & Jorm,
2009). In this study we opted for dichotomatization because of the small sample size of the test persons. The
simple classification of the sample into ‘high’ versus ‘low’ Web expertise made the data more efficient and more
straigthforward. As a result, Web expertise was included as a binary covariate.
Following Eveland and Dunwoody (2001), cognitive load was measured by four semantic differential items of
which two were positively worded and two negatively worded, with each a ten-point rating scale: during reading
the article 1) I found it hard to follow the structure of the article; 2) I found that all information fitted well in the
story (reversed); 3) I found that the article clearly dealt with the main parts (reversed); and 4) I sometimes felt
lost (Cronbach’s α was between .69 and .79 among the four versions). In order to measure users’ evaluations of
the test stories, the study reported here used five 10-point scale questions, ranging from (1) disagree to (10)
agree. The evaluative measures were: during reading, I found this article 1) informative, 2) believable, 3)
important, 4) interesting and 5) enjoyable.
Participants and procedure
The participants in the experiment were 53 communication graduate students from the Catholic University of
Leuven, Belgium. The ages varied from 19 to 23, the average being 20; 16 respondents were male and 37
female. It could be feared that the overrepresentation of female participants would bias the impact of Web
expertise on knowledge. However, gender and Web expertise were not significantly correlated (p = .760) with
56.3% of the male and 51.4% of the female participants considered as Web experts. Each test person was
assigned to a computer. Four different news stories were presented, each representing one of the four different
versions. After having read each story, the participants’ knowledge, cognitive load and evaluations were assessed
in a questionnaire. After completion of these tests, students were debriefed and received a present.
Results
Cued recall
As to formal features there was hardly any difference between the cued recall scores of the unembellished
versions (M = 2.80) and the embellished versions (M = 2.84), F(1, 51) < 1, p = .838. News stories with online
applications did not produce higher cued recall of news, independent of the degree of complexity and general
Web expertise. Consequently, H1 is not supported. There was no significant interaction between formal features
and the level of complexity on recall, F(1, 51) < 1, p = .856. Therefore, H2 cannot be supported.
With regard to the Web expertise (H3), we found a main effect on cued recall, F(1, 51) = 7.78, p = .007, ε² =
.132 (M = 2.50 for non-experts, M = 3.13 for experts). No interaction effect was found with the form of news:
F(1, 51) = 2.71, p = .106, ε²= .050. Consequently, H3 cannot be supported as far as cued recall is concerned.
While not hypothesized, we found an interaction effect between Formal Features ✕ Level of Complexity ✕ Web
Expertise: F(1, 51) = 4.31, p = .043, ε² = .078. Figure 1 shows recall scores for expert Web users as well as for
those without expertise. For easy stories the addition of online applications had a different effect, depending on
the participants’ Web expertise. Test persons with little expertise benefited from the embellished versions, their
recall scores for these versions (M = 3.24) being higher than for the unembellished versions (M = 2.36).
Conversely, for easy news stories the recall scores of test persons with Web expertise were lower when exposed
to stories with online applications (M = 3.01) than exposed to unembellished versions (M = 3.48). The impact of
Web expertise is also noticeable in complex stories. Participants with little Web expertise saw their cued recall
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scores drop slightly for embellished versions, while those with a good deal of Web expertise saw their average
scores rise somewhat.

Figure 1. Effect of Formal Features ✕ Level of Complexity ✕ Web Expertise on cued recall of online news.
Recognition
Analysis shows that there was no main effect of form on the recognition of news. The average recognition score
of those who were shown an embellished version (M = 3.77) was higher than of those who read the
unembellished version (M = 3.67), but this difference was not significant, F(1, 51) < 1, p = .476. Therefore, H1
with regard to recognition is not supported.
With regard to H2, no interaction was found between the form and complexity of online news in that difficult
stories in embellished versions were not recognized significantly less than their corresponding unembellished
versions, and easy stories were not recognized better in embellished versions than in unembellished versions,
F(1, 51) < 1, p = .680. As a consequence, H2 is not supported.
With regard to Web expertise, we found no significant main effect on recognition scores, F(1, 51) = 3.63, p =
.062, ε² = .07 (M = 3.55 for non-experts and M = 3.88 for experts), neither an interaction effect between expertise
and form, F(1, 51) = 1.19, p = .281, ε² = .023. Consequently, H3 cannot be supported as far as recognition is
concerned.

Figure 2. Effect Formal Features ✕ Level of Complexity ✕ Web Expertise on recognition of online news.
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Further analysis indicated that Web expertise plays a role during information-processing of online news in that it
interacts with both the form and complexity of online news. We found an interaction effect of Formal Features ✕
Level of Complexity ✕ Web Expertise, F(1, 51) = 5.24, p = .026, ε² = .093. The relation between formal features
and level of complexity shows a significant difference between participants with a good deal of Web expertise
and those with little expertise (see Figure 2). In the case of easy news stories, the addition of online applications
to text versions did not have the same effect on the recognition scores of Web users with and without expertise.
For participants with little expertise the recognition score climbed from M = 3.48 to M = 4.00, whereas for Web
users with a good deal of expertise, it fell from M = 4.04 to M = 3.61.
What we found for easy stories also applies to complex ones. The addition of online features had a different
effect depending on whether the test persons were experts or not. For participants with Web expertise we found a
higher recognition score in embellished versions (M = 4.11) than in unembellished versions (M = 3.78). For
participants with little or no expertise we did not notice any rise in the score, suggesting that these participants
did not benefit from a complex text presented with online features.
Cognitive load
We found a main effect of form on cognitive load scores, F(1, 50) = 21.87, p < .001, ε² = .304. The cognitive
load scores of unembellished versions (M = 19.58) were higher than those of embellished versions (M = 16.18).
This is rather surprising since we produced theoretically-ideal versions of embellished articles preventing
cognitive load from rising too high, but we did not expect that these embellished versions would produce lower
scores of cognitive load than the text-based, unembellished version. In all, it seems that the addition of online
news features lowered the cognitive load.
We found no interaction effect between form and complexity, F(1, 50) = 1.23, p = .273: complex stories in
embellished versions did not cause a significantly higher cognitive load than their corresponding unembellished
versions. As a consequence, H4 is not supported.
With regard to Web expertise, there was no main effect on cognitive load, F(1, 50) = 1.15, p = .288, ε² = .023.
Consequently, H5 cannot be supported.
What we found was a three-way interaction effect between Formal Features ✕ Level of Complexity ✕ Web
Expertise, F(1, 51) = 5.16, p = .027, ε² = .094. The relation between formal features and level of complexity
shows a significant difference between participants with a good deal of Web expertise and those with little
expertise (see Figure 3). In the case of easy stories the addition of online applications to text versions did not
have the same effect on the cognitive load scores of Web users with and without expertise. For participants with
little expertise the cognitive load scores decreased heavily from M = 20.40 to M = 14.12, whereas for Web users
with a good deal of expertise it only fell from M = 18.70 to M = 16.44. In the case of complex stories, we found
the opposite. For Web experts, the addition of online features lowered the scores from M = 19.04 to M = 14.96,
while the decrease of cognitive load for those with little Web expertise was considerably less sharp (M = 20.20
vs. M = 19.20). It seems that the addition of online features has the greatest positive effect on non-experts
exposed to easy news stories and on experts faced with complex news stories.

Figure 3. Effect Formal Features ✕ Level of Complexity ✕ Web Expertise on cognitive load.
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In order to investigate the possible impact of cognitive load on the knowledge outcome, correlations were
measured between the cognitive load scores and the knowledge scores in the four conditions. Results show that
correlations are all negative, indicating that cognitive load indeed hampers the information-processing and the
recognition and recall of news. It should, however, be noted that the scores were relatively low (between −.15
and −.41) with some of them being non-significant. This may be due to a lack of statistical power (due to the
small sample size) or to the intervention of other variables that impact information-processing and that are left
unmeasured in this study (e.g., attention and elaboration, see Eveland, 2001).
Evaluation of news stories
H6 predicted that in the news user’s experience the addition of multimedia, interactive, and hypertextual features
would make the test stories more informative, believable, important, enjoyable, and interesting. In general,
embellished versions were rated as more informative, believable, important, enjoyable, and interesting than the
unembellished versions (see Table 1). Only the importancy rating proved to be significantly different, with
embellished versions (M = 7.15) rated as more important than unembellished versions (M = 6.50) of the same
stories.
Table 1
Effect of Addition of Online News Features on Participants’ Evaluation of News Story
Variable
Informative
Believable
Important
Interesting
Enjoyable

F(1, 51)
1.11
2.36
9.07
2.45
2.91

p
.297
.130
.004
.123
.094

ε²
.02
.04
.15
.04
.05

Unembellished
7.86
7.84
6.50
6.11
5.51

Embellished
8.02
8.13
7.15
6.61
5.95

Note. Values for embellished and non-embellished versions are on a 10-point scale.

Table 2
Interaction Effect Between Form ✕ Complexity ✕ Web Expertise on Participants’ Evaluation of News Story
Variable
Informative
Believable
Important
Interesting
Enjoyable

F(1, 51)
<1
<1
<1
5.06
4.31

p
.414
.715
.616
.029
.043

ε²
.01
.00
.01
.09
.08

Figure 4. Effect Formal Features ✕ Level of Complexity ✕ Web Expertise on finding the news story interesting.
We found an interaction effect between Formal Features ✕ Level of Complexity ✕ Web Expertise on
participants’ evaluation of the story being interesting and enjoyable (see Table 2). Figure 4 shows the ratings on
finding the news story interesting for expert Web users as well as for those without expertise. For easy stories the
addition of online applications had a different effect, depending on the participants’ Web expertise. Test persons
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with little expertise benefited from the online versions, rating these versions (M = 7.04) higher than the text
versions (M = 5.88). Conversely, for test persons with Web expertise the ratings were lower if stories were
presented with online applications (M = 6.93) than in text versions only (M = 7.32). The impact of Web expertise
is also noticeable in difficult stories. Both experts and non-experts evaluated the embellished complex stories as
more interesting than the unembellished stories, but the rise of the experts’ scores was more distinct (M = 7.00
vs. M = 6.00) than that of the non-experts (M = 5.40 vs. M = 5.12).
The same is true with regard to the rating of the article as enjoyable (see Figure 5). For easy stories, non-experts
evaluated the embellished versions as more enjoyable (M = 6.36) than the unembellished versions (M = 5.60).
Conversely, experts found easy stories in text (M = 7.04) more enjoyable than in an embellished version (M =
6.25). For these users, the addition of online features only makes sense in the case of complex articles in that the
evaluative enjoyment scores climbed from M = 4.86 (unembellished) to M = 6.18 (embellished).

Figure 5. Effect Formal Features ✕ Level of Complexity ✕ Web Expertise on finding the news story enjoyable.
Discussion
The knowledge experiment described in this paper confirmed the belief that the addition of multimedia,
interactive, and hypertextual applications to news articles indeed has an impact on the objective knowledge of
news stories. However, the effect is not the same for each story version and for each kind of news user.
Consequently, the main conclusion to be drawn from this experiment is that features of online news need to be
studied in conjunction with the level of complexity of the story as well as the Web expertise already acquired by
the news users.
The first point studied in the knowledge experiment was the question whether online features have an impact on
the objective knowledge acquired from the news story. It is clear from the results that multimedia, interactive,
and hypertextual features had no main effect on recognition and cued recall, and that there was no interaction
effect with the level of complexity or Web expertise. This was rather surprising since we assumed that especially
the combination of online features with a complex text might have made the information-processing much
harder. Nevertheless, we found an interesting three-way interaction effect between form, text complexity and
user’s Web expertise, i.e., the impact of online features combined with the level of complexity was different
depending on whether or not news users could rely on a good deal of Web expertise. In easy articles the addition
of online applications had a positive effect on the knowledge acquired by news users with little Web expertise,
whereas the effect was negative for expert users. Conversely, in complex articles we noticed that the addition of
online applications raised the recognition and recall of news reports among readers with Web expertise. By
contrast, these additions did not affect the knowledge acquired by inexperienced readers as it even dropped
slightly.
In order to elaborate more on this interaction between the form of online news, the text complexity and the Web
expertise, we investigated also the test person’s cognitive load. Data proved that the addition of online features
did make the cognitive load decrease, which make us believe that the manipulation of the test stories resulted in
a more or less ideal online version with online features enriching the user’s surfing experience but at the same
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time not putting a cognitive burden on the user. Another possible explanation can be found in the measurement
of cognitive load since it only measured the test person’s self-reported cognitive load after each task. Future
studies could benefit from including physiological measures such as heart rate and pupil dilation, neuro-imaging
techniques or secondary-task measures in order to measure the complex construct of cognitive load in a more
objective and direct way.
Again, we found a three-way interaction effect between the manipulated factors, with the cognitive load scores
being similar to the knowledge scores. It seems that the addition of online features has the greatest positive effect
(i.e., decrease of cognitive load) on non-experts exposed to easy news stories and on experts faced with complex
news stories. In other words, non-experts suffered more from complex stories presented in embellished versions
than from easy stories in the same version, while experts suffered more from easy stories in embellished versions
than complex stories in that same version. This pattern is similar to that of the knowledge scores, indicating that
there is a relationship between cognitive load and knowledge outcome.
This finding supports at least partially the assumption of the limited capacity model of Lang (2000, 2006) that
cognitive load plays an important role during information processing and that the form of the medium can impact
this mental load. The interaction effect makes us believe, however, that future studies towards the impact of
online features on cognitive load and information processing should include measures of user’s Web expertise
and text complexity to address the impact of the medium on learning. It seems that some people might suffer
from the addition of online features, but only when they are Web novices and when the text is rather complex. In
this case, the online news was too hard to learn. In easy stories the online applications may have stimulated the
inexperienced news user to think about the subject, and may have made sure that the information was stored in
several ways without putting too heavy a burden on the cognitive system. With expert users the combination of
complex articles with online applications did not seem to cause cognitive overload and their objective knowledge
actually increased. By contrast, the combination of easy articles with online applications had a negative impact
on their knowledge and on the cognitive load scores. We suspect that this negative effect emerged because
expert readers did not find it a big enough challenge when presented with online versions of easy stories, and did
not have to fully use their cognitive capacities; or perhaps, as argued by Treymane and Dunwoody (2001), the
reason is that expert readers did not feel sufficiently involved in simple websites. The pattern of the affective
scores provides support for this assumption, as the addition of online features made the complex article much
more interesting and enjoyable for the expert users, while the evaluation of the easy article decreased. In this
latter case, the news may have been too undemanding or too easy to learn from and expert readers might have
had a negative cognitive response to this uncomplicated information. They benefited more from online
applications in complex stories, which put their cognitive capacities more to use.
The same patterns of the knowledge scores, cognitive load scores, and evaluative scores can make us believe that
there is a relationship between these three constructs, in that positive evaluations make the news user more
engaged and active, resulting in a better information processing and better news recall and recognition. With
regard to novice Web users, the addition of online features to complex stories may provoke a cognitive burden,
while the addition of online features to easy stories makes news items less interesting for Web experts, resulting
in worse information processing and lower knowledge scores. Future research should elaborate more on testing
the causality of these assumptions.
The abovementioned results provide insight in the way news consumers learn from online news. Media scholars
may benefit from taking this study’s findings and suggestions into account in order to further elaborate on the
complexity of online news media and the way they impact the user’s learning. In general, media scholars should
elaborate on existing insights and theories regarding multimedia, interactivity, and hypertext in combination with
the user’s medium expertise. The way news consumers learn from news seems to be at least partially influenced
by the way they are experienced with a news medium (e.g., print, radio, television, online) and its accompanying
formal features. Future research is needed in order to fine-tune the multiple existing theories in the context of
different media environments, starting by including the user’s medium expertise and task complexity. In
addition, a more refined measurement of Web expertise should contribute to a better understanding of how
formal features impact information-processing. Online journalists should take the possible positive and negative
effects into consideration before deciding whether or not to add online news features. They should find the
tipping point of online news presentation thanks to which human memory is not cognitively overloaded and
boredom can be avoided.
Future research could benefit from taking several limitations of this study into account. A pre-test in which the
manipulation of the theoretically ideal online version is tested could contribute to a more valid design. In the
present study, the manipulations of the embellished versions were done based on findings and theories from
previous studies. If we want to make valid conclusions based on ideal embellished versions vs. unembellished
versions, a pre-test is needed to find out whether the embellished versions were indeed perceived as more ideal
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than the text versions. Follow-up research could include more test versions and more test persons in order to
better control for possible effects of test persons’ characteristics on online news consumption behavior.
Moreover, a follow-up study could benefit from including a think aloud protocol to investigate what people are
really thinking when faced with online news. Think aloud protocols are often used in online media research (e.g.,
Hoppmann, 2009; Treymane & Dunwoody, 2001) to make test persons verbalize their cognitive processes, and
can be used during or after a given task (see e.g., van den Haak, de Jong, & Schellens, 2003, for an overview of
the differences between both methods). This method could be used to investigate the users’ attitudes towards the
presented information in order to test for example the earlier made assumption that experienced online news
readers are bored when faced with embellished versions of easy stories. In addition, an eye-tracking experiment
could provide more insight in what individual news consumers actually do and see on screen when confronted
with different versions of online news content. It is clear that these in-depth techniques would address the
possible internal heterogeneity caused by the relatively small sample and the different test news items, and could
contribute to a better interpretation of the results gathered in this experiment.
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Appendix

Figure A1. Text and easy version of story 1.
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(continued)
Figure A2. Online and easy version of story 1.
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Figure A2. Online and easy version of story 1 (continued).
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