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Abstract 

User engagement (UE) is a quality of user experience characterized by the depth of an actor’s 

cognitive, temporal and/or emotional investment in an interaction with a digital system.  

Currently more art than science, UE has gained theoretical and methodological traction over the 

past decade, yet there is still a need to establish empirical links between UE and desired 

outcomes (e.g., learning, behavior change), and to understand the myriad user, system, 

contextual, etc. factors that predict successful digital engagement. This paper focuses on the 

relationship between UE and media format as a potential antecedent, and the outcome of 

learning, operationalized as short-term knowledge retention. Participants interacted with two 

human-interest stories in one of four media formats: video, audio, narrative text, or transcript-

style text; short-term knowledge retention was measured using post-task multiple choice and 

short-answer questions. It was anticipated that format would have a strong effect on UE, and that 

more engaged users would recall more information about the stories. However, these hypotheses 

were not fully supported, and the nature of the relationship between UE and learning was more 

nuanced than expected. This research has implications for the design of information systems and, 

more fundamentally, the impetus to make digital environments engaging. 
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Introduction  

 Across digital domains there is an impetus to create engaging user experiences. Non-

engagement or disengagement has obvious consequences: failure to purchase products or use 

search engines affects the revenue of companies providing these services. However, there are 

less tangible yet significant individual and societal costs when users do not or cannot engage, 

i.e., lost potential for learning and personal growth, collaboration and social connectivity, etc.  

The degree to which our daily interactions with government, health, work, and learning portals 

are digitally mediated suggests that user engagement (UE) may determine the extent to which 

people will benefit from digital information. While the study of UE has gained theoretical and 

methodological traction over the past decade (Lalmas, O’Brien & Yom-Tov, 2014; O’Brien & 

Cairns, 2016), there is still a lack of empirical evidence regarding the link between UE and 

desired outcomes (e.g., learning, participation), and the specific user, system, and contextual 

factors that predict digital engagement. 

  This study is the beginning of a long-term research project to examine antecedents and 

outcomes of user engagement with digital information systems. This paper focuses on the 

relationship between UE and a potential antecedent and the outcome of learning. This paper 

describes a laboratory-based study that predicted that UE would be influenced by the type of 

media participants engaged with (video, audio, narrative style text, transcript style text), and that 

more engaged participants would achieve higher scores on knowledge retention tests. However, 

the relationship between engagement and learning was not as straightforward as anticipated. A 

contribution of this work lies in its unexpected findings, which exemplify the need to consider 

the role of content in UE, and to more deeply and critically probe the relationship between UE 

and learning with information search systems.   
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Literature Review 

 User engagement is a quality of user experience characterized by the depth of an actor’s 

cognitive, temporal and/or emotional investment in an interaction with a digital system (O’Brien, 

2016).  It is the combination of users’ attention, motivation, involvement, etc. and systems’ 

usability, aesthetics, novelty, etc. that result in an engaged experience (Jacques, 1996; O’Brien & 

Toms, 2008; Webster & Ho, 1997). These attributes form the basis of theoretical models that 

treat UE as a process with distinct stages (point of engagement, sustained engagement, 

disengagement and re-engagement) (O’Brien & Toms, 2008), whereby UE attributes fluctuate 

according to users’ changing needs and the system’s ability to fulfill those needs (Jacques, 1996; 

O’Brien, 2016; Oh, Bellur & Sundar, 2015). Empirical studies examining the relationship 

between UE attributes have found that aesthetic appeal and novelty predict users’ levels of 

attention and involvement in the interaction, and perceptions of the system’s usability and 

endurability of the experience. Endurability refers to individuals’ evaluation of the system as 

worthwhile and rewarding, and their desire to engage with it in future or recommend it to others 

(O’Brien & Toms, 2010).  

 To date, however, most research has treated UE as an outcome in and of itself, with notable 

exceptions in education (Sharek, 2012; Vail, Boyer, Wiebe, & Lester, 2015). Search engine 

companies infer engagement through behavioral patterns that correspond to metrics of loyalty, 

activity, and popularity (Lehmann, Lalmas, Yom-Tov & Dupret, 2012), and the uptake of online 

advertising. While monetary and usage outcomes are evident, less is known about searchers’ 

motivations, experiences, and personal outcomes during or as a result of information 

interactions. Furthermore, in online searching where millions of data points are collected and 

analyzed, it is difficult to ascertain what aspects of the content or system activate and maintain 
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UE, and how these aspects interact with specific user characteristics, e.g., age, cognitive ability. 

Such questions may be addressed by studies that examine behavioral, physiological and self-

report data in concert (Arapakis, Lalmas, Cambazoglu, Marcos & Jose, 2014), but the question 

of what engages users is still present. 

Antecedents of User Engagement 

 Several aspects of content have been investigated in conjunction with UE, including 

sentiment, interest, novelty (Arapakis et al., 2014; McCay-Peet et al., 2012; O’Brien, 2011), 

quality (Colbert & Boodoo, 2011), and message framing (Hong, 2012). Recent research has 

investigated the effects of interactivity (Sundar et al., 2014) on UE, but studies examining media 

format are dated (Chapman et al., 1999; Jacques, Carey & Preece, 1995).  

  Arapakis et al. (2014) found that content sentimentality and polarity affected UE in online 

news.  Specifically, affect, interest ratings, enjoyment and curiosity increased as content 

sentiment increased but became more negative. O’Brien (2011) concluded that novelty and 

participants’ ability to relate personally to news content influenced story selection.  Participants 

disengaged from online news that failed to offer anything “new” on an event or issue, i.e., a 

“rehash” of existing information.  In another news study, McCay-Peet, et al. (2012) manipulated 

the saliency or “visual catchiness” of news items and headlines through color, size, location, or 

use of images. Salient, task-related information increased participants’ efficiency in locating 

information, but personal interest in content distracted some users from their primary search task. 

 The way in which content is presented (e.g., language, font, color) can shape users’ 

perceptions of quality and affect behavior. Colbert and Boodoo (2011) created two versions of a 

bicycle repair website, “compliant” and “non-compliant”. Compliancy was based on writing 

style, phrasing and wording, text format and layout, etc. according to published guidelines for 
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writing online content. Over a four-week period, web traffic patterns revealed no differences in 

bounce rates and number of pages accessed per visit between the websites, but people spent more 

time on and returned more frequently to the compliant version. The analytic data suggested that 

the presentation of the content (e.g., presence of errors) influenced users’ willingness to engage 

and re-engage. Hong (2012) looked at message framing, creating two versions of a health 

message about diet and health: promotional (e.g., “create better eyesight”), and preventive (e.g., 

“combat eyesight problems”).  Participants were then instructed to explore promotional (e.g., 

“strengthen bones”) and preventative (e.g., lower blood pressure) ‘taglines’. Hong found that the 

initial framing of the content (promotional or preventative) was aligned with the type of tagline 

that participants decided to subsequently explore.  

 There is little consensus on what constitutes “engaging design” (Koehler et al., 2005; 

Sutcliffe, 2009). Chapman et al. (1999) conducted two studies with one of two types of 

multimedia training systems: a passive video-based system and an active, computer-based 

system; each study presented content in audio (plus still images), video, or text (plus still images) 

format. They concluded that UE was more dependent on interactivity than format because 

participants felt more engaged with the computer-based system than the more passive, video-

based system regardless of media format.  

 More recently, Sundar et al., (2014) manipulated different modalities for navigating and 

accessing web content (e.g., clicking, zooming) individually and in strategic combinations.  They 

discovered that UE was positively associated with the use of tools for accessing information 

(e.g., clicking), but not for navigating websites; the extensive use of navigation tools may have 

signaled user disorientation (Webster & Ahuja, 2004). Sundar et al. (2014) concluded that users’ 

initial perceptions of interactive tools shaped their experiences, and that the purpose of use 
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(accessing versus navigating content) should have implications for integrating new and existing 

interaction techniques into interface design. Their findings corroborate those of Jacques et al. 

(1995), who found that media preference was influenced by the nature of users’ tasks (searching 

or browsing). However, interactive tools must be carefully considered and that, while “flashy, 

entertaining, and even inspirational,” they may not result in the “acquisition of much knowledge 

or understanding” (Chapman et al., 1999, p. 3); thus format and interactivity of media must align 

with the users’ goals (Jacques, 1996; Webster & Ho, 1997). However, as design is not 

prescriptive (Sutcliffe, 2009), designing for engagement is challenging, and users bring a variety 

of goals to a given system at different points in time.    

 It is impossible to disentangle information from how it is presented through the design of 

system features and affordances.  For instance, McCay-Peet et al. (2012) examined how 

efficiently people select task-relevant information based on its presentation (e.g., small vs. large 

font), and Koehler et al. (2005) observed interaction effects between media format (video or text) 

and content genre (human interest news story, informative story, poem, and scholarly lecture).  

Participants who saw a video version of a poem, for example, experienced stronger emotional 

reactions than those who read the same poem.   

 Most recently, Oh and Sundar (2015) created an informational anti-smoking website, 

where some of the participants used a slider tool that showed long-term effects of smoking on a 

person’s facial features.  Compared to the group who did not interact with the slider, these 

participants evaluated the website and its message more positively, and indicated increased 

levels of cognitive absorption, suggesting greater engagement. In another paper, Oh, Bellur and 

Sundar (2015) constructed an engagement model comprised of physical interactions with 

websites, interface assessments, cognitive absorption, and interactivity using a National 
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Geographic story.  They concluded, “user engagement with peripheral cues belonging to the 

media system or interfaces could trigger more systematic user engagement with content” (p. 19).  

However, in the anti-smoking study, the use of the slider “significantly reduced the amount of 

message-related thoughts after browsing” (Oh & Sundar, 2015, p. 227), which questions whether 

long-term outcomes, such as avoiding cigarettes, were realized through participants’ engagement 

with the website, and, in more general terms, whether UE with digital media mediates 

meaningful longitudinal outcomes.  

 Given that previous research found effects of genre and message framing on UE, one 

genre, human-interest news stories, was selected for the current study to afford greater 

experimental control. Stories were selected that, while topically different, were similar in 

readability and sentimentality (see “Methods – News Stories” section).  Thus, we did not expect 

differences in user engagement between the two stories. 

H1: There will be no differences in user engagement levels across the two news stories. 

 In the present study, the news stories were delivered in text, audio and video formats, but 

did not include additional interactive features, and participants were not required to perform any 

tasks beyond reading, viewing, or listening to the news stories.  It was hypothesized that, in the 

absence of interactivity, media format would influence participants’ level of engagement 

(Chapman et al., 1999; Oh et al., 2015; Oh & Sundar, 2014), and specifically, that video would 

be more engaging than audio, and audio would be more engaging than either text formats (Figure 

1): 

H2: Media format will result in different levels of engagement.  

a) Video will be more engaging than audio or text formats. 

b) Audio will be more engaging than either text formats. 
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c) Narrative text will be more engaging than transcript-style text. 

User Engagement and Learning 

 Of particular interest in this study is learning, which has affective, behavioral and cognitive 

components and results in knowledge acquisition (Hess, 2015).  Information scientists have 

investigated learning in the context of information search, including the relationship between 

learning and search behaviors based on the cognitive complexity and type (remembering, 

understanding, evaluating) of search tasks performed (Jansen et al., 2009; Kelly et al., 2015). 

Learning is an important component of information search, but that it is difficult to measure 

reliably and longitudinally (Freund, Kopak & O’Brien, 2016; Wilson & Wilson, 2013). Future 

challenges revolve around developing systems that support learning and new evaluation 

indicators and success criteria (Vakkari, 2016).  

 Little is currently known about the relationship between digital UE and learning, though it 

is assumed that engaging users results in positive learning outcomes or makes learning easier 

(Redzuan, Lokman, Othman & Abdullah, 2011). Typically, the way in which engagement is 

achieved is through the use of interactive multimedia in the design of digital learning 

environments, which presumes that people learn by doing.  

 Sanchez-Nielson (2013) introduced student-created video learning objects in two computer 

science courses to replace oral presentations. The video learning objects resulted in increased 

self-reported student success and understanding, and decreased course dropouts. In another 

study, Whitman (2013) experimented with students’ ability to create Camtasia videos, focusing 

on declarative and procedural knowledge gains.  Students were assigned to a tutorial condition 

that was static, animated (i.e., like Power Point) or interactive (pause, rewind, replay content). 

Those in the interactive condition were more engaged, made greater declarative and procedural 
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learning gains, perceived expending less cognitive effort, and spent more time studying 

compared to participants in the static and animated conditions.  However, it is difficult to 

ascertain whether this was due to the properties of the media or the control over pacing it 

afforded participants.   

 Lastly, Eysink and de Jong (2012) developed four computer-mediated environments 

(inquiry-based, self-explanation-based, hypermedia, and observational) and used think-aloud to 

distinguish superficial and elaborative learning processes in students’ interactions with the 

systems. They found that inquiry- and self-explanation-based learning environments facilitated 

more elaborative learning processes, and that the hypermedia environment resulted in more 

superficial processing.  They concluded that learning environments that relieve students’ 

working memory through affordances such as note taking, replaying content, etc. encourage 

scaffolding of new knowledge and result in increased knowledge acquisition. 

 Some studies have demonstrated that the relationship between learning and UE is often 

more nuanced. Sharek (2012) designed three versions of a computer game: linear, which 

increased in challenge over time; choice-based, which allowed participants to select a level of 

difficulty at the beginning of game play; and adaptive, which adjusted the challenge to match 

players’ skill.  He found that those playing the linear version of the game experiences a positive 

emotional state that may not have been conducive to learning because “being engaged requires a 

person to not only be in the Flow but also to actively seek out more difficult challenges rather 

than simply balance their skill with the challenges of the task" (p. 92). Those in the adaptive play 

condition did not play better than those in other conditions, and this may have been because the 

automaticity of this condition removed players’ sense of choice and control.  

 Other research has shown that individual differences can influence the kind of feedback 
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users wish to receive from systems and, ultimately, learning preferences and successes. Vail et 

al. (2015) explored gender differences in student engagement with human-tutors and intelligent 

tutoring systems in a series of computer programming tasks. While all students experienced 

learning gains (based on pre-and post-task test scores), those interacting with human tutors 

performed better. Yet there were gender differences in UE and frustration levels based on the 

type of tutoring system participants used, and the kind of feedback (affective, cognitive, 

affective-cognitive) provided.  Males showed no preferences, but females preferred some form of 

affective feedback in their interactions with human tutors.  

 Finally, a recent study by O’Brien, Freund and Kopak (2016) examined the relationship 

between UE and reading comprehension. Surprisingly, participants in the high and low 

engagement groups had higher comprehension scores than those in the medium group. All 

participants agreed they gained knowledge over the course of the experiment, but interest levels 

declined for the low and increased for the high UE groups.  These results led the authors to 

conclude “that engagement, arising from a user’s interest in content, can facilitate 

comprehension and learning in academic environments, but that engagement is not an essential 

component for learning to occur,” yet for some people, engagement may assist them with the 

“hard work” of learning (p. 80). 

 Although some of the literature pertaining to UE and learning is inconclusive, studies that 

support a positive association between learning and UE were drawn upon to hypothesize that 

increased engagement would result in greater knowledge gains (Figure 1): 

H3: Increased levels of user engagement will correlate with higher knowledge retention scores.  
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Figure 1: Hypotheses 

Method 

 This study employed a 2 (story: farming, mining) x 4 (media format: audio, video, 

transcript-style text, narrative-style text) mixed experimental design; “story” was the within-

subjects variable, and “media format” the between-subjects variable. Participants interacted with 

one, randomly assigned media format to ensure probabilistic equivalency; i.e., differences in 

dependent variables were not due to chance alone. The stories were presented in counterbalanced 

order in the event that any one story might have unanticipated effects on participants’ 

perceptions. The dependent variables were user engagement (UE) and knowledge retention 

(KR). 

Participants 

 Eighty-two participants were recruited for the study. Some data was removed from the 

analysis due to: technical difficulties with the experimental system (n=2), a previous encounter 

with the news stories in their original context (n=1), and returning to the news story to answer 
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the KR questions (n=1).  (While our instructions stated they could not return to the news story, 

we could not technically prevent them from doing so.)  This left 78 valid participants who 

interacted with audio (n=20), video (n=19), transcript style text (n=18), and narrative style text 

(n=21) formats. 

 The majority of participants were female (n=50) (27 males, 1 no response) university 

students (88.5%).  Of the 76 people who responded to the question, over half (n=41; 52.6%) 

indicated an undergraduate degree was their highest level of education; the remainder had a 

Masters degree (n=19; 24.4%); high school diploma (n=10; 12.8%), college certification (n =2; 

2.6%), doctorate (n =2; 2.6%), or other, unspecified education (n =2; 2.6%).  Participants were 

primarily 30 years of age or younger (74.7%) (19-25 years, n =36; 26-30 years, n=23), and 19 

people (24.3%) were between the ages of 31-40.  More than half of the sample indicated they 

read news in both print and electronic formats (n=45, 57.7%); 3 people read print only (3.8%) 

and 30 read web only (38.5%) news. Almost half of the sample (n=38, 48.7%) read news on a 

daily basis; others interacted with news several times per week (n=23, 29.5%), or on a weekly 

(n=15, 19.2%) or monthly (n=2, 2.6%) basis. 

News Stories 

 The two stories (story 1, mining; story 2, farming) were selected after pre-testing with a 

convenience sample.  The pre-test took place in an academic building where passersby were 

asked if they would interact with one or two brief (less than 10 minute) videos; coffee and donuts 

were used as an incentive.  Each of the seventeen videos piloted were viewed twice; volunteers 

were not given a choice of which video to watch. Participants were asked to rate the sentiment 

(positive/negative) and topical interest of each video on a seven-point scale. Two stories that 

were most similar in sentiment (avg. 5/7) and interest ratings (avg. 6/7 for mining and 5/7 for 
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farming, respectively) were selected for the main study. Further, sentiment analysis with 

Stanford CoreNLP indicated the stories were neutral in sentiment (story 1: 0.8; story 2: 0.9) and 

polarity (story 1: 0.2; story 2: 0.1) (Manning et al., 2014).  

 The stories were available from the original news provider in audio, video, and transcript-

style text formats (i.e., “speaker A: text” line break “speaker B: text”). A narrative-text version of 

each story was created for comparison. We did this by removing the “speaker A, B, etc.” and 

bridging the quotes from the speakers into a cohesive narrative; the order in which ideas were 

presented was not changed.  

 Although the mining story was longer than the farming study, they had similar Flesch-

Kincaid Reading Ease and Flesch Kincaid Grade Level scores (Table 1).  This measure is based 

on the average number of syllables in words and average number of words in sentences within a 

passage of text, with the idea that longer sentences and words with more syllables require more 

reading skill (Farrall, 2012). An open source readability calculator (readability-score.com) was 

used to compare the narrative text versions.  Reading ease scores range from 0-100, though texts 

can be assigned a negative score; higher scores are interpreted as more readable and equate to a 

United States grade level. Stories used in this study were comparable to other news content, e.g., 

Reader’s Digest (65) (Flesch, n.d.). Readability assessments are not based on readers’ 

experienced difficulty with texts. However, sentence length and text complexity are highly 

correlated, and word or sentence length are useful indices of readability and have the benefit of 

being fairly simple to calculate (Klare, 1974/75).  

Story Characteristic Farming Story Mining Story 

Video/audio length 6 minutes, 26 seconds 9 minutes, 54 seconds 

Narrative text length 981 words 1336 words 
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Transcript text length 1095 words 1756 words 

Flesch-Kincaid Reading Ease Score 63.3 62.4 

Flesch-Kincaid Grade Level 8.7 8.6 

Table 1: Descriptive characteristics of the human-interest news stories  

Procedure 

 Recruitment took place on a university campus through email lists and posters.  Interested 

participants contacted the researcher via email to schedule an appointment. The study took place 

in a private office and used a web browser-based system to guide participants through the 

experiment.  The system randomly assigned participants to one media formats and presented the 

news stories in counterbalanced order (Figure 2). 

 The consent form appeared on the first page of the experimental system.  Once participants 

read the consent form, they were asked to click the “continue” button to begin. Standard 

instructions were used to introduce the study: 

At this point you will use the laptop and all instructions will be provided to you on the 

screen.  We ask that you do not hit the back button and return to previous pages. Over the 

next 45 minutes or so you will be using the computer to interact with two news stories and 

answer some questions about them and your overall experience.  Please do your best to 

answer the questions, but please do not worry if you cannot answer them all.  I will stay in 

the room in case you have any questions. 

 The next page was a demographic questionnaire (i.e., gender, age, occupation, education, 

and frequency and format of typical news interactions). This was followed by the stories, which 

were incorporated into the experimental system via a link to the original news website; frames 

were used to ensure that participants did not leave or close the experimental system.  
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 After interacting with each story, participants completed a post-task questionnaire, 

including the User Engagement Scale (UES) (O’Brien & Toms, 2010), a thirty-one item self-

report questionnaire that used a seven-point rating scale.  Next, participants were asked four 

questions about their interest in and curiosity about the content, willingness to seek out further 

information on the topic, and likelihood to share it with others using a seven-point rating scale; 

an open-ended comment box accompanied each of these questions. This was followed by ten 

multiple choice and short answer questions that required participants to recall information about 

the stories. Examples of the types of questions asked included: “What products and technologies 

require rare earth magnets?” (story 1, short answer) and “According to the story, approximately 

how many people have the pumps helped out of poverty?” (story 2, multiple choice).   

 Participants completed a post-session questionnaire about their overall experience; this was 

a modified version of the Attitudes Checklist (Schraw, Flowerday, & Reisetter, 1998), a twelve-

item questionnaire developed to examine reading engagement.  Half the sample took part in an 

interview where they were asked to tell [the researchers] about the news stories they encountered 

one at a time.  Prompts were used to facilitate the conversation, e.g., whether they had 

encountered anything on this topic before; whether the format in which they interacted with news 

in the study was “typical” for them, etc.  

 A concluding page thanked participants for taking part, and participants received an 

honorarium. Participants took, on average, 35:42 minutes to complete the study. 

 

Consent Form Demographic 
Questionnaire Story Post-task 

questionnaire 
Post-session 

Questionnaire 
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Figure 2: Sequential components of experimental system 

Data preparation and screening 

 Data was downloaded into a .csv file from the experimental system and examined in SPSS. 

Data analysis will focus on the variables related to the experimental hypotheses only due to 

scope. This section describes the preparation of the UES and KR tests for further analysis.  

User Engagement Scale 

 Eight of the 31 UES items were reverse coded, and response rates were examined; the 

number of missing values ranged from 0 to 41.  A perceived usability (PUs8) and endurability 

(EN3) had 36 and 26 missing items, respectively. DeVellis (2012) recommends ways to explore 

the data to determine if such items should be retained. Item-correlations are a “barometer of 

which items are expendable” (DeVellis, 2002, p. 112); PUs8 had a low inter-item correlation 

with PUs 4 (.099) (all other PUs inter-item correlations were >0.20).  EN3 was correlated with 

other EN items (0.316-0.461), but the squared multiple correlation, which represents the item’s 

communality or shared variance with other items, for EN3 was the lowest of all items for this 

sub-scale (0.24 compared to >0.5) and was a “prime candidates for exclusion” (DeVellis, 2012, 

p. 112). Three aesthetic items garnered missing responses (AE1, AE2=12; AE3=41). In the 

interest of not reducing the sub-scale to too few items, AE items were retained, and possibilities 

for handling missing values using SPSS’s Missing Value Analysis tool were explored.  

 The results of Little’s MCAR test indicated likely patterns among the missing values 

(p=0.001); therefore, examining only complete cases could introduce bias (Little, 1988; 

Tabacknick & Fidell, 2013). Further investigation revealed that the probability of non-response 

on two perceived usability items (PUS4 and PUS6) varied significantly between media formats. 

This suggested that users’ non-responses reflected how comparatively discouraging and/or 
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difficult they found the formats. Missing values were estimated using multiple imputation with a 

version of the Estimation Maximization (EM) algorithm.  Multiple imputation performs well in 

multivariate analyses with small sample sizes and large numbers of missing values (Graham & 

Shafer, 1999; Graham, 2009). The SPSS data file contained 78 cases, but each participant 

completed the UES twice. Figure 3 shows that all but eight variables contained at least one 

missing item (left), 66.67% of cases contained at least one missing value (center), and there were 

200 (4.42%) total missing values in the data set (right). 

 

Figure 3: Summary of missing values 

 Missing values patterns within groups of cases were examined. Monotonicity, which refers 

to the shape increasing or decreasing entirely as one moves from the variable with the most to 

least missing values, was not present.  Therefore, the Markov Chain Monte Carlo method 

(MCMC) with Linear Regression was used to impute missing values.  Each value was imputed 

five times and these five values were averaged into a single resulting value. The number of 

iterations was set at 100 to increase the likelihood of convergence.  The imputation process 

resulted in two new data files: one containing the imputed data, and the other listing means and 

standard deviations for each interpreted variable by imputation and iteration. Working with the 
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imputed data file, analyses were performed and reported on with output for the aggregated 

imputed (“pooled” estimates) data.   

Reliability Analysis of the UES 

 The UES is a multidimensional scale, and therefore the reliability of the sub-scales was 

examined separately using DeVellis’ (2003) criteria, where between 0.7-0.9 is considered 

optimal. The Cronbach’s alpha value for the seven items within the Focused Attention (FA) sub-

scale was high (over 0.9), indicating redundancy.  One item (FA5) was eliminated iteratively 

based on high inter-item correlations. This was also the case for the aesthetic appeal (AE) sub-

scale (Cronbach’s alpha=0.917); the removal of AE5 reduced redundancy.  The reliability of the 

remaining sub-scales was within the optimal range (Table 2). The means of the UES sub-scales 

were all greater than the mid-point of the 7-point rating scale. Focused attention was positively 

skewed and the remaining sub-scales were negatively skewed (Table 2).  

UES Sub-scale No. Items Cronbach’s alpha Mean SD Skewness  

Focused attention (FA) 6 0.89 3.87 1.39 0.03 

Felt involvement (FI) 3 0.85 4.40 1.47 -0.48 

Perceived usability (PUs) 7 0.83 4.95 1.22 -0.42 

Novelty (NO) 3 9 4.92 1.59 -0.76 

Endurability (EN) 4 0.87 4.84 1.33 -0.58 

Aesthetic Appeal (AE) 3 0.904 3.87 1.55 -0.08 

Table 2: Reliability analysis of UES dimensions 

Normality of the UES data 

An inspection of the z-scores and boxplots demonstrated that there was an outlier (z>3); this was 

traced to a participant who did not respond to the aesthetic appeal items for either story.  This 
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resulted in outliers based on the imputation process (e.g., non-representative outliers). The 

participant responded to other UES items, and thus eliminating the case was not an option 

(Tabacknick & Fidel, 2013). Since there was only one outlier in the entire data set, the decision 

was made not to transform the data.  

 The Shapiro-Wilk’s test was used to examine the distribution of the UES data by media 

format. The data was normally distributed for the video, transcript, and narrative text formats, 

but Shapiro Wilk’s test was significant for the audio format (W=0.776(20), p=0.000) with respect 

to aesthetic appeal. In terms of the normality of the data by story, Shapiro Wilk’s test was not 

significant for any of the UES sub-scales with the exception of aesthetic appeal ratings for Story 

1 in the audio format (W=0.612(7), p=0.000).  Based on these and earlier findings, and the 

presence of an outlier in the aesthetic appeal responses, this sub-scale was removed and analysis 

proceeded with parametric tests for analyses involving story, media and the UES. The UES, a 

multidimensional instrument, was not employed in a summative manner; rather sub-scales were 

examined independently (DeVellis, 2003). 

Knowledge Retention Test 

 Ten short answer/multiple-choice questions were created for each story and were assessed 

by two research assistants independently. Modifications were made to the questions based on this 

assessment, and they were then tested with a convenience sample of volunteers.  The final 

questionnaire balanced the number of short answer and multiple-choice items, and perceived 

difficulty of the questions (easy, medium, and hard) across stories.  

 Knowledge retention (KR) scores were calculated for each participant for each story. Two 

research assistants coded responses to all questions independently, scoring answers as “correct” 

(1), “partially correct” (0.5), or “incorrect” (0).  The multiple-choice questions were either 
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correct or incorrect, but the short answer questions were more nuanced. The percent agreement 

was 80.73% (126 disagreements, 654 agreements) for story 1 and 94.3% (42 disagreements/738 

agreement) for story 2.  The coders compared the number of agreements and disagreements and 

provided a rationale for their coding decisions.  The author then reviewed the rationales and 

made a final decision, confirming either coder A or B’s score. There is a risk of over-estimating 

the level of agreement using the percent agreement method, but it was appropriate for this study, 

since the ultimate goal was to arrive at a KR score per person/per story based on the consistent 

application of criteria across participants.   

 Z-scores were examined to identify outliers, and one value for story two was above 3 

(z=3.13); scores for both stories were negatively skewed. The Shapiro Wilk test was significant 

for story 1 (S-W=0.932(78), p=0.000) and story 2 (S-W=0.954(78), p=0.007). For media format, 

the Shapiro Wilk test was significant for video (S-W=0.925 (38), p=0.014) and audio (S-

W=0.944(40), p=0.046), but not narrative (S-W=0.961(42), p=0.157) or transcript (S-

W=0.961(36), p=0.223) text formats. Overall, normality assumptions were not met for the KR 

data and non-parametric tests were used.  

Results   

The effect of story on user engagement 

 A paired samples t-test revealed that story 2 (farming) was consistently rated as more 

engaging than story 1 (mining), and this difference was significant for all of the UES 

dimensions, as shown in Table 3. Therefore, hypothesis 1 was rejected.   

 

UES Dimension 

 

n 

Story 1 Mining  Story 2 Farming   

t(df), p (M, SD) (M, SD) 

Focused attention 78 3.53 (1.47) 4.20 (1.34) -4.253(77), p=0.000 
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Perceived usability 78 4.53 (1.28) 5.48 (0.98) -5.756(77), p=0.000 

Endurability 78 4.24 (0.93) 4.70 (0.88) -3814(77), p=0.000 

Novelty 78 4.48 (1.77) 5.35 (1.26) -3.971(77), p=0.000 

Felt involvement 78 3.99 (1.58) 4.78 (1.29) -3.965(77), p=0.000 

Table 3: Paired samples t-test for story  

The effect media format on user engagement 

 The effects of media format on UE were examined using Analysis of Variance (ANOVA) 

(Table 4). There were effects of media format on the perceived usability and endurability 

dimensions of the UES, but not on focused attention, novelty or felt involvement. 

Effect F df1 df2 p 

Focused attention 1.09 3 141 0.355 

Perceived usability 4.64 3 127 0.004 

Endurability 3.821 3 138 0.011 

Novelty 0.782 3 144 0.506 

Felt Involvement 1.25 3 147 0.294 

Table 4: Analysis of variance tests for media format 

  Tukey post-hoc comparisons indicated that the perceived usability ratings for video 

(M=5.42, SD=1.15) were significantly higher than transcript text (M=4.42, SD=1.27), 95% CI 

2.14, 12.72], p=0.002, and marginally higher than narrative (M=4.99, SD=1.09), 95% CI [-2.85, 

7.81], p=0.072.  Similarly, the transcript-text group (M=4.23, SD=1.46) had less endurable 

experiences than video participants (M=5.16, SD=1.26), CI [0.63, 7.07], p=0.012 and audio 

participants (M=5.01, SD=1.32), CI [1.46, 6.54], p=0.037.  

Media Format N Usability Endurability Novelty Felt Involvement Attention 
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Video M(SD) 38 5.42(1.15) 5.16(1.26) 5.09(1.46) 4.66(1.37) 4.17(1.45) 

Narrative M(SD) 42 4.99(1.09) 4.91(1.15) 4.96(1.46) 4.29(1.44) 3.82(1.44) 

Audio M(SD) 40 4.92(1.23) 5.01(1.32) 5(1.64) 4.56(1.34) 3.87(1.23) 

Transcript M(SD) 36 4.42(1.27) 4.23(1.46) 4.6 (1.82) 4.06(1.71) 3.59(1.39) 

Table 5: Means and standard deviations of media format by UES dimensions 

 Video was most engaging, and transcript text least engaging for all UES dimensions; audio 

was rated the second most engaging format on all dimensions except perceived usability, where 

narrative was rated higher (Table 5).  However, media format significantly predicted only 

perceived usability and endurability, and Tukey post-hoc tests demonstrated that only the text-

transcript condition differed significantly from the video (usability, endurability) and audio 

(endurability) conditions; thus hypothesis two is not fully supported. 

User Engagement and Knowledge Retention 

 A one-tailed Spearman’s rank correlation coefficient (Spearman’s rho) was used to 

examine the relationship between UE and learning. Higher levels of user engagement were not 

indicative of higher KR scores. There were no significant associations between overall 

knowledge retention scores and usability (rho=-0.059, p=0.233), endurability (rho=-0.07, 

p=0.193), or felt involvement (rho=-0.073, p=0.182).  However, there was a marginally 

significant relationship between KR and novelty (rho=-0.132, p=0.051) and a weak yet 

significant correlation between KR and focused attention (rho=-0.146, p=0.035). Thus, only two 

UES dimensions, novelty and focused attention, showed weak correlations with overall KR.  

Incidentally, these dimensions of the UES are different from those that were influenced by media 

format (i.e., usability, endurability).  

 The Kruskall-Wallis test showed a significant effect on KR scores based on media format 
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(K-W(3)=8.588, p=0.035). The overall KR scores of the narrative group (M=6.928, SD=0.263) 

were highest, followed by the audio (M=6.41, SD=0.229), video (M=5.82, SD=0.308), and, 

lastly, text transcript (M=5.944, SD=0.335) groups. 

 Lastly, since story had an unanticipated impact on engagement levels, the relationship 

between story and KR was examined. The Wilcoxon Signed Rank Test showed that KR scores 

were significantly higher for story 1 (mining) (M=6.55, SD=1.96) than for story 2 (farming) 

(M=6.04, SD=1.6), Z=-2.44, p=0.015. 

Discussion   

 Table 6 summarizes this study’s hypotheses. In addition, non-hypothesized findings were 

discovered over the course of data analysis.  First, due to the differences detected in UE levels 

between the two stories, the relationship between story and KR scores was examined, whereby 

story 1, the least engaging story, was found to have higher KR scores, on average, than story 2. 

In addition, there was a marginal relationship between two UES dimensions (novelty, focused 

attention) and KR scores, but the relationship between UE and learning was inconclusive due to 

the lack of strong correlations observed.  Yet the media format to which participants were 

assigned did result in significantly different KR scores. Due to the non-normality of the KR data, 

it was not possible to perform regression analysis with UE as a mediating variable between story, 

media and learning. The results of this study could be utilized to generate hypotheses about the 

relationship between these dependent and independent variables in future work. 

Hypothesis Outcome 

H1: There will be no differences in user engagement levels across 

the two news stories. 

Not supported 

H2: Media format will result in different levels of engagement. Partially supported; 
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Specifically: 

a) Video will be more engaging than audio or text formats. 

b) Audio will be more engaging than either text formats. 

c) Narrative text will be more engaging than transcript-style text. 

Video was significantly 

more engaging than the 

transcript text condition 

H3: Increased levels of user engagement will correlate with higher 

knowledge retention scores.  

Not supported 

 

Table 6: Summary of hypotheses tested and their outcomes 

Media, User Engagement, and Knowledge Retention 

Video was significantly more usable and endurable than transcript text.  Overall, 

however, UES ratings were highest for video, followed by audio (with the exception of the 

perceived usability, where narrative was rated higher), narrative text, and, lastly, transcript text. 

Media format significantly impacted KR scores, with narrative text participants achieving the 

highest scores on average, followed by audio, video, and transcript text. These findings were 

independent of how long participants’ experimental session lasted, as there were no significant 

relationships between interaction duration (in minutes) and UES or KR scores.  Thus, the most 

engaging formats (video and audio) were not the ones most conducive to KR (narrative text). 

This brings to mind early work that “engaging” systems may not support users’ primary tasks 

(Chapman et al., 1999; Jacques et al., 1995; Webster & Ho, 1997).  The visually and audibly rich 

video may have “hooked” participants, but did not necessarily enhance their KR test 

performance.  The fact that the post-task questionnaire was textually-based may have benefitted 

narrative participants because the content and test were in the same medium.  This advantage 

may have been lost on transcript-text participants who were dealing with the transcript version of 

the story, a less familiar mode of interacting with text-based news. 
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These findings relate to recent work that explored engagement and reading 

comprehension that varied the presentation of content (plain text vs. with original formatting and 

images) and level of interactivity (non-interactive vs. ability to highlight and annotate text, and 

link to content) (O’Brien et al., 2016).  The authors predicted, as in the current study, that more 

engaged readers would score higher on comprehension tests and that more interactive and 

visually rich reading environments would be more engaging. While UE was positively correlated 

with some participants’ comprehension, those in the low UE group performed comparably with 

the high UE group. It was concluded that other factors, such as personal interest, may have 

mitigated the relationship between UE and learning, and that perceived cognitive effort may have 

made little difference to comprehension but impacted UE.   

Previous research has distinguished cognitive and affective engagement (Webster & Ho, 

1997); others have argued that engagement is cognitive, affective and behavioral (O’Brien, 

2016). Similarly, learning has affective, cognitive and behavioral components (Hess, 2015), yet 

these are not always supported in tandem, exemplified by Vail et al. (2015). Students in their 

study reported lower engagement with human tutors than with intelligent tutoring systems (ITS), 

but greater learning gains were achieved with human tutors.  The authors attributed this finding 

to the variability of human tutors' textual dialogue compared to the ITS, which they suggest may 

have taken students’ attention away from their tasks and made them feel less focused and 

involved. Vail et al. (2015) stated that the cognitive and affective components of learning are 

difficult to support simultaneously: “If cognitive scaffolding works, and affective scaffolding 

works, it is not necessarily the case that combining these two will work better” (Vail et al., 2015, 

p. 273), revealing the need for a deeper understanding of the myriad roles engagement may play 

in learning. 
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Story, User Engagement, and Knowledge Retention 

Story content affected both UE and KR. Paradoxically, story 2 (farming) was 

significantly more engaging than story 1 (mining), yet participants retained more information 

about story 1. Although the stories were similar in reading ease and grade level, story 1 was 

longer, and may therefore have been perceived as requiring more cognitive effort, which in turn 

affected learning (Cooper et al., 2011; Lester et al., 2011).   

To support this idea, two UES items were reviewed post-analysis: “Reading/viewing/ 

listening to this news website was mentally taxing” (PUs5) and “This experience was 

demanding” (PUs6). Participants’ ratings for these statements was significant (x2(6)= 25.336, 

p=0.000 [PUs5]; x2(6)= 13.058, p=0.042 [PUs6]) where farming was rated as less taxing 

(M=2.616, SD=0.159) than mining (M=3.875, SD=0.207) (PUs5), and less demanding (M=2.849, 

SD=0.189 vs. M=3.777, SD=0.192).  Although cognitive load and textual complexity were not 

directly measured in this study, PUs5 and PUs6 provide some insight into how participants 

perceived the stories, and suggest that capturing these variables through self-report and objective 

measures such as eye tracking will be important for future work. Flow Theory suggests that too 

much challenge leads to anxiety, while too little results in boredom (Csikszentmihalyi, 1975); 

however, flow may not lead to knowledge acquisition (Sharek, 2012).  In the current study, 

participants may have exerted more effort to recall details about story 1, resulting in higher 

average KR scores than story 2. van der Sluis, et al. (2014) found that the textual complexity and 

interest of news stories were positively correlated, but that complexity could negatively affect 

comprehensibility.  Thus, the increased complexity of story 1 may have led some participants to 

feel engaged and others disengaged (e.g., overloaded), while interactions with story 2, the 
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preferred story, may have resulted in a positive experience but lacked sufficient challenge to 

result in the highest KR scores.  

Limitations and Future Work 

 In addition to drawing upon a young university sample, this study measured learning at a 

basic level of short-term knowledge acquisition. Researchers are increasingly attempting to 

capture higher levels of learning in information search (Jansen et al., 2009; Kelly et al., 2015), 

develop more sophisticated measures of learning and comprehension (Freund, et al., 2016; 

Wilson & Wilson, 2013), and encompass more general user populations (Kelly et al., 2015). This 

study began to explore the relationship between engagement, its antecedents, and learning 

outcomes in a controlled environment, and therefore a basic KR test was adopted and a local 

sample recruited. Future studies will focus on emerging measures of learning, longitudinal UE 

and learning, and how different demographic groups engage in and learn through digital media.  

Our manipulation of media is comparable to Chapman et al.’s (1999) passive video-based 

training system, which was rated more engaging when participants interacted with it via “rich” 

media (video and audio) as opposed to text.  If the news interface used in this study had 

incorporated interactive affordances, there may have been closer alignment between UE and KR 

(Oh & Sundar, 2015): increased interactivity may have enhanced engagement with the narrative 

text, and resulted in better recall for the video and audio formats with the ability to annotate the 

video/audio track, pause or replay, etc. (Eysink & de Jong, 2012; Whitman, 2013). Future work 

should examine the relationship between format and interactivity, and investigate how these 

affect not only on engagement but also learning. 

Lastly, unexplored in this analysis were content characteristics, such as quality (Colbert 

& Boodoo, 2011) and message framing (Hong, 2012). It is not particularly interesting that people 
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enjoyed reading about farming more than mining in this study. However, it is noteworthy that, 

although two comparable human-interest news stories were selected, topicality did matter 

(O’Brien, 2011). It is also interesting that media format affected the perceived usability and 

endurability dimensions of the UES, but that content influenced all UES dimensions. It would 

also be interesting to examine multiple genres, as studies have shown that “content, its 

presentation and the type of story being presented” (Koehler et al., 2005, p. 270) impact 

engagement.  Online searchers encounter a range of content and media during information 

retrieval, and while research is exploring search engine results pages (Kelly et al., 2015) and 

individual documents (Freund et al., 2016), eventually researchers will want to capture the 

dynamic movements of searchers during web search. 

Moving forward, this study will investigate the effects of story on UE and learning in 

greater depth; specifically the analysis of the post-task and post-session data may lend further 

insights on users’ experiences with content and media.  The questions that surface from this 

study about the relationship between media format, UE, and learning will inform the design of 

future studies on UE antecedents and outcomes, namely the inclusion of additional measures 

(e.g., content characteristics, cognitive load), and the development of more sophisticated, 

longitudinal learning measures.  

Conclusions 

The push for digital user engagement raises the question of who benefits from 

engagement and to what extent. For instance, what is the advantage of including “bells and 

whistles” in the design of a website if it does not substantially improve user experience or help 

users satisfy their goals? Understanding how to meet users’ needs and expectations in digital 

environments may be paramount to the viability of some organizations with limited resources to 



Prep
rin

t

	   30	  

invest in the aesthetics and interactivity of their web presence.  Furthermore, the findings that UE 

does not always lead to knowledge retention should promote reflection on the value of 

engagement to individual users and society as a whole. Clearly, critically examining what factors 

facilitate engagement, and, in turn, if and how engagement mediates other outcomes intended for 

the users of information systems is timely and cannot be undervalued. 
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