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ABSTRACT 

Due to the proliferation of mobile devices in recent years, 

there has been an increase in companion applications 

developed to complement TV programs. Many studies have 

indicated the importance of ensuring that the secondary 

content is accurately synchronized to the main TV to prevent 

viewers from having a negative experience; yet a formal 

investigation into this issue is still lacking. This study 

explores the effects of viewing unsynchronized companion 

screens by manipulating three levels of time delay between 

the TV and relevant secondary content while measuring 

immersion, affect and secondary content recall. A controlled 

experiment involving 18 participants was conducted while 

using a multi-level measurement approach, including 

physiological measures and qualitative data from interviews. 

Overall engagement with the secondary content was high 

based on the recall score (>80%), although no significant 

effect was found. Triangulation of results indicate that there 

were no significant differences between the baseline and the 

3s time delay condition. Moreover, having a time delay as 

high as 10s had no significant effect on the participant’s 

affective state and immersion, which corresponded with the 

physiological measures. Nevertheless, qualitative data 

revealed that participants were frustrated with a 10s time 

delay but were adopting strategies to mitigate the effect. This 

negative sentiment was also reflected in the upset subscale 

ratings. We discuss the importance of preventing longer time 

delays and how it affects the companion screen experience. 
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1. INTRODUCTION 
The proliferation of mobile devices like tablets and 

smartphones have change the way people watch television 

(TV). Industry reports indicate a growing trend of up to 87% 

[1, 2] of people using a secondary device such as 

smartphones, tablets and laptops while watching TV. This 

has led to industry creating companion screen experiences; 

which is usually referred to an application designed 

(typically on a mobile device) to provide addition content to 

accompany the TV program [3]. In recent years, there have 

been a rise in companion application being develop to 

provide secondary content to enhance the TV experience in 

different genre of programs such as variety show [4], drama 

[5, 6], sports [7] and documentaries [8, 9]. 

The introduction of a companion screen has also introduced 

issues relating to synchronization of information between 

devices [4, 8, 10]. This is usually referred to the ability to 

match the presentation of secondary content to the timeline 

of a TV program as designed by the producer [8, 10]. 

Qualitative data from field and laboratory studies 

investigating the companion screen experience have reported 

poor viewing experiences when secondary content was 

irrelevant [11, 12], and when the secondary content was 

delivered late with respect to the planned primary content [5–

7, 13]. Producers are also echoing the importance of 

synchronizing the content of both screens in a timely 

manner; but are aware of its difficulty with existing 

synchronization technologies such as audio watermarking, 

direct communication and IP based broadcaster-push 

triggering still in their early stage [8, 10].  

Besides integration and scalability issues, another key factor 

is the synchronization accuracy of each of these 

technologies, which could reach time delays of several 

seconds or possibly even 30 seconds during worst case 

scenarios [8]. This could result in the secondary content not 

arriving as planned by the producer to supplement a 

particular TV scene; possibly disrupting the viewing 
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experience or making the supplementary content irrelevant 

[10]. Industry is now investing resources to reduce time 

delay in these technologies as accuracy with which 

synchronization can be achieved dictates the kind of user 

experiences that can be created [8, 14]. At present, however, 

there has been no formal study investigating how varying 

time delay between the companion screen and TV will affect 

the companion screen experience. Thus, we believe it is 

important to uncover and mitigate any negative effects to 

ensure a good viewing experience.  

In this study, we test the hypothesis that longer time delays 

in the synchronization of content between the two screens 

will have a negative impact on the companion screen 

experience. In a controlled environment, we injected 3 levels 

of time delay between the TV and relevant secondary content 

to understand how affect, immersion and secondary content 

recall were affected. Additional physiological responses 

were collected to complement and extend traditional self-

reporting methods such as affect scores and qualitative data 

from interviews. Possible contribution of this study include 

uncovering the negative impacts caused by time delays in the 

synchronization of content. This understanding can aid in 

deriving design solutions to mitigate and improve the user 

experience for companion screens; and potentially shape 

technology development by informing the kind of 

synchronization accuracy to achieve.  

In the following sections we will first introduce work relating 

to the companion screen experience and highlight some time 

delay issues apparent in current media synchronization 

technology. Next, we discuss some of the negative effects of 

time delay before touching on ways of measuring TV 

engagement. This is followed by the method to investigate 

the research questions before moving on to the results and 

discussion. We discuss the implication of the results in terms 

of understanding how time delay will affect the user 

experience and also provide some recommendations on how 

to accommodate it. Lastly, further considerations and 

limitations to the studies were discussed before concluding 

with a summary of the overall study.  

2. RELATED LITERATURE 

The companion screen experience 

With the rise of people consuming multiple types of media 

concurrently, the traditional thought that viewer will dedicate 

their full attention to watching TV has changed. This new 

trend has strong implications to TV broadcasters which can 

result in more disengaged viewers [15] and reduced attention 

to advertisements [16]. Some key benefits of adopting a dual 

screen approach for TV is to leverage on the additional 

screen estate and interaction capabilities of the mobile device 

to complement the superior display quality of the larger TV 

screen [11]. Some recent studies have deployed companion 

devices to complement the TV by providing program menu 

information [17], increase accessibility to disabled users [8] 

and synchronized secondary content for the main program 

[4]. One example of a synchronized secondary content  for 

the TV was the live broadcast testing of a popular British 

Broadcasting Corporation (BBC) nature show (Autumn 

watch) which provided additional content via a companion 

application which resulted in 92% of viewers having an 

increased understanding of the topic covered [9]. Another 

field study [4] where participants used a companion 

application that provided semantically related content to ten 

popular TV reported positive feedback on having additional 

information at their fingertips and not needing to look it up 

online themselves [4].  

Time delay in companion screens 

Despite the added benefits, the concurrent usage of two 

screens introduces issues in synchronization. One such 

example for the companion screen experience would be the 

ability to match the presentation of relevant secondary 

content to the timeline of a TV program [10]. Many 

controlled studies have been developing and testing 

secondary content on a companion application to enhance the 

TV experience in different genre of programs such as drama 

[5, 6], sports [7] and documentaries [8, 9].  

However, unexpected time delay of varying magnitude could 

occur between the two screens due to many limitations of 

current media synchronization technologies such as audio 

watermarking, IP based approaches and direct 

communication [18]. Audio watermarking offers the benefit 

of minimal modification to existing infrastructures as it relies 

solely on software installed on a companion device and the 

concurrent use of a microphone; with possible 

synchronization performance reaching up to fraction of a 

second [8]. However, this kind of technology do encounter 

detection difficulties in the home environment when 

background noises are present or when audio levels from the 

TV are low resulting in possible time delays of up to 30s. [8]. 

IP based approaches, on the other hand offers more reliability 

but requires the viewer to manually inform what channel 

they are watching and will only work for a live broadcast [8]. 

In addition, it is also susceptible to possible time delay from 

different broadcast platforms, which can reach up to several 

seconds. Moreover, scalability is another concern when 

number of concurrent users get too large [8, 18].  

Finally, the direct communication approach between the TV 

and the companion device is the most accurate and reliable 

means of ensuring tightly coupled synchronization. 

However, the challenge would be to incorporate these 

functionalities into the various mobile equipment and 

infrastructure. This process would require the broadcasters 

and various manufacturers to collaborate and derive relevant 

standardization protocols which is currently in the early 

stages [8]. Moving forward, industry is now investing 

resources to reduce the time delay [19] in these technologies 

as accuracy in which synchronization can be achieved will 

dictate the kind of user experiences that can be created. Thus, 

we believe that it is integral for us to investigate and highlight 

how time delay will affect the companion screen experience 
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in order to improve the user experience, and potentially 

shape synchronization technology development. 

Effects of time delay 

Studies in Human Computer Interaction (HCI) have shown 

that longer time delays in systems would have a higher 

negative impact on the user experience [20, 21], with 

previous companion screen studies also reporting the same 

negative sentiments if secondary content was delivered late 

[5–7]. Previous research on web application, in which 

companion screen are built on have indicate that a time delay 

of 0.1 second is about the limit to provide a sense of 

instantaneous response [21]. If there is no feedback or 

response done in one second, users will feel that the user 

interface is not responding and would lose the “flow” of the 

task. If the cost is not excessive, people can usually accept a 

two second delay [20]. Lastly, any delay of ten seconds or 

more will cause users to lose their attention on the current 

task and should include a progress bar to provide feedback 

to the users [22].  

In general, the perceived time delay between the TV and the 

arrival of the secondary content is integral as people are 

pleased when they do not have to wait; and might get concern 

or frustrated if they had to [20, 23]. Another possible 

negative effect of time delay could be delaying the arrival of 

the secondary content, making it irrelevant to the current 

context which have also drawn negative feedbacks from 

participants in previous studies [11, 12].   

In some ways, a time delay occurring between the TV and 

the secondary content could be categorized as some form of 

interruption; as it would require the viewer to switch his or 

her attention to a screen yet to be loaded or be presented with 

content that is irrelevant. People tend to switch attention 

because of boredom [24] or when they feel the current 

activity is lacking progress [25]. Previous research has also 

indicated that people find it harder to resume their original 

task when interruptions are longer or more taxing [26, 27]; 

when they are not related to their current activity [28, 29] and 

when they do not occur during subtask boundaries [26, 30, 

31]; with possible side effects of experiencing stress and 

frustration [32, 33].  

Interruptions can also lead to memory decay as more time 

will be required to recall or reconstruct the interrupted task 

[34]. One way to reduce the negative emotion is to prevent 

the interruption from occurring by looking at ways to 

encourage concentration [35]; however, this is not always 

realistic or possible. Simple changes to the timing of 

interruptions might then have a significant effect on the 

extent to which participants have negative feelings about 

interruptions [36].   

Nevertheless, people using dual screens have the freedom to 

look at either screen whenever they want. A previous study 

investigated the amount of time spent on each device and 

found that majority of the attention was still on the main TV 

[37], while another study explored how different notification 

mechanisms can mediate the viewer’s attention to the 

respective displays [38]. This result has strong implications 

as the time in which people attend to the secondary content 

can affect the perceived time delay between the two screens.   

Another possible factor influencing people to switch would 

be the perceived cost of switching [39]; for example whether 

they would switch their attention from the main TV to look 

at the secondary content will depend on their interest level 

towards the respective content. We also argue that the 

presence of time delay could affect the perceived cost of 

switching as having to constantly look at a loading screen 

(during longer time delay conditions) will be less favorable 

as compared to switching attention back to watch the main 

TV content. A recent study looking at task lock out durations 

reported that people were more likely to switch to other task 

when the lockout durations were longer [40].  Whether the 

time delay will induce people to switch will depend on 

whether the perceived utility of switching was prioritized 

over the perceived cost of switching [41]. The choice on 

whether to switch may vary across individuals, which could 

result in some people missing or not processing the 

secondary content if too much switching occurs [42, 43]; 

possibly making the companion application redundant. 

Hence, it is also important to explore how time delay might 

affect the user’s behavior in consuming the secondary 

content as it has strong implication to the viewer’s 

engagement level in a dual screen scenario. 

Measuring the companion screen experience 

Engaged viewers are valuable to TV broadcaster as they are 

more likely to become loyal viewers of the program which 

may lead to higher show ratings or be more receptive to 

advertising [44]. Despite the importance of understanding 

the engagement of the viewer, there is still no clear definition 

or measurement of engagement in the media industry [45]. 

This has given rise to a variety of ways to measure TV 

engagement such as a questionnaire to measure narrative 

engagement [46, 47] and tracking of activities on social 

networking site regarding the show content [48].  

Alternatively, measuring level of immersion has been found 

to be a successful way of gauging a player’s engagement in 

video game research with the use of the Immersive 

Experience Questionnaire (IEQ) [49]. In addition, the IEQ 

has been successfully applied to various domains such as 

virtual reality [50], how challenges affect immersions [51] 

and the effects of social interaction on game play [52].  

Two recent studies have also explored the use of a modified 

IEQ for film to measure the engagement levels of TV 

viewers when using different screen sizes [53] and for 

working while watching TV [54]. The modified film IEQ 

developed by Rigby et al. [53] has kept the main structure of 

the original IEQ but made relevant changes to selected 

questions based on adaptations from the narrative 

engagement questionnaire [47], and taking into account the 

differences between watching film and playing games. We 

feel that this is a step in the right direction which could 
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provide an effective way of measuring immersion while 

watching films through self-reporting. Nevertheless, 

previous studies [55, 56] have also reported issues in solely 

relying on self-reporting methods to assess media related 

experiment and suggest taking additional measurements such 

as behavior and physiological measurements [57], which 

allows the triangulation and cross-checking of data [58]. 

Physiological measurements 

Many studies have started leveraging on physiological 

measures to complement tradition self-reporting techniques 

to measure user’s response and engagement levels for 

advertising media [59, 60], E-learning platforms [61] and 

entertainment technologies [55]. Earlier studies have also 

explored the use of physiological measures to evaluate 

subjective responses to audio and video degradations [56], 

[62] and recommends the adoption of a multi-level 

measurement approach [57]. The two most widely used 

dimensions for describing emotions are arousal (activation 

or excitement levels) and valence (positive or negative aspect 

of the emotion) [63]. For example, anger would be 

categorized as high arousal and negative valence while 

happiness would fall under a high arousal and positive 

valence state [57]. Previous studies have provided a good 

meta-review of the different physiological metrics for 

different signals and identifying their pros and cons [64, 65]. 

In general, physiological variables are sensitive to short-term 

shifts that occurs during a task which might not be 

measurable by other means; and may also provide 

researchers with new insights.  

Two physiological signals which are commonly used to 

measure arousal and valence are galvanic skin response 

(GSR) and heart rate (HR) respectively [55, 56, 59, 66]. GSR 

is sometimes called skin conductivity or electro dermal 

activity (EDA) which measures the change in skin 

conductance when either an internal or external stimuli 

occurs. Increased arousal tend to give rise to more sweat, 

thus conducting the signal better [67]. In many studies, GSR 

been closely linked to measuring arousal and attention [55, 

56]. Alternatively, HR is known to be an indicator of overall 

activity level, with a higher heart rate representing a person 

in an anxious state and vice versa [68]. Thus, we decided to 

focus on these two responses in our study as additional 

indicators to arousal and valence which can also be gathered 

through questionnaire such as positive and negative affect 

schedule (PANAS) [69]. In addition, gathering physiological 

data are generally non-invasive and getting relatively easier 

with advances in wearable technology [70]. Thus, our goal 

was to leverage on physiological measures as an additional 

indicator to determine whether the time delay between the 

TV and secondary content would have any impact on the 

viewer’s affective states.  

Summary and research question 

Due to current technological limitations, time delay in the 

synchronization of content between the companion 

application and TV will continue to exist in the near future. 

However, its impact on the companion screen experience is 

unclear. This study aims to investigate how varying time 

delay between the TV and companion screen content will 

affect immersion, affect and secondary content recall. 

Physiological measures and qualitative data from interviews 

were collected to adopt a multi-level measurement approach. 

We selected three levels of time delay (0, 3s, 10s) values after 

making minor adjustments to the guidelines provided by 

Nielsen [21]; as they are most applicable to user experience 

for mobile application in which companion applications are 

built on. In addition, these values were also within the 

realistic time delay ranges present in current media-

synchronization technology [8]. We selected 10s as people 

tend to lose attention on their current task with this amount 

of delay [22]. We decided to use 3s as the middle limit as 

previous eye tracking studies have indicate that people took 

at least 800msec [38] and 2s [37] to glance at the secondary 

content when visual notification on the TV screen was 

presented and not presented respectively. Thus, we added 2s 

to the current guideline of 1s. The zero latency condition was 

kept as a baseline.  

Would viewers find longer time delays between the two 

screens more disruptive, thus, inducing negative affect which 

will result in lower immersion levels? Will the longer time 

delay be interrupting the viewers more significantly; 

resulting in them not reading or registering the secondary 

content? Lastly, we are also keen to explore the use of 

physiological measures to extend and complement the 

subjective ratings and qualitative data.   

Overall, the 3 hypothesis are: 

1. We hypothesize that a longer time delay will have a 

higher negative effect on the companion screen 

experience. This would result in lower self-reported 

affect and immersion score. This is leaning on research 

that longer interruptions are more disruptive on the 

current task [27, 28, 31, 32], thus inducing negative 

emotions [4, 21, 34], resulting in lower immersion and 

affect levels.  

2. The second hypothesis is a longer time delay will have 

a bigger interruption effect on the viewers and possibly 

causing users to switch more frequently between 

screens [25, 26, 41], especially while waiting for the 

secondary content to load; resulting in them missing or 

not registering the secondary content [28, 35, 71].  

3. Lastly, we hypothesize that the physiological measures 

will correspond to the subjective ratings on affect. This 

is based on previous studies leveraging on 

physiological measures to complement (arousal and 

valence) and provide additional insights [55, 56, 62].   
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3. METHOD 

Pilot study 

We conducted a pilot study with 4 participants to test and 

identify any possible gaps in the experimental protocol. 

From the initial results, we gathered that all the pilot 

participants could detect the time delay and some were 

annoyed by it. It was found during the pilot study that 

participants were not able to relax for baseline reading and 

were more obliged to view the companion content when the 

presenter was in the room. Thus, a decision was made to 

leave the participant alone in the room. Lastly, we increased 

the resting duration at the start (2 to 5 minutes) and in 

between conditions (5 to 7 minutes) to allow a longer resting 

baselines for experimental and sensor adaptation.  

Participant 

Eighteen participants (10 male) with mean age 28.1 (SD = 

4.9) were recruited from convenience sampling. Participants 

were between 22 and 39 years of age. Each participant was 

screened to ensure that they had not watched the selected 

factual documentary before, was not against watching factual 

documentaries, were native English speakers and had normal 

or corrected vision. From the pre-study questionnaire, 67% 

of them watched at least 10 hours of TV (includes internet 

streaming) per week and 78% of them would use a device 

(e.g. mobile and tablets) while watching TV. Each 

participant stood a chance to win Amazon cash vouchers for 

one hour of their time.  

Design  

A within-subject experiment with one independent variable 

(time delay) comprising of three levels: No time delay, 

medium (3 seconds) and high (10 seconds) was conducted. 

These conditions were counterbalanced to reduce the order 

effect.  

The dependent variables were self-reported immersion score 

derived from the Film IEQ [53], positive and negative affect 

score derived from  the PANAS questionnaire [72] and 

secondary content detection score computed from a post-hoc 

memory test similar to a previous study [73]. Physiological 

measures of GSR and HR were used to measure the arousal 

and valence respectively and we were specifically looking 

out for tonic and phasic responses (GSR). The physiological 

measurements were collected to complement and extend the 

self-reporting score from the PANAS questionnaire which 

can be further broken down to detect additional positive or 

negative affective states. At the end, we conducted a semi-

structured interview session where we asked general 

comments regarding the companion screen experience, 

whether they could sense the respective time delay and their 

estimated time delay durations for each conditions. A 

summary of the multi-level measures [57] and their 

respective dependent variables are presented in table 1 

below.  

 

 

 

Table 1: An overview of multi-level measures and dependent 

variables used in this study. 

Self-reporting measures Immersions score (Film IEQ) 

Affect score (PANAS) 

Semi-structured interview 

Behavioural Measures Secondary content recall 
score 

Physiological Measures Galvanic skin response 

Heart rate 

 

Materials 

The experiment took place in a usability laboratory which 

was set up to look like a living room (Figure 1: bottom right 

picture). Each participant was seated on a sofa which was 

situated about 70-80 cm away from a 30-inch monitor screen. 

An iPad 2 was used to display the secondary content through 

the BBC companion screen application which was 

synchronized to a connected TV using the DVB-CSS 

synchronization protocols [74]. This setup (Figure 1: Left 

picture) allowed the companion device to discover what is 

being shown on the connected TV and what the timeline 

position is through a dedicated Wi-Fi network [19]. The 

participants were advised to hold the companion screen on 

their lap to act as a control but was free to adjust its position 

in any other ways if they felt uncomfortable. Participants 

were also asked to turn off their phone to minimize the 

possible movements or distractions as that could affect the 

physiological readings [75, 76]. 

 

Figure 1: Left picture: Set up using the DVB-CSS protocol 

which comprised of a connected TV, dedicated Wi-Fi router, 

remote control and the iPad 2.  

Top right: Empatica E4 wristband. Bottom right: Usability 

laboratory setup to look like a living room. 

TV and Companion screen content 

Three consecutive seven-minute footage from the factual 

documentary Alaska: Earth’s Frozen Kingdom by BBC were 

selected as the main stimulus due to content availability. In 

addition, this stimulus was also used in ongoing studies 
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which allowed the possible cross-validation and comparison 

of results. Each footage was accompanied by sedative 

classical music and narration at regular intervals of the show. 

An attempt was made to keep the three pieces of footage 

fairly similar by ensuring that each footage would contain at 

least one landscape scene and two main characters (e.g. 

huskies and eagles). 21 static photos and relevant contents 

were then sourced from both the BBC database and the 

internet to prepare the companion screen contents. Seven 

secondary contents were played throughout each footage at 

every minute interval. The secondary content was kept as a 

control by ensuring that the Flesch-Kincaid reading age score 

[77] was kept relatively similar; closely replicating the 

lowest visual complexity metric of (Flesch reading ease 

score: 90-100) used in [71]. Each content was accompanied 

with a picture of the main object (e.g. an animal or a 

landscape view) in the footage. One example is shown in 

figure 2 where a picture of a squirrel is shown with the 

relevant text on the companion application to correspond to 

the object of interest on the TV content.  

 

Figure 2: Left picture: A black screen with a loading icon in 

the middle is seen when time delay is injected.  Right picture: 

Example of a secondary content and the notification icon on 

the bottom right corner of the TV.  

An exposure time of 15s was then selected for each 

secondary content (contained 15-20 words) based on the 

average reading rate (200 words-per-minute) for slower 

readers [78] with some additional buffer to ensure that most 

people could finish reading the content if they looked. This 

would mean that the secondary content will be displayed on 

the screen for 15s before disappearing and leaving only the 

background slide. We chose not to display the secondary 

content throughout to prevent the viewer from being 

distracted. A visual notification icon similar to the study in 

Neate et al. [38] would appear on the bottom right corner of 

the TV screen to inform the viewer that there was secondary 

content available for that scene (Figure 2: right picture). For 

the baseline condition, each secondary content would appear 

according to the main program timeline without any time 

delay. For the respective delay conditions, the notification 

icon will appear at the planned time but a black screen with 

a loading icon in the middle (Figure 2: left picture) will be 

displayed throughout the time delay duration (3s or 10s) 

before transiting to the secondary content.  There was no time 

delay manipulation for the first two minutes of all three 

conditions to allow an additional resting baseline at the start 

of every condition. The selected time delays of 3s and 10s 

were injected for every secondary content only during the 

last five minutes of their respective conditions. All secondary 

content remained relevant to the scene despite the 

introduction of the time delay to act as a control.  

Self-reported immersion 

The Film IEQ developed in [53] was used to capture the level 

of immersion of the viewers. The questionnaire consisted of 

31 items which represented five categories: challenge, 

control, real world dissociation, emotional involvement and 

cognitive involvement. Participants were asked to rate each 

question from a scale of 1-7 on how they felt after watching 

each piece of factual documentary footage. 

Self-reported affect 

The PANAS questionnaire [72] was used to measure the 

positive and negative affect score of the participants with 

respect to the use of the TV and the companion application. 

This questionnaire has been widely used in various domains 

to measure arousal and valence, and the scales have shown 

to be highly consistent internally [69, 72]. It consists of 20 

items and required participants to rate on a scale of 1-5 

(where 1 = very slightly or not at all and 5= extremely). The 

sum of items 1,3,5,9,10,12,14,16,17 and 19 would measure 

the positive affect score while the sum of the remaining items 

will correspond to the negative affective score. For e.g. 

Lower scores represent lower levels of negative affect. 

Positive affect reflects the state to which a person feels 

enthusiastic, active and alert [69]. High positive affect is a 

state of high energy, full concentration, and pleasurable 

engagement whereas low positive affect is characterized by 

sadness and lethargy. Negative affect is a general dimension 

of subjective distress and unpleasurable engagements that 

subsumes a variety of aversive mood states like anger, 

contempt, disgust, guilt, fear, and nervousness, with low 

negative affect being a state of calmness and serenity [69].  

Physiological measures 

The Empatica E4 wristband (Figure 1: top right) was used to 

measure the physiological signals (GSR and HR) of the 

participants as it allows unobtrusive monitoring of real-time 

physiological data. We selected these two responses in our 

study as an additional indicator for arousal and valence to 

complement the PANAS questionnaire. The Empatica E4 

wristband collected EDA and HR readings at 4hz and 1hz 

respectively.  

Secondary content recall test 

This test was included as we hypothesize that longer time 

delay will be more disruptive to the participant, which could 

result in them missing more secondary content. At the end of 

all three conditions, participants were given a short break 

before asking them to view and identify the secondary 

contents that were shown in the study. We chose to do this 

only at the end of the three conditions to prevent skewing the 

participant from looking at the companion screen. 
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Participants were instructed to select those secondary content 

that they saw during the experiment. Each content was 

displayed on the screen one at a time in a randomized order 

and participants responded by selecting yes or no (Figure 3); 

closely replicating a similar memory test used in a previous 

study [73]. A total of 30 secondary contents were presented, 

out of which 15 were not seen by the viewer before. These 

new contents had the same images but were accompanied 

with different text. Special care was taken to ensure the 

additional text was still relevant to the object of interest. 

Participants were not given feedback on accuracy and speed 

was not recorded or emphasized.  

 

Figure 3: A sample question in the secondary content recall 

test. 

Semi-structured interview 

We conducted a semi-structured interview session during the 

debriefing session to gather additional feedback from the 

participants. The questions asked were aimed at eliciting 

whether the participants could sense the respective time 

delay, provide their perceived time delay estimation of each 

condition and gather any general comments they had about 

the companion screen experience. Lastly, we asked if they 

would like to use the companion screen application again if 

they were given an option. The semi-structured interview 

questions can be found in appendix 4.  

Procedure 

The participants were first greeted and briefed by providing 

the instruction sheet and obtaining their informed consent. 

Next, each participant was then asked to put on the E4 

wristband and was allowed at least a 5-min resting baseline 

before the start of the first footage to facilitate the laboratory 

adaptation and allow the sensor to settle down [63]. They 

were then instructed to fill up a short questionnaire to collect 

demographic data. The participants were told that this was a 

study of behavior on watching TV with a companion screen. 

The presence of time delay was not mentioned as we felt that 

being aware would influence their affective and immersion 

ratings. The participants were then told that they will be 

watching three pieces of footage of a factual documentary 

and should imagine themselves watching TV at home. Next, 

an example on how the companion application will display 

content with respect to the TV was shown before the start of 

the first condition. Each footage was started together with the 

Empatica E4 before the participant was left alone in the room 

to watch the footage. It was found during the pilot study that 

participants were more obliged to view the companion 

content when the presenter was in the room. At the end of the 

first footage, the researcher would return into the room and 

the participants were given 7-10minutes break to answer the 

immersion and PANAS questionnaire. This procedure was 

repeated for the remaining pieces of footage before the 

secondary content recall test was administered. A debriefing 

session was then conducted, which allowed the participant to 

ask any questions and to inform them the real aim of the 

study, before conducting the semi-structured interview. Each 

trial was completed within an hour. 

4. RESULT 

All data were measured on a continuous scale (the data could 

take any value within a range) hence statistical tests for 

significance were chosen based on the design of the 

experiment. The statistical tools SPSS and R-studio was used 

to analyze the data in which effects were judged significant 

if they had a significance level less than or equal to .05. 

Firstly, the data was checked for outliers of which none were 

deemed invalid data points which would be excluded from 

data analysis. Next, the data was then checked for 

distribution normality using the Shapiro-Wilk Test before 

determining the appropriate statistic test to use. In case of 

non-normal data, normalization was carried out using the 

LOG-transformation. As negative numbers existed in our 

data, we added a constant to make the smallest number in the 

data set positive before carrying out the LOG-

transformation. If normalization was not achieved, non-

parametric statistic test for repeated measures was used to 

analyze the data (e.g. questionnaire data, secondary recall 

test score and GSR). The main outcome variables of interests 

were affect score, immersion score, secondary content recall 

score, physiological measures (change in GSR and mean 

HR) and time estimation error. Data from the interview 

conducted at the end of the experiment was transcribed and 

coded using thematic analysis [79].  

Self-reported immersion  

To investigate whether the varying time delay on the 

companion device would affect the immersion level of the 

participant on the footage, we analyzed the data gathered 

from the Film IEQ [53] in which participants rated their 

experience after watching each nature documentary footage. 

The immersion score was summed up after taking into 

account that questions 6,8,9,10,18 and 20 were scored 

negatively. The self-reported mean immersion score was 

higher in the 10s delay condition (M=154.55, SD=23.02) 

than in the 3s (M=149.83, SD=23.31) and followed by the 

baseline conditions (M=149.72, SD=18.3). Figure 4 shows 
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the median, interquartile and overall range of the self-

reported immersion for the three conditions. A one-way 

repeated measures Friedman’s ANOVA was used to analyze 

the data which indicate that the different time delay had no 

significant effect on self-reported immersion, X² (2) =1.00, 

p=0.607. We hypothesis that a longer time delay would 

affect the self-reported immersion score but no significant 

difference was found. This result suggests that there was no 

significant difference in self-reported immersion score 

across the different time delay conditions. 

 

Figure 4: Median, inter-quartile and overall ranges of the self-

reported immersion score for the three levels of time delay.   

We were also interested in how the various subscales of the 

Film IEQ (challenge, control, real world dissociation, 

emotional involvement and cognitive involvement) would be 

affected by the different levels of time delay. Thus, we 

performed a series of one-way repeated measures 

Friedman’s ANOVA on each subscale of the film IEQ. As 

shown in table 2, there was also no significant main effect on 

time delay on all subscales. These results suggest that there 

were no significant differences in the respective immersion 

subscale scores across the different time delay conditions. 

 

Table 2: Repeated measures Friedman’s ANOVA results for 

each subscale of the Film IEQ. 

Immersion Subscales X² (2) p 

Challenge 0.42 0.808 

Control 0.27 0.876 

Real World Dissociation 0.82 0.664 

Emotional Involvement 0.56 0.756 

Cognitive involvement 5.40 0.067 

 

Affect questionnaire – Negative and positive affect score 

Participants were given instructions to rate the PANAS 

questionnaire [72] based on how they felt watching the 

factual documentary with the secondary content. This 

questionnaire was used to measure and identify other 

affective states, namely positive and negative affect. The 

sum of items 1,3,5,9,10,12,14,16,17 and 19 was summed up 

to compute the positive affect score while the sum of the 

remaining items corresponded to the negative affective 

score.  

We expected the longer time delay conditions to induce a 

higher negative affect rating as people would receive a 

notification to look at the companion screen but will be 

unable to view the content until the injected time delay 

ended. In the meantime, the companion screen would only 

show a black screen with a loading icon and participants 

could either wait for it to finish loading or check back later. 

Mean negative affect score was higher in the 10s delay 

condition (M=14.28, SD=3.03) than in the baseline 

conditions (M=13.22, SD=3.37) or 3s delay condition (M= 

12.17, SD=2.66). Figure 5 shows the median, interquartile 

and overall range of the self-reported negative affect score 

for the three conditions.  A higher negative affect score 

indicates a higher level of distress and unpleasurable 

engagement; while a lower score would indicate a state of 

calmness and serenity [72]. We performed a series of one-

way repeated measures Friedman’s ANOVA on the negative 

effect score but there was no significant difference between 

the different conditions, X² (2) =5.84, p=0.054.  

 

Figure 5: Median, inter-quartile and overall ranges of the 

negative affect score for the three levels of time delay.   

We expected the time delay to have an opposite effect on the 

positive affect score as a higher score would reflect a viewer 

having better concentration and experiencing a pleasurable 

engagement; while a lower positive affect score would be 

characterized by sadness and lethargy [72].  Mean positive 

affect score was higher in the 3s delay condition (M= 26.333, 
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SD=6.615) than in the baseline delay condition (M= 26.28, 

SD=5.60) or the 10s delay conditions (M= 25.28, SD=5.85). 

Figure 6 shows the median, interquartile and overall range 

for the positive affect score for the three conditions. This 

indicate that there was no significant difference in positive 

affect score across the different time delay conditions X² (2) 

=0.20, p=0.904. 

 

 

Figure 6: Median, inter-quartile and overall ranges of the 

positive affect score for the three levels of time delay.   

We were also interested in the how some of the relevant 

subscales of the PANAS questionnaire would be affected by 

the different levels of time delay. Thus, we performed a 

series of one-way repeated measures Friedman’s ANOVA 

on some of the relevant subscales in the PANAS 

questionnaire. As displayed in table 3, there was no 

significant main effect on time delay on all subscales with 

the exception of the upset subscale score. Mean upset score 

was higher in the 10s delay condition (M=1.78, SD=1.06) 

than in the baseline delay condition (M=1.17, SD=0.38) or 

the 3s delay conditions (M=1.06, SD=0.24).  

Table 3: Repeated measures Friedman’s ANOVA results for 

selected relevant subscale of the Film IEQ. 

PANAS 

Subscales 

X² (2) p 

Upset 12.5 0.021* 

Irritable 3.51 0.173 

Jittery 0.83 0.661 

Interested 1.96 0.375 

Alert 1.72 0.423 

Enthusiastic 1.96 0.376 

 

Wilcoxon paired comparison revealed a significant effect for 

the 10s delay against both the 3s delay (T= 0.00, p=0.010) 

and baseline (T=41, p=0.021). No other significant 

difference was found. In summary, the 10s time delay 

resulted in a lower positive and higher negative affect score 

which was coherent with what we hypothesis, though the 

effect was not significant. The upset subscale rating did, 

however, indicate that participants were significantly more 

upset by the 10s delay condition between the TV and 

companion application as compared to the other two 

conditions.   

 

Galvanic skin response 

We were keen to measure the tonic and phasic responses 

from the GSR signal. For the tonic responses, we measured 

the slope at the onset of the two-minute mark and offset of 

the seven-minute mark where the five secondary content 

stimulus for each condition were presented. The start and end 

time markers were checked to ensure that there was minimal 

movement (accelerometer data) by the participants and was 

kept constant to keep the time window a control. We also 

discarded the first 2 minutes in each condition to ensure that 

the change from baseline measurement being taken to the 

experiment commencing is not affecting the results [56]. We 

expected the higher time delay to result in a bigger slope 

(difference between the baseline and end reading) which 

would indicate a higher level of arousal. The change in GSR 

(µS) was higher in the 3s delay condition (M=0.35, 

SD=0.68) than in the 10s delay condition (M=0.34, 

SD=1.46) and baseline conditions (M=0.29, SD=0.63). 

Figure 7 shows the median, interquartile and overall range of 

the GSR tonic response for the three conditions. The result 

indicated that GSR was not significantly affected by the 

different levels of time delays, X² (2) =1.45, p=0.486. 

Concurrently, we were also keen to explore if the time delay 

between the TV and secondary content would trigger a 

phasic response. We set an observable latency onset of 1 to 

3s and a minimum response of 0.01µS at the onset and offset 

of a stimulus [80] to be registered as a response. Based on 

visual analysis of the respective times where the stimulus 

was introduced, we were unable to detect a consistent trend 

where the stimulus was triggering a significant phasic 

response from the participants.  
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Figure 7: Median, inter-quartile and overall ranges of the 

GSR tonic response (µS) for the three levels of time delay.   

 

Mean heart rate 

Next, we computed the mean HR by adopting the same time 

window used for the computation of the GSR responses. We 

expected the higher time delay to result in a higher mean HR 

which would indicate negative valence. Mean HR (BPM) 

was higher in the 3s delay condition (M=72.23, SD=12.74) 

than in the 10s delay condition (M=72.06, SD=12.58) and 

followed by the baseline conditions (M=71.21, SD=12.48). 

Figure 8 shows the median, interquartile and overall range of 

the mean HR for the 3 conditions.  A one-way repeated 

measures ANOVA showed that time delay estimation was 

not significantly affected by the different levels of time 

delays, F (2, 34) =0.24, p=0.652. This result suggests that 

there was no significant difference in mean HR between the 

different time delay conditions.  

 

Figure 8: Median, inter-quartile and overall ranges of the 

mean HR (BPM) for the three levels of time delay 

 

 

Secondary content recall test 

We hypothesized that the time delay between the TV and the 

companion application would interrupt the viewing 

experience, which may cause the participants to miss content 

or affect them registering the secondary content. Participants 

responded “yes” or “no” to each slide during the secondary 

content recall test. A “yes” to the slide that did appear in the 

experiment was counted as a hit and while a “yes” to one that 

did not appear would be considered a false alarm. The 

number of “no” response which were considered either a 

miss or correct rejections can be derived from the subtraction 

of number of hits and false alarm. The hit and false alarm 

rates were then used to assess the participant’s memory of 

the secondary content they viewed, replicating a similar 

memory test used in a previous study [73]. Our hypothesis 

was that people would recall less secondary content with 

increasing time delay between the TV and the secondary 

content.  

Overall, recall memory for the secondary content was lower 

for the 10s delay condition (Hit rate: 79.1% False alarm rate: 

4%) than the 3s time delay (Hit rate: 84% False alarm rate: 

2%) and baseline condition (Hit rate: 87% False alarm rate: 

1%). This result indicates that the longer time delay 

conditions were causing people to recall lesser secondary 

content. However, a one-way repeated measures Friedman’s 

ANOVA showed no significant difference between the 

different time delay conditions, X² (2) =1.51, p=0.470. We 

went on to explore if signal detection theory can be used to 

show that recall memory was poorer during longer time 

delay. The hit and false alarm rates were transformed into a 

single measure of memory strength known as d’ [81]. A 

positive value would indicate a better memory strength and 

also control for possible guessing and adoption of decision 

strategies. d’ was higher in the baseline condition (M= 6.58, 

SD=2.27) than in the 3s delay condition (M= 6.17, SD=2.22) 

and followed by the 10s delay conditions (M=5.30 

SD=2.60). Figure 9 shows the median, interquartile and 

overall range of the d’ value for the 3 conditions. A one-way 

repeated measures Friedman’s ANOVA was then used to 

analyze the data again. The result showed that memory 

strength d’ was not significantly affected by the different 

levels of time delays, X² (2) =2.98, p=0.225. This result 

suggests that there was no significant difference in secondary 

content recall score between the different time delay 

conditions.  
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Figure 9: Median, inter-quartile and overall ranges of the 

secondary content recall score (d’ value) for the three levels of 

time delay.   

Time delay estimation error 

After the three conditions, we asked the participants to 

provide their perceived time delay of each condition. All 

participants were able to identify the 10s time delay 

condition with only a handful of them not being able to sense 

a difference between the 3s time delay and baseline 

condition. Special care was taken to not skew their 

estimation by asking them to reveal their estimates before 

revealing their respective condition sequence and the actual 

time delay values. We went on to compute the difference 

between the estimated time delay value and the ground truth, 

closely replicating the interval estimation method applied in 

a previous study [82]. Mean time delay estimation error was 

highest in the 10s delay condition (M=6.42, SD=1.70) than 

in the 3s delay condition (M=1.44, SD=1.030) and followed 

by the baseline conditions (M=0.31, SD=0.460). Figure 10 

shows the median, interquartile and overall range of the time 

delay estimation error for the three conditions. A one-way 

repeated measures ANOVA was used to analyze the data. 

The result showed that time delay estimation was 

significantly affected by the different levels of time delays, 

F (2, 34) =149.83, p=0.000. A series of post-hoc t-tests were 

performed to examine pairwise differences between each 

conditions, using Bonferroni corrections. Results indicate a 

significant difference in time delay estimation error between 

all conditions; baseline and 3s time delay, t (17) = -4.12, 

p=0.001, baseline and 10s time delay, t (17) = -13.77, 

p=0.000 and 3s and 10s time delays t (17) = -4.16, p=0.000. 

This result suggests that there was a significant difference in 

time delay estimation error across all three condition.  

 

Figure 10: Median, inter-quartile and overall ranges of the 

time estimation error for the three levels of time delay.   

 

Interview findings 

At the end of the sessions, we debriefed the participants and 

conducted a semi-structured interview gathering general 

comments regarding the companion screen experience, the 

effects of time delay and whether they will use it again. 83 

references were coded in the NVIVO software using 

thematic analysis [83] from the 18 interview records, which 

were grouped into key themes such as reasons for using or 

not using the companion application, strategies to cope with 

time delay, comments on TV icon and some possible 

suggestions to improve the companion screen experience. 

The key themes are illustrated in the tree map (Figure 11) 

below.  

 

Figure 11: Tree map derived from NVIVO software 

illustrating the key themes and nodes compared by number of 

items coded. Additional details can be found in appendix 5 

In summary, eight participants mentioned that they will use 

the companion application again. The most common benefit 

cited was the secondary content complemented the TV 
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content with relevant and useful information (7 out of 18 

participants). Additional positive feedbacks include reducing 

the need to search for information online (2 out of 18 

participants) and also “filling in” when there was not much 

going on in the main TV content (7 out of 18 participants). 

These reasons were similar to many of the benefits 

uncovered by many previous studies on companion 

applications [4, 9, 10].  

P14: I would use it again as the companion application did 

provide some useful information which I liked very much 

P17: I can see the potential of the secondary content filling 

up the time when there is less activity on the TV.  

The remaining ten participants, however, mentioned that 

they will not use it again providing reasons such as their 

preference to focus only on the main TV content (4 out of 18 

participants), disliking the need to switch and read the 

secondary content (5 out of 18 participants). Three 

participants also mentioned that they felt more anxious when 

the companion application was in use due to the need to 

constantly monitor for updates. Some participants did 

mention that they would consider using the companion 

screen for other genre (e.g. political news or educational 

purposes) (4 out of 18 participants) and if there was 

interactivity (3 out of 18 participants) for e.g. to search 

through a database to find information of their interest at 

their own pace.  

P13: I want to focus on the TV as the visuals are great. You 

can choose to not look at the secondary content, but you 

might still look at it.  

P7: Looking the companion application makes you feel like 

you are missing something on the TV, it makes me less 

engaged.   

Fourteen participants commented that the longest time delay 

condition was annoying and stressed the importance of 

making sure both the content are synchronized to reduce the 

need to constantly check on the tablet. There were three 

participants who thought that there was a technical glitch and 

made an attempt to inform the researcher during the breaks. 

Interestingly, many participants mentioned that they devised 

different strategies to adapt to the time delay such as ignoring 

the companion screen notification icon that appeared on the 

TV and relied on their peripheral vision to detect the update 

directly from the tablet (7 out of 18 participants); while some 

just chose to focus on the TV content while the secondary 

content was loading (9 out of 18 participants). Additional 

feedbacks regarding the design of the companion application 

include the exposure time of the secondary content which 

five participants found too short and also included 

suggestions to present the secondary content during less busy 

periods of the TV (7 out of 18 participants).  

P8: I was irritated with the last condition (10s time delay) as 

I had to stare at it while it was loading. You couldn’t pay 

much attention to the main screen.   

P11: I was impatient when the loading took too long and I 

did not want to wait… I might miss some content.  

P12: I was ignoring the notification icon and was just 

waiting for the tablet screen change to catch my attention.  

 

4. DISCUSSION 

Firstly, we hypothesis that a longer time delay would disrupt 

the viewing experience and result in lower immersion and 

affect levels. However, statistical test conducted showed no 

significant differences in the immersion, positive and 

negative affect scores which corresponded with the 

physiological measures collected. Surprisingly, a time delay 

as long as 10s did not really affect the participant’s self-

reported immersion and affect score. Nevertheless, we 

should highlight that significant effect was almost detected 

for the negative affect score (p=0.054).  Based on the 

interview records, seven participants were adapting to the 

time delay by ignoring the notification icon and sensing the 

update directly from the tablet. This allowed them to focus 

more on the main content and only looked at the tablet when 

they sensed there was an update. Another possible mitigating 

factor mentioned was participants (9 out of 18) would choose 

to just focus on the main content when the secondary content 

was loading. Thus, it is highly possible that having another 

screen to focus on (when one was loading) and sensing the 

updates directly from the tablet was able to reduce the effect 

of the time delay. These are some plausible explanations to 

why there was no significant effect found in the self-reported 

questionnaires and physiological data.   

Alternatively, participants were perceiving the time delay to 

be much shorter than their actual value. Based on the 

perceived time estimation data collected, there was a 

significant difference in time estimation error between the 

different time delay conditions. Participants were perceiving 

an average estimation error of 64.2% for the 10s time delay 

condition. This would imply that a 10s delay would only feel 

slightly more than 3s. Moreover, when we revealed the 

actual time delay values at the end of the interview, most 

participants were surprised that the time delay was actually 

so long. One plausible reason could be the participants were 

immersed in the footage which could cause them to lose track 

of time [49], resulting in a poorer estimation score. All 

participant mentioned that they did enjoy each footage and 

commented that they were immersed (average single 

immersion rating score of 7.44/10). However, previous 

research has also shown that prospective and retrospective 

judgement of duration tended to be underestimated in a task-

switching domain [84, 85]. As we collected the time estimate 

data from the participants retrospectively, this data should be 

taken with caution.  

On the other hand, a recent eye tracking study for dual screen 

domains has also indicated that people do not look at the 

companion screen immediately. It took participants at least 

800msecs  [38]  for them to switch their attention to the 
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companion screen when there was a visual notification on the 

TV, and at least 2s when there was no notification present 

[86]. In addition, it can also vary depending on content and 

individual preferences [37, 86]. This time lag before 

switching between screens could have reduced the effect of 

the time delay, thus making the perceived time estimation 

much lower than the actual value. This was further verified 

during the interview sessions where majority of the 

participants could not differentiate the time delay between 

the 3s and baseline conditions. These findings are suggesting 

that smaller time delay might not be that critical when 

providing complementary content to factual documentary 

due to the possible lag in switching that would cause them to 

not notice delays up to 3s time. Perhaps, a more important 

consideration would be ensuring that the time delay do not 

affect the relevancy of the complementary content [11, 12] 

instead. 

The second hypothesis was the longer time delay conditions 

would result in participants scoring a lower secondary 

content recall score. We expected the longer time delay to 

interrupt the viewing experience of the participants causing 

them to miss or not register the secondary content. We did 

see this trend in our results where people were getting a lower 

score for the longer time delay conditions. However, the 

effect was not significant. It was difficult to tell if people did 

not see the missed screens at all or they forgotten what they 

read as we did not conduct any observation or record videos. 

Three participants did mention that they were frustrated with 

the need to switch more when the companion application was 

loading, while five participants commented getting impatient 

and losing interest when it occurred. Previous study has 

reported negative effects such as degraded performance in 

cognitive control and knowledge acquisition due to the 

increased shifting of attention between devices [42, 43], 

which could explain why the 10s delay had the lowest 

secondary content score.  

It might have been useful to include observations methods 

similar to a previous study [86] to further investigate how 

people were dividing their attentions between the two 

screens. However, doing so might be intrusive and would 

cause the participants to behave unnaturally [87]. 

Nevertheless, the use of the d’ score was adopted to account 

for possible guessing work that could occur during the recall 

test. Result from the study indicated that most people did 

look at the secondary content as the hit rate for most 

conditions were above 84% with the exception of the 10s 

time delay condition, which was at ~79%. During the 

interview, seven participants mentioned that they were 

ignoring the notification icon and just relying on their 

peripheral vision to detect updates on the companion 

application. Adopting this strategy could have reduced the 

need to switch which could account for the high overall recall 

score. Nevertheless, it was important to note that all the 

participants were new to the companion screen experience 

and might be more enthusiastic in using both screens. This 

novelty could result in a higher engagement level with the 

secondary content resulting in a higher hit rate. Future 

studies should include longitude studies and explore pieces 

of footage with longer durations to further investigate this 

effects on the secondary content recall.  

The third hypothesis was to see if the physiological measure 

could extend and complement the traditional self-reporting 

methods. The triangulation of the change in GSR (tonic 

response) and mean HR did correspond to the PANAS and 

immersion questionnaire as there was no significant 

differences across the three conditions. However, we did find 

a significant difference between the 10s delay condition 

versus the other conditions when we specifically looked at 

the upset subscale from the PANAS questionnaire. In 

addition, the 10s time delay conditions received the lowest 

positive affect and highest negative affect score from the 

PANAS questionnaire. These results suggest that the 

participants were more upset during the 10s time delay 

condition as compared to the other conditions. Moreover, 14 

participants did mention during the interview that they felt 

that the 10s time delay condition was annoying and was 

spoiling their viewing experience.  

Nevertheless, we were not able to detect this effect in the 

physiological measure when we were measuring the tonic 

and phasic responses. Firstly, it is probable that the time 

delay did not bother the participants sufficiently to trigger 

such a response. Based on previous studies that detected 

phasic responses, the participants were in a more intense 

situation such as being frustrated by a faulty computer 

interface which impeded the user’s goal to score well [88], 

excitement in scoring a goal when playing a competitive 

game with a friend [55] and startled by the sudden popping 

of a balloon during watching a live show [66]. Experiencing 

the time delay was annoying as reported by the participants, 

however, it did not trigger a significant physiological 

response or was probably mitigated by the fact that they 

could still focus on the main content, and adopted strategies 

to deal with the time delay as mentioned above.  

Alternatively, a recent study reported that mobile 

physiological sensors that are worn on the wrist have more 

problem detecting precise small responses as compared to 

sensor placed at the finger and palm [89]. In that controlled 

study, that physiological sensor attached to the wrist was 

getting an inferior measurement signal as compared to the 

conventional devices. Thus, researchers keen to adopt these 

affective wristbands should be aware of these limitations. 

Nevertheless, we argue that collecting physiological 

measures should still be part of the multi-level measurement 

approach to provide researchers with an alternate perspective 

for triangulation purposes. In the case of this study, the 

physiological measures did correspond to the questionnaire 

data. 

Factors to mitigate the impact of time delay 

Exposure time  

Five participants from this study commented that they found  
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the exposure time of the content too short. Most of them 

commented having to read fast and suggest to make this 

duration longer. For this study, we used an exposure time of 

15s after adopting reading speed guideline [90] for slower 

readers while adding some buffer. We chose not to leave the 

content throughout as we felt that it might distract the user 

from the main TV. Nevertheless, the time in which people 

switch between screens may vary between individuals [86]. 

This switching lag could increase if viewers are engrossed in 

the main content [37] and having too short an exposure time 

might result in them missing the secondary content. With the 

possibility of time delay occurring anytime, it might be more 

viable to increase the exposure time of the secondary content 

to allow viewers to read at their own pace. Moreover, it will 

also be interesting to investigate how having interactivity or 

leaving the content there throughout will affect the 

companion screen experience. A better understanding of how 

exposure time will affect the user experience may result from 

further experiments manipulating these variables. 

Presenting secondary content when there is not much activity 
on the TV.  

Seven participants suggested that the secondary content 

should be presented when there was less activity on the TV. 

This could prevent the participants from getting bored by 

sustaining their engagement levels and possibly reduce the 

interruption level of the secondary content. A recent study 

had a relatively similar approach where they explored how 

dual screens can be designed based on varying visual 

complexity levels [71]. In that paper, they derived a few 

heuristics to categorized a more visually complex dual screen 

situation in which content producers can use to balance the 

complexity levels on both screens. Although more 

refinements to the heuristics are required, we feel that this is 

a step in the right direction, which could provide important 

insight into when secondary content should be injected. 

Thus, we argue that the effects of time delay could be further 

mitigated by choosing the appropriate points of entries to 

minimize the disruption. We encourage content producer to 

pay more attention to this aspect. 

Limitations of the study 

A possible confounding factor was participants might have 

different interest levels across the different pieces of footage. 

Despite the effort to control the duration, number of 

characters and landscape in each footage, it was still difficult 

to ensure that every participant had the same interest level 

throughout. We felt that this lack of control could have 

affected the self-reported immersion and affect score, as 

being more interested in a particular animal (e.g. huskies 

over squirrels) could have influenced the ratings. Therefore, 

despite counterbalancing the conditions to further reduce this 

effect, it is integral to be aware that a control for engagement 

levels is difficult to achieve.   

Another possible limitation of the study was the design of the 

secondary content which we believe was rather simplistic. It 

was restricted to a certain number of words, a picture and did 

not allow any interaction in order to act as a control for the 

experiment. We believe that with better designed secondary 

content, people might give more priority to the companion 

screen which might amplify the effect of the time delay. In 

addition, having more complex graphics or words in the 

secondary device can also draw more attention from the 

viewer [71, 91]. This is leaning on literature from 

prospective duration judgement [84] which suggest that the 

effects of time delay increases when more attention is 

dedicated to the companion application. Future studies could 

also investigate how time delay will affect better designed 

companion application, possibly those that include 

interactivity.  

Thirdly, a further limitation would be the condition of the 

usability lab. Due to space limitation, it might not be as 

conducive as a proper living room where a large TV could 

be viewed from with proper lighting control and seats. All 

these factors could affect the immersion and affect score. In 

addition, the environment was controlled to ensure there was 

no distraction (e.g. mobile phone usage) which usually exist 

in a real environment.   

5. IMPLICATIONS AND FUTURE WORK 

The results from this study contributes to the field of HCI as 

it adds to the body of work on companion screens by 

exploring the effects of time delay in content 

synchronisation. To our knowledge, this is the first study 

exploring the effects of time delay between the TV and 

companion screen content using a multi-level measurement 

approach. By the triangulation of data from the self-report, 

behavioural and physiological measures, we were able to 

uncover how the different levels of time delay were affecting 

participants watching a factual documentary with relevant 

secondary content. In addition, we have also provided some 

plausible explanations to why some of the negative effects 

were mitigated; and proposed some recommendations to 

accommodate it. Further investigation should be conducted 

on more levels of time delay in the synchronisation of 

content to establish threshold limits for media-

synchronisation technology to follow. In addition, further 

companion screen experiments could be conducted on 

different genres with better designed content that includes 

interactivity to see how the effects of time delay will vary.  

Another contribution of this study includes the development 

of a secondary content recall test which measures whether 

participants were actually engaging the secondary content in 

an unobtrusive way. The results of applying this test for the 

first time suggest that people were actively engaging the 

secondary content. However, it was still difficult to 

determine the reasons for them not registering the secondary 

content. It might be useful to combine this recall test with 

other monitoring techniques (e.g. observations or eye-

tracking) to provide additional insights. Future studies 

should also include longitudinal studies and explore pieces 

of footage with longer durations to further investigate the 

effects of time delay on the secondary content recall and 

immersion levels. 
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Lastly, it is important to note that this study explores the 

effect of time delay between supplementing relevant content 

to a factual documentary and should not be generalized for 

another genre and context of use. In addition, ensuring that 

the secondary content remains relevant to the scene remains 

integral [11, 12]. Moreover, we believe that other time 

critical scenarios will warrant tighter synchronization from 

both screens, for example, a game show or having a quiz 

would require a tighter synchronization to prevent the 

answers from being revealed too early. Further time delay 

studies should be conducted to investigate these effects. 

6. CONCLUSION  

This study explores how time delay affects the companion 

screen experience by analyzing self-reported immersion and 

affect from a multi-measurement perspective, which 

included qualitative data from interviews and physiological 

measures. Data from the secondary recall test indicated that 

participants were actively engaging the secondary content 

although no significant difference between the three 

conditions were found. Triangulation of results indicate that 

the 3s time delays condition was not significantly different 

from the baseline condition. This result suggests that time 

delays of up to 3s might not be that critical when we consider 

supplementing secondary content to a factual documentary 

as long as content relevancy is intact. Having the main TV to 

focus on whenever a time delay occurred also mitigated this 

effect.  Some other possible explanations include the lag in 

attention switching between screens and lower perceived 

time delay estimations.  

Qualitative data from the interview indicated that most 

participants could sense and were annoyed during the 10s 

time delay condition. Nevertheless, there was no significant 

difference in the affect, immersion and physiological data 

across the three conditions. We did find a significant 

difference in the upset subscale rating which reflected that 

participants were unhappy with the 10s time delay condition 

as compared to the other two conditions. Bearing in mind that 

significant effect was almost detected for longer time delay 

conditions when analyzing the negative affect score; and for 

the fact that participants had to adopt strategies to mitigate 

the negative effects they were experiencing. We argue that 

time delays as long as 10s should be taken seriously as they 

can be sensed by viewers and will cause a negative user 

experience. 

Ultimately, users can still enjoy the footage without using the 

companion application. Thus, it is even more critical for 

media technologies to achieve optimum levels of 

synchronization to prevent “breaking” the companion screen 

experience in any way. This is to ensure that early adopters 

of this technology will remain loyal users in the near future.  

 

ACKNOWLEDGMENTS 

Firstly, I would like to thank my supervisors Duncan Brumby 

and Jacob Rigby for their critical advice and supervision 

throughout this project. I would also like to thank Joe 

Newbold who was very generous with his time in helping out 

with the pilot studies and also providing valuable advice 

during critical junctures in the project. Next, I would also like 

to thank my co-supervisor (from BBC) Vinoba 

Vinayagamoorty for her unwavering support and providing 

valuable domain knowledge. Lastly, I want to thank Sinyi for 

her limitless patience and encouragement throughout my 

work on this project.  

 

REFERENCES 

[1] Accenture, “Digital video and the connected 

consumer,” 2015. 

[2] Ofcom, “The market communication report 2015,” 

2015. 

[3] BBC, “Companion screens: Creating a viewing 

experience across more than one screen.” [Online]. 

Available: 

http://www.bbc.co.uk/rd/projects/companion-

screens. [Accessed: 18-Jun-2016]. 

[4] S. Basapur, G. Harboe, H. Mandalia, A. Novak, V. 

Vuong, and C. Metcalf, “Field trial of a dual device 

user experience for iTV,” in Proceddings of the 9th 

international interactive conference on Interactive 

television - EuroITV ’11, 2011, p. 127. 

[5] J. Murray, S. Goldenberg, K. Agarwal, T. 

Chakravorty, J. Cutrell, A. Doris-Down, and H. 

Kothandaraman, “Story-map: iPad companion for 

long form TV narratives,” in Proceedings of the 10th 

European conference on Interactive tv and video - 

EuroiTV ’12, 2012, p. 223. 

[6] A. Nandakumar and J. Murray, “Companion apps for 

long arc TV series : Supporting new viewers in 

complex storyworlds with tightly syhronized 

context-sensitive annotations,” Proc. 2014 ACM Int. 

Conf. Interact. Exp. TV online video, pp. 3–10, 2014. 

[7] E. Anstead, S. Benford, and R. J. Houghton, “Many-

screen viewing: Evaluating an Olympics companion 

application,” in Proceedings of the 2014 ACM 

international conference on Interactive experiences 

for TV and online video - TVX ’14, 2014, pp. 103–

110. 

[8] V. Vinayagamoorthy, P. Allen, M. Hammond, and 

M. Evans, “Researching the user experience for 

connected tv,” in Proceedings of the 2012 ACM 

annual conference extended abstracts on Human 

Factors in Computing Systems Extended Abstracts - 

CHI EA ’12, 2012, p. 589. 

[9] T. Jones, “Designing for second screens: The 

Autumnwatch companion,” BBC, 2011. [Online]. 

Available: http://www.bbc.co.uk/rd/blog/2011-04-

the-autumnwatch-companion-de. 



16 

 

[10] D. Geerts, R. Leenheer, D. De Grooff, J. Negenman, 

and S. Heijstraten, “In front of and behind the second 

screen: Viewer and producer perspectives on a 

companion app.,” in Proceedings of the 2014 ACM 

international conference on Interactive experiences 

for TV and online video - TVX ’14, 2014, pp. 95–102. 

[11] S. Robertson, C. Wharton, C. Ashworth, and M. 

Franzke, “Dual device user interface design : PDAs 

and interactive television,” in Chi 1996, 1996, pp. 1–

10. 

[12] S. Fallahkhair, L. Pemberton, and J. Masthoff, “A 

dual device scenario for informal language learning: 

Interactive television meets the mobile phone,” in 

Proceedings - IEEE International Conference on 

Advanced Learning Technologies, ICALT 2004, 

2004, pp. 16–20. 

[13] S. Basapur, H. Mandalia, S. Chaysinh, Y. Lee, N. 

Venkitaraman, and C. Metcalf, “FANFEEDS: 

Evaluation of Socially Generated Information Feed 

on Second Screen as a TV Show Companion,” in 

Proceedings of the 10th European conference on 

Interactive tv and video - EuroiTV ’12, 2012, pp. 87–

96. 

[14] J. Kramskoy, “Measuring the accuracy of 

companion screen synchronisation,” 2015. [Online]. 

Available: http://www.bbc.co.uk/rd/blog/2015-02-

measuring-the-accuracy-of-companion-screen-

synchronisation. [Accessed: 20-May-2016]. 

[15] F. Bardhi, A. J. Rohm, and F. Sultan, “Tuning in and 

tuning out: Media multitasking among young 

consumers,” J. Consum. Behav., vol. 12, no. 4, pp. 

253–266, 2008. 

[16] R. M. M. I. Chowdhury, A. Finn, and G. D. Olsen, 

“Investigating the Simultaneous Presentation of 

Advertising and Television Programming,” J. 

Advert., vol. 36, no. 3, pp. 85–96, 2007. 

[17] L. Cruickshank, E. Tsekleves, R. Whitham, A. Hill, 

and K. Kondo, “Making interactive TV easier to use: 

Interface design for a second screen approach,” Des. 

J., vol. 10, no. 3, pp. 41–53, 2007. 

[18] M. O. Van Deventer, H. Stokking, M. Hammond, J. 

Le Feuvre, and P. Cesar, “Standards for multi-stream 

and multi-device media synchronization,” IEEE 

Commun. Mag., vol. 54, no. 3, pp. 16–21, 2016. 

[19] V. Vinayagamoorthy, R. Ramdhany, and M. 

Hammond, “Enabling frame-accurate synchronised 

companion screen experiences,” pp. 83–92. 

[20] R. Miller, “Response time in man-computer 

conversational transactions.pdf,” in Proc. AFIPS 

Fall Joint Computer Conference, 1968, pp. Vol. 33, 

267–277. 

[21] J. Nielsen, “Response times: The 3 important limits,” 

2014. [Online]. Available: 

https://www.nngroup.com/articles/response-times-

3-important-limits/. [Accessed: 17-Jun-2016]. 

[22] B. A. Myers, “The importance of percent-done 

progress indicators for computer-human interfaces,” 

ACM SIGCHI Bull., vol. 16, no. 4, pp. 11–17, 1985. 

[23] B. Shneiderman, “Response time and display rate in 

human performance with computers,” in ACM 

Computing Surveys, 1984, vol. 16, no. 3, pp. 265–

285. 

[24] J. Jin and L. a. Dabbish, “Self-interruption on the 

computer: a typology of discretionary task 

interleaving,” in Proceedings of the 27th 

international conference on Human factors in 

computing systems, CHI 2009, 2009, pp. 1799–1808. 

[25] S. J. Payne, G. B. Duggan, and H. Neth, 

“Discretionary task interleaving: heuristics for time 

allocation in cognitive foraging.,” J. Exp. Psychol. 

Gen., vol. 136, no. 3, pp. 370–388, 2007. 

[26] C. A. Monk, J. G. Trafton, and D. A. Boehm-Davis, 

“The effect of interruption duration and demand on 

resuming suspended goals.,” J. Exp. Psychol. Appl., 

vol. 14, no. 4, pp. 299–313, 2008. 

[27] C. P. Janssen, S. J. J. Gould, S. Y. W. Li, D. P. 

Brumby, and A. L. Cox, “Integrating knowledge of 

multitasking and Interruptions across different 

perspectives and research methods,” Int. J. Hum. 

Comput. Stud., vol. 79, pp. 1–5, 2015. 

[28] V. M. González and G. Mark, “‘ Constant , Constant 

, Multi-tasking Craziness ’: Managing Multiple 

Working Spheres,” in CHI ’04 Proceedings of the 

SIGCHI Conference on Human Factors in 

Computing Systems, 2004, vol. 6, no. 1, pp. 113–120. 

[29] S. J. J. Gould, D. P. Brumby, and A. L. Cox, “What 

does it mean for an interruption to be relevant? An 

investigation of relevance as a memory effect,” in 

Proceedings of the Human Factors and Ergonomics 

Society Annual Meeting, 2013, vol. 57, no. 1, pp. 

149–153. 

[30] D. P. Brumby, A. L. Cox, and J. Back, “Recovering 

from an interruption: Investigating speed-accuracy 

tradeoffs in task resumption strategy,” J. Exp. 

Psychol. Appl., vol. 19, no. 2, pp. 95–107, 2013. 

[31] B. P. Bailey and S. T. Iqbal, “Understanding changes 

in mental workload during execution of goal-

directed tasks and its application for interruption 

management,” ACM Trans. Comput. Interact., vol. 

14, no. 4, pp. 1–28, 2008. 

[32] G. J. Mark, S. Voida, and A. V. Cardello, “A pace 

not dictated by electrons: An empirical study of work 



17 

 

without email,” in Proceedings of the SIGCHI 

Conference on Human Factors in Computing 

Systems (pp. 555-564), May 5-10, 2012, 2012, pp. 

555–564. 

[33] G. J. Mark, D. Gudith, and U. Klocke, “The cost of 

interrupted work : More speed and stress,” in CHI 

2008: Proceedings of the SIGCHI Conference on 

Human Factors in Computing Systems, 2008, pp. 

107–110. 

[34] E. M. Altmann and J. G. Trafton, “Timecourse of 

recovery from task interruption: data and a model.,” 

Psychon. Bull. Rev., vol. 14, no. 6, pp. 1079–1084, 

2007. 

[35] B. Shneiderman and B. B. Benderson, “Maintaining 

concentration to achieve task completion,” in DUX 

’05 Proceedings of the 2005 conference on 

Designing for User eXperience, 2005, pp. 2–7. 

[36] P. D. Adamczyk and B. P. Bailey, “If not now 

when?: The effects of interruption at different 

moments within task execution,” in Proceedings of 

the SIGCHI conference on Human factors in 

computing systems, 2004, vol. 6, no. 1, pp. 271–278. 

[37] M. E. Holmes, S. Josephson, and R. E. Carney, 

“Visual attention to television programs with a 

second-screen application,” in Proceedings of the 

Symposium on Eye Tracking Research and 

Applications - ETRA ’12, 2012, pp. 397–397. 

[38] T. Neate, M. Jones, and M. Evans, “Mediating 

Attention for Second Screen Companion Content,” 

in Proceedings of the ACM CHI’15 Conference on 

Human Factors in Computing Systems, 2015, vol. 1, 

pp. 3103–3106. 

[39] J. P. Borst, T. A. Buwalda, H. van Rijn, and N. A. 

Taatgen, “Avoiding the problem state bottleneck by 

strategic use of the environment,” Acta Psychol. 

(Amst)., vol. 144, no. 2, pp. 373–379, 2013. 

[40] S. J. J. Gould, A. L. Cox, D. P. Brumby, and A. 

Wickersham, “Now Check Your Input : Brief Task 

Lockouts Encourage Checking , Longer Lockouts 

Encourage Task Switching,” 2016. 

[41] I. Katidioti and N. a. Taatgen, “Choice in 

Multitasking: How Delays in the Primary Task Turn 

a Rational Into an Irrational Multitasker,” Hum. 

Factors J. Hum. Factors Ergon. Soc., vol. 56, no. 4, 

pp. 728–736, 2013. 

[42] E. Ophir, C. Nass, and A. D. Wagner, “Cognitive 

control in media multitaskers.,” Proc. Natl. Acad. 

Sci. U. S. A., vol. 106, no. 37, pp. 15583–15587, 

2009. 

[43] J. Lee, L. Lin, and T. Robertson, “The impact of 

media multitasking on learning,” Learn. Media 

Technol., vol. 37, no. March 2015, pp. 94–104, 2012. 

[44] I. D. Askwith, “Television 2.0: Reconceptualizing 

TV as an engagement medium,” Massachusetts of 

Technology, 2007. 

[45] P. M. Napoli, “Audience evolution and the future of 

audience research,” Int. J. Media Manag., vol. 14, 

no. May, pp. 79–97, 2012. 

[46] R. Busselle and H. Bilandzic, “Measuring narrative 

engagement,” Media Psychol., vol. 12, no. 4, pp. 

321–347, 2009. 

[47] M. C. Green and T. C. Brock, “The role of 

transportation in the persuasiveness of public 

narratives.,” J. Pers. Soc. Psychol., vol. 79, no. 5, pp. 

701–721, 2000. 

[48] Nielsen, “Brain activity predicts social tv 

engagement,” 2015. 

[49] C. Jennett, A. L. Cox, P. Cairns, S. Dhoparee, A. 

Epps, T. Tijs, and A. Walton, “Measuring and 

defining the experience of immersion in games,” Int. 

J. Hum. Comput. Stud., vol. 66, no. 9, pp. 641–661, 

2008. 

[50] M. Wrzesien and M. Alca??iz Raya, “Learning in 

serious virtual worlds: Evaluation of learning 

effectiveness and appeal to students in the E-Junior 

project,” Comput. Educ., vol. 55, no. 1, pp. 178–187, 

2010. 

[51] A. Cox, P. Cairns, P. Shah, and M. Carroll, “Not 

Doing But Thinking: The Role of Challenge in the 

Gaming Experience,” Proc. CHI 2012, pp. 79–88, 

2012. 

[52] P. Cairns, A. L. Cox, M. Day, H. Martin, and T. 

Perryman, “Who but not where: The effect of social 

play on immersion in digital games,” Int. J. Hum. 

Comput. Stud., vol. 71, no. 11, pp. 1069–1077, 2013. 

[53] J. M. Rigby, D. P. Brumby, A. L. Cox, and S. J. . 

Gould, “Watching movies on netflix : Investigating 

the effect of screen size on viewer immersion,” in 

Mobile HCI, 2016. 

[54] H. A. Du Toit, “Working while watching tv, is it 

really work?: The impact of media multi-tasking on 

stress and performance,” University College 

London, 2013. 

[55] R. L. Mandryk, K. M. Inkpen, and T. W. Calvert, 

“Using psychophysiological techniques to measure 

user experience with entertainment technologies,” 

Behav. Inf. Technol., vol. 25, no. 2, pp. 141–158, 

2006. 

[56] G. M. Wilson and A. Sasse, “Do users always know 

what’s good for them? Utilising physiological 

responses to assess media quality,” in In HCI 2000: 



18 

 

People and Computers XIV – Usability or Else, 

2000, pp. 327–339. 

[57] M. Bradley and P. Lang, Measuring emotion: 

Behavior, feeling, and physiology. 2000. 

[58] W. Mackay and A. Fayard, “HCI, natural science 

and design: A framework for triangulation across 

disciplines,” in Design Interactive System, 1997, pp. 

223–234. 

[59] J. Peacock, S. Purvis, and R. L. Hazlett, “Which 

broadcast medium better drives engagement? 

Measuring the powers of radio and television with 

electromyography and skin-conductance 

measurements,” J. Advert. Res., vol. 51, no. 4, pp. 

578–585, 2011. 

[60] C. Wang and P. Cesar, “Measuring audience 

responses of video advertisements using 

physiological sensors,” Proc. 3rd Int. Work. 

Immersive Media Exp. - ImmersiveME ’15, pp. 37–

40, 2015. 

[61] C. Wang and P. César, “Physiological measurement 

on students’ engagement in a distributed learning 

environment,” Psychol. Comput. Syst., pp. 149–156, 

2015. 

[62] G. M. Wilson, “Psychophysiological indicators of 

the impact of media quality on users,” Proc. CHI 

2001 Dr. Consort., pp. 95–96, 2001. 

[63] P. J. Lang, M. K. C. Reenwald, M. M. Bradley, and 

A. O. Hamm, “Looking at pictures : Affective, 

facial, visceral and behavioral reactions,” 

Psychophysiology, no. 30, pp. 261–273, 1993. 

[64] A. F. Kramer, “Physiological metrics of mental 

workload : A review of recent progress,” 1990. 

[65] A. Cengizhan and M. Göktürk, 

“Psychophysiological measures of human cognitive 

states applied in human computer interaction,” 

Procedia Comput. Sci., vol. 3, pp. 1361–1367, 2011. 

[66] C. Wang, E. N. Geelhoed, P. P. Stenton, and P. 

Cesar, “Sensing a live audience,” in Chi ’14, 2014, 

pp. 1909–1912. 

[67] M. E. Dawson, A. M. Scheel, and D. L. Filion, 

“Electrodermal system,” in Principles of 

psychophysiology: Physical, social, and inferential 

elements., Cambridge, Ed. Cambridge University 

Press, 1990. 

[68] N. H. Fridja, “The Emotions, chapter Physiology of 

Emotion,” in Studies in Emotion and Social 

Interaction, C. U. Press, Ed. Cambridge, 1986, pp. 

pp124– 175. 

[69] D. Watson and L. A. Clark, “The PANAS-X Manual 

for the positive and negative affect schedule - 

Expanded Form,” Iowa Res. Online, vol. 277, no. 6, 

pp. 1–27, 1999. 

[70] “E4 wristband,” Empatica. [Online]. Available: 

https://www.empatica.com/e4-wristband. 

[Accessed: 21-Jun-2016]. 

[71] T. Neate, M. Evans, and M. Jones, “Designing 

Visual Complexity for Dual-screen Media,” in CHI 

2016, 2016. 

[72] D. Watson, L. a Clark, and A. Tellegen, 

“Development and validation of brief measures of 

positive and negative affect: the PANAS scales.,” J. 

Pers. Soc. Psychol., vol. 54, no. 6, pp. 1063–70, 

1988. 

[73] M. Burke, A. Hornof, E. Nilsen, and N. Gorman, 

“High-Cost Banner Blindness : Ads Increase 

Perceived Workload , Hinder Visual Search , and 

Are Forgotten,” ACM Trans. Comput. Interact., vol. 

12, no. 4, pp. 423–445, 2005. 

[74] M. Hammond, “Standardising companion screen 

synchronisation - tools and testing,” BBC, 2015. 

[Online]. Available: 

http://www.bbc.co.uk/rd/blog/2015-01-

standardising-companion-screen-synchronisation-

tools-and-testing. [Accessed: 20-Jun-2016]. 

[75] E. Peper, R. Harvey, I. Lin, H. Tylova, and D. Moss, 

“Is there more to blood volume pulse than heart rate 

variability , respiratory sinus arrhythmia , and 

cardiorespiratory synchrony ?,” in Biofeedback, 

2007, vol. 35, no. 2, pp. 54–61. 

[76] J. Achten and A. E. Jeukendrup, “Heart rate 

monitoring: applications and limitations,” in Sports 

medicine, vol. 33, no. 7, 2003, pp. 517–538. 

[77] P. Kincaid, R. Fishburne, Richard Rogers, and B. 

Chissom., “Derivation of new readability formulas 

(Automated Readability Index, Fog Count and 

Flesch Reading Ease Formula) for Navy enlisted 

personnel. Technical,” 1975. 

[78] K. Rayner, T. J. Slattery, and N. N. Belanger, “Eye 

movements, the perceptual span, and reading speed,” 

Psychon Bull Rev, vol. 17, no. 6, pp. 834–839, 2010. 

[79] V. Braun and V. Clarke, “Using thematic analysis in 

psychology,” Qual. Res. Psychol., vol. 3, no. 2, pp. 

77–101, 2006. 

[80] W. Boucsein, D. C. Fowles, S. Grimnes, G. Ben-

Shakhar, W. T. Roth, M. E. Dawson, and D. L. 

Filion, “Publication recommendations for 

electrodermal measurements,” Psychophysiology, 

vol. 49, no. 8, pp. 1017–1034, 2012. 

[81] D. M. Green and J. A. Swet, Signal detection theory 

and psychophysics. New York, NY: John Wiley, 

1966. 



19 

 

[82] D. Coyle, J. Moore, P. Ola, K. Paul, and C. F. Alan, 

“I did that ! Measuring Users ’ Experience of Agency 

in their own Actions,” Proc. 2012 ACM Annu. Conf. 

Hum. Factors Comput. Syst. CHI 12, pp. 2025–2034, 

2012. 

[83] V. Braun and V. Clarke, “Using thematic analysis in 

psychology,” Qual. Res. Psychol., vol. 3, no. May 

2015, pp. 77–101, 2006. 

[84] R. a Block and D. Zakay, “Prospective and 

retrospective duration judgments: A meta-analytic 

review.,” Psychon. Bull. Rev., vol. 4, no. 2, pp. 184–

197, 1997. 

[85] D. Zakay and R. A. Block, “Prospective and 

retrospective duration judgments: An executive-

control perspective,” Acta Neurobiol. Exp. (Wars)., 

vol. 64, no. 3, pp. 319–328, 2004. 

[86] A. Brown, M. Evans, C. Jay, M. Glancy, R. Jones, 

and S. Harper, “HCI over multiple screens,” in 

Proceedings of the extended abstracts of the 32nd 

annual ACM conference on Human factors in 

computing systems - CHI EA ’14, 2014, pp. 665–674. 

[87] J. Nielsen, T. Clemmensen, and C. Yssing, “Getting 

access to what goes on in people’s heads? 

Reflections on the think-aloud technique,” in 

Proceedings of the second Nordic conference on 

human-computer interaction - NordiCHI ’02, 2002, 

pp. 101–110. 

[88] J. Scheirer, R. Fernandez, J. Klein, and R. W. Picard, 

“Frustrating the user on purpose: a step toward 

building an affective computer,” Interact. Comput., 

vol. 14, no. 2, pp. 93–118, 2002. 

[89] P. Tsiamyrtzis, M. Dcosta, D. Shastri, E. Prasad, and 

I. Pavlidis, “Delineating the operational envelope of 

mobile and conventional EDA sensing on key body 

locations,” in Proceedings of the 2016 CHI 

Conference on Human Factors in Computing 

Systems, 2016, pp. 5665–5674. 

[90] L. Lin, T. Robertson, and J. Lee, “Reading 

Performances Between Novices and Experts in 

Different Media Multitasking Environments,” 

Comput. Sch., vol. 26, no. 3, pp. 169–186, 2009. 

[91] J. Kallenbach, S. Narhi, and P. Oittinen, “Effects of 

extra information on TV viewers’ visual attention, 

message processing ability, and cognitive 

workload,” Comput. Entertain., vol. 5, no. 2, p. 8, 

2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 

 

APPENDIX 1: INFORMATION SHEETS 

 

 

 

 

 

 

APPENDIX 2: FILM IEQ 

 

 

 

 

 



21 

 

 

 

 

 

 



22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 

 

APPENDIX 3: PANAS QUESTIONNAIRE 

 

 

 

APPENDIX 4: SEMI-STRUCTURED INTERVIEW 
QUESTIONS 

 

 

 

APPENDIX 5: KEY THEMES DERIVED FROM THEMATIC 
ANALYSIS 

 

 

Pros and cons of the companion screen mentioned in this 

study 

 

 

Sub-themes within the why long delays were frustrating and 

the strategies adopted by participant to mitigate the effects 

of time delay 
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Other themes that emerged from this study.  

 

APPENDIX 6: WRITTEN CODES FOR LINK UP WITH 
SYNCHRONIZATION TOOL (DVB-CSS PROTOCOL) 

 

Additional codes (java script) added to synchronise the 

synchronized starting of both the footage and secondary 

content.  
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Additional code (html) to include functionality of playing the 

relevant pieces of footage into the remote control interface. 

 

 

 

 


