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ABSTRACT

This study investigated the effects of second screen presentation mode on information processing and
program liking. In an experiment, 121 participants watched a television news program. One group was
assigned to a dual screen condition in which participants were required to actively look up additional
information on a second screen (‘look-up condition’), while a second group were assigned to a dual
screen condition in which participants were directly presented with the additional information on the
second screen, with no looking-up required (‘presented information condition’). In a third condition, the
single-screen condition, participants merely watched the news program. Results show that second
screening negatively impacts factual recognition and program liking, regardless of presentation mode.
While cued recall of information was lower in the second screen conditions than in the single screen
condition, participants in the condition with presented information scored significantly higher on cued
recall compared to the look-up condition. Analyses show the effects can be explained by the different

Cognitive load

levels of cognitive load elicited by different presentation modes.

© 2018 Elsevier Ltd. All rights reserved.

Second screening is the new normal, proclaims a Forbes article
(Bercovici, 2014). A second screen refers to a companion device
viewers use when watching television, whether it is a smartphone,
tablet, laptop, or computer (Lee & Andrejevic, 2013). Audiences
increasingly do so: while in 2013 almost half of smartphone and
tablet users said they used their device during television viewing,
in 2015 this had increased to 87% (Accenture, 2015; Nelsen, 2013).
According to a 2016 survey, 93% of US respondents claimed they use
their smartphone during watching, making it one of the most
popular activities for second screen users (Statista, 2016). Thus,
television watching as a passive single-screen activity is rapidly
becoming a thing of the past.

The exponential rise in second screening has been an important
incentive for the entertainment industry for developing applica-
tions for enhancing viewer experience, increasing program or
advertising attention, and strengthening audience connections (Lee
& Andrejevic, 2013; Lochrie & Coulton, 2012). But the rise in second
screening is also relevant for newsmakers. The most popular use of
second screens is searching for additional information: about 40%
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of users access live information about the program they are
watching (Nelsen, 2013). Moreover, a central motivation for second
screen use while watching news programs is pursuing further in-
formation (Gil de Zaniga, Garcia-Perdomo, & McGregor, 2015). For
this reason, some news organizations have embraced second
screening applications, for instance to direct users to supplemental
content online (Horning, 2017). Importantly, recent research in-
dicates that second screening for news is a significant predictor of
online political participation and a key link between television
news and political engagement (Gil de Ztniga et al., 2015). Thus,
second screening for news may be an important new mobilizer in
civic life. Using knowledge from cognitive load theory, entertain-
ment research, and persuasive communication, the present study
addresses the question how to optimize information presentation
on the second screen.

While opportunities for industry and users continue to grow,
one of the main questions of interest for both industry and scholars,
particularly in the domain of news, remains how to present sup-
plementary information on a second screen in order to effectively
transfer information (Choi & Jung, 2016; Lee & Andrejevic, 2013).
We know relatively little about the influence of different types of
information presentation on second screens on users (Choi & Jung,
2016; Hwang, Kim, & Jeong, 2014; Jeong & Hwang, 2016).
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Therefore, the present study examines whether different modes of
presentation of information on a second screen (i.e., users either
actively look up related information or get directly exposed to
presented information) affect cognitive processing (recognition
and cued recall) in comparison to single-screen news watching.

While effective information transfer to the audience is a primary
function of news, program liking may be an additional important
factor determining audience connection to the news program.
News can only fulfill its informative function if audiences not only
learn from it (information processing) but also rate the program
positively enough to want to (re)watch it (liking) (Kleemans, 2013;
Webster & Wang, 1992). Liking is assumed to be highly predictive of
exposure to a news program (Bailey, Fox, & Grabe, 2013; Hendriks
Vettehen, Nuijten, & Peeters, 2008). The present study is the first to
investigate the impact of second screening on news program liking.

Cognitive load theory provides a helpful framework to under-
stand how information may be presented so that it optimizes
learner performance (Sweller, Van Merrienboer, & Paas, 1998).
Following this theory, it is expected that cognitively less
demanding presentation formats improve cognitive outcomes. In-
sights from persuasive research and entertainment research pro-
vide a basis for hypotheses on program liking. Accordingly, this
study investigates which presentation mode fosters or impedes
cognitive load and how cognitive load subsequently affects infor-
mation processing and program liking.

1. Theory and hypotheses
1.1. Cognitive effects of second screening: cognitive load

To answer the question what mode of presentation would
improve information transfer in second screening situations, we
turn to information processing theories. Second screening can be
defined as a form of media multitasking (Choi & Jung, 2016; Van
Cauwenberge, Schaap, & Van Roy, 2014). In multitasking, users
perform two cognitive tasks simultaneously or switch between
tasks rapidly (Lang & Chrzan, 2015). At the core of the various
theories describing (media) multitasking as a cognitive process is
the assumption that although humans possess unlimited long-term
memory, working memory capacity is limited (Lang, 2000; Salvucci
& Taatgen, 2008; Sweller, 2010; Wickens, 2002). If multiple con-
current tasks tap the same working memory resources to encode,
store, and retrieve information, resources must be distributed
across tasks, thereby depleting them. This ultimately results in a
diminished cognitive performance, such as information retrieval
and comprehension, or task performance. The burden placed on
working memory during information processing is called cognitive
load (Sweller, 1994). According to cognitive load theory, cognitive
load depends on the interaction between the demands posed on
working memory resources by the task and the user's cognitive
capability (i.e. willingness and ability to process information) (Paas,
Renkl, & Sweller, 2003). Thus, impaired information retrieval is a
consequence of high cognitive load, and learning from media can
be improved by decreasing load (Mayer, Moreno, Boire, & Vagge,
1999).

Cognitive load theory has the specific aim of developing pre-
sentation modes that enhance learner performance through
decreasing cognitive load (Sweller et al., 1998). The theory distin-
guishes between three sources of cognitive load: germane (i.e., the
willingness of a person to invest cognitive resources in relevant
schematic processing), intrinsic (i.e., the demands made on work-
ing memory imposed by intrinsic stimulus characteristics), and
extraneous cognitive load (i.e., the load placed on the cognitive
system by the way in which the task or stimulus is presented) (Paas
et al,, 2003). Different degrees of each of these types of cognitive

load lead to different degrees of performance success. As in
everyday situations optimizing germane load is not within reach of
news producers, in the current study we are interested in the ef-
fects of presentation modes, all else being equal. Therefore, the
present study will focus on intrinsic and extraneous cognitive load,
and not on germane cognitive load.

Intrinsic cognitive load is the cognitive effort associated with a
specific task. This effort depends on the interaction between the
inherent complexity of the (learning) task and the learner's
expertise (Paas et al., 2003). In line with this idea, meta analyses of
media multitasking research have identified that the amount and
type of resource demands required by a task determine the extent
to which processing systems become overloaded (Jeong & Hwang,
2016; Lang & Chrzan, 2015). The intrinsic load of using two screens
simultaneously is higher compared to using a single screen,
because the user processes information from two separate visual
input sources. One reason for this is that processing information
from two screens requires the sharing of the same visual sensory
resources. In addition, using two separate screens introduces
physical distance between the two tasks, which leads to additional
processing demands (Wang, Irwin, Cooper, & Srivastava, 2015).
While the presentation of separate parts of information within one
single platform can diminish intrinsic load, the absence of an in-
tegrated information design results in increased cognitive load. The
reason for the latter is that the cognitive system has to carry the
load of integrating the separate information presentations
(Chandler & Sweller, 1991; Jeong & Hwang, 2016; Moreno & Mayer,
1999; Wang et al.,, 2015; Van Merriénboer & Ayres, 2005). Prior
research has confirmed this reasoning for second screening with
news programs (Van Cauwenberge et al., 2014). Therefore, we
predict that:

H1. Second screening while watching a news program will lead to
higher cognitive load than single screening (watching only the
news program).

So, in line with cognitive load theory, second screening can be
seen as an intrinsic characteristic of the learning task — i.e. pro-
cessing two screens simultaneously — contributing to cognitive
load. But how can we design second screen applications that limit
cognitive load? Cognitive load theory offers explanations as to how
presentation mode or difficulty may affect cognitive load. Extra-
neous cognitive load refers to the load induced by the presentation
of learning tasks (Paas, Renkl et al., 2003; Paas, Tuovinen et al.,
2003; Sweller et al., 1998). One of the main posits of the cognitive
load literature is that, from a working memory perspective, many
learning designs are inadequate because they present the material
in ways that elicit high extraneous load. Presenting complex tasks
in a relatively simple manner should decrease extraneous load and
improve subsequent performance, memory, and comprehension of
materials (Sweller et al., 1998).

In media multitasking research, it has been established that task
input, including how information is presented in media multi-
tasking situations, is a major factor in determining multitasking
effects (Wang et al., 2015). As information presentation is the one
dimension affecting cognitive load that is under the greatest con-
trol of message designers, the design of information presentation
provides the greatest opportunity to influence successful imple-
mentation of second screening in news production. There are
several options to reduce cognitive load, some of which are less
feasible or practical as they are intrinsic to a two-screen ‘task’ in
which one of the screens involves television —e.g., eliminating one
screen, or using only sound on the second screen device (Mayer &
Moreno, 2003; Wang et al., 2015). Studies on TV news presentation
found that simplifying presentation by eliminating extraneous
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stimuli significantly improved attention and factual recognition
(e.g., Bergen, Grimes, & Potter, 2005). In the current study we
simplify the task by ‘weeding’ out extraneous input, reducing the
need to process extraneous input (Mayer & Moreno, 2003).

In their study on the effects of relevant and irrelevant second
screening, Van Cauwenberge et al. (2014) let participants look up
information on a second screen that was either relevant or irrele-
vant to the information on the first screen. They found that second
screening had a negative effect on cognitive load and processing of
first screen information, whereas, unexpectedly, they found no
difference between relevant or irrelevant second screening. Extra-
neous load may explain the latter finding, as it may emanate from
using a relatively complex way to offer the information. The par-
ticipants were required to find the answer to a number of basic
questions by using an Internet search machine. Research from
cognitive load theory has found that instructional procedures
requiring learners to engage in searches for information of any kind
impose a heavy extraneous cognitive load, as working memory
resources must be used for activities that are irrelevant to learning
(Paas, Renkl et al., 2003; Paas, Tuovinen et al., 2003).

To look up information on the web, the user must type in search
terms and navigate links, which takes up cognitive resources, and
increases cognitive load (DeStefano & LeFevre, 2007; Eveland &
Dunwoody, 2000). Research on web interactivity and hyperlink
effects shows that navigating the Internet may lead to increased
load, for instance due to frequent orienting problems (Eveland &
Dunwoody, 2000, 2001). Finally, web pages often contain dis-
tracting features, such as irrelevant images or advertising (Diao &
Sundar, 2004). All this means that cognitive load increases, and
relevant resources are taken away from processing information
from the first screen.

This study tests the assumption that information on a second
screen may be presented in such a manner that it reduces extra-
neous cognitive load. Building on the findings of Van Cauwenberge
et al. (2014) and Mayer and Moreno (2003), in this study we
manipulate one aspect of presentation: the extent to which users
are required to search additional information themselves. Specif-
ically, this study presents information on a second screen in one of
two ways: either by having participants search for relevant sup-
plementary information themselves in an Internet search machine,
or by presenting them the relevant information directly. In the
latter, cognitively much less demanding presentation format, we
expect the causes for cognitive load described above to be much
diminished.

In sum, whereas cognitive load is intrinsic to the complex task of
processing information from two screens simultaneously, the mode
of information presentation affects extraneous cognitive load.
Consequently, in this study we expect that presenting information
in a way that invokes less extraneous cognitive load, will lead to
more successful information processing than information that
evokes higher levels of extraneous cognitive load:

H2. Cognitive load will be lower when information on the second
screen is presented, as compared to information that must be
looked up.

1.2. Cognitive effects of second screening: information retrieval

As said, cognitive load is the extent to which cognitive resources
of the same type are depleted by one or multiple tasks. The degree
to which this occurs subsequently affects processing outcomes: the
higher the load, the higher the memory and performance decre-
ments. Research strongly points to the detrimental effects of media
multitasking for processing outcomes, especially memory-related
tasks (Courage, Bakhtiar, Fitzpatrick, Kenny, & Brandeau, 2015;

Jeong & Hwang, 2016; Lang & Chrzan, 2015). A smaller number of
studies have shown that second screening—as a specific form of
media multitasking—reduces task performance, information
recollection and comprehension (Jeong & Hwang, 2012; Van
Cauwenberge et al., 2014; Voorveld, 2011; Zhang, Jeong, &
Fishbein, 2010). In the current study, we have participants watch
a news program in either a single screen condition or in one of two
conditions in which they use a second screen to obtain relevant
supplemental information. As second screening will at least
partially require simultaneous tapping of the same processing
systems (visual sensory systems), we predict that second screening
will lead to decreased information processing efficiency. Informa-
tion processing consists of several distinguishable sub-processes,
which can be measured in specific ways (Lang, 2000). In research,
recognition and cued recall measures are often used as indicators
for the first and second steps in processing: encoding, and storage
of information respectively. We predict:

H3a. Second screening while watching a news program will lead
to lower recognition than single screening.

H3b. Second screening while watching a news program will lead
to lower cued recall than single screening.

However, in line with cognitive load theory, if cognitive load can
be reduced, for instance by constructing a less taxing presentation
of information on the second screen, we would expect the pre-
sentation of relevant information on a second screen to have a less
taxing effect on working memory compared to looking up relevant
information themselves, consequently leading to improved
memory:

H4a. Recognition will be higher when information on the second
screen is presented, as compared to information that must be
looked up.

H4b. Cued recall will be higher when information on the second
screen is presented, as compared to information that must be
looked up.

1.3. Effects of second screening on program liking

Beyond cognitive outcomes, it is important to investigate how
second screen presentation affects the audience's inclination for
repeated viewing of the news program, because the informative
function of news partly depends on (the willingness for) frequent
news exposure (cf. Kleemans, Hendriks Vettehen, Eisinga, &
Beentjes, 2014). It seems a fair assumption that news viewers
watch a program at least in part if they like it (Zillmann & Bryant,
1985). Indeed, research into the content and packaging of televi-
sion news has found a number of indications for this assumption
(cf. Bailey et al., 2013; Hendriks Vettehen et al., 2014). Therefore, in
the present study we are interested in whether different modes of
presentation of information on a second screen affect liking of the
first screen content. Although prior research indicates that second
screening has negative effects on cognitive outcomes, it may have
more positive consequences for affective or attitudinal outcomes
(Jeong & Hwang, 2016). For instance, findings from academia and
the industry suggest that in entertainment and advertising second
screen applications do work in terms of increasing audience
engagement, provided they are adjusted to first screen tone, style,
and pacing (Lee & Andrejevic, 2013).

In a survey study, Wang and Tchernev (2012) found that while
cognitive needs (getting informed) are not fulfilled by media
multitasking, affective needs are. Media multitaskers appear to get
a sense of fulfillment when they are multitasking —even though
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their actual performance is harmed. Multitasking seems related to
positive affects such as happiness and enjoyment (Kononova &
Chiang, 2015). Experimental studies have found a similar positive
relation between multitasking and evaluation of the experience or
media content. One study found that using second screens had a
positive impact on user satisfaction, perceived usefulness and
intent to use the service in the future (Choi & Jung, 2016). Two
others found second screening and simultaneous consumption of
advertising through separate media increased overall task and ad
enjoyment and evaluations (in terms of liking, positive evaluation
and pleasantness) (Chinchanachokchai, Duff, & Sar, 2015; Voorveld,
2011). In persuasive research, this has been explained by the fact
that multitasking impedes elaborative processing and counter-
arguing with the content of a persuasive message (Jeong & Hwang,
2012; Yoon, Choi, & Song, 2011). As cognitive resources are taken up
by the secondary task, this leaves only sufficient capacity for su-
perficial processing of an inherently enjoyable message, where high
effort is needed for reactance to the message's persuasive content.

Outside the realm of media, the effect can be explained by the
positive affective feedback one gets from doing moderately chal-
lenging tasks. The concepts of ‘flow’ (Csikszentmihalyi, 1990) or
optimal stimulation (e.g., Mehrabian & Russell, 1974) attest to the
same line of thinking: that very low levels of stimulation are
aversive, and people will work to increase stimulation. Multitasking
can be one way to increase stimulation, and heighten a task's
entertainment level (Chinchanachokchai et al., 2015; Duff, Yoon,
Wang, & Anghelcev, 2014; Jeong & Fishbein, 2007). Therefore, we
hypothesize that second screening leads to more liking of the news
content:

H5. The news program on the first screen will receive higher
liking ratings in the second screen conditions, as compared to the
single screen condition.

But too much stimulation can be unfavorable as well, especially
if the task transcends skill levels. So, in using media technology
people will strive for an optimal stimulation level because it makes
them feel good (Agarwal & Karahanna, 2000; Chinchanachokchai
et al., 2015; Hoffman & Novak, 2009; Huang, 2006). As we have
seen, however, media multitasking can lead to cognitive overload.
In order to appreciate media content, sufficient cognitive capacity is
needed. Entertainment research shows that introducing inter-
activity increases positive evaluations of films, but only when users
have sufficient cognitive capacity (Vorderer, Knobloch, & Schramm,
2001). If users are overwhelmed or distressed by the interactivity,
their ratings drop. Other research indicates that feeling cognitively
overloaded is correlated with negative ratings of news (York, 2013).
One study investigated the effect of presentation modality and user
control on news credibility and enjoyment, and found mixed re-
sults (Horning, 2017). While we expect that multitasking may lead
to higher liking of the first screen content (see H5) when compared
to single screening, we expect that having people look up infor-
mation on the second screen produces too much of a cognitive
challenge compared to being presented information. This will lead
to lower program liking than presenting the information directly on
the second screen:

H6. Liking of the program will be higher when information on the
second screen is presented, as compared to information that must
be looked up.

1.4. Cognitive load as mediator

In all processes above, cognitive load is a central factor. First,
cognitive resources are needed for encoding and storing

information. If multitasking conditions increase working memory
load, either by presenting a second screen versus a single screen (cf.
Van Cauwenberge et al., 2014) or by various ways of presentation
on the second screen (cf. Mayer & Moreno, 2003), subsequent in-
formation retrieval will suffer. Therefore, we expect that when
comparing the two second-screen conditions, the condition elicit-
ing the lowest load (presented condition) will subsequently yield
the highest information retrieval. In other words, cognitive load
mediates the effect of second screening presentation on informa-
tion recognition and cued recall:

H7a. The effect of second screen condition on recognition is
mediated by cognitive load. The higher cognitive load for the look-
up condition will result in decreased recognition, while the lower
cognitive load for the presented information condition will lead to a
higher recognition.

H7b. The effect of second screen condition on cued recall is
mediated by cognitive load. The higher cognitive load for the look-
up condition will result in decreased cued recall, while the lower
cognitive load for the presented information condition will lead to a
higher cued recall.

Likewise, a higher cognitive load may mediate the effects of
second screening on liking. As argued above, when comparing the
two second screen conditions, the condition leading to the highest
cognitive load (look-up condition) would lead to insufficient re-
sources to appreciate the program, and subsequently to lower
liking, whereas the smaller cognitive load elicited by the presented
information condition leads to comparatively higher liking.
Therefore, we expect that cognitive load mediates the effect of
second screening on program liking:

H8. The effect of second screen condition on liking is mediated by
cognitive load. A higher cognitive load for the look-up condition
will lead to lower program liking, whereas the lower cognitive load
in the presented information condition will lead to higher program
liking.

2. Method
2.1. Design

This study investigated the effect of second screen presentation
mode on recognition, cued recall, and program liking in an exper-
iment using a 3 (second screen condition: single screen, look up,
presented information) x 2 (news topic: topic 1, topic 2) mixed
design, in which second screen condition was the between-subjects
factor and news topic was the within-subjects factor. Participants in
all conditions were asked to watch a short edited news program
containing two news items, which were presented in a randomized
order. In the two second screen conditions, participants used a
second monitor to retrieve supplemental information in order to fill
out a questionnaire.

2.2. Participants

Participants (N=121) were recruited through a recruitment
portal from a university in the Netherlands. Of the total sample
with an average age of 21.78 years old (SD=2.53; min-
max = 18—33), 110 participants were female (82,6%). All partici-
pants gave active consent for participation, and the researchers
ensured total anonymity and confidentiality of the data. They
received either study credits or a gift certificate valued at €5 for
their participation.
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2.3. Procedure

Upon arrival, participants were directed to a room in the uni-
versity lab, and seated behind a desk containing one computer
screen in front of them and another screen directly next to it. Before
starting the experiment, participants were informed that the study
involved watching a news program. Subsequently, participants
received the instruction to watch the news program on the main
screen in front of them attentively. In the two second screen con-
ditions, they were instructed to watch the program while simul-
taneously answering six news-related questions (three per news
story) on a paper questionnaire by looking up the answers on a
second screen. The second screen showed either the homepage of
the Internet search machine Google (look-up condition) or a page
providing the information needed to answer the news-related
questions (presented information condition). In the look-up con-
dition, participants were instructed to look up the answers using
the browser on the second screen. In the presented information
condition, they were asked to get the answers from the information
presented to them on the second screen. In the experimental
conditions, the screens automatically switched on as soon as the
news program started. In the control condition, the second screen
remained switched off.

Following the news program, participants filled out an online
questionnaire. First, they received four cued recall questions for
each of the two news stories. These were followed by four recog-
nition questions for each story. Next, two questions measuring
cognitive load, and two on news program liking, were asked. The
questionnaire ended with two background questions. Following
the questionnaire, the participants were thanked and debriefed.
The entire procedure lasted around 30 min.

2.4. Materials

A news program was constructed using existing news reports
from the main Dutch public news broadcaster, NOS 8 uur journaal.
The program was edited so that it looked like a normal newscast,
with only two reports. We included two different news topics to
increase generalizability of the findings. Moreover, with more than
one story, we can rule out that the topic itself rather than the
second screen task influenced the results. In all, the program ran
6:20 min, including introduction, bumpers, and outro. One news
item detailed the intensified border checks of train passengers
crossing the Danish border, because of increased pressure of illegal
aliens coming into the country. This caused great delays for pas-
sengers, and the prime minister expressed his sorrow on having to
resort to these measures (total duration: 3:13 min). The other news
story reported on heavy winter weather in the Netherlands. This
caused problems in certain regions with high voltage power cables.
Authorities issued an increased alert for the general public (total
duration: 2:56 min). The news program was shown on the main
screen directly in front of the participants.

The second screen was used to obtain information in order to
answer a number of news-related questions. As none of these
questions were directly addressed in the program, the answers had
to be looked up by means of a second screen. In the look-up con-
dition, participants used the Google search machine start page to
begin their search. The answers to the questions could easily be
found in the first or second hit in the search machine. In the pre-
sented information condition, text screens containing the supple-
mental information to answer the questions were shown, one
screen for each news story. These screens were synchronized with
the duration of each news story, starting when the corresponding
news item started and ending when the item did. The pages con-
sisted of a white background with, outlined in the upper left corner,

three brief paragraphs of 1-3 sentences containing the information
needed to answer the questions, with short summarizing headers.

2.5. Measures

2.5.1. Cognitive load

Following Schmeck, Opfermann, van Gog, Paas, and Leutner
(2015), the questionnaire assessed two aspects of cognitive load:
mental effort invested (Paas, van Merriénboer, & Adam; 1994; Paas
et al., 2003) and perceived difficulty (Kalyuga, Chandler, & Sweller,
1999). We used two items: “How hard was it for you to understand
the news?” (1 = very easy, 7 =very hard), and how much mental
effort did you need to understand the news?” (1 = very little, 7=a
lot). Mean scores were calculated for each participant in a com-
posite measure for the two news stories together (M =3.67;
SD = 1.58; min-max = 1.00—7.00). At a = .82, reliability of the scale
was good.

2.5.2. Recognition

Recognition was measured using four multiple-choice questions
for each news story, each question with four answer options. For
the ‘bad weather’ report, questions were “How many volts are there
on high-voltage cables?”; “A Code Orange was given for two re-
gions, which regions are they?”; “What happens during so-called
‘line dancing’?”; “Who is the grid operator?”. For the ‘border in-
spection’ story, the items were: “How much delay do the in-
spections cause?”; “How long are they planning to continue the
inspections?”; “How many refugees have already entered Swe-
den?”; What is the name of the prime minister of Denmark ?”.
Scores 1 for right answers and O for false answers were added into a
composite (two stories together) sum score for each participant
(M =3.66; SD = 1.83, min-max = 0—8.0).

2.5.3. Cued recall

Cued recall was measured using four open-ended questions per
news story. The four questions addressed basic Who What, Where,
and Why elements of the story. For the ‘border inspection’ story,
they were: Where are the border controls taking place?”; “Who is
being checked?”; “What is the reason the prime minister is not
pleased by having to close the border?”; and “Why is the man who
brought is child to his ex-wife not allowed to return?”. For the ‘bad
weather’ story they were: “Why are the public transport companies
going to ride only empty trains?”; “What causes the flickering of
light?”; “Who gave the advice to stay off the road?”; How many
operations did the medical center postpone?”

Answers to the open ended questions were coded O for incorrect
answers, 1 for correct answers, and 0.5 for partially correct answers.
A composite sum score (two news stories together) was calculated
for each participant to indicate cued recall (M =4.32, SD = 1.86,
min-max = 0—7.50).

2.5.4. Liking

Following Hendriks Vettehen et al. (2008), we measured pro-
gram liking using two items on a seven-point scale (1 = completely
disagree, 7 = completely agree): “I liked watching this news pro-
gram”, and “This was an attractive news program”. Hendriks
Vettehen et al. (2008) show that these two items constitute one
factor, dubbed ‘liking’. Mean scores were calculated for liking
(M = 4.61, SD = 1.19; min-max = 2.00—7.00). Reliability of the scale
was good at o =.81.

2.6. Analysis procedure

To test hypothesis 1 to 6, one-way ANCOVAs were performed
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with condition (single screen, look-up, presented information) as
between-subjects variable. In all analyses, we controlled for age
and gender. The hypotheses were tested at the alpha =.05 level
(two-tailed). Hypothesis 7 and 8, were tested using the PROCESS
macro (Hayes, 2013). OLS regression and bootstrapping with 5000
bootstrap samples and 95% bias-corrected confidence intervals
were used to estimate the indirect effects of second screen
watching via cognitive load on respectively recognition, cued recall,
and story liking.

3. Results
3.1. Preliminary checks

To test whether the randomization was successful, we checked
the division of the participants (gender and age) over the three
second screen conditions (i.e., the between-subjects variable in this
experiment). There were no significant differences between the
three conditions for gender X(2, N=121) =.352, p = .839, and age
F(2,117)=1,106, p =.334. We conclude that randomization was
successful. We used confirmatory factor analysis (CFA) to get in-
dications for the structural validity of the questionnaire items for
the cognitive load and liking concepts, using the Lavaan package
(Rosseel, 2012) in R version 3.4.1 (R Core Team, 2016). Results show
the model provides an acceptable fit to the data, x°(1)=0.004,
p=.952, CFl = 1.000, TLI = 1.033, RMSEA < .001, 90% CI [.000, .000].
As expected, the indicators all showed significant positive factor
loadings, with standardized coefficients all >.70. This indicates that
the questionnaire items on cognitive load and liking were suitable
for measuring the target concepts.

3.2. Direct effects of second screen viewing

3.2.1. Effects on cognitive load

The first hypothesis predicted that second screening while
watching news would lead to higher cognitive load than single
screening. A significant main effect of condition on cognitive load
was found, F(2,115)=15.261; p<.001; 7?,=.10. In line with
hypothesis 1, post-hoc comparisons using Bonferroni correction
showed that cognitive load was significantly lower in the single
screen condition (M = 2.69; SE =.22) compared to both the look up
condition (M =4.23; SE=.22; p<.001) and the presented infor-
mation condition (M = 4.14; SE =.22; p <.001). The difference be-
tween the two second screen conditions, however, was not
significant (p = 1.000). This implies that we must reject hypothesis
2 which predicted that cognitive load would be lower when in-
formation on the second screen was presented as fixed information
bits, as compared to information that had to be looked up.

3.2.2. Effects on recognition and cued recall

Hypothesis 3a predicted a negative effect of second screening on
recognition. The results showed a main effect of condition,
F2,115)=17.197; p<.001; nzp =.23. Participants in the single
screen condition had a significant higher recognition of informa-
tion provided in the newscast (M =4.90; SE=.26) compared to
participants who also looked up information (M = 2.96; SE = .26;
p <.001) or who saw presented information on a second screen
(M =3.15; SE=.26; p<.001). Again, no difference between the
look-up and presented information condition was found
(p =1.000), which runs counter our prediction as formulated in
hypothesis 4a, that the presented information condition would lead
to higher recognition.

Hypothesis 3b predicted the same effects for cued recall. Results
showed an effect of condition, F(2,115) = 23.635; p <.001; nzp =.29.
Cued recall was higher among those in the single screen condition

(M=5.54; SE=.25) compared to both the look up condition
(M =3.10; SE=.25; p<.001) and the presented information con-
dition (M =4.28; SE=.25; p=.002). In addition, as predicted in
hypothesis 4b, cued recall was significantly higher in the presented
information condition than in the look up condition (p =.004).

In all, these results provide support for hypotheses 3a and b, by
showing that second screening leads to lower recognition and cued
recall. However, only cued recall was higher when information on
the second screen was presented as fixed information bits
compared to information that had to be looked up (H4b).

3.2.3. Effects on liking

The fifth hypothesis predicted that the first screen program
would be more liked in the second screen conditions, as compared
to the single screen condition. However, the results did not support
this prediction, F(2,115)=3.279; p=.041; n?,=.05. Post-hoc
comparisons showed that program liking was significantly higher
(p=.035) among participants in the single screen condition
(M =4.96; SE =.19) compared to the look up condition (M = 4.28;
SE =.19). Liking did not differ (p=.609) between single screen
watching and second screen watching including presented infor-
mation (M =4.62; SE=.19). Also hypothesis 6, predicting that
liking of the program would be higher when information on the
second screen was presented, as compared to information that
must be looked up must be rejected. Program liking did not
significantly differ between the two second screen conditions
(p=.627).

3.2.4. The mediating role of cognitive load

To test whether and how effects of second screening are medi-
ated by cognitive load (hypotheses 7a and b, and 8), we used Hayes’
(2013) PROCESS macro (Model 4 for a multi-categorical X with 3
categories). To include our three-categorical independent variable
in the model, we constructed two dummy variables (look-up sec-
ond screening and presented second screening). With each run, one
dummy variable was included in the analysis as the independent
variable and the other as a covariate. In addition, all analyses
controlled for gender and age. In the following, we use a; to denote
the path between the look up condition and cognitive load,
whereas a; is the path between the presented information condi-
tion and cognitive load. The b path signifies the path between
cognitive load and the dependent variable, while the c paths
represent the direct path between the conditions and the depen-
dent variables.

The results for information processing (H7a, see Fig. 1) showed
that a higher cognitive load did not affect recognition (b = —.202;
p =.062). Moreover, there was no indirect effect of either second
screening condition on recognition through cognitive load
(aib = —-.312), bootstrapped CI [-.754 to .034]; (azb=-.295),
bootstrapped CI [-.741 to .039]. Both second screen conditions had a
negative direct effect on recognition: c¢; bootstrapped CI =[-2.415
to —.842] p <.001; ¢ bootstrapped CI [-2.2(39 to —.674], p <.001
(Fig. 1).

A second analysis, with cued recall as outcome variable (H7b,
see Fig. 2), showed that cognitive load had a significant negative
effect on cued recall (b = —.429, p <.001). A negative effect of look-
up second screening through cognitive load was also significant
(a1b = —.662), bootstrapped CI [-1.212 to —.290], as was the indirect
effect of presented second-screening (a;b = —.625), bootstrapped
CI [-1.192 to —.253]. This means that participants with a higher
cognitive load due to second screening had a significantly lower
recall of the factual information in the news program. In addition,
Fig. 2 reveals a significant negative direct effect of the look-up
condition on cued recall: bootstrapped CI [-2.499 to —1.056],
p<.001, but not for the presented condition: bootstrapped CI
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Fig. 1. Mediation model of second screening condition, cognitive load, and recognition. “p < .05; ***p <.001 Unstandardized coefficients; standard errors in parentheses. All analyses

controlled for gender and age. X—M: F(4,115) =8.262, p <.001; X—Y: F5,114) = 8.155, p <.001.
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Fig. 2. Mediation model of second screening condition, cognitive load, and cued recall “p < .05;

ke

p <.001 Unstandardized coefficients; standard errors in parentheses. All analyses

controlled for gender and age. X—M: F(4,115) =8.262, p <.001; X—Y: F(5,114) = 15.269, p <.001.

[-1.345 t0 .0581], p = .082 (Fig. 2). In all, this means that hypothesis
7a and b were confirmed: cognitive load mediated the effects of
second screen conditions on both recognition and cued recall in
such a way that a higher load results in decreased recognition and
cued recall.

With regard to Hypothesis 8 (see Fig. 3), results showed that
liking was significantly decreased by higher cognitive load
(b=-.344, p<.001). The effect of second screening on program
liking was mediated by cognitive load (a;b = —.531; axb = —.501),
bootstrapped CI for a;b [-.899 to —.302], and for azb [-.874
to —.261]. This indicates that a higher cognitive load leads to lower
news program liking, for both modes of presentation. Furthermore,
neither second screen condition had a significant direct negative
effect on program liking ¢; bootstrapped Cl=[-.669 to .382],
p=.589; ¢ bootstrapped CI [-.361 to .686], p=.539 (Fig. 3).

Therefore, we may conclude that hypothesis 8 was confirmed.

In all, we conclude that for all outcome variables, with the
exception of recognition, effects of second screening were medi-
ated by cognitive load. While there was a significant effect of sec-
ond screening conditions on cognitive load (both second screen
conditions resulting in a higher cognitive load), the subsequent
effect of cognitive load was only marginally significant for recog-
nition. All other effects of cognitive load on cognitive and affective
outcomes were negative: the higher the cognitive load, the lower
the cued recall and program liking, with a higher cognitive load
being caused by second screening during news viewing and not by
differences between the two modes of presentation. However, as
can be seen in the Figures, in a number of instances there were also
direct effects of second screening on outcome variables that cannot
explained by cognitive load.

c’1=-.144
Look- !
ook-tp (.266)
a;=1.543%%*
(:314) Cognitive
Load
a,=1.457*** R2=.223
(.316)
Presented ¢'=-.163
(.264)

Fig. 3. Mediation model of second screening, cognitive load, and program liking. “p < .05;
controlled for gender and age. X—M: F(4,115)=8.262, p <.001; X—Y: F(5,114) =6.405, p <

ok

p < .001 Unstandardized coefficients; standard errors in parentheses. All analyses
.001.
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4. Discussion

Previous research on second screening demonstrated its detri-
mental effects on cognitive outcomes. This study set out to deter-
mine whether presentation mode could improve memory of news
programs. Furthermore, it is the first study to investigate the rela-
tion between second screening and news program liking.

Most importantly, the results of the present study show that
second screening increases cognitive load in individuals regardless
of presentation mode on the second screen. While single tasking
(watching only the news program) produces the least cognitive
load, readily presenting information on a second screen — which,
based on theory and prior research we assumed to be a less taxing
presentation mode — does not meaningfully lessen cognitive load
compared to the more demanding mode of looking up information.
Furthermore, second screening negatively affects cognitive pro-
cessing outcomes. Our results show that second screening while
watching news leads to lower news recognition and cued recall. But
whereas presentation mode on the second screen does not affect
recognition, cued recall is higher when information on the second
screen is presented, as compared to information that has to be
looked up by means of the second screen. Thus, our results suggest
that more stringent forms of news learning, such as cued recall (cf.
Lang, 2000), benefit from choosing a cognitively less demanding
second screen presentation mode.

Contrary to our expectation, liking is negatively affected by
second screening: regardless of presentation mode, second
screening produces a lower news program liking than single task-
ing. Cognitive load partially explains these effects: with the
exception of recognition, all effects are mediated by cognitive load.
These mediated pathways are the same across outcome variables: a
higher cognitive load results in lower cued recall and liking.

The findings corroborate past research on second screening
demonstrating that presenting relevant or irrelevant information
on the second screen makes no difference in terms of information
retrieval (Van Cauwenberge et al., 2014). Moreover, the study ex-
tends this line of research in providing indications that various
second screen presentation modes may differentially affect cogni-
tive load. Furthermore, although in the media multitasking domain
many cognitive effects have been demonstrated, and some research
exists on the relationship between multitasking with persuasive
messages and counterarguing (Jeong & Hwang, 2012), this is the
first study to show a relationship between second screening and
affective reactions to informative messages.

Theoretically, this study contributes to second screen research in
a number of ways. In line with cognitive load theory, the current
study provides confirmation that in the specific context of second
screening, cognitive load mediates the effects of second screening
on cognition. Furthermore, considering persuasive communication
and entertainment research and theories, this study strongly sug-
gests that cognitive load is not only relevant for cognitive outcomes,
but for affective evaluations of the program as well. Moreover, it
suggests that in researching the cognitive effects of media multi-
tasking and second screening, it is important to differentiate be-
tween several cognitive outcomes (cf. Lang & Chrzan, 2015).

One might ask how the differing patterns for recognition and
cued recall can be explained. Recognition measures the processing
of information from stimuli into representations (Lang, 2000). Cued
recall measures whether the information was stored. Thus, our two
different measurements tap into two subsequent steps in the pro-
cessing of information in working memory. From our results we are
able to gather that optimizing second screening presentation mode
is more effective for the more rigorous form of learning information
which is information storage. This suggests that the effect of
cognitive load induced by presentation format is greater as recall

measures tap a relatively taxing sub process of cognitive process-
ing, such as information storage.

Of course in real-life, second screening is not a forced behavior,
but rather an adaptive, planned, and motivated one (Shim, Shin, &
Lim, 2017; Wang et al., 2015). Users can for instance choose when to
use the second screen, pause it when they wish to pay attention to
the first screen, or disregard it altogether. In addition, a lab study
only tests static contexts, in which the user's behavior or cognitive
processing may adapt to specific challenges over a longer time
period. Future research may want to address these more dynamic
situations. For instance, it is entirely possible that longer experience
with second screening leads to an increased expertise in cognitive
processing, thus reducing intrinsic cognitive load and freeing up
working memory capacity (Paas, Renkl et al., 2003; Paas, Tuovinen
et al., 2003). Furthermore, our study only tested one simple pre-
sentation mode. Perhaps more sophisticated modes can be devised,
for instance modes sensitive to the flow of the news program and
the corresponding processing efforts required, and which can
dynamically insert supplemental information on the second screen
at cognitively opportune moments. Moreover, a large part of second
screen use in other contexts is focused on social functions (social
media use during watching). While such functions may equally
distract from the news program content, there may be positive
effects for audience involvement and program liking. Future
research may focus on both dynamic, synchronized forms of second
screen information, and on the effects of social functions of second
screens with news programs.

Some caution is warranted in interpreting the causal direction of
the relation between our mediator, cognitive load, and the
dependent variables. Strictly speaking, the study design allows only
correlational inferences as cognitive load and the dependent vari-
ables were both measured through a post-test questionnaire.
Though the correlation between cognitive load and cognitive pro-
cessing and, especially, program liking is interesting in itself, there
are reasons to believe that the proposed causal direction is valid. As
explained in this paper, decades of theoretical development and
empirical research in cognitive load theory, educational research,
cognitive psychology, and communication science have firmly
established cognitive load as a precursor to diminished cognitive
performance, both in multitasking and other paradigms (e.g., Jeong
& Hwang, 2016; Lang & Chrzan, 2015; Mayer et al., 1999; Paas,
Renkl et al., 2003; Paas, Tuovinen et al.,, 2003; Sweller, 1994).
Furthermore, this study is the first to suggest a relation between
second screen formats, cognitive load, and program liking.
Although prior research suggests the existence of at least correla-
tions (e.g., Horning, 2017; Choi & Jung, 2016; Chinchanachokchai
et al, 2015; Kononova & Chiang, 2015; Vorderer et al., 2001;
Voorveld, 2011; York, 2013), we encourage future research to
determine the causal direction between cognitive load elicited by
second screen formats and affective evaluations of the first screen
program. Related to this issue is the fact that our measurements of
cognitive load and liking were fairly simple, consisting of only two
questionnaire items each. Both concepts may be more complex, and
future research may seek to incorporate and validate measures that
represent these cognitive and affective concepts best.

One limitation of our study concerns the sample composition of
a majority of females. Research suggests that men and women may
in certain conditions experience different levels of cognitive load
when playing games (Hwang, Hong, Cheng, Peng, & Wu, 2013).
Although all our analyses controlled for gender differences,
showing no significant differences on any of the outcome variables,
we encourage future research to focus on more diverse de-
mographic groups.

There are a few take-aways for newsmakers wishing to improve
the effectiveness of their second screen applications. We must
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conclude that, in apparent contrast to entertainment and persua-
sive contexts (cf. Chinchanachokchai et al.,, 2015; Jeong & Hwang,
2012; Lee & Andrejevic, 2013; Voorveld, 2011; Yoon et al., 2011)
second screening generally seems not to be beneficial in light of the
informative function of news. Both in terms of cognitive and af-
fective rewards, watching a news program on a single screen proves
far superior than using a supplemental device. Although the dif-
ferential outcomes for recognition and cued recall suggest that
tinkering with presentation formats may improve learning from
the news somewhat, ultimately single screening is the better option
if you wish to inform the audience. Television producers might be
more interested in audience ratings, increasing attention, and
strengthening audience connections through the enhancement of
viewer experience. However, if program liking is anything to go by,
second screening is unlikely to achieve these goals. It will not help
to get audiences informed, and neither will it get higher program
likings.
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