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Abstract 
 

In the competitive environment of programmatic advertising it is important to influence the customer 

effectively. To make an advertisement effective and efficient it is highly desirable to be able to predict 

the effectiveness of the advertisement. Because of the high number of competing online ads, it 

becomes more difficult to reach customers and retain their attention for advertisements. The current 

research studied how digital advertisement effectiveness corresponds with exposure time and type of 

advertisement processing (central/peripheral). The hypothesis was formed that advertisement 

effectiveness (click-through rate, the percentage of people that clicked on an advertisement) was 

linearly related to exposure time. While this hypothesis was not supported, we did see a positive 

quadratic relationship between these variables. That is to say, results showed when exposure time was 

short (1.5 – 11.6 seconds), the shorter a visitor was exposed, the higher the CTR, indicating higher 

effectiveness of the advertisement. When exposure time was long (11.6 – 25.6 seconds), the longer a 

visitor was exposed, the higher the CTR, indicating higher effectiveness af the advertisement. The 

overall trend was toward higher effectiveness at high exposure times, as the CTR at high exposure 

time was higher than that below 11.6 seconds. Furthermore, no differences were found in CTR 

between peripherally and centrally processed advertisements with exposure time. However, 

advertisement effectiveness (CTR) of both centrally and peripherally processed advertisements were 

positively influenced by exposure time. These findings might show to be very important in the 

competitive environment of programmatic advertising. 

 

Keywords: Exposure time, digital advertisement, Elaboration Likelihood Model, peripheral route, 

central route.  
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Chapter 1 

Introduction  
 

In the competitive environment of programmatic advertising it is important to influence the 

customer effectively. Programmatic advertising is also known as real-time advertising and seen as the 

“successful transformation to automated, data-driven marketing in real-time” (Busch, 2016b, p. 2). In 

other words, programmatic advertising is the automatic process of presenting the right online 

advertisement to the visitor of the web page. 

To make an advertisement effective and efficient it is beneficial to be able to predict the 

effectiveness of the ad in advance. Predicting the effectiveness of a persuasive intervention is 

important in persuasive applications (Wildeboer et al. 2016; Alrobai et al., 2016). An effective 

persuasive intervention has happened when the user shows conversion, which means that the user 

makes a purchase or some other desired action, like clicking an online advertisement (Chandler-

Pepelnjak, 2010).  

Currently, it becomes more difficult for advertisers to reach customers and retain their 

attention for ads, because of the high amount of competing online advertisements (Yuan et al., 2013). 

There is a growing body of literature that recognizes the importance of changing business models and 

competitive strategies to be able to compete, for the attention of the customer, in the continuously 

rising market of programmatic advertising (Campos-Freire et al., 2016; Busch, 2016a; Seitz & Zorn, 

2016). 

There even are technologies that help people regulate their attention. A well-known example 

of such a technology in programmatic advertising is the increasing use of ad blockers (Seitz & Zorn, 

2016; Campos-Freire et al., 2016). Therefore, it is important to deliver a persuasive intervention 

without bothering the user (Seitz & Zorn, 2016). The user might not be able to tune out the 

advertisement in his or her mind and will become bothered by the advertisement. For example, when 

the advertisement is irrelevant or the user is exposed too often and too long to the advertisement. This 

could possibly result in the user undertaking action and installing an ad blocker (Seitz & Zorn, 2016). 

Earlier psychological research indeed suggested for certain persuasion strategies to be 

effective, attention is needed. That is, the Elaboration Likelihood Model (ELM) makes use of the 

attention of the user to explain how a persuasive intervention is processed (Cho, 1999). According to 

the ELM, there are two different routes through one can process a persuasive message: the central 

route (in which a person must be motivated and have the cognitive ability to thoroughly process the 

message) or the peripheral route (in which it is not necessary to thoroughly process the message; 

Cacioppo & Petty, 1984). A message can contain central cues that do require the more time-
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consuming central processing route, for example when a message presents a few simple but 

convincing arguments. 

In addition, the ELM proposes another route, the peripheral route, for which the users’ 

attention is not really necessary. A persuasive message can provide peripheral cues that influence the 

user without the necessity of the user closely considering the message.  

Separated from this psychological research, research in marketing suggested that exposure 

time is a good predictor of advertisement effectiveness. That is, in this domain metrics are developed 

to predict effectiveness, like the metric of exposure time. Exposure time is the time people are 

exposed to the advertisement before they show conversion (Thompson, 2016). In this domain, it is 

often assumed that longer exposure time leads to more effective persuasive messages. Earlier research 

(Geenen, 2016; Goldstein et al., 2015; Lin & Chen, 2009) investigated whether exposure time can 

successfully predict a desired influence on behavior, like clicking a banner. These findings of earlier 

research suggested that exposure time can be a metric for showing advertisements in the most time 

and cost effective way to the user. Geenen (2016) showed that a longer exposure time leads to a 

higher CTR. Still, research also showed a different exposure time is needed for different kind of 

advertisements, such as a banner or video, to influence the user (Thompson, 2016). 

Even though marketing research suggests that exposure time is a good predictor (Geenen, 

2016), based on the ELM one can assume that for centrally processed advertisements longer exposure 

time will be more effective and for peripherally processed advertisements not. In addition, there is not 

much evidence in ELM literature that the processing time will be longer or shorter for either the 

peripheral or central route. Persuasive strategies are used to reach customers and influence their 

behavior or thinking with ads. They can be used in ads to influence people, for example, into buying 

or checking out a product or service (Armstrong, 2010). An example is the scarcity principle that can 

be used in an ad: “This phone is a limited edition, only 200 are made” (Armstrong, 2010). According 

to the ELM, the peripheral route will be used for processing such a principle and the processing time 

will be very short or neglectable. On the other hand, when an ad presents several strong arguments, 

that need to be processed through the central route, for example why to buy a certain product, one 

needs more time to process the message.  

To my knowledge, earlier scientific research has not investigated whether the effectiveness of 

an ad can be predicted based on the different persuasion strategies used in the ad and the exposure 

time to the ad the user had. Therefore, the research question is: what is the influence of using a central 

or peripheral processed advertisement and exposure time on advertisement effectiveness? 

And therefore, in current research we will investigate whether it is the specific type of 

persuasive strategy present in an ad that moderates the relationship between exposure time and 

success. We will also argue that it is not simply the type of ad (e.g., video or banner) that influences 
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the relationship between exposure time and success. Based on the ELM, we argued that exposure time 

determines the time available for processing and thereby the extent to which a user can process that 

banner. It is necessary to examine which route (central of peripheral) will be effective while 

processing a persuasive intervention, since a persuasive intervention makes use of one or more 

peripheral or central strategies. That is, if a persuasive intervention needs the central route to be 

effective, longer exposure time will lead to higher persuasive effectiveness. However, if a persuasive 

intervention presents mainly peripheral cues, persuasive effectiveness will be independent of exposure 

time (or at least less dependent). 

This study consists of a provided dataset with online user behavior. A moderated logistic 

regression analysis was performed, implementing exposure time (scale variable) and click-through 

rate as the digital advertisement success variable. The ELM Score (advertisement is centrally versus 

peripherally processed) is the moderator. The data examined in this thesis is provided by 

Bannerconnect, and comes from an anonymous client. From here on, we refer to this client as "the 

advertiser". This unique dataset contains, among other variables (e.g., detailed info about the banner 

that was displayed), information on exposure time and conversion.  

In the following literature review the introduced and relevant topics will be explained; 

attention of the user for an advertisement, exposure time, ELM, and ELM in an internet environment.   
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Chapter 2 

Literature review 
 

2.1 Exposure time and attention 

To measure online banner effectiveness, it is necessary to be certain there was exposure to the 

advertisement (Lee & Ahn, 2012). However, advertisement exposure does not ensure the attention of 

the user. For example, the user could be on the web page, exposed to a certain advertisement, not 

paying attention to it at all, but to something in the environment. This is an issue relevant to the 

internet. Lee and Ahn (2012) investigated the influence of the users’ attention level on their memory 

when exposed to an online advertisement. The study was performed with the help of an eye-tracker. 

Lee and Ahn (2012) found that an advertisement can be seen by the user, but it does not guarantee the 

user will remember seeing it. The user not remembering seeing the ad, did not mean the message of 

the ad had no impact or did not influence the user.  

The advertisement needs to be in view, so the user can see the advertisement when measuring 

exposure time. Zhang, Pan et al. (2015) studied with the ‘ad viewability percentage’ the optimal 

exposure time and the percentage that the ad should be in-view. The (ad) viewability percentage is the 

percentage of the advertisement in view from the total online advertisement. The perfect measurement 

of ad viewability should match with what the user has indeed seen and can remember.  

With the advertisement in view, exposure time can be measured with certain thresholds for 

exposure time based on the users’ processing time. Zhang, Pan et al. (2015) found that with an 

exposure time with a minimum of two continuous seconds and with 75% of the ad in view, the online 

advertisement has effect on the user. Other research results also set industrial criteria for exposure 

time to make the measurement more effective (Wang, Zhan, Yuan, 2016) by filtering away 

superfluous extra seconds in which one will not be influenced by the online advertisement anymore. 

For example, in 2013, Google let their customers only pay for advertisements that had in fact been 

viewed. Google at that time considered an advertisement viewed if the ‘viewability percentage’ was 

more than 50% and the exposure time at least one second (Wang, Zhan, Yuan, 2016).  

Both exposure time and the viewability percentage are important to measure the users’ 

attention, however, the exposure time can predict the users’ ad recall more accurately. Zhang, Pan et 

al. (2015) compared measurements of exposure time and viewability percentage that could predict the 

users’ ad recall confidence. Results showed that the exposure time was a more accurate predictor of 

the users’ ad recall confidence than the viewability percentage.  
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In relevant research, several factors were found to be of influence on the users’ attention for 

online advertisements. Firstly, the user pays more attention and pays attention longer to personalized 

ads than non-personalized ads. In general, personally relevant information attracts people’s attention. 

Bang and Wojdynski (2016) examined, with the use of an eye-tracker, the impact of personalized ads 

on the attention of the user. Supported by earlier findings in literature, Bang and Wojdynski (2016) 

found that the user pays 35 seconds of attention more to personalized ads than non-personalized ads. 

There were no differences found between personalized and non-personalized advertisements in the 

time it took the users to notice the advertisement. 

Secondly, the different types of web pages influence the users’ attention. The traditional 

attention theory shows that people pay less attention to an object if the users’ mental resources are 

occupied by the main browsing task. Hsieh and Chen (2011) found that the influence of online 

advertisements on the user varies for different webpages with various types of information. Video-

based and picture-based web pages result in the user paying more attention to advertisements than 

text-based and text-picture based webpages do. The video-based web page has the user pay the most 

attention to advertisements in comparison to other types of web pages (Hseih & Chen, 2011).  

Thirdly, based on previous experiences with ads, users are able to develop ‘banner blindness’, 

which makes them simply overlook the ad and not pay attention to it at all. It is becoming increasingly 

difficult to attract the users’ attention to advertisements by merely adding new features to the ad 

(Hsieh & Chen, 2011). Bang and Wojdynski (2016) found that when people are not fully involved in 

and engaged with the process on the web page, they automatically show ad avoidance out of habit. 

This effect, banner blindness, exists for both personalized and non-personalized ads.  

Also, the attention of the user is influenced by contextual factors, for example, when the user 

is involved in a low-cognitive-demand or high-cognitive-demand task. People concerned with a low-

cognitive-demand task (i.e., free-viewing task) had a relatively low amount of attention for both 

personalized and non-personalized advertisements. People performing a low-cognitive-demand task 

have enough cognitive resources left to distinguish irrelevant information like advertisements.   

However, when people performed a high-cognitive-demand task, people had much deeper and 

longer attention for personalized ads and not for non-personalized ads. With such a goal-directed task 

have users limited cognitive resources left for irrelevant information like non-personalized 

advertisements.  

In general, eye-tracking research found that longer texts resulted in a longer gaze to the ad as 

a whole. Wedel (2013) found that the processing time was longer as a result of more text and not 

larger fonts. Wedel (2013) also found, contradictory to earlier research, that the users’ attention 

almost did not shift from the pictorial to brand and text. However, a longer gaze on the brand element 

caused a shift of a longer gaze to the other elements. The average duration of gaze to the 
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advertisements was 1.7 seconds and with every 1% increase in ad size gaze duration increased by 

0.8%.  

So, the users’ attention is needed to processes the advertisement through the Elaboration 

Likelihood Model. Several factors were described that could influence the users’ attention and thereby 

the processing time of the advertisement. These factors are also indicators of whether the 

advertisement is processed through the central or peripheral route of the Elaboration Likelihood 

Model. More centrally processed advertisements probably need more time to process an 

advertisement and undertake action, like clicking the advertisement. More peripherally processed 

advertisements need less attention and time to process the advertisement. More information about the 

working principle of the Elaboration Likelihood Model is provided in the next section.  

 

2.2 Elaboration Likelihood Model (ELM) 

To explain the working principle of the ELM are the following definitions important: attitude, 

elaboration, persuasion, and influence (Petty & Cacioppo, 1986). Attitude is the general evaluations 

people hold regarding themselves, other people, objects, and issues. Elaboration is the extent to which 

a person thinks about the issue-relevant arguments contained in a message. When conditions foster 

people’s motivation and ability to engage in issue-relevant thinking, the “elaboration likelihood” is 

said to be high. This means that people are likely to attend to the appeal; attempt to access relevant 

associations, images, etc. Influence is a very general term to refer to any change in attitude 

evaluations. Persuasion is more specifically to refer to any change in attitudes that results from 

exposure to a communication.  

The likelihood of whether elaboration occurs in the ELM is based on one’s motivation and 

ability (Petty & Cacioppo, 1986). A person must have the ability to evaluate the given arguments. 

Some people have a greater ability to process messages than other people (i.e. intelligence, time to 

process a message). The motivation to process the message in an advertisement depends on the goals 

and intentions of the user. The motivation is also effected by the effort (exertion) someone wants to 

put in. If a person is missing the necessary motivation but is highly able to process, processing will 

hardly occur. 
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Figure 1 Factors influencing the Likelihood of Elaboration (Petty & Cacioppo, 1986) 

The elaboration likelihood can be either low or high. When the elaboration likelihood is low, people 

follow the peripheral route to process a message (Petty & Cacioppo, 1986). The elaboration likelihood 

is low when a person’s ability and/or motivation to process the message is weak. The message in ads 

will be processed through the peripheral route when peripheral cues are in: 

- the source (e.g., credibility, likability) 

- the message itself (e.g., mere number of arguments) 

- the recipient (feedback of bodily responses, mood) 

- the persuasion context (e.g., pleasant music, audience reactions) 

Individual (e.g., need for cognition and prior knowledge) and situational (e.g., message modality 

and distraction) variables are of influence on the likelihood of the level of elaboration, whether the 

central or peripheral route is taken. When the elaboration likelihood increases, peripheral cues become 

less important. People gather and consider issue-relevant information when the elaboration likelihood 

is high, processing through the central route (Petty & Cacioppo, 1986). 

The ELM is developed based on how people process offline persuasive messages, Cho (1999) 

developed the modified Elaboration Likelihood Model to understand how people processed online 

advertisements. The study of Cho (1999) validated a new model by exploring various variables that 

could influence voluntary exposure or clicks on an online advertisement. These variables include, the 

level of personal and product involvement, size of advertisement, relevancy between content and the 

product category of the advertisement, attitude towards the product and overall attitude toward online 

advertising. Cho (1999) found that these variables and clicks on online ads are related to each other.  

The findings of Cho (1999) contrasts with that of Karson and Korgaonkar (2001) who could not 

find evidence that the ELM is applicable to the internet. Karson and Korgaonkar (2001) found that the 

traditional model of ELM is not working in an online environment, except when the user has an 

intrinsic tendency to think (Sicilia et al., 2006).  Karson and Korgaonkar (2001) also note that the 

results of one experiment cannot be seen as indisputable. In general, these findings suggest that (a 
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form of) the ELM could be used in current research in an online environment. The ELM is the closest 

to the online information processing model available.  

 

2.3 ELM in advertising 

The Elaboration Likelihood Model is used in several domains, like advertising, to explain 

information processing. However, it is difficult to determine beforehand whether an advertisement 

will be processed through the peripheral or central route of the ELM. The following section shows 

research that found determinants of whether an advertisement is more likely to be processed through 

the central or peripheral route.  

The ELM developed by Petty and Caciappo (1986) is a general processing model not 

accounting for specific situations and whether the peripheral or central route will be used in, for 

example, online advertisements. Relevant research found that either the central or peripheral route 

were used to process different aspects in online shopping (Warden & Tsai, 2006). Warden and Tsai 

(2006) used the ELM to find the most important aspect of the user experience in online shopping. 

Participants had to do a shopping task. Warden and Tsai (2006) found that participants used the 

central route while processing marketing messages regarding minimizing travel, information access, 

and assurances of system security. The peripheral route was used while processing information about 

usability, price comparison, and personal information protection. This knowledge could also be 

applied to  

Cho (2003) found an interaction effect of the availability of peripheral cues in ads, like ad size 

and animation, and degree of product involvement on the clicking rate of online advertisements. The 

positive relationship between peripheral processed advertisements and increased rate of clicks on the 

advertisement is true for the participants with low product involvement. Cho (2003) also found that a 

when a user is highly involved with the product the likelihood that the user clicks the online 

advertisement is higher than for the users with low product involvement. So, product involvement 

could be a factor that influences the click-through rate next to exposure time and whether the 

advertisements is peripherally or centrally processed. 

According to Cho (2003) are products of hedonic value processed through the peripheral 

route. Hedonic products are low-involvement products of less value. While processing through the 

peripheral route, users focus more on the contextual elements of an advertisement, which causes a 

more affective response and more hedonic experiences.  

Products of utilitarian value are processed through the central route (Cho, 2003). Utilitarian 

products are high-involvement product, often of higher value. Users process and evaluate the core 
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message of advertisement promoting utilitarian products. Typically, the user will gather more 

information on the product to be able to make the most excellently purchase choice.  

However, according to Tsao (2014) are online advertisements primarily processed through the 

central route. It seems that users thoroughly consider the message in advertisements to form a firm 

attitude which is also more predictive of behavior. Processing advertisements through the central 

route can also advocate emotional modes of persuasion which increase purchase intention even more.  

Walia et al. (2015) made an overview of the differences between several central and 

peripheral cues based on a literature review. Walia et al. (2015) found that message content like text, 

words, and written material is processed through the central route. Environmental cues like colours, 

pictures, expert advice or recommendations are processed through the peripheral route.  
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Chapter 3 

Research question and hypotheses 

As described earlier, in the competitive environment of programmatic advertising it is 

important to influence the customer effectively. To make advertisements effective and efficient it is 

advantageous to predict the effectiveness of the ad. It is becoming more difficult to reach customers 

and retain their attention for ads, because of the high amount of competing online ads. 

 

Earlier psychological research indeed suggests for certain persuasion strategies to be 

effective, attention is needed. That is, the Elaboration Likelihood Model (ELM) makes use of the 

attention of the user to explain how a persuasive intervention is processed. According to the ELM, 

there are two different routes through which one can process a persuasive message: the central route 

(in which a person must be motivated and have the cognitive ability to thoroughly process the 

message) or the peripheral route (in which it is not necessary to thoroughly process the message; 

Cacioppo & Petty, 1984). Separated from this psychological research, research in marketing 

suggested that exposure time is a good predictor of advertisement effectiveness. Whether the 

effectiveness of an advertisement can be predicted based on whether an ad is either central or 

peripheral processed and the time the user is exposed to the ad has not yet been scientifically 

researched. 

 

Research question: How does digital advertisement effectiveness correspond with exposure time and 

type of advertisement processing (central/peripheral)? 

 

To answer the research question, one main effect and an interaction will be tested. The main 

effect is Hypothesis 1: Advertisement effectiveness will increase with longer exposure time. Research 

of Geenen (2016) showed that advertisement effectiveness (i.e. CTR) increased with exposure time. 

Since the specific type of relationship between advertisement effectiveness and exposure time was not 

investigated by Geenen (2016), we assumed a linear relationship between CTR and exposure time. 

They showed a connection between exposure time and CTR. According to Geenen (2016) exposure 

time increased CTR by 30% during the first 10 seconds, and with 200% at 30 seconds of exposure 

time. By my knowledge, there is no other relevant research confirming these results. Therefore, this 

research will also investigate whether advertisement effectiveness will increase with longer exposure 

time.  

 

Hypothesis 1: Advertisement effectiveness will increase with longer exposure time.  

 



 

Measuring Effectiveness of Online Advertisements with Exposure Time and the ELM 
17 

To answer the research question, current research will investigate whether it is the specific 

type of persuasive strategy present in an ad that moderates the relationship between exposure time and 

success and not simply the type of ad (e.g., video or banner) that influences the relationship between 

exposure time and success. Based on the ELM, it could be argued that the exposure time determines 

the time and thereby the extent to which a user can process that banner. It is necessary to examine 

which route (central of peripheral) will be effective while processing a persuasive intervention, since a 

persuasive intervention makes use of one or more peripheral or central strategies. That is, if a 

persuasive intervention needs the central route to be effective, longer exposure time will lead to 

higher persuasive effectiveness. However, if a persuasive intervention presents mainly peripheral 

cues, persuasive effectiveness will be independent of exposure time (or at least less dependent). 

 

Hypothesis 2: Exposure time will positively influence advertisement effectiveness for advertisements 

processed using the central route of ELM, but advertisement effectiveness will be independent or less 

dependent on exposure time for advertisements processed using the peripheral route.  
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Chapter 4 

Method 

4.1 Participants and design 

The research was done based on the data of 6.694.820 unique visitors of websites in total. 

Every internet browsing visitor who came in touch with an advertisement of this study, was included 

in the research. Personal information of the visitors was not available in this study, only their online 

behaviour data. However, personal information was predicted earlier in the process, before the visitor 

was presented with an advertisement. Every visitor is labelled into different categories which is based 

on their internet behaviour, called segments. For example, someone who searched online for furniture 

could be categorized as someone in need of new or second-hand furniture, so furniture relevant 

advertisements will be shown to this person. This makes it possible to personalize the advertisements 

and make them relevant to the visitor.  

When visiting the website for the first time the visitor had to accept cookies. When the 

cookies were not accepted, in most of the cases, the visitor could not continue browsing on the 

website and was excluded from the dataset. The visitor can continue with browsing on the website 

after accepting the cookies and will be exposed to a personalized advertisement. Such an 

advertisement had to be processed through either the central or peripheral route. The advertisement 

could be of every size and placed on different places at the web page. The visitor could decide every 

moment to browse to other websites or stop browsing the internet at all.  

 

 

Figure 2 Example of message to accept cookies. Retrieved from www.nu.nl 

The independent variables were exposure time of the advertisement and the ELM Score. The 

ELM Score determines whether the advertisement is more likely to be peripherally or centrally 

processed. The dependent variable is click-through rate (CTR), the percentage of people who clicked 

on the advertisement from the total amount of people that visited the website.  
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Figure 3 Example of web page with advertisement banner at the right. Retrieved from www.telegraaf.nl 

Accidental clicking of visitors could be a large bias in the dataset, influencing the relationship 

between exposure time and CTR. The longer the exposure time, the higher the chances that a visitor 

accidentally clicks an advertisement.  

 

4.2 Dataset 

Bannerconnect provided several datasets of advertisements from the client campaigns. MOAT 

is an analytics provider that shows the attention metrics of some campaigns/advertisements. In MOAT 

were over 15 advertisements selected with more than one million impressions from the last three 

months. The chosen advertisements have unique identification numbers matching the datasets in the 

database. The datasets were retrieved from the databases using SQL language.  

 

Table 1 shows a few variables of the raw data to give an idea of the datasets and the variables. 

The raw datasets had to be prepared, starting with cleaning the dataset. Some of the datasets missed 

all the values of the needed variables and were therefore excluded from the experiment. 15 

advertisements were left, described below in table 1, in section 4.3. The exposure time was limited to 

300 seconds, a setting determined by the program MOAT. Every action that happened after 300 

seconds of exposure time will be summed up with the 300th second of exposure time. If a person is 

more than 300 seconds on a page with the creative in view, it is very likely that this person is not 

behind the screen anymore or not paying attention to the screen with the creative. All the missing 

values in the dataset will be removed. Missing values, were most of the time the needed variables, like 

exposure time. Those impressions were removed, since they were not of any use in the analyses.  
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Variables Values 
  

Total exposure time (ms) 2222 30 500 

Click 1 0 0 

Impression 1 1 1 

User ID 1,555 1,5556 1,557 

Time 09:10:20 13:14:00 07:30:25 

Date 7-5-2017 10-7-2017 25-4-2017 

Creative ID 5678 5679 5680 

Campgain group ID 3232 3233 3234 

Inview viewable 1 0 1 

Number of words 11 20 2 

Width (cm) 300 970 970 

Height(cm) 600 250 250 

Scroll 1 0 0 

Time until scroll (ms) 100 1 55 

Table 1 Example of dataset with the a few variables. The values are generated and are not the real values.  

 

4.3 Materials 

The different advertisements that were analyzed, came from an anonymous client, referred to 

as “the advertiser”. From 15 advertisements data was available, with the pseudonyms and content 

described in table 2 to keep the advertiser anonymous. The creatives can be found in the sealed 

Appendix A, page 45. Figure 4 and 5 show an example of a peripherally and centrally processed 

advertisement.  

 

Figure 4 Example of a more peripherally processed advertisement based on the ELM Score 
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Figure 5 Example of a more centrally processed advertisement based on the ELM Score 

 

Pseudonym of 

brand name 

Description 

Ad1 Ad1 advertises bathroom fittings  

1. Ad1a Animated advertisement. Rhyme and joke about the product. 

2. Ad1b Animated advertisement. Asking to join for a game with an award for winners. 

3. Ad1c Animated advertisement. Rhyme and joke about the product. 

4. Ad1d Picture with the name of the product and a ‘More user experience stories’ 

button. 

5. Ad1e Only a close-up picture of the product and a ‘This is how it works’ button. 

6. Ad1f No picture. ‘This is how it works’ button.  

Ad2 Ad2 advertises homewares  

7. Ad2a Advertises with a promotion for families with children. Below is a short 

explanation. In the middle a picture of the discount card and at the right the 

brand logo and button to go to the web site of Ad2.  

8. Ad2b Ad2b and Ad2c are completely similar except for one thing. Ad2b has at the top 

of the advertisement a picture of the family discount card with the discount 

possibilities in a bright color. At the left a picture of the context of the product 

with the brand logo is shown. In the middle is a picture of the product itself with 

at the right the name, price, short description and a button to go to the product.  

9. Ad2c The discount card is not mentioned, further it is identical to Ad2b.  

Ad3 Ad3 advertises travel insurances 

10. Ad3a Ad3a and Ad3b advertisements are very similar, but have a different short video 

at the left without sound. At the right of the video is a very short statement, a 

button and the brand logo.  

11. Ad3b The difference with Ad3a is other video content and a different statement.  

Ad4 Ad4 advertising cleaning technology.  
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12. Ad4a The three advertisements of Ad4 are very alike. With at least all the advertising 

text at the left, in the middle a picture of a cleaning product and at the right the 

brand logo. This creative just names the technology. 

13. Ad4b The text advertises a strong point of the product. With a subhead saying how 

easy cleaning is.  

14. Ad4c The text only advertises a strong point of the product.  

Ad5 Ad5 advertises luxury items for women.  

15. Ad5a Very feminine appearance with (dark)red colors and subtle heart formed forms 

in the background. A woman is laughing and showing the product in the 

advertisement. Next to the women is a related product presented with a 

statement saying it is a limited edition and a present. With small letters beneath 

the statement saying only valid when buying something with a minimal price.  

 Table 2 Description of advertisements 

4.4 Measures 

The unique dataset provided by Bannerconnect contains, among other variables (e.g., detailed 

info about the banner that was displayed), information on exposure time and conversion. 

Dependent variables: ‘Click-through rate’ (0= no click, 1= click). 

Independent variables: ‘exposure time’ and ‘a more centrally or peripherally processed 

advertisement’. 

To measure exposure time, the time was measured from the moment a visitor visits a web 

page and with the advertisement in-view for at least 50%. Exposure time of the advertisements varied 

based on the time the visitor decides to spend on the web page with a certain advertisement for at least 

50% in view. This independent variable cannot be controlled for. Exposure time was measured 

through MOAT. MOAT is a program that measures real-time attention analytics. The database 

records the exposure time of advertisement from 0 to 300 seconds.  

To assess the central versus peripheral level of an advertisement, we assigned ratings to 

predict whether the creative is more peripheral or central, named the ELM Score. The ELM Score was 

created by assigning a rating based on a scale from 0 (peripheral) to 100 (central) to the creative. For 

example, a creative with a picture and a short text will get a score around 10 and a creative with a lot 

of information and without picture a will more likely get a score of 100. Two independent raters rated 

the creatives, through discussion they reached agreement. Supported by the findings of Wedel (2013) 

who found that longer texts resulted in longer gaze time. Another way to represent whether an 

advertisement is processed through the peripheral or central route is the number of words present in 

an advertisement.  
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Variables representing peripherally and centrally processed ads 

Number of words Numerical 4 - 28 

Scale by raters Scale 0 – 100  

Table 3 Variables to determine ELM Score 

The variable ELM factor is made to show the differences in graphs between more peripheral 

and more central processed advertisements based on the ELM Score. ELM factor is a dichotomous 

variable with 0 (peripheral processed advertisements) and 1 (central advertisements). The division is 

made based on the median of the ELM Score (median = 60). ELM factor has a value of 0 for all 

advertisements with an ELM Score less than 60. ELM factor has a value of 1 for all advertisements 

with an ELM Score of 60 or more. ELM factor = 0 includes seven static and two dynamic 

advertisements, ELM factor = 1 includes eight static and three dynamic advertisements.  

 

ELM factor = 0 ELM factor = 1 

Peripheral advertisements Central advertisements 

ELM Score < 60 ELM Score >=60 

7 static advertisements 8 static advertisements 

2 dynamic advertisements 3 dynamic advertisements 

Table 4 ELM factor variable 

For measuring digital advertisement effectiveness, several possible variables were verified to 

determine the success of an advertisement. The most common measure of success is ‘click-through 

rate’ (CTR), the percentage of people that clicked the advertisement from all the people that saw the 

advertisement. CTR is the number of clicks divided by the number of impressions. Other possible 

predictors of digital advertisement effectiveness could be for example: hover, hover time, or scroll. 

‘Hover’ means the user hovers over the advertisement for any amount of time. ‘Hover time’ is the 

time the user hovers over the advertisement. And ‘scroll’ means whether the user scrolls the web page 

and thereby also the advertisement. However, CTR was used as a measure of digital advertisement 

effectiveness in current study. Nowadays, CTR is used often as a measurement to rate success in the 

digital advertisement industry.  

 

4.5 Procedure 

When a visitor enters a website, cookies will be placed to identify and track the visitors’ 

online behavior. A cookie is a small piece of information, a program code, that is placed on the 

browser the visitor uses. The visitor must agree to cookies before being able to continue at the 

website.  
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The allocation of an advertisement to a visitor is done in the following way. The allocation of 

advertisements to visitors is not completely random. However, many people (every person browsing 

the internet) have a chance of being exposed to an advertisement. This would mean that the sample 

and allocation of advertisements is reasonably random.  

Within 200 milliseconds after the visitor enters a web page an advertisement will be shown 

based on the gathered information about this visitor. Information about the visitor is requested at a 

Data Management Platform (DMP). The publisher of the website sends the visitors’ information to 

contracted advertisers. But when there are no (interested) contracted advertisers, the visitors’ 

information will be send to a bidding process with several advertisers. The advertisers have 

algorithms which define the person they are looking for and the amount they want to bid for a certain 

person to show this person their advertisement. Based on the behavior profiles are consumers targeted 

for the advertisers’ advertisement. The winning advertiser can show its advertisement relevant to the 

visitor on the publishers’ website.   

The visitor will see a personalized advertisement, see figure 3 for an example. The placement and 

the size of the ads is not completely random, but depends on the content of the web page and the 

advertising strategy. For example, sometimes advertisers prefer smaller banner sizes over larger 

banner sizes because of the lower costs. Also, the assignment of advertisements to visitors is not 

completely random. It depends on which individuals visit the websites and how their interests are 

labelled. Some advertisements have more impressions than others, due to the campaign budget for 

every advertisement. Because of the large datasets representing a large part of the population, can be 

concluded the assignment of ads is random.  

 

4.5 Data preparation 

The data used in current study for the analyses consists out of only the first time a unique 

visitor saw the advertisement. The first view at an advertisement is also called the first impression. 

The provided raw dataset included for some unique users more than one impression for the same 

advertisement. Meaning that some visitors saw the same advertisement more than once. We are only 

interested in the effect of exposure time on the effectiveness of several advertisements. To be able to 

test this effect, was the possible effect of seeing an advertisement multiple times removed by only 

keeping the first impressions of unique users. In further analyses, only the first impression of every 

unique user for every advertisement is used. 

Exposure time, the independent variable, has a polynomial right-skewed distribution, see 

Figure 6. The impressions were not equeally devided over exposure time, making it hard to interpret 

the results correct. Therefore, exposure time was devided in 10 percentile bins to equally distribute the 

number of impressions. Bins are groups based on a variable with a certain percentage of another 
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variable in it. In this case, ten bins were created of exposure time, each consisting 10% of the total 

number of impressions. This means that every bin of exposure time has a different range of seconds, 

for example, the first bin exist out of one second and the last bin of 255 seconds. The equal 

distribution of impressions after binning makes it possible to interpret the results. All the analysis in 

current study are done with the bins of exposure time, referred to as ‘bin(s)’.  

  

Figure 6 Distribution of exposure time 
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Chapter 5 

Results 

5.1 Descriptives of visitors’ responses to advertisements 

Table 5 shows the mean, standard deviation, and correlations between the variables used in 

current study. The following variables strongly correlated with each other: the number of words in an 

advertisement and ELM Score (the score by two independent raters of whether an ad would need 

central of more peripheral processing; r = 0.85). Indicating that a centrally processed advertisement 

consists out of more words.  

 

Variable Mean SD 1 2 3 4 

1. Exposure time (s) 19.97 35.90 -    

2. No. of words  13.93 6.01 0.02 -   

3.Advertisement 9.58 2.74 -0.02 0.09 -  

4. ELM Score  59.81 21.56 0.02 0.85 0.08 - 

6. CTR 0.002 - - - - - 

Table 5 Descriptives of visitors’ responses to advertisements and their correlations with a 

significance of p < 0.05.  

 

5.2 Testing hypotheses 

To test Hypothesis 1, we performed a moderated logistic regression analysis with the CTR 

(1= click and 0= no click) as dependent variable, exposure time as independent variable and ELM 

Score as moderator1. Hypothesis 1 stated that the advertisement effectiveness will increase with 

longer exposure time, based on the results of earlier research by Geenen (2016). Since the specific 

type of relationship between advertisement effectiveness and exposure time was not investigated by 

Geenen (2016), we assumed a linear relationship between CTR and exposure time. To test for a linear 

relationship, we created a linear scale of exposure time, which was mean-centered (linear function 

test). This model also tested for a possible quadratic function of exposure time (quadratic function 

test). See Table 7 for full moderation results and Figure 7 illustrating the described effects.   

                                                      
1 We also included the effect of different advertisements in the models, to control for differences in 

CTR and potentially for different roles of exposure time per advertisement. We did not find 

differences in these results, between centrally versus peripherally processed ads or dynamic versus 

static ads, as we will discuss later in the models.  
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The effect of the linear function test of exposure time on CTR was not statistically significant 

(b = 0.014, p < 0.1). Indicating that there is no linear relationship between exposure time and CTR. 

Thereby, Hypothesis 1 was not confirmed: advertisement effectiveness did not linearly increase with 

exposure time.  

The model testing Hypothesis 1 included, next to a linear function test, also a quadratic 

function test for exposure time. Results provided evidence for a quadratic relationship between 

exposure time and CTR. There was a statistical significant negative effect for the quadratic function 

test of exposure time on CTR (b = -0.015, p < 0.001). That is, as can be seen in Figure 7, CTR follows 

a shape similar to a “U-shape” with exposure time. So, results showed that CTR decreased with 

exposure time, followed by an increase in CTR. 

Exploratory analysis furthermore showed the differences between CTR for several ranges of 

exposure time. We performed a moderated logistic regression analysis with the CTR (1= click and 0= 

no click) as dependent variable and exposure time, coded in a different way than the first analysis, as 

independent variable and ELM Score as moderator. Exposure time was dummy coded, such that we 

used in the moderated logistic regression analysis 10 different levels representing the 10 ranges of 

exposure time. See Table 6 for the ranges of exposure time. In current analysis, we used the 

untransformed exposure time (so, we did not center these values back to the mean). In this analysis, 

the first exposure time bin 1 – 1.5 seconds was used as a baseline. See Table 6 for full moderation 

results and Figure 7 illustrating the effect.  

When participants responded quickly (in the first five bins of exposure time, that is, between 

1.5 and 11.6 seconds after the exposure started), results of this analysis showed a significant negative 

effect of exposure time on CTR. As can be seen in Table 6, for the first five bins of exposure time, 

results showed significant negative beta coefficients (p <0.001; p <0.01). That is, when exposure time 

was short (1.5 – 11.6 seconds), the shorter a visitor was exposed, the higher the CTR, indicating 

higher effectiveness of the advertisement.  

When participants responded less quickly (in the last five bins of exposure time, that is, 

between 11.6 and 299 seconds after the exposure time started), results of this analysis showed a partly 

significant positive effect of exposure time on CTR. As can be seen in Table 6, for the last five bins of 

exposure time, results showed partly significant positive beta coefficients for 11.6 – 25.6 seconds (p < 

0.01) and 25.6 – 299 seconds (p < 0.05) of exposure time. That is, when exposure time was long (11.6 

– 299 seconds), the longer a visitor was exposed exposed, the higher the CTR, indicating higher 

effectiveness af the advertisement.  

So, results provided evidence that CTR decreased for the first 11.6 seconds of exposure time, 

followed by an increase in CTR. 
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Figure 7 CTR per exposure time bins.  

 

Variable b SE of b Z- value p 

Intercept -5.697*** 0.072 -79.363 < 2e-16 

ELM Score -0.006*** 0.001 -5.077 < 0.001 

Bin 1.5 - 2.6 -0.883*** 0.122 -7.229 < 0.001 

Bin 2.6 - 4.0 -0.798*** 0.120 -6.687 < 0.001 

Bin 4.0 – 5.8 -0.787*** 0.121 -6.501 < 0.001 

Bin 5.8 – 8.2 -0.445*** 0.115 -3.854 0.000 

Bin 8.2 – 11.6 -0.297** 0.109 -2.727 0.006 

Bin 11.6 – 16.8 0.047 0.100 0.469 0.639 

Bin 16.8 – 25.6 0.146 0.095 1.531 0.126 

Bin 25.6 – 45.7 0.444*** 0.090 4.937 < 0.001 

Bin 45.7 – 299 0.607*** 0.089 6.880 < 0.001 

ELM Score * Bin 1.5 - 2.6 0.005** 0.002 2.734 0.006 

ELM Score * Bin 2.6 - 4.0 0.005** 0.002 2.763 0.006 

ELM Score * Bin 4.0 – 5.8 0.004* 0.002 2.008 0.045 

ELM Score * Bin 5.8 – 8.2 -0.000 0.002 -0.136 0.892 

ELM Score * Bin 8.2 – 11.6 0.001 0.002 0.468 0.640 

ELM Score * Bin 11.6 – 16.8 0.001 0.002 0.282 0.778 
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ELM Score * Bin 16.8 – 25.6 0.002 0.002 1.286 0.199 

ELM Score * Bin 25.6 – 45.7 0.002 0.001 1.115 0.265 

ELM Score * Bin 45.7 – 299 0.001 0.001 0.924 0.355 

Table 6 Results of moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable, 

exposure time as independent variable and ELM Score as moderator. 

Note.  *p < 0.05; **p < 0.01; ***p < 0.001. 

 

Variable b SE of b Z- value p 

Intercept -5.661 *** 0.023 -172.856   < 2e-16 

ELM Score -0.004 *** < 0.001   -6.684 < 0.001 

Linear Function Test 0.014 0.008     1.707    0.088 

Quadratic Function Test -0.015 *** 0.003    -4.751 < 0.001 

ELM Score * Linear Function Test -0.000   < 0.001    -0.199    0.842     

ELM Score * Quadratic Function Test -0.000 < 0.001    -1.171    0.242     

Table 7 Results of moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable, 

exposure time (Linea and Quadratic Function Test) as independent variable, and ELM Score as moderator. 

Note.  *p < 0.05; **p < 0.01; ***p < 0.001. 

To test Hypothesis 2, we made use of the same model and results as presented in in Table 7.  

We performed the same moderated logistic regression analysis with CTR (1= click and 0= no click) as 

dependent variable, exposure time as independent variable and ELM Score as moderator. Hypothesis 

2 stated that exposure time will positively influence advertisement effectiveness for advertisements 

processed through the central route of  the Elaboration Likelihood Model, but advertisement 

effectiveness will be independent or less dependent on exposure time for advertisements processed 

through the peripheral route. Building on the analysis of Hypothesis 1, we included for exposure time 

a linear and a quadratic function test in the model. See Table 7 for full moderation results and Figure 

8 illustrating the effects.  

Results showed a negative regression coefficient that was not statistical significant for both 

interaction terms: the interaction term of ELM Score and the exposure time (linear function test; p > 

0.1) and the interaction term of ELM Score and the exposure time (quadratic function test; p > 0.1). 

Indicating that there are no or very small differences in CTR between peripherally and centrally 

processed advertisements when testing for a linear or a quadratic function of exposure time. That is, 

visitors need the same amount of time to process peripherally or centrally processed advertisements 

before they possibly click an advertisement. 

Thereby, Hypothesis 2 was not supported. Exposure time positively influenced advertisement 

effectiveness for advertisements processed through the central route of ELM, but advertisement 
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effectiveness was not independent or less dependent on exposure time for advertisements processed 

through the peripheral route. 

An exploratory analysis was done to further investigate the differences in CTR per second of 

exposure time between centrally and periphrally processed advertisements. We used the same model 

en performed the same analysis as presented in Table 6 (also illustrated in Figure 7). We performed a 

moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable 

and exposure time as independent variable and ELM Score as moderator. Exposure time was dummy 

coded, such that we used in the moderated logistic regression analysis 10 different levels representing 

the 10 ranges of exposure time. See Table 6 for the ranges of exposure time. In current analysis, we 

used the untransformed exposure time (so, we did not center these values back to the mean). In this 

analysis, the first exposure time bin 1 – 1.5 seconds was used as a baseline.  

As can be seen in Table 6, statistical significant positive regression coefficients were found 

for the interaction terms of ELM Score and exposure time from 1.5 – 5.8 seconds (p < 0.01; p < 0.05). 

Indicating that CTR is higher for centrally processed advertisement than for peripherally processed 

advertisement with an exposure time from 1.5 to 5.8 seconds. That is, with a short exposure time 

(from 1.5 to 5.8 seconds) clicked a higher percentage of the visitors on centrally processed 

advertisements than on peripherally processed advertisements.  

Furthermore, no statistical significant effect was found for the interaction terms of ELM 

Score and exposure time longer than 5.8 seconds (p > 0.1). Indicating, that with a long exposure time 

(from 5.8 to 299 seconds) there was no difference in the percentage of visitors that clicked either a 

centrally of peripherally processed advertisement. So, the differences in CTR between centrally and 

peripherally processed advertisements are significantly bigger with an exposure time from 1.5 – 5.8 

seconds than the insignificant differences in CTR for any other exposure time.  
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Figure 8 CTR for peripherally and centrally processed advertisements for every exposure time bin.  

 

5.2 Differences between static and dynamic advertisements 

Exploratory analyses were done to test whether there are differences between static and 

dynamic advertisements in CTR for different values of exposure time. We performed a moderated 

logistic regression analysis with CTR (1= click and 0= no click) as dependent variable, exposure time 

as independent variable and ELM Score and the banner type of the advertisement as moderators. The 

linear and quadratic function tests of exposure time were included in the model. See Table 9 for full 

moderation results and Figure 10 illustrating the effects.  

 

No significant effect for the interaction term for the banner type and the quadratic function 

test were found (b = -0.003, p > 0.1). Indicating that CTR is lower for dynamic advertisements than 

for static advertisements. However, this effect is not statistical significant and therefore one can 

conclude there are no or very small difference in CTR between static and dynamic advertisements.  
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Figure 9 CTR for static and dynamic advertisements per exposure time bin.  

 

Variable  b SE of b Z- value p 

Intercept -5.467 *** 0.044 -123.576   < 2e-16 

ELM Score -0.006 ***  < 0.001 -9.097   < 2e-16 

Banner Type (Dynamic) -0.218 ***  0.033  -6.618 < 0.001 

Linear Function Test 0.003   0.012     0.252   0.801     

Quadratic Function Test -0.012 **  0.004  -2.593   0.010 

ELM Score * Linear Function Test < 0.001 < 0.001    0.689   0.491     

ELM Score * Quadratic Function Test < -0.001 < 0.001    -1.674   0.094 

Banner Type (Dynamic) * Linear 

Function Test 

0.011   0.009     1.299   0.194     

Banner Type (Dynamic) * Quadratic 

Function Test 

-0.003   0.003    -0.984   0.325    

Table 8 Results of moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable, 

exposure time (linear functions test and quadratic functions test) as independent variable, and ELM Score  and the banner 

type of the advertisement as moderators. 

Note.  *p < 0.05; **p < 0.01; ***p < 0.001. 

Furthermore, an exploratory analysis was done with only static advertisements, to test 

whether there are differences in CTR between centrally and peripherally processed advertisements. 

We performed a moderated logistic regression analysis with the CTR (1= click and 0= no click) as 

dependent variable, exposure time as independent variable and ELM Score as moderator. The dataset 

consisted out of static advertisements, dynamic advertisements were excluded. See Table 10 for full 

moderation results and Figure 11 illustrating the effects.  
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As can be seen in Table 10 and Figure 11, a very small statistical significant negative effect 

was found for the interaction term of ELM Score and exposure time on CTR (b = < -0.001, p < 0.1). 

Indicating that, for static advertisements, the CTR is slightly higher for centrally processed 

advertisements than for advertisements that are peripherally processed advertisements. That is, for 

static advertisements, visitors click slightly more often on centrally processed advertisements than 

peripherally processed advertisements.  

 

Exploratory analysis was also done with only dynamic advertisements, to test whether there 

are differences in CTR between centrally and peripherally processed advertisements. We performed a 

moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable, 

exposure time as independent variable and ELM Score as moderator. The dataset consisted out of 

dynamic advertisements, static advertisements were excluded. See Table 11 for full moderation 

results and Figure 12 illustrating the effects.  

 

As can be seen in Table 11, a statistical insignificant effect was found for the interaction term 

of ELM Score and exposure time on CTR  (b < 0.001, p = 0.908). Indicating that, for dynamic 

advertisements, there is no or a very small difference in CTR between centrally and peripherally 

processed advertisements.  

 

Variable b SE of b Z- value p 

Intercept -5.452 ***  0.050 -108.505    <2e-16 

ELM Score -0.006 ***  < 0.001    -8.245    <2e-16 

Linear Function Test -0.003   0.013    -0.253    0.800    

Quadratic Function Test -0.009  0.005    -1.825    0.070 

ELM Score * Linear Function Test < 0.001   < 0.001     1.090    0.276     

ELM Score * Quadratic Function Test < -0.001  < 0.001  -1.954    0.0507 

Table 9 Results of moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable, 

exposure time (linear functions test and quadratic functions test) as independent variable, and ELM Score as moderator. 

Data included only static advertisements.  

Note.  *p < 0.05; **p < 0.01; ***p < 0.001. 

 

Variable b SE of b Z- value p 

Intercept -5.712 *** 0.053 -107.716   < 2e-16 

ELM Score -0.005 ***  0.013    -4.062 < 0.001 

Linear Function Test 0.026 0.014     1.880 0.060 

Quadratic Function Test -0.019 ***   0.005    -3.659 0.000 

ELM Score * Linear Function Test < -0.001   < 0.001    -0.614 0.539     

ELM Score * Quadratic Function Test < 0.001   < 0.001    0.116 0.908     

Table 10 Results of moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable, 

exposure time (linear functions test and quadratic functions test) as independent variable, and ELM Score as moderator. 

Data included only dynamic advertisements.  

Note.  *p < 0.05; **p < 0.01; ***p < 0.001. 
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Figure 10 CTR for centrally and peripherally processed advertisements. Only static advertisements are included. 

 

 

Figure 11 CTR for centrally and peripherally processed advertisements. Only dynamic advertisements are included.  
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5.1 Words as a predictor instead of ELM Score 

Exploratory analysis was performed to examine whether the number of words could be used 

as a predictor instead of ELM Score. We performed a moderated logistic regression analysis with 

CTR (1= click and 0= no click) as dependent variable, exposure time as independent variable and the 

number of words as moderator. The same or slightly different results were expected with the number 

of words as moderator instead of ELM Score, since the variables ELM Score and number of words 

are strongly correlated (r = 0.88, p < 0.05). See Table 11 for full moderation results with the number 

of words as moderator, Table 7 for full moderation results with ELM Score as moderator, and Figure 

13 illustrating the effects of exposure time and the number of words in an advertisement on CTR.  

Similar results were produced when using the number of words in an advetisement as 

moderator instead of ELM Score, except for one big difference. There was no statistical significant 

effect of the number of words on CTR (p = 0.634). Indicating that there is no relationship between the 

number of words in an advertisement and CTR. That is, the number of words in an advertisement do 

not predict the CTR of the advertisements.  

So, not in line with our expectations, results showed that the number of words in an 

advertisements had no relationship with CTR. Earlier results showed that ELM Score had a statistical 

significant relationship with CTR. Thereby,  ELM Score is preferred for predicting CTR.  

 

Variable b SE of b Z- value p 

Intercept -5.856 ***  0.028 -205.501    <2e-16 

No. of words < -0.001 0.002    -0.477    0.634 

Linear Function Test -0.008   0.007    -1.105    0269 

Quadratic Function Test -0.016 ***  0.003    -5.648    < 0.001 

No. of words* Linear Function Test < 0.001   < 0.001     0.725   0.469 

No. of words * Quadratic Function Test < -0.001  < 0.001  -1.178  0.239 

Table 11 Results of moderated logistic regression analysis with the CTR (1= click and 0= no click) as dependent variable, 

exposure time (linear functions test and quadratic functions test) as independent variable, and no. of words as moderator. 

Note.  *p < 0.05; **p < 0.01; ***p < 0.001. 
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Figure 12 CTR for advertisements with many and a few words (based on the number of words in an advertisement) per 

exposure time bin.  
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Chapter 6 

Discussion 

In the competitive environment of programmatic advertising it is important to influence the 

customer effectively. To make an advertisement effective and efficient it is advantageous to predict 

the effectiveness of the advertisement. This, to improve the advertisement effectiveness and obtain 

more clicks of the visitor.   

Earlier psychological research indeed suggested that for certain cues to be effective, attention 

is needed. That is, the Elaboration Likelihood Model (ELM) makes use of the attention of the user to 

explain how a persuasive intervention is processed. According to the ELM, there are two different 

routes through which one can process a persuasive message: the central route (in which a person must 

be motivated and have the cognitive ability to thoroughly process the message) or the peripheral route 

(in which it is not necessary to thoroughly process the message; Cacioppo & Petty, 1984). Separated 

from this psychological research, research in marketing suggested that exposure time is a good 

predictor of advertisement effectiveness. However, to my knowledge, earlier scientific research has 

not investigated whether the effectiveness of an advertisement can be predicted based on whether the 

advertisement is processed through the central or peripheral route and the exposure time to the 

advertisement the user had. 

Therefore, the research question of the current study was: How does digital advertisement 

effectiveness correspond with exposure time and type of advertisement processing 

(central/peripheral)? We expected that for advertisements processed mainly through the central route 

of ELM, the exposure time will positively influence advertisement effectiveness, but for ads 

processed mainly through the peripheral route, advertisement effectiveness will be independent or less 

dependent on exposure time.  

This study investigated whether for advertisements that are very likely to be processed 

through the central route of the ELM, exposure time will positively influence advertisement 

effectiveness (CTR). Also, this study investigated whether for advertisements processed using the 

peripheral route, advertisement effectiveness (CTR) will be independent (or less dependent) on 

exposure time. In other words, this study tested whether a peripherally or more centrally processed 

advertisement moderated the relationship of exposure time on CTR. 

Results did not provide evidence in line with our first Hypotheses. That is, results showed that 

advertisement effectiveness (CTR) did not linearly increase with exposure time. A linear relationship 

was expected; however, a positive quadratic relationship was found. That is, results showed a 

decrease in CTR for a short exposure time (from 1 to 11.6 seconds) and an increase in CTR for a long 
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exposure time (from 11.6 to 299 seconds). Earlier research of Bannerconnect (Geenen, 2016) found 

that CTR increased with exposure time. They showed a connection between exposure time and CTR. 

According to Geenen (2016) exposure time increased CTR by 30% during the first 10 seconds, and 

with 200% at 30 seconds of exposure time. Thereby, current research did not confirm earlier results 

found. Advertisements effectiveness (CTR) did not linearly increase with exposure time, but CTR 

decreased until 11.6 seconds of exposure time, followed by an increase in CTR.   

The difference between current results and the results of Geenen (2016) could be due to a 

different approach of the data (cleaning). Geenen (2016) used several impressions of unique users for 

the same advertisement. However, current research only used the first impression of the user for every 

advertisement. This could imply that visitors click faster on an advertisement when they see it for the 

first time than when they see the advertisement more often. More research on this topic is needed to 

draw conclusions.  

The reason for CTR following a positive quadratic function with exposure time is not clear. 

As mentioned earlier, the quadratic relationship is found for both peripherally and centrally processed 

advertisements. This could be because of an inaccuracy in CTR for the first 1,5 seconds. Remarkably, 

in all current results was the value of CTR for the first 1,5 seconds of exposure time similar and very 

high, both for advertisements scoring low and high on the ELM Score and for both static and dynamic 

advertisements. This could mean that a similar percentage of visitors accidentally clicks the 

advertisement when entering the website in the first 1,5 seconds. On top of that, it could be possible 

that a minimum of at least 1,5 seconds is needed to process the advertisement, independent of what 

kind of advertisement it is.  

Excluding the first 1,5 seconds of exposure time would give different results, a positive linear 

effect between CTR and exposure time would be possible. The first 1,5 seconds of exposure time 

should be excluded in future analyses. A possible linear effect, without the first 1,5 seconds of 

exposure time would mean that Hypothesis 1 would be confirmed. Hypothesis 1 stated that CTR 

linearly increased with exposure time.  

Earlier research showed results confirming that a minimum exposure time is needed before 

one can process an advertisement. Zhang, Pan, and colleagues (2015) showed that the most accurate 

measure for exposure time is when an advertisement area is more than 75% in view and has been 

exposed for at least 2 continuous seconds. Research by Goldstein, McAfee, and Suri (2011) showed 

that with longer exposure time, the participants performed better in brand recall and recognition tests. 

These findings suggested that there are at least two seconds necessary for processing an 

advertisement.  

Results did not provide evidence in support of our second Hypothesis. Hypothesis 2 stated 

that exposure time will positively influence advertisement effectiveness for advertisements processed 



 

Measuring Effectiveness of Online Advertisements with Exposure Time and the ELM 
39 

through the central route of the Elaboration Likelihood Model, but advertisement effectiveness will be 

independent or less dependent on exposure time for advertisements processed through the peripheral 

route. That is, exposure time positively influenced advertisement effectiveness for advertisements 

processed through the central route of ELM, but advertisement effectiveness was not independent or 

less dependent on exposure time for advertisements processed through the peripheral route. Results 

showed that the CTR for centrally processed advertisements was not significantly higher than for 

peripherally processed advertisements. Thereby, current research is the first direct test of the 

relationship between exposure time and CTR moderated by advertisements processed through either 

the central or peripheral route. 

However, exploratory analyses showed an actual difference, between centrally and 

peripherally processed advertisements, in CTR with an exposure time from 1.5 until 3.8 seconds. That 

is, results showed that CTR for advertisements processed through the central route were significantly 

higher than for advertisements processed through the peripheral route. This could mean that after the 

first 1,5 seconds, visitors needed the time to process the advertisements. This effect could be a 

coincidence or centrally processed advertisements actually might have a higher CTR.  

Not in line with our expectations, results of exploratory analysis showed that CTR for 

dynamic advertisements was not significantly lower than for static advertisements with exposure time. 

That is, there are no or very small differences in CTR between dynamic and static advertisements per 

second of exposure time. Earlier research did not study the differences in CTR between dynamic and 

static advertisements. Thereby this research is the first to test for the differences of CTR between 

dynamic and static advertisements during exposure time.  

Also, in line with our expectations, exploratory analyses were done with only static 

advertisements and only dynamic advertisements. Results showed that for static advertisements, the 

CTR for centrally processed advertisements is slightly higher than for peripherally processed 

advertisements. However, for static advertisements, no difference was found in CTR, between 

peripherally and centrally processed advertisements. No earlier research is done in this area. Thereby, 

current research is the first to test for this effect.  

In line with our expectations, explorative research showed that the number of words in an 

advertisement used as a predictor instead of ELM Score gave slightly different results. These results 

were expected since there was a strong linear relationship between the ELM Score and the number of 

words. However, using the ELM Score to predict the effectiveness of advertisements is in favour. 

That is, the ELM Score is a more accurate predictor for CTR than the number of words. No earlier 

research was done to find a metric that represents whether an advertisement is more peripheral or 

central processed. Thereby, current research is the first to provide two ways for representing whether 

and advertisement is more peripherally or centrally processed.   
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Overall, results of current research partly confirmed earlier theories. The hypotheses were not 

confirmed; however, other interesting results were found. Hypothesis 1, stating that advertisement 

effectiveness will increase with longer exposure time was confirmed. Advertisement effectiveness did 

not increase linearly with exposure time. A positive quadratic relationship was found. Hypothesis 2 

was not confirmed, stating that exposure time will positively influence advertisement effectiveness for 

advertisements processed through the central route of ELM. But advertisement effectiveness will be 

independent or less dependent on exposure time for advertisements processed through the peripheral 

route. Both centrally and peripheral processed advertisements have a positive quadratic relationship 

with exposure time. There are no or very small differences in CTR between peripherally and centrally 

processed advertisements 

A possible practical implication of the current results would be to develop campaigns with 

more central cues in advertisements for obtaining more clicks from visitors (for a short exposure time 

from 1.5 to 5.8 seconds). Furthermore, the CTR of the advertisements is almost equal for peripheral 

and central processed advertisements with a longer exposure time. Most of the companies pay and 

measure success based on CTR. In business, CTR is a widely-used metric to measure ad 

effectiveness. 

An implication for the online advertising industry could be to maximize the exposure time of 

the advertisement, to increase CTR. That is, keeping visitors on the web page as long as possible. The 

visitor does not necessarily have to pay attention to the advertisement, even unconscious processing 

will take place with a longer exposure time.  

Another practical implication is to develop more centrally processed advertisements. Current 

results showed that centrally processed advertisements have a higher advertisement effectiveness for a 

certain range of exposure time. Overall, centrally processed advertisements could increase the total 

CTR.  

 

6.1 Limitations and future work 

This research used datasets of already performed campaigns. It was not possible to influence 

the campaigns. Variables of interest, like exposure time, could not be controlled for. For example, the 

exposure time was not set beforehand. This means that the user decided how long an advertisement 

was in-view. Exposure time was the time that the user stayed on the same web page with a certain 

advertisement in-view. It was not possible to control for exposure time and find a direct relationship 

between certain exposure times and ad effectiveness.  

Furthermore, the current study was conducted among people who were only consciously 

aware of accepting cookies and not that they participated in a study. When accepting cookies, people 
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accept that their online behavior is tracked. However, most people do not read the cookies policy and 

do not know or forget what they agree to when accepting cookies (Agarwal et al., 2013). An 

advantage of using this kind of data of online behaviour for research, is that the visitors do not show 

socially desirable behaviour. This means that the results of this study are reflecting how people 

behave outside of a lab, in real life.  

A disadvantage of making use of a dataset with online behaviour of people who browse the 

internet outside of a lab, is that it is impossible to control for external factors. Current research could 

be improved and noise could be removed when being able to control for those external factors. 

External factors that possibly influenced current study and could help improve future research 

included the following.  

First, more than one person can make use of the same computer. It is not possible to find this 

back in the data, since the same ID number will be used. This could influence the results when taking 

several impressions of the same person into account. For the analysis in current study were only the 

first impressions of every person used, so it was no problem.  

Second, the content of the website is not known and cannot be controlled for. This could 

influence the cognitive load of the person entering the website, meaning that the ability to process the 

advertisement is variable. For example, when the user is reading and focusing on difficult content, 

there is less room to process an advertisement (processed through the central route of ELM).  

Next, people could delete their cookies. This makes it impossible to track the same person, 

since the personal ID number is lost and a new one will be assigned to the same person. When taking 

only the first impressions of the dataset, it has no further implications. In current study, we only 

focused on the first impression of every unique visitor, to avoid this bias. In general, 30% of people 

deletes their cookies regularly (Fettman, 2015). This is such a big part of the dataset, that the 

influence will be significant and will influence the findings. 

Last, people can be distracted while browsing the web page by external factors. For example, 

one can perform another activity like talking or texting while the web page is opened on the computer 

screen. Furthermore, the web page can be open in the background of the computer while one is doing 

other activities on the computer. This is also a reason why exposure time is limited to 300 seconds by 

MOAT.  

Following upon last point, we argue that exposure time is not the actual time people see the 

creative. This could implicate that the conclusions made in current study about exposure time are not 

the actual time people paid attention. Current conclusions do not imply how much time people need to 

process a certain advertisement, since it is not sure whether the visitor indeed paid attention to the 

advertisement (for the whole exposure time). Follow up research could exploit the relationship 
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between exposure time and the real time a person looks at the advertisement with, for example, a 

study with an eye-tracker. Current study uses exposure time as the time someone is exposed to an 

advertisement including possible exceptions as mentioned before, to find how different type of 

advertisements are being processed. The results of this study can be tested more specific with the use 

of an eye-tracker. It would be especially useful when the results of the eye-tracker research can be 

connected to behavior data gathered online, to make predictions and understand the behavior better.  

In current research, no further methods were used to test whether the ELM Score truly 

presented whether an advertisement is either processed through the central of peripheral route of the 

Elaboration Likelihood Model. The ELM Score was developed by two independent raters who rated 

every advertisement with a score from 0 (peripheral) to 100 (central). The raters reached agreement 

through discussion. Current research assumed that the ELM Score represented correctly whether an 

advertisement is peripherally or centrally processed. Conclusions were based on this assumption. 

However, more research and other methods are needed to determine whether an advertisement is 

processed through the central of peripheral route, or maybe both routes. That is, earlier research found 

evidence that some advertisements were processed through both the peripheral and central route at the 

same time (Kitchen et al., 2014; Mackenzie et al., 1986). Research showed that the two routes are not 

necessarily mutually exclusive. This could mean that another way of measuring whether 

advertisements are peripherally or centrally processed should be used.  

Future research could consider the effect of the same advertisement exposed more than once 

to a visitor. Data of visitors who saw the same advertisement more than once was available. However, 

only the data of the first time the visitor saw an advertisement (impression) was used in this study. In 

this case, the first impressions of visitors are enough to answer the research question. Future research 

could investigate the effects of more impressions per individual on processing advertisements. For 

example, how many impressions are necessary for more central or peripheral advertisements to have 

the same effect in online advertisement effectiveness?  

There were not that many advertisements with a certain score on the ELM Score, which could 

affect the validity of the conclusions drawn. This study had only one or two advertisement per score 

on the ELM Score. Those advertisements were divided in 11 static and four dynamic advertisements. 

More advertisements with the same and spread scores on the ELM Score have to be included in the 

study to draw correct conclusions about the behaviour of centrally and peripherally processed 

advertisements.  

Also, there was not enough variation in the dynamic advertisements. Four advertisements 

were dynamic advertisements, from only two different advertisers. The missing variance in 

advertisements could be a confounding variable. Two dynamic advertisements of one advertiser were 

more peripherally processed and the other two dynamic advertisements were more centrally 
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processed. Conclusions drawn based on this data could be influenced by other factors, like the 

campaign execution, the kind of promoted product, or the length of the message in the dynamic 

advertisement. Further research with dynamic advertisements is needed to confirm the conclusions.  

 

6.2 Conclusions  

Based on current results we concluded that advertisements processed through the central route 

obtain a higher advertisement effectiveness (CTR) compared to advertisements processed through the 

peripheral route. The advertisement effectiveness increased for both peripherally and centrally 

processed advertisements with a longer exposure time, after a decrease in exposure time. Thereby 

answering the research question: what is the influence of using a more centrally or peripherally 

processed advertisement and a different exposure time on digital advertisement effectiveness? To 

influence the customer effectively, current results showed that, for certain range of exposure time, 

presenting advertisements that are possibly more centrally processed to customers will increase 

advertisement effectiveness. This finding might show to be very important in the competitive 

environment of programmatic advertising.  
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