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Designing an Interface for a Library Management System on a Smartphone: 
The Impact of Scrolling on Perceived Ease of Use and Task Completion Time
Abstract
This dissertation reports on the results of an experiment carried out to test the impact of three separate varieties of a library management systems (LMS) application delivered to smartphones. The researcher designed three LMS applications that involved (1) no-to low-scrolling, (2) moderate-scrolling and (3) high-scrolling, and tested subjects on (1) how long it took them to complete applications in each category and (2) how they perceived the ease of each category. The purpose of the experiment was to determine if there was a correlation between the amount of scrolling involved in an LMS application delivered to a smartphone and the cognitive load that the applications imposed on users. It was hypothesized that low-scrolling was the optimum environment for perceived ease of use and reduced cognitive load (as measured by time to task completion). These hypotheses were supported by the data. Furthermore, it was found that previous experience with a smartphone did not significantly mediate the results. For application designers, the main lesson of the data is that LMS applications delivered to smartphones ought to minimize scrolling, although of course further testing is necessary to understand and optimize smartphone application design.

CHAPTER ONE: INTRODUCTION
1.1 Background

Smartphones are increasingly prevalent all over the world. One of the uses to which smartphones are being put is that of application conduit; in other words, smartphones can access applications on web servers and act exactly in the same way as computers accessing the public or private Internet. This fact presents numerous challenges for designers of information systems, as there is not yet a firm foundation of data and best practices for application interface design on smartphones.


This dissertation proposes to examine a small but significant aspect of the smartphone design challenge: The issue of cognitive load. Smartphones, being smaller than desktop and laptop displays, force the user to interact with applications in a radically new manner, requiring cognitive adjustments. For example, information that might easily fit into a single no-scroll desktop screen might require extensive scrolling in a smartphone.


The purpose of this dissertation is twofold: (a) to compare three different formats for a library management system (LMS) in a smartphone interface in order to determine relative user-defined ease of use and (b) to determine whether cognitive load as measured by the length of task completion corresponds negatively with perceived ease of use. 

1.2 Brief Literature Review

An excellent meta-review of existing smartphone interface literature was carried out by Linghao and Ying (2010), who noted that the constantly-evolving feature functionality of smartphones has made it difficult for researchers to measure cognitive load in comparable studies. Because there are so many variations in functionality, and infinitely many navigation pathways available in commercial applications (see also Linghao & Weimin, 2010), Linghao and Ying suggested that an experiment approach isolating a few aspects of the smartphone is the right methodological strategy for understanding issues of cognitive load. 


Because of the study’s tight focus on issues of cognitive load (which is conceptually close to ease of use) in interface design, the rest of the brief literature review will focus on this phenomenon.


Cognitive load is the burden imposed on an individual’s cognitive processing abilities by a particular task. Lin and Dwyer (2010) distinguished between three kinds of cognitive load: intrinsic load, extraneous load, and germane load (p. 156). Intrinsic load refers to “the amount of interaction required between the material being learned and the expertise of the learners.” Extrinsic load refers to load created by bad instructional design and other extraneous factors, such as a distracting environment. Finally, germane cognitive load “is induced by the effort that learners make in processing and comprehending the instructional material, and is associated mainly with the process in which the construction and automation of schemas is required” (Lin & Dwyer, p. 157).

Kalyuga (2008) offered the relevant insight that “Novice learners benefited more from static diagrams than from animated diagrams, while more knowledgeable learners benefited more from animated rather than static diagrams” (p. 852).  The reason for this variance was cognitive load theory (CLT). Kalyuga read CLT as predicting that novice learners would lack the working memory necessary to recall the details of an animation. This insight about animated training can be generalized to smartphone design in an LMS interface. For example, a knowledgeable user might feel more comfortable with heavy scrolling whereas a novice user might prefer the more static appearance of clicking through lower-information frames. It is for this reason that the one of the demographic variables collected by the researcher will be previous experience with smartphones; correlation and regression analysis can be used to determine whether experience mediates the ease of use that an experienced smartphone user reports with the LMS. 

1.3 Sample, Stimulus, and Study Design

The sample will be drawn from a population of students at the researcher’s school. The sample will not be statistically representative of the student population, let alone the general public; thus, the study should be treated as a pilot study.


The stimuli will be exposure to three different forms of LMS designed for smartphones:

1. Minimum scrolling. In this version, information will be broken down so that it populates one screen at a time, prompting the user to click through to the next screen rather than scrolling.

2. Medium scrolling. This version of the LMS delivered on the smartphone will consist of combined scrolling and clicking.

3. Maximum scrolling. This version will require the user to scroll as much as possible, minimizing clicks in favor of scrolling. 

The stimuli will be delivered to users in a controlled environment in which each user will be prompted to begin a task-based interaction with each of the LMS. In each interaction, users have to achieve a different knowledge-oriented task requiring a novel feature of the LMS. The three tasks will be: (a) adding a book record to the catalog; (b) retrieving a record of the holdings of a particular library user; and (c) sorting the holdings of the library into a master list.  


The researcher will design a very low-functionality LMS that allows users to perform these three tasks. Moreover, each task will launch from a separate screen and have a different navigation path, so there will be no learning curve that will allow later uses of the system to become easier than earlier ones.


Immediately after the interaction with the three LMS, users will be issued a survey in which they will rank the ease of use of each format. Additionally, demographic information on users will be collected, with age, gender, highest level of completed education, previous experience with LMS, and previous experience with smartphones all solicited by the researcher. The researcher will then calculate cognitive load for each user and each task by means of tabulating the number of seconds required to complete each task.   

1.4 Research Question and Hypotheses

DVs: Perceived ease of use, cognitive load.


IVs: scrolling, demographic variables.


Research Question 1: What are the weighted ease-of-use perceptions of low-scrolling, medium-scrolling, and high-scrolling LMS applications delivered to a smartphone?


H01: All three formats will have the same perceived ease of use.


H1: There were will be variation in perceived ease of use of the three formats.


H1A: The low-scrolling format will have the greatest perceived ease of use.


Research Question 2: What is the relative cognitive load, as measured by time to task completion, of low-scrolling, medium-scrolling, and high-scrolling LMS applications delivered to a smartphone?


H02: All three formats will have the same cognitive load.


H2: There were will be variation in the cognitive load of the three formats.


H2A: The high-scrolling format will impose the greatest cognitive load.


Research Question 3: Does cognitive load correlate negatively with perceived ease of use?


H03: There is no correlation between cognitive load and perceived ease of use.


H3: There is a correlation between cognitive load and perceived ease of use.


H3A: There is a negative correlation between cognitive load and perceived ease of use.

1.5 Data Analysis

Using the data, it will be possible to rank each LMS in terms of ease of use and cognitive load, to determine whether cognitive load as measured by time of task completion correlated negatively with perceived ease of use, and test the mediating impact of the demographic variables. Statistical analysis will be performed in the statistical software known as SPSS. One of the major goals of the analysis will be to create linear regression equations to model the interaction between the IVs and DV.

1.6 Strengths and Limitations of the Research

The main strength of the research is that it is a modest but novel contribution to the burgeoning literature on application design for smartphones, one that tests interesting questions of cognitive load and perceived ease of use. The main limitation of the research is that it will employ a small sample and fail to be generalizable to any larger population. Another, less important limitation is that the study will not be measuring data pertaining to the cognitive styles of participants. Chen (2010) has noticed that cognitive style is an important IV in determining the DVs of task completion (i.e., in the operational terms of this study, cognitive load) and perceived ease of use. However helpful such an IV would be, its measurement requires competence in psychology and is somewhat afield from this project.  
1.7 A Note on the Role of Coding

The purpose of this research was not to come up with compelling code for a library management system (LMS) as delivered to a smartphone. Instead, the purpose was to test and measure the impact of the extent of scrolling on time to task completion and perceived ease of a task. As part of the task, the researcher employed an open-source library management system to create a handful of tasks (further described in chapter three, and reproduced in the Appendix: Prototype chapter) for study subjects to complete on smartphones issued to them by the researcher. The LMS with which subjects interacted was not full-featured; it only supported the tasks described in chapter three, and was best described as a shell in terms of functionality. The deliverable of this dissertation should therefore not be considered the application environment or the code that went into it, but rather the statistical analysis of user interactions with the application environment, particularly in terms of cognitive load and perceived ease of use.
1.8 Structure of the Dissertation

The remainder of the dissertation is structured as follows. Chapter Two is the literature review. Chapter Three is the methodology. Chapter Four is the data presentation and analysis; because there are a great many statistical tables, it was decided to combine analysis and presentation, so that the reader could encounter all analyses in the context of accompanying data rather than wading through data and analysis separately. Finally, Chapter Five is the conclusion. 
1.9 Conclusion

This dissertation envisions a brief but highly revealing experimental study that can cast light on both practical and theoretical aspects of smartphone interface design. By employing the principle of cognitive load as a concept, and time to task completion as the operational component, the study aims to provide empirical support for a specific kind of navigability model for smartphones. The resulting research will be of importance not only to information scientists working narrowly on LMS, but also to any researcher or practitioner of interface design in general. 

CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction

There is extensive literature on library management systems (LMS) delivered through smartphones, but much of this literature is not relevant to the current study because of its focus on librarian users and technical issues pertaining to libraries. While these issues are clearly important and worth taking measure of in research, this particularly study was interested in the LMS only as a generic kind of application for users. The true purpose of the study was really embedded in questions of interface design, with the main question being: What is the impact of scrolling on a user’s (a) ability to complete a smartphone-based application task rapidly and (b) perceived ease of use of the application? These questions are really rooted in considerations of smartphone interface design and cognitive load. As some of the foundational and theoretical literature on cognitive load was mentioned in the first chapter, the literature review will be employed mainly to focus in on empirical studies that consider smartphone interface design, cognitive load, and ease of use.  

2.2 Key Empirical Studies in the Field

Kangas and Kinnunen (2005) emphasized the importance of rooting mobile application development in the principle of user-centered design. As such, among practitioners and developers of mobile applications, there is a long tradition of using empirical user analysis—rather than theoretical principles isolated from the user experience—to guide the development of smartphone interfaces.

One of the earliest mentions of lower-scrolling environments in the context of increased usability came in the research conducted by Halpert (2005). However, Halpert was more interested in the security implications of interface design, and did not follow up on the correlation between higher scrolling and lower ease of use. It remained to other researchers to fill in this gap in the state of interface knowledge. 


Nilsson (2009) carried out some of the most relevant work in this regard. Nilsson conducted a study in which excessive horizontal scrolling was associated with user unease with applications delivered over a smartphone. Although Nilsson’s study did not track the reasons for this unease, it is highly likely that scrolling increased cognitive load by tacitly requiring the users to achieve a more complex spatial understanding of the location of key information and commands; in other words, increased information density, which could have been broken up into individual screens, was responsible for user problems with horizontal scrolling. Of course, one of the limitations of Nilsson’s study and the reason that the researcher carried out the current study in the first place is that previous work did not pay attention to the possible mechanisms of variations in user experiences across different kinds of scrolling environments. 


Xie, Miao, Song, Wen, and Ma (2005) offered a plausible explanation of why low-scrolling environments are more user-friendly. Xie at al. discussed the so-called block importance model, in which users habitually assign certain levels of cognitive importance to different aspects of a Web page. When the block model is violated, for example by requiring high levels of scrolling, users are thrown out of their comfort zone. Again, however, this study was limited, as it did not experimentally test user response to different kinds of mobile application environments.

Although there are studies that have clearly paved the way for the research conducted in this dissertation, no study appears to have combined the elements of cognitive load, scrolling, and variant application tasks into a single experimental model. As such, this study fills in important gaps in the research. 
Chapter Three: Methodology

3.1 Introduction


This chapter will move from the general to the specific, first by explaining the methods available for academic research and defending the reason to employ a quantitative and experimental approach, and second by discussing the study design in detail.

3.2 Methods Available for Research

There are two commonly accepted approaches to research, the qualitative and the quantitative. There are many ways of distinguishing between these two approaches, which can also overlap or complement each other, as in mixed methods designs. However, the basic difference between these methodologies has been described by Creswell (1994) as split into five categories: ontology, epistemology, axiology, rhetoric, and procedures. Table 1 reproduces Creswell’s (1994) summary of these differences (p. 56).

With this overview in mind, it is time to turn to the research questions and hypotheses posed by this study to determine which of the two methodological orientations would be appropriate:


Research Question 1: What is the relative impact on viewer comprehension of content of different training formats?


H01: Each training format has a statistically similar impact on viewer comprehension of content.


H1: One training format will be superior to the other ones in terms of imparting viewer comprehension of content.

Research Question 2: What is the relative impact on viewer retention of content of different training formats?


H02: Each training format has a statistically similar impact on viewer retention of content.


H2: One training format will be the most effective format in terms of imparting viewer retention of content.

Table 1

Differences between Quantitative and Qualitative Research  
	Philosophical Foundations

	Qualitative Research Designs
	Quantitative Research Designs



	Ontology (perceptions of reality)
	Researchers assume that multiple, subjectively derived realities can coexist.
	Researchers assume that a single, objective world exists.

	Epistemology (roles for the researcher)
	Researchers commonly assume that they must interact with their studied phenomena.
	Researchers assume that they are independent from the variables under study.

	Axiology (researchers’ values)
	Researchers overtly act in a value-laden and biased fashion.
	Researchers overtly act in a value-free and unbiased manner.

	Rhetoric (language styles)
	Researchers often use personalized, informal, and context-laden language.
	Researchers most often use impersonal, formal, and rule-based text.

	Procedures (as employed in research)
	Researchers tend to apply induction, multivariate, and multiprocess interactions, following context-laden methods.
	Researchers tend to apply deduction, limited cause-and-effect relationships, with context-free methods.



As the research questions demonstrate, the purpose of the study is to measure the impact of the independent variable (IV) of scrolling on the dependent variables (DVs) of (a) cognitive load and (b) perceived ease of use. Measurement is a formal, objective component of research, one that draws upon all of the orientations and assumptions enumerated by Creswell (1994) for quantitative research. Of course, there are ways to study smartphone applications that could be purely qualitative. For example, asking users why or how a certain smartphone unit worked better than another would be a subjective, interpretive form of research that would satisfy Creswell’s (1994) criteria for qualitative research. Also, the methods can be combined, as in an experiment testing cognitive load accompanied by an interview of test participants that asked open-ended questions about their experiences.


The primary methodology employed by this study is quantitative. Within the quantitative method, there are several specific approaches to research. One approach is what Houser (2008) referred to as retrospective studies, which “are conducted using data that have already been collected about events that have already happened.” (p. 46). Retrospective studies are common, as researchers work with collected data to look for patterns and confirm theories. Sometimes such studies are described as primary research, as when researchers collect data from experiments; secondary research is the name given to studies that draw upon data that has been collected by someone else (Jupp, 2006).


A retrospective study would be appropriate if there were existing data on participant comprehension and retention of training formats. However, in the absence of secondary data, it is necessary to generate primary data via one of the two quantitative methods, the experiment or the pseudo-experiment. Brodie and Williams (1994) have argued that the best way to differentiate between these two classes of experiments is through the concept of control. In an experiment, also known as a true experiment, the researcher can “dictate when observations can be made or where and when an independent variable is manipulated within a given group of subjects” (p. 18). Experiments that fail this test are said to be pseudo-experiments.   


As the research questions involves testing cognitive load and ease of use under controlled circumstances in environments involving smartphone applications, the appropriate methodological choice for this study is the experiment rather than the pseudo-experiment. Specific details of how the experiment will be set up, and how its validity will be defended, will be found in the next section. 

3.3 Study Design: Overview

The experiment consisted of a sample of 36 subjects, each of whom carried out a separate library management task in a different scrolling environment. The subjects were assembled in an on-campus auditorium between the hours of 8 p.m. and 10 p.m. on November 25, 2010. On entry to the laboratory, each subject was assigned a number from 1 to 36 based on order of presentation to the researcher. 


Subjects were broken into three larger groups according to the scheme 1-12 (Group A), 13-24 (Group B), and 25-36 (Group C). Each group was broken down into subgroups. In A, Subjects 1-4 were in Group A1, 5-8 in Group A2, and 9-12 in Group A3. In B, Subjects 13-16 were in Group B1, 17-20 in Group B2, and 21-24 in Group B3. In C, Subjects 25-28 were in C1, 29-32 in C2, and 33 to 36 in Group C3. The groups were then matched to the following tasks: Task X: Adding a book record to the catalog; Task Y: Retrieving a record of the holdings of a particular library user; and Task Z: Sorting the holdings of the library into a master list. Each Task was broken into three variants:

1. Minimum scrolling. In this version, information will be broken down so that it populates one screen at a time, prompting the user to click through to the next screen rather than scrolling.

2. Medium scrolling. This version of the LMS delivered on the smartphone will consist of combined scrolling and clicking.

3. Maximum scrolling. This version will require the user to scroll as much as possible, minimizing clicks in favor of scrolling. 

These numbers were assigned to each of the tasks, so that, for example, X1 was the task in which book records were added to the catalog with minimum scrolling, X2 was book record addition with medium scrolling, and X3 was book record addition with maximum scrolling. Here is an overview of how subjects were matched to tasks:
Table 2
Subject-Task Schedule
	Group
	Members
	Task

	A1
	1-4
	X1, Y1, Z1

	A2
	5-8
	X2, Y2, Z2

	A3
	9-12
	X3, Y3, Z3

	B1
	13-16
	X1, Y1, Z1

	B2
	17-20
	X2, Y2, Z2

	B3
	21-24
	X3, Y3, Z3

	C1
	25-28
	X1, Y1, Z1

	C2
	29-32
	X2, Y2, Z2

	C3
	33-36
	X3, Y3, Z3


Each subject was issued an Apple iPhone by the researcher. Each smartphone was equipped with an application that delivered each task and timed user completion. Timing began with the subject’s first keystroke and ended as soon as the subject completed the final component of the task. Times were automatically recorded on the researcher’s computer, which was linked to each of the smartphones. There were no time limits. However, if subjects finished their tasks early, they did not have the option to work ahead in the experiment.


When all tasks were completed, each subject had to rank each task on ease of use on a piece of paper. As mentioned, each subject’s time to task completion had already been captured automatically. Before leaving, subjects filled out a paper form offering the following details: Age; highest level of education completed; level of experience with smartphones; and gender. After competing this form, the subjects returned their smartphones to the researcher and left the auditorium.  


Data analysis strategy was determined by the research questions and hypotheses themselves, all of which are reproduced below:


Research Question 1: What are the weighted ease-of-use perceptions of low-scrolling, medium-scrolling, and high-scrolling LMS applications delivered to a smartphone?


H01: All three formats will have the same perceived ease of use.


H1: There were will be variation in perceived ease of use of the three formats.


H1A: The low-scrolling format will have the greatest perceived ease of use.


Research Question 2: What is the relative cognitive load, as measured by time to task completion, of low-scrolling, medium-scrolling, and high-scrolling LMS applications delivered to a smartphone?


H02: All three formats will have the same cognitive load.


H2: There were will be variation in the cognitive load of the three formats.


H2A: The high-scrolling format will impose the greatest cognitive load.


Research Question 3: Does cognitive load correlate negatively with perceived ease of use?


H03: There is no correlation between cognitive load and perceived ease of use.


H3: There is a correlation between cognitive load and perceived ease of use.


H3A: There is a negative correlation between cognitive load and perceived ease of use.


With these research questions and hypotheses in mind, data was collected from the researcher’s computer as well as the subjects’ surveys and entered into SPSS, with the following codes as captured in Table 3.
Table 3
SPSS Codebook
	User_ID: A string scale from 1 to 36.

X1_Time: Time to completion, in seconds, of this task.

X2_Time: ”

X3_Time: ”

Y1_Time: ”

Y2_Time: ”

Y3_Time: ”

Z1_Time: ”

Z2_Time: ”

Z3_Time: ”


	X1_Ease: Subject’s perceived ease of use of this task, on a Likert scale of 1-5, with 1 representing very easy, 2 representing easy, 3 representing neither easy nor hard, 4 representing hard, and 5 representing very hard.

X2_Ease: ”

X3_Ease: ”

Y1_Ease: ”

Y2_Ease: ”

Y3_Ease: ”

Z1_Ease: ”

Z2_Ease: ”

Z3_Ease: ”

Gender: 1 for male and 2 for female.

Highest level of education completed: 1 for high school, 2 for college, 3 for master’s and professional degrees, and 4 for PhD.

Level of experience with smartphones: Subject’s self-reported level of experience with smartphones, on a Likert scale of 1-4, with 1 representing no experience, 2 representing limited experience, 3 representing some experience, and 4 representing extensive experience.



In order to answer the first research question, ANOVA was used to measure and compare the means of the _Ease variables across the domains of X, Y, and Z. In order to answer the second research question, ANOVA was used to measure and compare the means of the _Time variables across the domains of X, Y, and Z. In order to answer the third research question, linear regression was used to treat cognitive load as the dependent variable and perceived ease of use as the independent variable. After these statistical procedures were completed, the researcher applied other forms of analysis, such as linear regression, to measure the impact of the demographic variables, treated as independent variables, on both perceived ease of use and cognitive load. 

Although the study is mainly quantitative, subjects were offered the chance to give qualitative feedback at the end of the study. As such, it is necessary to offer a theoretical background on mixed methods (that is, a research approach that combines quantitative and qualitative methods) and explain how the design fit this format.

3.4 Mixed Methods

Flick (2009) is one of the many theorists (see also Green, Camilli, & Elmore, 2006 and Bamberger, 2000) who have argued that quantitative and qualitative methods are not necessarily exclusive, but can be complementary in nature, as they are in this study. There are several ways in which this complementarity can be achieved. Flick mentioned triangulation of the data set, in which, for example, the findings of a quantitative questionnaire are examined alongside findings from qualitative interviews of the subjects who filled out the questionnaires. In this instance, the purpose of the researcher is to look for both exceptions and amplifications that arise from the comparison of the methods. In other words, the researcher determines both the links and the discontinuities between what is said in the questionnaire and what is said in the case study. In this way, the researcher is able to establish “the relevance of the quantitative findings for the qualitative results and vice-versa (Flick, 2009, p.28).


Naturally, there are several ways in which research designs can establish connections between the two methodologies. Mertens (2009) offers an overview of some of the key possibilities (which themselves have additional permutations):

…parallel (concurrent) designs that are explanatory (qualitative data are collected after quantitative data to try to explain the quantitative results) or exploratory (qualitative data collection is followed by quantitative data collection to explore a phenomenon), and sequential designs that are triangulated (use of both quantitative and qualitative data to see if there is convergence in findings), or embedded (one type of data plays a dominant role while the other type of data plays a supportive role).” (p. 298)

Mertens’ (2009) typology of mixed methods builds upon Flick’s (2009) discussion. Flick’s argument is that quantitative and qualitative methods applied to the same research topic invite the research to compare and contrast the two methods’ analytical outputs. Mertens’ argument is that the way in which in which any comparison and contrast proceeds will be determined by aspects of the research design. For example, sequential triangulation designs are specifically intended to explore areas of both convergence and disagreement, whereas an explanatory design takes it for granted that there is convergence between the outputs. Thus, study design and approaches to triangulation are closely linked to each other by the academic literature.


To begin with, there is an important distinction between triangulation and embedding. According to Wilbur (2008), the difference is as follows: “The purpose of triangulation is to merge overall different methods of data collection into one overall interpretation, placing an emphasis on both types of data. In the embedded design approach, one dataset provides a support role to the other” (p.117). In order to better to understand the difference between these two approaches, it is necessary to more diligently explore the difference between the concept of an overall, data-merged interpretation (as in triangulation) and the concept of one form of data providing a support role to the other.


Hesse-Biber and Leavy (2008) offered a description of the embedded method in which it is argued that “the embedded data serve to address a secondary purpose within the larger study.” (p.379). What such a secondary purpose might be depends on the precise nature and design of the embedded study; however, Hesse-Biber and Leavy offer the basic example of a qualitative-dominant study in which descriptive statistics are collected on the demographic characteristics of the study subjects. In this case, the demographics of gender and socioeconomic status are actually integrated into the main theme of the study.


Meanwhile, in sequential triangulated approaches, the process of data gathering is designed to serve a single and integrated research function. The variation of sequential triangulated methods employed by this study was what Creswell (1994) refers to as sequential exploratory, in which there is no prior hypothesis about how the qualitative data will interact with the quantitative data.


The main purpose of employing qualitative feedback in this study was triangulation, as the researcher wished to determine what, if anything, subjects had to say about the experience of working with the difference LMS systems on smartphones. Subjects were given the sole prompt: Please comment on any aspect of the applications on which you were tested today. You may comment on what it felt like to do the experiment tasks, how you felt about the interface and the performance of the LMS, or any other factors. It was hoped that, through this prompt, the subjects would offer data that would offer insight into the relationships between the quantitative variables. Although it could not be specified in advance whether the qualitative comments would make sense of or further complicate the quantitative data, it was still methodologically important to give subjects as outlet for commentary on their experience, just in case such data could open new perspectives on to the research.
3.5 Ethical Protections


A number of steps were taken to ensure that the study design was in line with ethical norms. Subjects were solicited by advertisements placed in local university buildings. All subjects were pre-screened as being over 18 years of old and possessing sound faculties of reasoning, so there were no ethical issues involving the age of consent or the mental exploitation of subjects. All prospective subjects were asked to review an informed consent form enumerating the following points: (1) Subjects were apprised of their right to refuse to participate in the experiment; (2) subjects were apprised of their right to withdraw from the experiment at any stage, even during the experiment itself, without penalty; (3) subjects were apprised of the researcher’s provisions for keeping the subjects’ identities secret by assigning them numbers instead of names in the experiment; and (4) the researcher explained how the subject data would be used in the final dissertation. 

After 36 subjects had been identified and informed consent forms collected, all subjects were given an instruction sheet asking them to report to the testing location at a specific time. At the testing location, the researcher assigned each subject a number and matched the number to an assigned smartphone. Thus, the smartphone labeled ‘1’ was given to subject 1, and so on. This method allowed the researcher to tabulate all data without ever having to record the name of a participant. Participants were also specifically directed not to write their names or any other identifying information on the paper sheets that accompanied the experiment. All subjects followed these directions. Thus, at the conclusion of the experiment, there was no way to match the experimental results to specific subjects’ names. Deeming it possible that some of the subjects in the study might know each other, the researcher included a clause in the informed consent form that asked subjects to keep the identities of other subjects secret.       
3.6 Ensuring Reliability and Validity

Reliability of the data was guaranteed, in the first case, by automatic record-keeping. Thus, the time that it took each subject to complete the tests was recorded by the researcher’s computer, which had been hard-coded with links to each of the smartphones used in the experiment. Reliability of the written data (such as the subjects’ qualitative responses) was more difficult to ensure, as subjects filled out this data and handed it in anonymously, so that the researcher had no opportunity to triangulate the data.

In terms of validity of perceived ease of use, the Likert scale has already been proven to have both reliability and validity for user-reported experience (Bickman & Rog, 2008). The only methodological justification whose validity has to be justified is the use of time to task completion as a proxy of cognitive load. Both Lin and Dwyer (2010) and Kalyuga (2008) have argued that one of main features of cognitive load is its ability to slow down the completion of cognitive tasks. Thus, one way of measuring the intrinsic cognitive load of information tasks (such as the tasks that formed the core of the experiment described in the following chapter) was simply to time how long it took for subjects to complete these tasks. If the underlying cognitive load theory is correct, then, if the content of the tasks is comparable, a longer time of completion indicates that increased cognitive load. Because the researcher created library management system (LMS) tasks that were highly comparable to each other, and varied mainly in superficial aspects such as the terms given to certain functions, the time to completion ended up measuring the effect of the scrolling environment, which was the point of the experiment.


Because the content of the application design is extremely important in terms of the study’s validity, this section will describe the difference between the various tasks and applications.   

It will be recalled that there were three tasks, and three scrolling environments.  Task X: Adding a book record to the catalog; Task Y: Retrieving a record of the holdings of a particular library user; and Task Z: Sorting the holdings of the library into a master list. Each task was broken into three variants: (a) Minimum scrolling. In this version, information will be broken down so that it populates one screen at a time, prompting the user to click through to the next screen rather than scrolling. (b) Medium scrolling. This version of the LMS delivered on the smartphone will consist of combined scrolling and clicking. And (c) maximum scrolling. This version will require the user to scroll as much as possible, minimizing clicks in favor of scrolling. Thus, there was one scrolling version for each of three tasks, adding up to a total of nine tasks:
· X1: Adding a book record to the catalog, minimum scrolling.

· X2: Adding a book record to the catalog, moderate scrolling.

· X3: Adding a book record to the catalog, maximum scrolling.

· Y1: Retrieving the records of the holdings of a particular library user, minimum scrolling.

· Y2: Retrieving the records of the holdings of a particular library user, moderate scrolling.

· Y3: Retrieving the records of the holdings of a particular library user, maximum scrolling.

· Z1: Sorting the holdings of the library into a master list, minimum scrolling.

· Z2: Sorting the holdings of the library into a master list, moderate scrolling.

· Z3: Sorting the holdings of the library into a master list, maximum scrolling.

Each task employed: (a) Different language (thus, ‘add record’ in X1 because ‘create book file’ in X2 and ‘insert item data’ in X3) and (b) different design elements (thus, the _3 versions had a lot of ‘dummy’ functions to encourage more scrolling to prevent subjects from developing a learning curve and thus compromising the validity of the experiment. It was crucial that subjects encounter each task as essentially a new one, and the variations described here made that effect possible. 

CHAPTER FOUR: DATA PRESENTATION AND ANALYSIS
4.1 Data Presentation

The first research question was: What are the weighted ease-of-use perceptions of low-scrolling, medium-scrolling, and high-scrolling LMS applications delivered to a smartphone? In the SPSS codebook, tasks X1, Y1, and Z1 were low-scrolling, X2, Y2, and Z2 were medium-scrolling, and X3, Y3, and Z3 were high scrolling.
Table 4
Descriptive Statistics, Ease of Use Scores

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	X1_Ease
	12
	1
	2
	1.33
	.492

	X2_Ease
	12
	1
	3
	2.00
	.603

	X3_Ease
	12
	2
	5
	3.08
	.996

	Y1_Ease
	12
	1
	2
	1.25
	.452

	Y2_Ease
	12
	1
	3
	2.17
	.577

	Y3_Ease
	12
	2
	5
	3.25
	.754

	Z1_Ease
	12
	1
	3
	1.83
	.577

	Z2_Ease
	12
	1
	3
	2.00
	.603

	Z3_Ease
	12
	1
	4
	2.92
	1.084


Even from the descriptive statistics, several important conclusions about the data can be reached. First, note that, in each of the tasks, there is a pattern of increasing means from the first to the third task. Thus, as the scrolling components of the task increases, so does perceived difficulty. However, in order to test this hypothesis rigorously, it was necessary to compare means across low-scrolling, medium-scrolling, and high-scrolling tasks by means of a one=sample t-test. By obtaining t-statistics for each task and examining significance, it would be formally possible to reject the null hypothesis (namely, that there was no difference between any of the scrolling environments in terms of perceived ease of use.
Table 5
T-Test, Perceived Ease of Use

One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	LowScrollEase
	36
	1.47
	.560
	.093

	MidScrollEase
	36
	2.00
	.586
	.098

	HighScrollEase
	36
	3.08
	.937
	.156


One-Sample Test
	
	Test Value = 0

	
	
	95% confidence interval of the difference



	
	t
	df
	Sig. (2-tailed)
	Mean

Difference
	Lower
	Upper

	LowScrollEase
	15.777
	35
	.000
	1.472
	1.28
	1.66

	MidScrollEase
	20.494
	35
	.000
	2.000
	1.80
	2.22

	HighScrollEase
	19.737
	35
	.000
	3.083
	2.77
	3.40


The significance is 0. This fact, combined with the t-statistics and the means of each category of perceived ease, means that the null hypothesis can be rejected with absolute certainly. Thus, users had an easier experience with reduced scrolling, a slightly more difficult experience with increased scrolling, and the highest difficulty of all with the highest scrolling. As such, hypothesis H1A was affirmed: The low-scrolling format had the greatest perceived ease of use.

The second research question was: What is the relative cognitive load, as measured by time to task completion, of low-scrolling, medium-scrolling, and high-scrolling LMS applications delivered to a smartphone? This question was explored by means of both descriptive statistics and a one-sample t-test, the results of which are reproduced in tables 7 and 8 following below:
Table 6
Descriptive Statistics, Cognitive Load Scores

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	X1_Time
	12
	136
	175
	157.58
	11.912

	X2_Time
	12
	151
	194
	173.83
	14.352

	X3_Time
	12
	167
	201
	180.83
	13.058

	Y1_Time
	12
	136
	174
	157.08
	14.196

	Y2_Time
	12
	150
	190
	172.83
	12.554

	Y3_Time
	12
	165
	200
	180.42
	10.783

	Z1_Time
	12
	141
	190
	161.92
	16.251

	Z2_Time
	12
	150
	190
	174.08
	14.241

	Z3_Time
	12
	161
	202
	178.42
	12.831


The means increased from low-scrolling to high-scrolling environments. This observation was rigorously borne out in the t-test. In the t-test for time, just as in the previous t-test for perceived ease of use, the ANOVA method was used to compare means. T-statistics and significances for each scrolling environment were gathered. Doing so enabled the research to determine the degree of certainty with which the null hypothesis could be rejected. 
Table 7
T-Test, Perceived Ease of Use

One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	LowScrollTimes
	36
	158.86
	13.992
	2.332

	MidScrollTimes
	36
	173.58
	13.353
	2.226

	HighScrollTimes
	36
	179.89
	11.959
	1.993


One-Sample Test

	
	Test Value = 0

	
	
	95% confidence interval of the difference



	
	t
	df
	Sig. (2-tailed)
	Mean

Difference
	Lower
	Upper

	LowScrollTimes
	68.122
	35
	.000
	158.861
	154.13
	163.60

	MidScrollTimes
	77.996
	35
	.000
	173.583
	169.07
	178.10

	HighScrollTimes
	90.253
	35
	.000
	179.889
	175.84
	183.94


As such, the study affirmed hypothesis H2A, which is that the high-scrolling format imposed the greatest cognitive load. The 0 significance level and the radical difference in means leaves no doubt of this analysis. Note also that there was almost no overlap between the three scrolling environments in terms of the 95 percent confidence interval of the difference. 

The third research question was whether cognitive load correlated negatively with perceived ease of use. In other words, if subjects found tasks longer to complete, did they also perceive those tasks to be difficult? There were two ways to answer this question. The first was to aggregate the data and do a correlation analysis of all load scores versus all perceived ease of scores in each of the three basic environments: Low-scrolling, moderate-scrolling, and high-scrolling. The other way was to fragment the data and conduct nine separate correlation tests, between the following variable pairs: (1) X1_Time and X1_Ease; (2) Y1_Time and Y1_Ease; (3) Z1_Time and Z1_Ease; (4) X2_Time and X2_Ease; (5) Y2_Time and Y2_Ease; (6) Z2_Time and Z2_Ease; (7) X3_Time and X3_Ease; (8) Y3_Time and Y3_Ease; and (9) Z3_Time and Z3_Ease. Fracturing the data in this way would allow a more precise examination of whether the cognitive load-perceived ease of use correlation varied depending on whether the environment was low-scrolling, medium-scrolling, or high scrolling.

To begin with, however, a correlation test was conducted between all the data in each of the two categories. In other words, the following variable pairs were correlated: (a) LowScrollTimes to LowScrollEase; (b) MidScrollTimes to MidScrollEase; and (c) HighScrollTimes to HighScrollEase. The results are as follows:

Table 8
Correlations between LowScrollTimes and LowScrollEase

	
	
	LowScrollTimes
	LowScrollEase

	LowScrollTimes
	Pearson Correlation

Sig. (2-tailed)

N
	1

36
	-.053

.757

36

	LowScrollEase
	Pearson Correlation

Sig. (2-tailed)

N
	-.053

.757

36
	1

36


Table 9
Correlations between MidScrollTimes and MidScrollEase

	
	
	MidScrollTimes
	MidScrollEase

	MidScrollTimes
	Pearson Correlation

Sig. (2-tailed)

N
	1

36
	-.146

.395

36

	MidScrollEase
	Pearson Correlation

Sig. (2-tailed)

N
	-.146

.395

36
	1

36


Table 10
Correlations between HighScrollTimes and HighScrollEase

	
	
	HighScrollTimes
	HighScrollEase

	HighScrollTimes
	Pearson Correlation

Sig. (2-tailed)

N
	1

36
	.202

.237

36

	HighScrollEase
	Pearson Correlation

Sig. (2-tailed)

N
	.202

.237

36
	1

36


Based on the data from these correlations, it did not appear that there was a correlation between the perceived ease of a task and the time to that task’s completion (which this study treated as a proxy for cognitive load). However, in order to test the hypothesis more fully, it was necessary to conduct nine further correlation analyses, which correlated each specific sub-task (such as X, Y2, etc.) in terms of both time and ease. Here are the results:  
Table 11
Correlations between X1_Time and X1_Ease
	
	
	X1_Time
	X1_Ease

	X1_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	.351

.263

12

	X1_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	.351
.263
12
	1

12


Table 12
Correlations between Y1_Time and Y1_Ease
	
	
	Y1_Time
	Y1_Ease

	Y1_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	-.088

.784

12

	Y1_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	-.088

.784

12
	1

12


Table 13
Correlations between Z1_Time and Z1_Ease

	
	
	Z1_Time
	Z1_Ease

	Z1_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	-.496

.101

12

	Z1_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	-.496

.101

12
	1

12


Table 14
Correlations between X2_Time and X2_Ease

	
	
	X2_Time
	X2_Ease

	X2_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	-.179
.579

12

	X2_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	-.179

.579

12
	1

12


Table 15
Correlations between Y2_Time and Y2_Ease

	
	
	Y2_Time
	Y2_Ease

	Y2_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	-.021
.949
12

	Y2_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	-.021

.949

12
	1

12


Table 16
Correlations between Z2_Time and Z2_Ease

	
	
	Z2_Time
	Z2_Ease

	Z2_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	.243
.446

12

	Z2_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	.243

.446

12
	1

12


Table 17
Correlations between X3_Time and X3_Ease

	
	
	X3_Time
	X3_Ease

	X3_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	.393
.207
12

	X3_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	.393
.207
12
	1

12


Table 18
Correlations between Y3_Time and Y3_Ease

	
	
	Y3_Time
	Y3_Ease

	Y3_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	.657
.020
12

	Y3_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	.657
.020
12
	1

12


Table 19
Correlations between Z3_Time and Z3_Ease

	
	
	Z3_Time
	Z3_Ease

	Z3_Time
	Pearson Correlation

Sig. (2-tailed)

N
	1

12
	-.259
.417
12

	Z3_Ease
	Pearson Correlation

Sig. (2-tailed)

N
	-.259
.417
12
	1

12


The only significant correlation was the one observed between Y3_Time and Y3_Ease. This task was the only one for which user-perceived difficulty went up in step with actual completion time.

The data presented and analyzed thus far provided answers to each of the three research questions posed by the study. However, some further analysis was conducted in order to discover the impact, if any, of demographic variables. Of particular concern was the question of whether previous experience with smartphones (a) made subjects faster at completing tasks and (b) increased perceptions that the tasks were easy. Again, in order to increase accuracy of the analysis, the resulting linear analysis was fractured into the smallest possible units, so that the impact of experience was measured on specific subtasks (such as Z3) rather than across the entirety of a scrolling-environment.

Table 20
Linear Regression, Experience, Time, and Ease 

	Predictor
	Dependent

Variable
	R
	R Square
	ANOVA

Regression

Sum of Square
	ANOVA Residual Sum of Squares
	Constant

Coefficient
	Experience

Coefficient
	T Statistic
	Significance

	Experience
	X1_Time
	.199
	.040
	61.760
	1499.156
	151.969
	2.406
	.642
	.535

	
	X2_Time
	.447
	.200
	453.009
	1813.658
	189.763
	-5.974
	-1.579
	.145

	
	X3_Time
	.167
	.028
	52.033
	1823.634
	175.557
	2.183
	.534
	.605

	
	Y1_Yime
	.230
	.053
	117.042
	2099.875
	164.813
	-3.312
	-.747
	.473

	
	Y2_Time
	.430
	.185
	320.009
	1413.658
	186.237
	-5.026
	-1.505
	.163

	
	Y3_Time
	.211
	.044
	56.871
	1222.046
	174.901
	2.282
	.682
	.511

	
	Z1_Time
	.163
	.027
	77.042
	2827.875
	168.188
	-2.688
	-.522
	.613

	
	Z2_Time
	.486
	.236
	526.535
	1704.382
	191.276
	-6.447
	-1.758
	.109

	
	Z3_Time
	.120
	.014
	26.214
	1784.702
	174.672
	1.550
	.383
	.710

	
	X1_Ease
	.313
	.098
	.260
	2.406
	.969
	.156
	1.040
	.323

	
	X2_Ease
	.702
	.493
	1.974
	2.026
	.947
	.395
	3.121
	.011

	
	X3_Ease
	.313
	.098
	1.069
	9.847
	3.840
	-.313
	-1.042
	.322

	
	Y1_Ease
	.204
	.042
	.094
	2.156
	1.469
	-.094
	-.659
	.525

	
	Y2_Ease
	.391
	.153
	.561
	3.105
	1.605
	.211
	1.345
	.208

	
	Y3_Ease
	.030
	.001
	.006
	6.244
	3.305
	-.023
	-.096
	.926

	
	Z1_Ease
	.107
	.011
	.042
	3.625
	1.687
	.063
	.339
	.742

	
	Z2_Ease
	.140
	.020
	.079
	3.921
	1.789
	.079
	.449
	.663

	
	Z3_Ease
	.470
	.221
	2.856
	10.061
	4.153
	-.511
	-1.685
	.123


While it seems as if this data set is quite extensive, only somke of the data points merit further discussion. A low r square value and a low ANOVA regression sum of squares suggest that that experience does not account for significant variation in the _Time or _Ease dependent variables. If we adopt an r square threshold of .200, then only the following four results (boldface) matter:  
Table 21 

Linear Regression, Experience, Time, and Ease: Relevant Data 

	Predictor
	Dependent

Variable
	R
	R Square
	ANOVA

Regression

Sum of Square
	ANOVA Residual Sum of Squares
	Constant

Coefficient
	Experience

Coefficient
	T Statistic
	Significance

	Experience
	X1_Time
	.199
	.040
	61.760
	1499.156
	151.969
	2.406
	.642
	.535

	
	X2_Time
	.447
	.200
	453.009
	1813.658
	189.763
	-5.974
	-1.579
	.145

	
	X3_Time
	.167
	.028
	52.033
	1823.634
	175.557
	2.183
	.534
	.605

	
	Y1_Yime
	.230
	.053
	117.042
	2099.875
	164.813
	-3.312
	-.747
	.473

	
	Y2_Time
	.430
	.185
	320.009
	1413.658
	186.237
	-5.026
	-1.505
	.163

	
	Y3_Time
	.211
	.044
	56.871
	1222.046
	174.901
	2.282
	.682
	.511

	
	Z1_Time
	.163
	.027
	77.042
	2827.875
	168.188
	-2.688
	-.522
	.613

	
	Z2_Time
	.486
	.236
	526.535
	1704.382
	191.276
	-6.447
	-1.758
	.109

	
	Z3_Time
	.120
	.014
	26.214
	1784.702
	174.672
	1.550
	.383
	.710

	
	X1_Ease
	.313
	.098
	.260
	2.406
	.969
	.156
	1.040
	.323

	
	X2_Ease
	.702
	.493
	1.974
	2.026
	.947
	.395
	3.121
	.011

	
	X3_Ease
	.313
	.098
	1.069
	9.847
	3.840
	-.313
	-1.042
	.322

	
	Y1_Ease
	.204
	.042
	.094
	2.156
	1.469
	-.094
	-.659
	.525

	
	Y2_Ease
	.391
	.153
	.561
	3.105
	1.605
	.211
	1.345
	.208

	
	Y3_Ease
	.030
	.001
	.006
	6.244
	3.305
	-.023
	-.096
	.926

	
	Z1_Ease
	.107
	.011
	.042
	3.625
	1.687
	.063
	.339
	.742

	
	Z2_Ease
	.140
	.020
	.079
	3.921
	1.789
	.079
	.449
	.663

	
	Z3_Ease
	.470
	.221
	2.856
	10.061
	4.153
	-.511
	-1.685
	.123


Note that, in three of the critical instances highlighted in Table 21, experience had a positive impact on time and ease scores. 
4.2 Discussion of Quantitative Results


The discussion of results will be broken into four categories: (a) Discussion of Research Question 1; (b) research question 2; (c) research question 3; and (d) effects of demographic variables, particularly previous experience, on task performance and perceived ease.
Research Question 1

The statistical analysis left no doubt (at a significance of 0.000) that the null hypothesis could be discarded. Users reported the greatest ease with low-scrolling applications, a moderate level of ease with moderate-scrolling applications, and the lowest level of ease with high-scrolling applications. This point has important implications for interface design in smartphones. Users perceive low-scrolling environments to be easier; thus, designers should focus on creating smartphone applications in which as much information as possible is captured on single screens. If more information needs to be packed in to an application, it ought to be done by requiring the user to navigate by clicking rather than scrolling. 

Research Question 2


The statistical analysis left no doubt (at a significance of 0.000) that the null hypothesis could be discarded. Users experienced the highest cognitive load (as measured by time to task completion) in high-scrolling environments, moderate cognitive load in moderate-scrolling environments, and the lowest cognitive load in low-scrolling environments. This point reinforces the findings of Research Question 1, by explaining why users report greater ease of use in lower-scrolling environments. Apparently, lower-scrolling environments impose lower cognitive load on users.
Research Question 3


Interestingly, users themselves were not necessarily aware of the connections between ease of use and time to task completion. Correlation analysis of these variables discovered low p-values. It was only at the level of means comparison across all categories that the positive correlation between perceived difficulty and time to completion became apparent.

The Role of Experience

The only negative impact was in the perceived ease of task X2; in this task, a unit change in experience resulted in an increase in perceived difficulty of the task. The cognitive load of Z2 and X2 appears to have been lowered significantly by previous experience, posing the question: Was there something special about the ‘2’ subgroup of tasks that was rendered easier by experience? It will be recalled that the 2 subgroup was medium-scrolling environments. Apparently, then, prior experience with smartphones increased the perceived ease of medium-scrolling tasks, but had no impact on the time to completion of these tasks, and also did not apply to low- or high-scrolling tasks. As such, the impact of experience across all eighteen of the time and ease variables was negligible.
4.3 Discussion and Integration of Qualitative Results

It will be recalled that, upon completion of the study, subjects were given a sheet of paper on which they were asked to respond to the following prompt: Please comment on any aspect of the applications on which you were tested today. You may comment on what it felt like to do the experiment tasks, how you felt about the interface and the performance of the LMS, or any other factors. Of the 36 subjects, only four left quantitative comments, which have been coded in Table 22 below. Each response was tagged by a number from 1 to 4, based on the order on which the research entered these comments into Microsoft Word for further analysis:

Table 22

Coding of Qualitative Data

	Response
	Quote (or Excerpt)
	Category

	1
	I think I started to do better towards the end just because I was getting more used to the iPhone itself. I’ve never used an iPhone before, so this was definitely a new experience for me.
	Learning curve

	2
	Do you really think people would use smartphones for this? I found the whole process to be much harder than simply doing it on a big screen.
	Usability

	3
	I had some trouble seeing the text when it started to get all crowded.
	Cognitive load

	4
	I was a little distracted by all the clicking sounds around me, but I think I did ok. 
	Study design


Because there were only a few qualitative comments, they did not have direct bearing on the quantitative data, nor did they provide what the researcher had hoped would be a fruitful avenue by which to explore the quantitative results. However, there were still a few important themes in the qualitative data that deserve further discussion here.

To begin with, response 4 suggested a potential flaw in the study design. For some users, usability might be a factor of the physical environment; as such, to the extent that the testing environment contained many subject performing their smartphone tasks at once, there might be some value in repeating an experiment of this sort in more quiet and isolated circumstances to achieve even more accurate insight into the links between scrolling, cognitive load, and perceived ease of use (because, in a quiet setting, the additional cognitive load imposed by being a busy room would be reduced or eliminated). 


Response 3 addressed the cognitive load issue by suggesting a mechanism, crowded text, that could have rendered the higher-scrolling environments less useful. In a low-scrolling environment, text that would be normally crowded on to a single page was dispersed across several screens, which might have reduced the cognitive load imposed on users by reducing the information density. 

Response 2 questioned the viability of smartphones for LMS applications. While this point is not directly salient to the dissertation, it should be noted that there are times during which users will not have access to a computer, or not even have space to use one in; thus, for example, a librarian returning books to crowded stacks may have to make do with a smartphone or other mobile device in order to carry out certain functional tasks.


Response 1 raised the point, which was not considered by the researcher in the framing of the study design, that there was a learning curve imposed by the design of the smartphone itself. However, the validity of the response was to some extent reduced by the finding, discussed earlier in this chapter, that, for the majority of users, prior experience with a smartphone did not translate into measurable advantages in perceived ease of use or speed of task completion. 


All in all, then, the qualitative comments were not as illuminating as the researcher had hoped, but they are reproduced and contextualized here just the same. 
CHAPTER FIVE: CONCLUSION
5.1 Summary of the Dissertation

The use of smartphones is increasing all over the world. Given these circumstances, it is natural that smartphones will become an increasingly popular application environment; in other words, users will use smartphones to interact with databases and other components of application infrastructure. 


In this dissertation, I described the results of an experiment in which a number of subjects were asked to perform set tasks on a very lightweight library management system (LMS) designed for smartphones. The tasks were divided into low-scrolling, medium-scrolling, and high-scrolling variations in order to test the impact of scrolling, as an independent variable, on the dependent variables of (a) cognitive load (as measured by time to task completion) and (b) perceived ease of the tasks. 
5.2 Research Contributions

The experimental results indicated that, as hypothesized at the beginning of the study, there was a statistically significant distinction in the data, such that low-scrolling tasks were perceived to be easier and completed faster, and higher-scrolling tasks were perceived to be more difficult and completed more slowly. It was also discovered that previous experience with smartphones had a negligible impact on time to task completion or perceived ease of use, suggesting that the impact of scrolling is not mediated by previous smartphone experience.

All of these contributions can be of use to application designers focused on issues of smartphone interfaces. The research carried out in this dissertation unequivocally suggests that scrolling should be minimized in the interests of lowering cognitive load and increasing perceived ease of use.  
5.3 Future Research and Development

Clearly, more work will be needed in order to better understand the principles of smartphone application design. The major contribution of this research has been to suggest evidence for the claim that reduced scrolling will render the smartphone user experience faster and easier. Further work can establish whether such increased speed and ease also hold in other application environments beyond the LMS considered in this study.  
5.4 Personal Reflections

Undertaking this research made me mindful of how little I actually know about study design and data analysis, despite having worked assiduously to better understand these components of scholarship. For example, I did not know enough to be able to determine the internal psychometric properties of my ‘test,’ given that the three tasks undertaken by each subject constituted part of a larger cognitive task that could have been analyzed with respect to Cronbach and other measures of psychometric qualities. Conducting experiments calls upon the researcher to be at least competent, and hopefully close to expert, in a number of different disciplines, from statistics to methodology. I cannot pretend to have attained mastery in any of these dimensions of scholarship, and in this sense the final project humbled me with revelations of what I did not know and what I could have done better.

Experience is the best teacher. I loved the process of experimental design and data analysis so much that, more than being a coding practitioner of ‘functional’ type of person, I am leaning more towards academic analysis as my métier. It was very satisfying for me to be able to gather and analyze data. In fact, I found it empowering, and I realized that my greatest strength as a student and future professional may be my passion for data. What began as an undifferentiated mass of numbers and measures turned, with careful analysis, into an intelligible narrative story that answered my research questions. 


As a result of the research process, I realized that another one of my strengths is the desire to learn continuously. Even where I realized my weaknesses, I looked forward to the opportunity to learning more and doing better. In other words, knowledge of my deficits does not inhibit me, but rather makes me want to do better. It is such an exhilarating feeling to be able to do something that one has not been able to do before; this conscious pushing back of personal limits is what makes it worthwhile to me, personally, to be alive. I can only describe intellectual stasis as a kind of death.  


Thus, in sum, I found my strengths to be a passion for data, a commitment to working hard in order to tell a story through data, and the desire to keep learning. My weaknesses, as I see them, lie in a number of statistical areas. For example, I do not know how to graph the 95% range of means on either Excel or SPSS, and I have a stronger grasp of linear regression than I do of means comparisons. I plan to address these weaknesses by completing the tutorials I have been taking in my version of SPSS 18.0 and also learning more about Excel’s graphing capabilities.  

Appendix: Prototype


The prototype consisted of the following interfaces, broken up by task, description, scrolling environment, and number of screen shots.
Table A1
Description of Prototype

	Task
	Description
	Scrolling Environment
	Separate Screens

	X1
	Adding a book record to the catalog
	Minimum
	4

	X2
	
	Moderate
	8

	X3
	
	Maximum
	12

	Y1
	Retrieving the records of the holdings of a particular library user
	Minimum
	4

	Y2
	
	Moderate
	8

	Y3
	
	Maximum
	12

	Z1
	Sorting the holdings of the library into a master list
	Minimum
	4

	Z2
	
	Moderate
	8

	Z3
	
	Maximum
	12


Space prohibits the reproduction of all 72 screen shots from the testing environment. However, the testing environment screen shots on the following four pages demonstrate the entire flow for the X1 task in the minimum scrolling environment.
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In this task, you will add a book record to the catalog.


Proceed


Return to Main Screen
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Library Management System, v. 1.0


To add a book record, scroll to the prompts and re-enter the following information:


AUTHOR:


TITLE: 


(Author: Vladimir Nabokov)


(Title: Invitation to a Beheading)





Return to Previous Screen
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Please check to see if the book record you added already exists by clicking on the following prompt:


CHECK FOR EXISTING RECORD





Return to Previous Screen
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The book record you checked does not exist. Would you like to create it now?


CREATE NEW RECORD





Return to Previous Screen
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