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Abstract

:

Web readers usually skim through the text to keep up with the amount of available content. The effectiveness of skim reading is ensured by keeping the focus on the meaningful part of the text rather than the less meaningful part. To assure if the skim reading shows efficient results for a particular screen resolution, this research presents variations in the memory of significant data when a text is read on a mobile screen or a desktop screen. Moreover, the study aims to understand the knowledge gained from the text at a given time. In total, sixty participants contributed to the study and it is found that, relative to reading the text on a mobile screen, skimming showed improved memory for the ideas defined in the text on a computer screen. A software prototype is developed in this research study to analyze the impact of skim reading on a desktop computer screen versus a mobile device screen. The findings of the study have been interpreted as evidence in support of a skimming process called satisficing.






Keywords:


skim reading; satisficing; computer screen; mobile screen








1. Introduction


The presence or absence of keywords allows readers to decide whether a document is important to a user’s query. Skim reading allows the reader to unleash that information from the text [1]. The goal of skim reading is to remember the topical facts from the text [2] and its effectiveness is measured by testing recognition memory and inferences about sentences in the text, according to whether people have skimmed it or fully read half of the given text, which can be explained as reading a portion of a text from the whole text [3]. This research aims to observe the difference in skim reading on varying screen resolutions such as comparing the amount of information gathered by a group of people when they read the text using a mobile screen or a desktop screen. The sizes of both the devices vary and it might affect the reading pattern of the readers; the readers might feel comfortable when reading from a laptop screen that is larger than a mobile phone screen [4]. This experimental study has been carried out to analyze whether the quality of skimming is better either when people read the text from a laptop screen or when they do it on a mobile screen. The study aims to evaluate the findings using a skim-reading strategy called Satisficing [3] which states that the readers continue to read the text until they achieve the target information, which they expect to learn from the text. Consequently, linear reading is achieved. When a user’s satisficing falls below a certain threshold, he or she will move on to the next section of the text [5]. Readers usually maintain an understanding of the text. They do not aim for high text quality; rather, they want to achieve the goals of learning from a good text [6].



There is a huge volume of information available online, on the internet, and therefore, it has become our sheer need to devise methods for a clear understanding of the content. One of the skills that are of importance when reading on a screen is skimming. Skimming when applied to a text gives useful results. It is a simple skill that defines how to read to obtain a general understanding of the text and suggests creating samples to jump from one part of the text to another [7]. People frequently skim-read due to a lack of time which includes skipping words or whole pages or paragraphs that seem unimportant to save significant amount of time and effort by focusing on the important part of the text. Due to the abundance of knowledge available on the World Wide Web (WWW), the text on these pages is often skimmed rather than being read in-depth [8]. A software prototype is developed in this research study to analyze the impact of skim reading on a desktop computer screen versus a mobile device screen. The latter screen due to small in size usually provides text content into large page, which requires scrolling. However, the former screen may not necessarily need scrolling.



The rest of the paper is organized as follows: Section 2 reports related studies, Section 3 describes the background of reading strategies, Section 4 discusses the impact of technology on readers, especially skim readers. The experiments carried out for the under-discussion study have been presented in Section 5; while Section 6 describes how the experiments were carried out using certain user interfaces. and Section 7 presents results. Section 8 explores discussion and limitations, and finally, Section 9 provides conclusions and future directions.




2. Related Work


Smart readers can easily gain information from their readings, no matter the text is printed or displayed on a computer screen, proficiently by using efficient reading techniques for comprehension. However, reading from a computer screen and reading from a hard copy are two different cognitive techniques. Therefore there is a dire need to develop strategies to recognise, comprehend, and extract information from online text [9].



Different reading behaviours have been observed, such as some people read it for fun and pleasure while others read, because they find interest in an article, whereas some seek critical thinking or knowledge for academic writing, and so on. Most online readers try to grasp the content presented to them in a brief look to get a general sense of the topic [10]. People prefer reading from a hard copy than on a computer screen as it is easier to read from paper, and they find it more comfortable as the paper is portable as well. Whereas, people, in general, use a variety of ways to read the text [11]. Despite the fact that reading from a paper improved efficiency, modern devices have portability, accessibility, and interactivity, allowing mobile devices to reach a new level of learning and reading [12]. Moreover, reading from a paper or a computer does not affect the accuracy of the opinion or the reading speed [13]. It was also suggested that people can read better on a computer screen and as well as on a laptop screen. The size of the laptop screen can be the same as a computer screen but laptops are portable in contrast to computers. Whereas, on the other hand, mobile phones are smaller and easy to carry, but they do not give a novel reading experience [14]. This research aims to determine how much information can be obtained from a text in a given amount of time for mobile screen-based devices and desktop computer screens. The study was conducted to examine the effect of the small screen i.e., a mobile screen and a larger screen (a laptop was used). The comparison was not considered between the laptop and computer screen as they might be the same in size. On the contrary, mobile phones are smaller and easy to carry, but they do not give a novel reading experience.



The research in [15] has proposed techniques to enhance web page skimmability for non-native readers and mobile users. The analysis introduced a mobile browser called Read4Me, which relies on Support Vector Machine (SVM) to provide a classification for providing automatic mode switching feature, which accurately estimates conditions like left-ear listening and right-ear listening docking, in the pocket and static reading, and Look&Point and Hear&Say. Moreover, the study presented the Jenga format to improve the readability of web pages for non-native readers. The results have shown the Jenga format facilities comprehension reading and web reading.



Further research in [16] has used the Froggy GX system to enhance web page skimmability for non-native readers. The study has proposed a strategy based on the content spotlight, including masking and filtering, semantic data extraction, and in-place translation. The research also investigates the difference between native and non-native readers in comprehension reading and found out that native readers have a higher capability of comprehension reading. However, the proposed strategy seems to be beneficial to non-native readers.



Rayner [17] defines an ideal reader as a person who was observed to be able to build a semantic interpretation of an expression that begins 1 to 6 character-spaces from his/her fixation point. He was able to acquire such information in terms of graphic features as word shape and beginning and ending letters when he fixed 7 to 12 character spaces before a word. It has been found that the qualified reader can take benefit of the peripheral information. Although, the size of the area, from where the data is collected, is small.



Whipple and Curtis [18] investigated how people skim read and proposed that individual differences in pace and effective reading were presented using all skim learning techniques. The author stated that previous knowledge slowed the reading rate in all the skim reading methods. In the subsequent part of the long passages, skimming speed increased. The best outcomes were obtained from people who read at a fast rate. When readers were compelled to skim at a prescribed elevated pace, results obtained showed poor performance. In normal reading, the preferred rate in skimming was closely linked to the natural rate of +0.71.



Shudong and Higgins [19] in their study demonstrate various factors why mobile phones are not appropriate for a learning process. Since our study showed the results that judge the performance of the users for the two different screen sizes, based on the understanding of the text by having them take a memory test. Also, when viewing images or text, it is very obvious for the writer that a larger screen is suitable for the eyes to view the data.



In another study conducted by Jones et al. [20] described that people have shown 50% less effective results in the completion of a task when working on the small screens in relation to the participants who worked on larger screens. Also, people had to practice extensive scrolling to keep track of the task being performed. It was also observed that users changed their approach when reading on a smaller screen. Thus, the method they adopt to read text on a small screen is different on a larger screen.



The article presented by Shrestha [21] has proposed a similar concept in determining the ideal display size when users browse over the mobile web in comparison to browsing on the desktop web. The results of the study showed efficiency in the performance of the users when browsing over a desktop and have shown poor results on a mobile web browser. Moreover, the author claims that familiarity with the web browser helped them to navigate on a mobile screen, otherwise, it might have been difficult for them. The primary issue faced by participants was the difficulty in finding the content on the lengthy narrow page, which in turn resulted in comprehensive scrolling.



Field [22] indicated in his research that for statistical methods such as analysis of variance (ANOVA) to be reliable, a sample size of at least 20 participants is required or preferably 30.



Cell phones are progressively used to get to various kinds of data other than voice conversations. Nonetheless, perusing enormous website pages which are not adjusted for small screen seeing is still extremely inconvenient. Internet browsers are arising which attempt to solve the collaboration issues that happen when small screen devices are utilized to get to site pages intended for huge screen seeing. In this work, the authors address the ease of use in which clients; versatile reading experience was assessed in contrast with desktop Web browsing. The study recommends some improvements for versatile internet browsers and significant thought in planning mobile-friendly websites that could assist with restricting scrolling and increase readability [23].



Dndar Hakan and Akayßr Murat presented a study to measure the performance and ability of 5th class students reading speed and comprehension with tablet PCs and printed books. The sample of the study consists of 20 students, who are divided into two different groups: control and treatment groups. The students read three texts that are available in the 5th class Turkish course. The main purpose of this experiment is to determine whether the Tablet PC produced a statistically increase or change in students’ performance. Various qualitative and quantitative tools were used in this study, and overall all results are that there is no significant difference between the groups in reading speed, or the level of comprehension. Having that said, all the students showed a positive attitude toward Tablet PCs [24].



Stephen and Andy [25] proposed the study to analyze and understand the interaction with mobile scrollings: tilt and flick while reading texts. The authors proposed a new method of evaluating scrolling interfaces. The authors used this new method to compare tilt and flick scrolling. The overall result of the study is that the tilt scrolling shows better performance for tasks that are performed while stationary. On the other hand, the experiment that there is no significant difference while moving. Also, they found that flick scrolling is preferred by participants while walking faster and completing moving tasks.



In comparison to the above-published literature, the main hypothesis of our study suggests that skimming will show lower performance for a smaller screen, and the memory for important versus unimportant sentences will have better scores over a full-screen condition than on a small screen. This study provides validity for our hypothesis that a smaller screen shows poor performance in contrast to a larger screen. Since we have not discussed the effect of scrolling in our study due to a short period. The effect of scrolling can be a future implication in our study to obtain significant results. It was also observed that users changed their approach when reading on a smaller screen. Thus, the method they adopt to read text on a small screen is different on a larger screen. A conclusion drawn from the study in reference to this study reveals that users showed comparatively low performance on a mobile screen because instead of scrolling, they were clicking multiple buttons to access the text. In the full-screen condition, the text can be accessed using 11 buttons whereas, in the mobile screen condition, 29 buttons were provided, which made a huge impact, on the reading behavior of the readers. Also, in the set time constraint, it was a competitive task to access all the text using the 29 buttons.




3. Reading Tactics


Readers perform skim-reading when they have a large volume of text with varying levels of difficulty thus allocating time by skimming or scanning different portions of the text. The readers choose the best part from the given text by using a sampling technique (choosing portions of the text) and they continue to read the chosen text until the level of information gained, dropped below the level of threshold (by using satisficing strategy) resulting in focusing on the difficult part of the text [5]. In another study, the implementation of eye-tracking methodology showed that people use a combination of two methods to complete the reading task. i.e., satisficing with some sort of sampling or scanning. Moreover, results showed that people while skimming can concentrate on a substantial portion of the text and it is commonly achieved by using the technique of satisficing. The information that lies at the beginning of the page has increased chances to be read and while reading readers can choose whether or not to keep reading the paragraph. Therefore, skim reading can be an efficient way of learning when working in a time-constrained environment, but it is comparatively it is less efficient than reading at a normal rate [3]. Another study found that skimming at a faster pace without losing the content’s meaning is important. The findings of the study showed that speed reading strategy (skim reading with speed) jeopardizes the accuracy of the content being read as it is impossible to get a deeper and clearer understanding of the text being read with a speed that is twice or thrice times the normal reading speed. Thus, it is satisfactory to get an average understanding of the text with an increase in reading speed since the aim of speed reading or skimming is to gain a general understanding of the text [26].



There are various factors that influence the reading patterns when reading on a small screen such as the distance between the user and the small screen, the restricted view in comparison to the big screen, the resolution of pictures and the influence of colours of the display, etc. [4]. When reading from a web page on a smaller screen, is sometimes difficult to read the text as the webpage design is ideally aimed for a desktop screen and therefore its margins are set by considering the length, width, and height of a desktop screen. Moreover, the page appears too large for a small screen web browser, and people find it frustrating as they need to scroll the screen horizontally and vertically [27]. In addition, a screen with a small size minimizes the amount of text displayed in contrast to big screens. Moreover, it reduces the speed of reading and limits comprehension, while reading from a small screen, the text remains unclear to the user most of the time. Thus, the idea of scrolling is proposed to improve the reading performance and to exceed the limitations presented by a small screen [28]. With the emergence of electronic devices such as computers, laptops, PDAs (Personal Digital Assistants), and mobile phones, reading is mostly performed on these devices because people find them as a quick way to access the content. Moreover, the representation of the content for various devices is continuously being improved which are being used in learning environments, all over the world [29,30].



3.1. Skim and Scan


Skimming is considered as a skill for reading quickly, which leads to gain an understanding from the surface. It becomes very mandating when you have a large quantity of text from different resources such as the web, online newspapers, articles, etc. It is similar to scanning, which implies reading through the text to acquire information from a particular part of data. Skimming and scanning showed the most valuable results for the learners. It helps the readers to focus on the valuable information and skip through the irrelevant content [31]. Scanning and skimming help in improving the reader’s perception of reading and brings improvement in the process of reading comprehension [32].




3.2. Performance Evaluation by Eye Tracking


Readers spend most of their time skimming through the web and in doing so, they reduce the rate of their comprehension of what they read [33]. Online reading monitored by eye-tracking shows sensitivity in terms of specified duration to read the materials available over the Internet. The eye moments of the readers depict that readers scan the pages in “F-shape” which refers to as the movement of eyes in a horizontal direction. Starting from the top of the page and is succeeded by another shorter horizontal movement of eyes which continues to go down the page, followed by a typical ending vertical scan that goes down the page on to the left side [34]. For skim readers, this method is potentially very useful, and it allows them to assign their time quickly. It provides a strategy to sample portions of texts from each page before moving on to the next page [3].




3.3. Skimming by Satisficing


Satisficing is a model that explains the patterns of skimming, and it is presumed that the behavior of the readers is sensitive about the information they gain in a specified time. Satisficing can be described as when readers read the text linearly and continue to read it until the rate at which they are gaining the information drops below the set value of the threshold. When this happens, the reader quit reading the current paragraph and jumps to the next portion of the text [5]. The readers offer more time to read, by focusing the first half of each paragraph, and as soon as the level of information gain is above the limit value, the readers skip the text and jump to the next paragraph [33]. In other words, the reader gives more time reading the early paragraphs in the text than the later ones. If the article appears uninformative, the reader chooses not to read the paragraph and considers it as uninformative, when the reader does that, the website containing the paragraph is also judged as ambiguous [3]. The results based on the memory showed that people who read by skimming through the text had a better memory for the important characteristics of the text and not for the unimportant details. If the time left to read the text is short during skimming, then the reader increases the reading speed and skim the unimportant information while speed reading, to keep most of the understanding [35]. According to Fitzsimmons (2014), in satisficing, the readers give more attention to the section of a paragraph which is difficult to understand and takes more time. "Adaptive allocation of attention" is a term for the process of focusing on the difficult parts of the text and is applied while performing the skim-reading job [5].





4. Influence of Technology


The usage of mobile devices for reading and writing has become popular since the advancement of digital technology. The use of hard copy or fixed screens have almost disappeared [36]. Hillesund, discussed the reading traits of expert readers and found how these experts were equally efficient for both the digital and handwritten content. Nowadays, reading is mostly performed in digitally encircled environments like in front of their laptops or phones, etc. Reading from the web is the most common use under technological influence. The websites not just involve text, but they also provide videos, images, and music, which often affect the reading to some extent. In addition, traditional newspapers and books are now being replaced by electronic papers and eBooks [37]. The majority of university students choose to read e-books on their tablets instead of reading traditional textbooks. No difference in the results for both the categories was observed whereas, their mean scores showed that students who used eBooks had substantially meaningful results for learning mainly “psychomotor learning” than the students who used printed traditional textbooks [38].



In this study, we aimed to tackle the outcomes of the respondents who will be requested to conduct skimming on two screens of varying sizes. The effect of scrolling versus paging is an important aspect to consider, but our research is restricted to the paging effect only for screens of different sizes. We assume that people who skim read on a larger screen would have improved memory than the participants who will use a smaller screen. The smaller screen will limit the amount of text shown.



4.1. Computer vs. Mobile Display


A research carried out by Marshall illustrated that the handheld (small screen) device is only useful for reading brief review papers or meta-analysis or readings. Reading on a handheld device is characterised as an efficient way to read, skim, or scan text in a limited time to acquire the necessary understanding. Compared to large screens, the decreased display is compensated by the portability of mobile devices [39]. Dillon et al. (1990) found that the reader’s efficiency and preference vary depending on the screen size but it does not show any impact on the understanding of the readers, whereas, a high level of significant outcomes for small window size was achieved for altered manipulation. On a smaller screen, readers re-read the phrases more adequately. Besides, the subjective information unleashes a higher preference for the larger-sized screens and a greater understanding of the text format [40]. In addition, Bruijn et al. (1992) observed that a larger screen took less time to learn the subject in comparison to the smaller screen without affecting the performance of the readers [41]. Moreover, screens with smaller sizes are 50% less efficient in performing the desired tasks than the larger screens. Users using smaller-sized screens encountered a significant amount of scrolling to accomplish the task. However, if the reader prefers to read on a small screen, it will not significantly degrade the reader’s efficiency [20]. In addition, Duchnicky and Kolers proved the impact of reading was 25% quicker on a full width monitor in comparison to a display that was reduced to one-third thus understanding is based on the screen’s width. However, the height does not show much of an impact. On the other side, screens with a very small display size such as depicting 2 to 3 lines on a screen revealed poor reading performances. The optimal height in a display was estimated to be four lines, but no result variations were observed even when the height was raised to 20 lines. The reading speed on a small screen was 9% slower than on a large screen [42].




4.2. Effect of Scrolling vs. Paging


The effect of scrolling on a small screen versus paging on a larger screen where the users will be required to scroll down to get the full visibility of the screen, as it will cover less area of the text. In contrast, on the big screen, you will not be required to scroll through the screen to get full visibility of a page. The conclusion derived from this scenario indicates that skimming becomes more helpful when the text is completely shown. Additionally, the constant back-and-forth scrolling can cause the user to lose focus on the important details [35]. The readers when reading the text keep a location of the items in their mind like a visual memory that constitutes the items in a paragraph which is according to the spatial location of the sentences that form the document. The location of an item forms a relationship with the items in the readers mind which lies within the page containing the item. Thus, the scrolling of the page will weaken this relationship, and it only shows the user the signs of the relative position that the object is having with its immediate neighbors [40]. Duchnicky and Kolers (1983) stated that a small amount of information is gained by the readers when the screen is continuously being scrolled. On the other hand, a study discussed that readers do not lose track of the context on a smaller screen, which is likely to happen when reading lengthy paragraphs on a big screen. Moreover, it is easier to perform skimming by moving backward and forward with a lesser number of lines displayed on a phone browser. As on a mobile screen, it is required by the readers to scroll the text i.e., to go back and forth to read the pages, which is comparatively easier. Whereas, since the data is not separated into components on a single screen, therefore the reading and the access rate is slow in contrast to split screens. Apart from that, breaking the sentences and showing them on different screens can disturb the reader’s mind which makes them not being able to process data quickly whereas, it is easy to learn the meaning of sentences when they are shown in full on one screen [40]. Another experiment showed that the memory results were better for a computer with a scrolling screen than on a hard copy [43]. When reading long articles on a small screen, Lee explained that “visual focus is compromised” since the reader would scroll down the page to read the text. The motion of the objects on the screen blurs the visibility of these objects [44]. Besides, Baker and Ryan found no significant difference between paging and scrolling [45].




4.3. Reading Text in Half versus Text in Full


The memory test for important and unimportant sentences is another important aspect that needs to be addressed. It will be evaluated by providing the group of participants with a complete text, and they will be requested to skim through the text given to them in a linear way or by skimming. In this manner, we will test the difference in the memory of the participants, gained from separate screens of varying lengths for important sentences. Our hypothesis suggests that individuals will benefit from reading the complete text by skimming through it as it includes all the information available in the text and they will remember more of the important sentences in such conditions, other than reading linearly and grasping half of the content. Duggan and Payne (2009) elaborated that readers can get more knowledge by skimming the complete text instead of reading half of the text linearly. Skimming through the full text did not show improved memory for the ideas that were important in proportion to the pieces of text. By reading randomly chosen portions of the text slowly, the results showed that necessary information was skipped because the reader doesn’t give it a brief look [46]. Research shows that it is useful to skim read entire text from the beginning till the end in order to get an idea of the document, because it will give you an overview of the content in the article and help you decide whether it is relevant to your area of interest, such as, going through first and last paragraph will mostly give you a clear idea if you want to continue reading the text. If the passage you are reading demands huge attention, then you should divide the article into sections and read the small chunks to put higher concentration. For instance, if you read the article linearly for “20 min”, you can achieve productive results for a higher understanding instead of going through all of it over a long time and gaining a lower sense of the text [47]. Focused reading for a limited time will provide you with a deeper understanding and will allow you to write important points. To reach the right idea or to gain a broader perspective of the topic, it is necessary to read the whole article. For this reason, focused reading is applied by reading the literature word by word. This will improve the reader’s critical thinking and allow them to identify the important components in the text. The approach is profound when the reader has enough time to read the text and at a higher level of concentration [48]. Besides, Beth stated “Do not omit but skim through the paragraph” since skimming provides more detail to the readers rather than reading the entire text linearly. By skimming the entire piece of text, individuals can readily recall an essential piece of information in comparison to reading half of the text in a specified time [49].





5. Experimental Assessment


This experiment was carried out in two cases: Full-Screen Condition and Mobile Screen Condition.



5.1. Full Screen Display


In the First case, half of the participants from a total of 60 participants were in the full-screen condition, in which they used a laptop. The full text was displayed to the participants and they were asked to read the article in a specified time by skimming through it or by reading with speed). The size of the screen in this condition was 14 inches.




5.2. Mobile Screen Display


In the second case, the other half of the participants from a total of 60 participants have displayed the text on a mobile phone-sized screen condition. The articles shown to the participants was the same for both cases. Since for the mobile sized condition, the text did not adapt to the small screen. Thus, it was required by the participants to click more than one button to read each page of the paragraph). The size of the screen in this condition was 5.65 inches.




5.3. Participants


There were 60 participants in total, with 33 female and 27 male participants; 31 of them were students from the University of A. Whereas the remaining participants were University of B’s students and faculty members. The participants’ average age was 30.12 years (SD = 3.55). Each participant experimented only once. There was no overlap observed across the participants in the experimentation. Though the participants belong to faculty and students of the universities (usually considered as good readers), the selection of the text articles and experimental design of the study helps to infer the findings applicable for general readers. Table 1 shows the quantitative data of the participants.




5.4. Experimental Setting


The aim of the experiment was to see how well participants could remember the meaning of the text while reading from screens of various sizes. The experiment was carried out in a meeting room designed for students in the graduate study rooms at the University of A. The room was quiet and well illuminated, with a minimal number of distractions because the goal of the study is to analyze the effect of speed reading or skim reading using desktop screen and mobile device screen. Thus, the participants could give full attention to the reading and could grasp the vital information from the text. However, a natural environment (noisy and/or with the higher number of distractions) may have a significant role in the findings, which has been not the focus of this study. Participants were provided with a laptop and proper seating. They were given an information sheet, before the experimental study, which gives them guidance on how to perform the experiment. Besides, the participants were required to sign a consent form to show their full willingness to participate and accepting the terms and conditions. The experiment was running on windows 10 operating system, and the software used to develop the study was Microsoft Visual Basic 2010 Express edition. A database connection was established with the program using the Microsoft Access database to store the data collected from the participants.




5.5. Procedure


The detailed information sheet was provided to the participants before the experiment began that they will be asked to read the text which will either be on Hypnosis or ADHD with a specified time of 325 or 313 s, respectively. The text will be displayed either on a full-screen or a mobile size screen. The participants were asked to either skim read or speed read, to cover as much text as possible as the time for reading the text is not enough. They will be asked to attempt a test to measure their understanding of the text. In addition, fundamental information on their data privacy and security, the suitability of the participant, and guidelines on how to withdraw from the study if desired were provided to the participants. Any questions about the experiment that confused the participants were answered at the beginning of the study. After reading the instructions and signing the consent forms, the participants were presented with a screen where they could enter their details such as name, age, and email (if they wish). Moving on to the next page, they were required to read the text provided by clicking on multiple buttons based on the screen condition i.e., Fullscreen or Mobile screen. After the time to read the text has expired, the given text disappeared, and the page jumped to the next section, which was an instruction window on how to perform the test of memory for meaning. The structure of the test was designed in such a way that when the individuals answer a sentence as true or false, the next sentence will appear. Each participant took the test either on a full screen or on a screen of mobile size, with a text either on Hypnosis or ADHD. In any event, no participant performed the experiment twice. After the completion of the test, they were asked to remain in their chairs and inform that they have finished the test.





6. Design of the Experiment


The design of the experiment comprises an instruction window along with the information required from the participant such as name, gender, etc. The participants were also asked if they were native English speakers or not, but the results from the study showed that there was not much effect on the performance of the participants based on the language they speak. Figure 1 depicts the user interface that was shown to the participants. The guidelines at the start of the program specified whether the text will be on Hypnosis or ADHD.



The two texts were taken from Scientific American by Duggan and Payne (2009). Participants were told they only had a certain amount of time to read the text and that one of the two cases would present by one of the two cases as specified above. For case 1, the article was presented in full-screen condition. The interface showed 11 buttons, and each button contained a paragraph of the article to be read in a limited time. Each button was labeled as buttons 1, 2, and so on, as shown in Figure 2.



For case 2, a mobile size screen is used to display the text. In this case, participants were given several buttons to click to see the corresponding pages from each paragraph of the article because the text from each paragraph could not adjust the small screen size, therefore, multiple buttons were provided to adjust a single paragraph on multiple pages of a mobile screen. Each of the 29 buttons is labeled with a number, such as Button 1, 2, 3, and so on. The interface of the mobile screen condition is shown in Figure 3.



The amount of time the participants spent reading each page was recorded for each case. The number of clicks for each button was also monitored during the switch between pages. The clock goes in descending order, and when it reaches zero, the timer stopped, the participants had displayed a screen of instructions for the test. The instructions screen is shown in Figure 4.



The test is taken to check their understanding of the text. This test was taken by displaying a set of sentences to understand the memory for the meaning of the text. There were three types of sentences presented to the participants, which were important sentences, unimportant sentences, and inference sentences in randomized order. Participants were instructed to mark True if they believed the sentence was in the text they had just read and vice versa. Figure 5 shows page 1 of the test screen, which is comprised of 54 target sentences for the memory test. The details of the memory test and questions displayed in the test are reported in the Section 6.1.2.



6.1. Materials for the Experiment


Materials used in the study include text and sentences.



6.1.1. Text


The text was adapted from Duggan and Payne’s previous research [35]. The text contained articles adapted from the Scientific American on hypnosis (3134 words) and ADHD (3252 words). Word frequency profiles of the texts were extracted from the “Edict” text analyser (http://www.edict.com.hk/textanalyser (accessed on 9 August 2020)). It is found that 72.08% of the words in the ADHD text were in the 2000 most frequent list, and 8.21% were in the 2000–5000 most frequent list. Moreover, 71.93% of the words in the Hypnosis text were in the 2000 most frequent list, while 8.93 percent were in the 2000–5000 most frequent list respectively. The Gunning-Fog Index was used to determine how readable the texts were. The ADHD text received a score of 11.7, while the Hypnosis text received a score of 12.6 (6 for easy, 20 for difficult) [35].



The Gunning-Fox index delivers an approximate grade level needed to comprehend the document. The essential thought in the index is that the longer sentences are and the more is the complexity of words utilized in them, the higher is the difficulty to read the content. The formula for the GunningFox index is shown below:


  0.4 ×     w o r d s   s e n t e n c e    + 100 ×    c o m p l e x w o r d s   w o r d s      











For instance, there is a passage consists of seven sentences with 96 words. The average sentence length is 13.7. There are nine complex words. The Gunnin’s Fox index will be = 0.4 × (13.7 + 9.375) = 9.23 [50].



The text was presented into 11 pages, which were almost of equal length in full-screen condition. These pages were accessed by the 11 buttons. The text was contained within boundaries, and for each button click, a different paragraph was presented, which was shown by a single heading. These headings represent each paragraph. The defined length of the page for the two texts were: “For ADHD: (M = 243.86, SD = 62.85); Hypnosis: (M = 234.77, SD = 72.66)”. In the case of a mobile size screen, some of the paragraphs were displayed on several pages, with multiple buttons used to view these paragraphs in chunks because the whole paragraph did not fit on the mobile size screen. The buttons were labeled as “button”, followed by the page number. The page length is calculated as follows: M = 93.44, SD = 21.53 for ADHD; M = 90.05, SD = 16.58 for hypnosis. In both cases, page boundaries were set to represent the text.



Each paragraph of the text was displayed using a separate heading. The aim is to present the text without providing information from the target sentences.




6.1.2. Evaluation of Memory for Meaning


From each text, 54 target sentences were displayed to the participants to test their memory for the meaning of the text they read. The sentences were presented in random order. Out of the 54 sentences, 18 of them were important sentences, 18 were unimportant sentences, and the remaining 18 were inference sentences. Each of the three categories of sentences combined contained 27 True and 27 False sentences. There were 9 true “important” and 9 false “important” sentences. Likewise, there were 9 “unimportant” true and false phrases from each category and nine “inference” true and false sentences each. The original sentence from the article is slightly changed to present it to the participants as a false sentence in order to test their memory for the context. The sentences were presented evenly across three different pages in a randomized order [35].



The number of important and unimportant sentences was equally distributed in the paragraphs. Thus, both texts showed 18 important and 18 unimportant sentences spread across the first and the second half of the paragraph. The rest of the 18 sentences were inference sentences. The study had an assumption that the participants truly attempted the memory test. However, the cases, in which some of the participants may not have truly responded to the memory test answers, have not been considered in the study.






7. Experimental Results


The hypothesis of the study aimed to identify memory for meaning of the text in the two conditions i.e., full-screen and mobile-screen. According to the proposed theory, the full-screen condition would result in improved memory. Thus, in this study, the results were analyzed using analysis of variance (ANOVA) which “determines if an independent variable (the test conditions) had a significant impact on a dependent variable (the measured responses)” [51]. The ANOVA performed in this study contains a test condition: which includes screen condition and sentence type. The research analyzed these effects using a 2 by 3 mixed design ANOVA for sensitivity and bias analysis i.e., 2 (Two conditions i.e., a full-screen and a mobile screen) × 3 (Sentence type: Important or Unimportant or Inference sentences), with conditions as a between-subjects factor and sentence type as a within-subject factor.



7.1. Evaluation Based on Sensitivity and Bias


To calculate the measure of sensitivity and bias, the recognition output on the three sets of sentences was computed using signal detection theory variables. These variables were calculated using the participant’s response rates, which indicated how well they could distinguish between acceptable and unacceptable sentences. Since sensitivity is determined by averaging response rates across subjects [52].



Therefore, for measuring sensitivity (d’) and bias (C) factors such as hit rate, false alarm, miss rate, and the correct rejections were computed. A value of hit rate is obtained when the participant marked the sentences as “True” which were present in the text whereas the sentences which were in the text, but the participant marked them as “False” gives the false alarm rate [53]. Participants checked the sentences as “True” when the sentences were not in the text they just read. This measures the value of the Miss rate. Whereas, when the sentences were marked as “False” when they were not addressed in the text, counts the rate of correct rejections. After that, the values of sensitivity (d’) and bias (C) were computed from the factors [54].



The d’ (sensitivity) shows the level of difficulty for the participants to differentiate between the new sentences (altered sentences that were not in the text) and the old sentences (which were in the text). In this research, we define a signal as the number of old sentences in the memory test (phrases obtained from the text) and noise as the number of new sentences (modified sentences) as the value of d’ indicates the normalized distance between the probability distribution of noise and signal and the noise alone. If there is a colossal change between the old and the new sentences such that, the sentences can be easily distinguished and as a result, the chances of hits and correct rejections are high. The higher the number of hits, the lower will be the misses. Similarly, the more the number of false alarms, the lesser will be the correct rejections. The higher the sensitivity score, the greater the participant’s ability to distinguish target sentences from non-target sentences. If a person achieves a precision of 50% on both outcomes when executing a task, the sensitivity score will be 0. A negative score of d’ shows that on both sets of results, the participant acquired less than 50 percent precision, whereas a positive value of d’ shows better achievement than an opportunity. An elevated d’ shows an easy detection of the signal/target [55]. Consequently, a lower value of d’ in this study indicates that the participants had difficulty identifying correct answers resulting in better performance in the memory test. However, when the value of d’ is high, the participants were able to quickly distinguish between the old and new sentences. Similarly, for an ideal observer, the value of bias is zero, while a negative value of c means that the individual has marked True more often than an ideal observer, and thus is liberal. Lastly, if the value of C is a negative number, then the participant has responded falsely more frequently than an ideal observer and is said to be conservative [56,57].



7.1.1. Sensitivity (d’s)


The results obtained using 2 × 3 mixed ANOVA for the sensitivity (d’) analysis are as follows:



D prime value for Full-screen and Mobile screen indicating that the full-screen condition has a higher mean and standard deviation in contrast to mobile screen. A important main effect was found in the 2 × 3 mixed design ANOVA, with F (2.0064, 96.3336) = 6.5616, p = 0.01,   η  p  2   = 0.1224 (with-in subjects) and F (1, 58) = 26.3352, p = 00,   η  p  2   = 0.3768 (between-subjects). As a consequence, the findings are statistically significant at the 0.01 level.



D prime value for important sentences: The sensitivity analysis showed a clear difference between a full-screen and a mobile-screen when it came to important sentences. Figure 6 demonstrates that the findings for important sentences were higher than for unimportant and inference sentences. This result is supported by the proposed estimation of between-subject effects, which indicate substantial effects for the sensitivity of important sentences (dependent variable) after reading the text on a full screen versus reading the text on a mobile screen, with F (1, 58) = 33.726, p < 0.05,   η  p  2   = 0.443.



D prime value (sentences*condition): The effect of interaction on sensitivity showed significance at 0.05 level, F (2.0064, 96.3336) = 4.659, p = 0.0372,   η  p  2   =0.09.




7.1.2. Bias


The results obtained using 2 × 3 mixed Anova for the Bias (C) analysis are as follows:



Bias (C) for full-screen and mobile-screen: Figure 7 shows the values of mean, standard deviation, and standard error for C (bias). The significance level of the sentences (with-in subjects) across all sentence types was significant, with F (2, 116) = 17.1096, p < 0.05,   η  p  2   = 0.2748, indicating that a higher percentage of sentences is marked as “true”.



C value for important sentences: The proposed estimate of univariate bias analysis of the between-subject factor revealed no significant effects for important sentences (dependent variable) being marked as true, with F (1, 58) = 4.258, p = 0.079,   η  p  2   = 0.083.



C value (sentences*condition): For the two conditions, there was no major interaction effect of sentences (i.e., important, unimportant, and inference) upon bias was observed, with F (2, 116) = 0.828, p = 0.605,   η  p  2   = 0.017.



The Text (ADHD or hypnosis) was not used as a consideration in the study regardless of whether it was skimmed, or speed read. We examined all but reported only the significant effects in the experimentation since ANOVA is a complicated method. Corresponding to the results of the “memory for the meaning” test, the other factors were also observed, such as the process of reading and the strategy participants followed for reading the text. A click rate for the number of button clicks was also reported, as well as the time spent reading each page. These tests were carried out separately for the two cases, namely the smartphone screen size and the full-screen condition. In this part of the review, the text was considered a factor between participants, but it is not addressed as it needs to be explored in detail.





7.2. Per-Page Reading Time in Each Condition


The time spent reading the text on each page was evaluated. Table 2 indicates the average time spent reading each page in both conditions. The results show that in the mobile screen condition, participants were unable to devote more time to the later pages due to the more number of pages to be read in a limited time. The data in Table 2 was calculated by comparing the amount of time spent reading a single page to the total amount of time spent reading the entire text.



To determine the differences in the mean values of the time spent on each page in both conditions, a simple descriptive statistic was performed. Since the number of pages in each condition was different, an ANOVA (between-factor analysis) could not be used to calculate the rate of significance. Furthermore, the data analysis revealed that in the mobile screen condition, a smaller number of people were able to press all 29 buttons in a given time constraint and that most of them did not access the entire text in the small screen condition. It was discovered that in both conditions, the first section of the text was read for longer than the later part.



The univariate analysis (one-way analysis of variance) of both conditions showed a decrease in reading time per page over the course of time (time is represented in seconds). Whereas, the labels B1, B2, B3 and so on in the following figures represent the page number for the two different conditions. Figure 8 and Figure 9 represents the variations in the amount of time spent on each page. It also shows that more attention is given to the earlier pages.




7.3. Analysis of the Results


During the analysis, it was observed that some of the participants were not feeling indulged in the study, and they appeared to be feeling bored while reading the text. Also, several participants reported that it was difficult to read the whole text on a given scale, most importantly, for the mobile-screen interface. Some of the participants gave feedback that they performed the test using their previous knowledge of the narrative, rather than their memory of the text they read. The majority of them reported that if there was more time to read the text, they could have performed better in the memory for meaning test. Some of them felt tired that they need to answer 54 true and false statements and stated that they were not responding by reading correctly.



The other possibility is the lack of understanding of the text. Since the two screens were different from each other. People performing the task over a big screen did not complain much in comparison to the people who were reading the text on a small screen. One or two participants also reported that they were unable to maintain their focus on the reading because they were under stress about their thesis work.



Some of the participants were quite interested in the research study, and their performance showed expected outcomes. In addition, an aspect of native and non-native English speakers was also considered, but the scores between the two groups showed no significance.



Apart from these elements, the general findings collected from the participants are accurate and provide a clear understanding.





8. Discussion and Limitations


This research aimed to investigate which screen size would show better performance in understanding the meaning of the text while practicing skim reading. During this study, an experiment was performed to propose how well is the memory of participants for important, unimportant, and inference sentences when they read the text over two different screen sizes in comparison to the study performed by Duggan and Payne [35] and Duggan and Payne [3] who considered various aspects to identify the memory for the important, unimportant and inference sentences. Upon evaluation of the current study, no significant effects were found for the important, unimportant, and inference sentences when reading from the two different screen conditions i.e., full-screen or mobile screen condition. However, an overall analysis of the results showed the effect of significance by presenting higher mean values for a full-screen condition over a mobile screen. The main hypothesis of the study suggests that skimming will show lower performance for a smaller screen, and the memory for important versus unimportant sentences will have better scores over a full-screen condition than on a small screen.



The study presented by Duggan and Payne highlighted the important aspects of memory inferences for the essential sentences. The articles used in their study are the same as the ones used in the current study. Their results showed a significant impact on the memory of the readers for important sentences when readers skimmed the text or read linearly.



We have observed the significance of important sentences for the two different screen sizes i.e., the full-screen and the mobile screen. Unfortunately, no significant effect was observed for the important sentences when evaluated for two different screen conditions. Duggan and Payne [35] stated that the readers had a greater tendency to respond “true” for both true and false sentences. Similar results are found in the current study.



This study indicates some improvements for the mobile web browsers and also provides significant considerations in the design of websites that are mobile-friendly and may assist to restrict the scrolling and boost readability. It also provides a validity for our hypothesis that a smaller screen shows poor performance in contrast to a larger screen. Since we have not discussed the effect of scrolling in our study due to a short period. The effect of scrolling can be a future implication in our study to obtain significant results.



A conclusion drawn from the study in reference to this study reveals that users showed comparatively low performance on a mobile screen because instead of scrolling, they were clicking multiple buttons to access the text. In the full-screen condition, the text can be accessed using 11 buttons whereas, in the mobile screen condition, 29 buttons were provided, which made a huge impact, on the reading behavior of the readers. Also, in the set time constraint, it was a competitive task to access all the text using the 29 buttons.



The present research has some variables that restrict the capacity, to fully explore the outcomes and may restrict inferential statistics of the results. The sample size of 60 participants is ideal, but 16 subjects for each scenario were small for a sample size. A sample size of preferably 40 individuals would have been more representative of the population for the precise outcomes of each condition and had supported the validity of the statistical analysis.



In this study, the recruited participants were not particularly diversified, as most of them were students from the University enrolled in master’s programs. Moreover, the scope of the project was limited to the effect of paging. A future variant of this research may need to include other considerations such as the impact of scrolling when reading on a mobile screen versus the paging effect. It has also been observed in the current study that the time required for reading over a small screen seemed shorter due to multiple button clicks and even the ideal skim reader could not cover reading the whole text in the given time. Although the study produced relevant and informative results, the report also outlined the constraints in the design of the experiment. These issues could be addressed in the future study to investigate the area to the next level.




9. Conclusions and Future Work


The research aimed to investigate the effectiveness of skim reading based on the size of the screen and to investigate which screen size would perform better in terms of understanding the meaning of the text when practicing skim reading. The goal of the study was to compare the effects of the participants’ memory inferences when reading from two separate screen conditions. The results showed significant effects for each sentence type (i.e., important, unimportant, and inference sentences) for the two different screen conditions i.e., full-screen or mobile screen condition. Furthermore, the fact that the phone screen condition had a lower score confirmed our hypothesis. Also, readers had a greater tendency to respond “true” for both true and false sentences. A significant effect is reported when computed for the full-screen versus mobile-screen condition. An experimental study was carried out in two cases: Full-Screen Condition and Mobile 371 Screen Condition. In total, 60 participants contributed to the study with 33 female and 27 male participants. The participants’ average age was 30 years. The conclusion drawn that users showed comparatively low performance on a mobile screen while the reading behavior full-screen condition is entirely different. As far as future work is concerned, the proposed work can be extended in various ways. One of the future works planned is to analyze different font sizes of the text, i.e., larger width than the height that can be exploited from wide-curved monitors.







Author Contributions


Conceptualization, M.A. and S.M.; methodology, A.A. (Ali Alqahtani) and M.H.; software, A.A. (Ali Alqahtani) and M.H.; validation, A.A. (Abdullah Alghamdi); formal analysis, M.A.; investigation, N.A.M.; writing—original draft preparation, M.A. and S.M.; writing—review and editing, A.A. (Abdullah Alghamdi) and A.S.; supervision, A.A. (Abdullah Alghamdi) and A.S.; funding acquisition, A.A. (Abdullah Alghamdi). All authors have read and agreed to the published version of the manuscript.




Funding


The authors express their gratitude to the ministry of education and the deanship of scientific research of Najran University, Kingdom of Saudi Arabia, for financial and technical support under code number NU/-/SERC/10/637.




Data Availability Statement


All the data is available within the article.




Conflicts of Interest


The authors declare that they have no conflicts of interest to report regarding the present study.




References


	



BanditvilaiC.The effectiveness of reading strategies on reading comprehensionInt. J. Soc. Sci. Humanit.20204610.18178/ijssh.2020.V10.1012

	



ChiE.H.HongL.GumbrechtM.CardS.K.ScentHighlights: Highlighting conceptually-related sentences during readingProceedings of the 10th International Conference on Intelligent User InterfacesSan Diego, CA, USA10–13 January 2005272274

	



DugganG.B.PayneS.J.Skim reading by satisficing: Evidence from eye trackingProceedings of the SIGCHI Conference on Human Factors in Computing SystemsVancouver, BC, Canada7–12 May 201111411150

	



DysonM.C.How do we read text on screenCreation, Use, and Deployment of Digital InformationLawrence Erlbaum Associates PublishersMahwah, NJ, USA2005279306

	



ReaderW.R.PayneS.J.Allocating time across multiple texts: Sampling and satisficingHum. Comput. Interact.200722263298

	



YuA.W.LeeH.LeQ.V.Learning to skim textarXiv20171704.06877

	



DysonM.C.HaselgroveM.The influence of reading speed and line length on the effectiveness of reading from screenInt. J. Hum. Comput. Stud.20015458561210.1006/ijhc.2001.0458

	



HortonW.TaylorL.IgnacioA.HoftN.L.The Web Page Design Cookbook: All the Ingredients you Need to Create 5-Star Web PagesJohn Wiley & Sons, Inc.Hoboken, NJ, USA1995

	



CoiroJ.DoblerE.Exploring the online reading comprehension strategies used by sixth-grade skilled readers to search for and locate information on the InternetRead. Res. Q.20074221425710.1598/RRQ.42.2.2

	



ZhangS.DukeN.K.Strategies for Internet reading with different reading purposes: A descriptive study of twelve good Internet readersJ. Lit. Res.20084012816210.1080/10862960802070491

	



SpencerC.Research on Learners’ Preferences for Reading from a Printed Text or from a Computer ScreenJ. Distance Educ.2006213350

	



ChenG.ChengW.ChangT.W.ZhengX.HuangR.A comparison of reading comprehension across paper, computer screens, and tablets: Does tablet familiarity matter?J. Comput. Educ.2014121322510.1007/s40692-014-0012-z

	



AskwallS.Computer supported reading vs reading text on paper: A comparison of two reading situationsInt. J. Man Mach. Stud.19852242543910.1016/S0020-7373(85)80048-1

	



KuzmičováA.SchilhabT.BurkeM.m-Reading: Fiction reading from mobile phonesConvergence20202633334910.1177/1354856518770987

	



YuC.H.Web Page Enhancement on Desktop and Mobile BrowsersPh.D. ThesisMassachusetts Institute of TechnologyCambridge, MA, USA2012

	



YuC.H.MillerR.C.Enhancing Web Page SkimmabilityCHI ’12 Extended Abstracts on Human Factors in Computing SystemsAssociation for Computing MachineryNew York, NY, USA201226552660

	



RaynerK.The perceptual span and peripheral cues in readingCogn. Psychol.19757658110.1016/0010-0285(75)90005-5

	



WhippleG.M.CurtisJ.N.Preliminary investigation of skimming in readingJ. Educ. Psychol.1917833310.1037/h0073184

	



ShudongW.HigginsM.Limitations of mobile phone learningProceedings of the IEEE International Workshop on Wireless and Mobile Technologies in Education (WMTE’05)Tokushima, Japan28–30 November 2005314

	



JonesM.MarsdenG.Mohd-NasirN.BooneK.BuchananG.Improving Web interaction on small displaysComput. Netw.1999311129113710.1016/S1389-1286(99)00013-4

	



ShresthaS.Mobile web browsing: Usability studyProceedings of the 4th International Conference on Mobile Technology, Applications, and Systems and the 1st International Symposium on Computer Human Interaction in Mobile TechnologySingapore10–12 September 2007187194

	



FieldA.Discovering Statistics Using IBM SPSS StatisticsSage Publications Ltd.London, UK20131818

	



SchmiedlG.SeidlM.TemperK.Mobile phone web browsing: A study on usage and usability of the mobile webProceedings of the 11th International Conference on Human-Computer interaction with Mobile Devices and ServicesBonn, Germany15–18 September 2007112

	



DündarH.AkçayırM.Tablet vs. paper: The effect on learners’ reading performanceInt. Electron. J. Elem. Educ.20124441450

	



FitchettS.CockburnA.Evaluating reading and analysis tasks on mobile devices: A case study of tilt and flick scrollingProceedings of the 21st Annual Conference of the Australian Computer-Human Interaction Special Interest Group: Design: Open 24/7Melbourne, Australia23–27 November 2009225232

	



RaynerK.SchotterE.R.MassonM.E.PotterM.C.TreimanR.So much to read, so little time: How do we read, and can speed reading help?Psychol. Sci. Public Interest20161743410.1177/152910061562326726769745

	



LamH.BaudischP.Summary thumbnails: Readable overviews for small screen web browsersProceedings of the SIGCHI Conference on Human Factors in Computing SystemsPortland, OR, USA2–7 April 2005681690

	



ChenC.H.ChienY.H.Effect of dynamic display and speed of display movement on reading Chinese text presented on a small screenPercept. Mot. Ski.200510086587310.2466/pms.100.3.865-873

	



ManiarN.BennettE.HandS.AllanG.The effect of mobile phone screen size on video based learningJSW20083516110.4304/jsw.3.4.51-61

	



LeivaL.A.Responsive snippets: Adaptive skim-reading for mobile devicesProceedings of the 20th International Conference on Human-Computer Interaction with Mobile Devices and Services AdjunctBarcelona, Spain3–6 September 2018327331

	



HongN.C.Teaching of skimming at tertiary level: Theoretical and pedagogical issuesInt. J. Biling. Multiling. Teach. Engl.201311710.12785/ijbmte/010101

	



DiazS.LaguadoJ.C.Improving reading skills through skimming and scanning techniques at a public school: Action researchOpen. Writ. Doors J.201310133150

	



FitzsimmonsG.WealM.DriegheD.Skim Reading: An Adaptive Strategy for Reading on the WebProceedings of the WebSci ’14: 2014 ACM Conference onWeb ScienceBloomington, IN, USA23–26 June 201419

	



NielsenJ.“F-Shaped Pattern For Reading Web Content,” Jakob Nielsen’s Alertbox2006Available online: http://www.useit.com/alertbox/reading_pattern.html(accessed on 11 June 2021)

	



DugganG.B.PayneS.J.Text skimming: The process and effectiveness of foraging through text under time pressureJ. Exp. Psychol. Appl.20091522810.1037/a001699519751073

	



BaronN.S.Do mobile technologies reshape speaking, writing, or reading?Mob. Media Commun.2013113414010.1177/2050157912459739

	



HillesundT.Digital Reading Spaces: How Expert Readers Handle Books, the Web and Electronic PaperUniversity of Illinois at Chicago LibraryChicago, IL, USA2010

	



Rockinson-SzapkiwA.J.CourduffJ.CarterK.BennettD.Electronic versus traditional print textbooks: A comparison study on the influence of university students’ learningComput. Educ.20136325926610.1016/j.compedu.2012.11.022

	



MarshallC.C.RuotoloC.Reading-in-the-small: A study of reading on small form factor devicesProceedings of the 2nd ACM/IEEE-CS Joint Conference on Digital LibrariesPortland, OR, USA14–18 July 20025664

	



DillonA.RichardsonJ.McKnightC.The effects of display size and text splitting on reading lengthy text from screenBehav. Inf. Technol.1990921522710.1080/01449299008924238

	



BruijnD.d.MulS.d.OostendorpH.v.The influence of screen size and text layout on the study of textBehav. Inf. Technol.199211717810.1080/01449299208924322

	



DuchnickyR.L.KolersP.A.Readability of text scrolled on visual display terminals as a function of window sizeHum. Factors19832568369210.1177/001872088302500605

	



KerrM.A.SymonsS.E.Computerized presentation of text: Effects on children’s reading of informational materialRead. Writ.20061911910.1007/s11145-003-8128-y

	



LeeB.SavisaariO.OulasvirtaA.Spotlights: Attention-optimized highlights for skim readingProceedings of the 2016 CHI Conference on Human Factors in Computing SystemsSan Jose, CA, USA7–12 May 201652035214

	



BakerJ.R.The impact of paging vs. scrolling on reading online text passagesUsability News20035323327

	



MassonM.E.Conceptual processing of text during skimming and rapid sequential readingMem. Cogn.19831126227410.3758/BF031969736621342

	



SkillsA.A.Effective Reading TechniquesAvailable online: https://studyhub.fxplus.ac.uk/study-guides/reading-lectures/effective-reading-techniques(accessed on 12 February 2020)

	



ScotsmanT.Reading Techniques: SkimmingAvailable online: https://www.open.edu/openlearn/society-politics-law/sociology/reading-and-note-taking-preparation-study/content-section-3.2(accessed on 12 February 2020)

	



AzarB.Sink or Skim?Available online: https://www.apa.org/gradpsych/2010/11/skim(accessed on 12 February 2020)

	



FirmaniD.MecellaM.ScannapiecoM.BatiniC.On the meaningfulness of big data qualityData Sci. Eng.2016162010.1007/s41019-015-0004-7

	



MacKenzieI.S.Human-Computer Interaction: An Empirical Research PerspectiveElsevierNew York, NY, USA20121345

	



HuangY.FerreiraF.The application of signal detection theory to acceptability judgmentsFront. Psychol.2020117310.3389/fpsyg.2020.00073

	



NevilleD.A.RaaijmakersJ.G.van MaanenL.Modulation of the word frequency effect in recognition memory after an unrelated lexical decision taskJ. Mem. Lang.201910810402610.1016/j.jml.2019.05.004

	



MacmillanC.Online Detection Theory CalculatorAvailable online: https://www.computerpsych.com/Research_Software/NormDist/Online/Detection_Theory(accessed on 12 February 2020)

	



HaatveitB.C.SundetK.HugdahlK.UelandT.MelleI.AndreassenO.A.The validity of d prime as a working memory index: Results from the “Bergen n-back task”J. Clin. Exp. Neuropsychol.20103287188010.1080/1380339100359642120383801

	



AbdiH.Signal detection theory (SDT)Encyclopedia of Measurement and StatisticsSAGE Publications, Inc.Riverside, CA, USA2007886889

	



Elvers.usAvailable online: http://elvers.us/perception/sdtCalculator/(accessed on 17 July 2021)








[image: Applsci 11 07398 g001 550] 





Figure 1. Initial Graphic User Interface (GUI). 
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Figure 2. GUI of Full Screen Condition. 






Figure 2. GUI of Full Screen Condition.



[image: Applsci 11 07398 g002]







[image: Applsci 11 07398 g003 550] 





Figure 3. GUI of Mobile Screen. 
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Figure 4. Instruction Page. 
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Figure 5. Test GUI. 
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Figure 6. The mean and standard errors for sensitivity (d’s) in each experimental condition. 
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Figure 7. Shows the mean and standard errors for bias (C) in each experimental condition. 
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Figure 8. Line graph of time spent on each page in case of full screen condition. 
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Figure 9. Line graph of time spent on each page in case of mobile screen condition. 
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Table 1. Quantitative data of the participants.
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Between-Subject

Factor

	
Participants of

ADHD Text

	
Participants of

Hypnosis Text

	
With-in Subject

Factor

(Target Sentences)

	
Female

Participants

	
Male

Participants






	
Full Screen

(14 inches)

	
15

	
15

	
54

	
22

	
10




	
Mobile

(5.65 inches)

	
15

	
15

	
54

	
11

	
17




	
Total

	
30

	
30

	
108

	
33

	
27
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Table 2. Mean time (in seconds) spent on each page in both experimental conditions.
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Mode

	
N

	
Mean

	
Std. Deviation






	
Mobile Screen

	
29

	
312.7034

	
289.12056




	
Full Screen

	
11

	
835.8546

	
250.877136
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