Investigating Methods of Layering a Mobile Application to Increase its Accessibility to Elderly
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Abstract

Multi-layering an application can increase its learnability to users. This phenomenon is especially beneficial when applied to older adults, as elderly individuals find using mobile application especially challenging. In our paper, we investigate different methods of layering an application to ascertain if there is a method increases the learnability and accessibility of an application more so than other methods.

1. Introduction

Mobile technologies possess the capabilities to help elderly individuals of diverse backgrounds lead comfortable lifestyles. Many mobile health applications exist that are designed to enhance the caregiver-elder relationship and the monitoring and maintenance of one’s health. However, the benefits of such technologies are often not fully reaped; older adults tend to experience more difficulties in learning to use mobile phones and their accompanying applications [1]. 
A solution to the technological barrier older adults face can be found in Multi-Layered interfaces. Multi-Layered interfaces refer to a stepwise manner of introducing a user to an application [2]. Rather than allowing a user to confront a complex, fully functional version of an application, Multi-Layered interfaces refer to its separation into two or more layers of increasing complexity and functionality [2]. Thus, the user begins learning to use the fully functional application by first using a simplified version with relatively limited capabilities. After the user masters the skills necessary to operate the base layer, the user transitions into layers of increasing complexity and functionality [2]. Figure 1 offers a visual explanation of the multi-layering concept. 
Figure 1
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2. Related work

In September 2010, a study was carried out investigating the ability of Multi-Layered interfaces to ease the learning curve older adults face in mastering mobile technologies. This study was delineated in a paper titled “Multi-Layered Interfaces to Improve Older Adults’ Initial Learnability” by Leung [3]. In this study, Leung and his fellow researchers investigated the effects of a Multi-Layered interface in mitigating the learnability difficulties presented by a mobile address book application.
The study involved two groups: an experimental group and a control group. The experimental group learned a basic task set on a reduced-functionality layer before transitioning to a secondary, fully functional layer and learning the advanced task set. The control group learned both basic and advanced task sets on the secondary layer. The participants, sixteen younger adults with ages ranging from 29 to 39 and sixteen older adults with ages ranging from 65 to 81, were randomly assigned to one of the two groups.

The study discovered that the use of Multi-Layered interfaces could indeed help individuals learn to use mobile technologies [3]. Leung found that Multi-Layered interfaces helped participants master basic tasks in fewer extra steps as well as retain that mastery [3]. Multi-Layered interfaces were also found to assist older adults more than younger adults [3]. However, it must be noted that the transition from the Multi-Layered base layer to the Multi-Layered secondary layer appeared to negatively impact participants’ ability to perform basic tasks on the secondary layer (compared to control performance) in terms of significantly fewer extra steps and lower task completion times [3]. 
3. Problem formulation and methods

We believe the Multi-Layered interface model is effective because it takes advantage of the learning mechanism known as chunking. Chunking is defined as "a collection of elements having strong associations with one another, but weak associations with elements within other chunks” by Fernand Gobet et al. in his paper "Chunk Mechanisms in Human Learning" [4]. Chunking enhances ease of memorization and learning through parsing data into more manageable (smaller) and meaningful groups. Similarly, a Multi-Layered interface parses the features of a fully functional application into more accessible layers. 
In his study, Leung created the Multi-Layered interface version of the mobile application by dividing the features of a fully functional application into one of two layers based on their complexity (difficulty). Essentially, Leung “chunked” his application features into layers based on complexity. However, this is the only method of chunking he investigates. As Figure 2 demonstrates, there are multiple ways to layer the features of an application. 
Figure 2
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Our experiment extended his study by varying the methodology that determines the sorting of features belonging to a full-fledged application into multiple layers. Is there a methodology, a general strategy for determining how an application should be layered, that results in a Multi-Layered interface that most helps the elderly master the skills necessary to operate a mobile application? 
In our study, we investigated two general strategies to determine whether both are equally conducive of aiding the elderly, or whether one is more conducive than the other. One of the layering methods we investigated was a method that Leung used: complexity. This refers to the placement of features judged to share the same level of difficulty in the same layer. Consequently, features judged to be easiest are placed in the first layer (the layer users first encounter), features judged to be harder are placed in the second layer, etc. The other layering method we investigated is functionality. In functionality layering, features that share the same kind of function are placed in the same layer. We suspect the latter method may prove more efficacious than the former method at enhancing the learnability of an application. Layering by functionality means the features are parsed into more meaningful groups, related by function rather than just difficulty. 
4. Implementation

In this section we offer an overview of our study and its design. Then we provide detailed descriptions of the individual components of our study: the original mobile application we created, the two multi-layered versions we created from original application and used in the study, and the tasks participants performed for the study.
4.1. Study overview

For our study, we developed a mobile application that delivers health information to users. We created two multi-layered versions of this application. One of the multi-layered versions was created using functionality as the layering the method; the other was created using complexity. 
We performed our study at Tiger Place, an independent living space for the elderly located in Columbia, Missouri, using the two versions we created. We assigned four participants to use the functionality-layered version (Version A) and six participants to use the complexity-layered version (Version B). We surveyed ten residents altogether. Four participants received the complexity version. Six participants received the functionality version. Both groups were asked to perform two sets of tasks with a break in between the sets using the multi-layered interface to which they were assigned. All participants used Apple iPads; smartphones were too small to properly view the graphs. We measured the amount of time each participant took to complete each task. We also asked each participant to rate the difficulty of each task on a scale of 1 (easy) to 5 (hard). 
4.2. Mobile application overview
The mobile health application we developed for our study presents the user with displays of health-related data. The impetus behind this choice in application is two-fold. Firstly, we wanted to use an appropriately complex application for our experiment so that layering the application would be pragmatically justifiable. Secondly, we wanted the complexity and function of the application in our experiment to more closely resemble existing the complexity and functions of existing applications designed for the elderly. This allows for the results of this study to be more applicable to the real world. 
The application is a hybrid mobile application we developed with the languages HTML5, CSS3, Javascript, and PHP. The application has a login page, where a user can enter his/her username and password to proceed to the Homepage.  If the user does not yet have a username and password, the user can access a registration page from the login page, where the user can sign up for a username and password. As stated previously, the user proceeds to the Homepage of the application after logging in. The Homepage has five, vertically stacked buttons, each linking to different page. The five buttons, from top-to-bottom, are labeled “Four Graph Search”, “Pulse Rate”, “Motions Hits”, “Bathroom Visits”, and “Time in Bed”. See Figure 3 for a screenshot of the Homepage.
Figure 3
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Depending on which button the user chooses, tapping on one of the latter four buttons brings the user to one of four new pages. Each page displays different health data. For instance, the Pulse Rate page displays pulse rate data. Nevertheless, each page contains the same basic layout: each page contains radio buttons for start and end date; each page contains a button titled “Options”; each page contains a button titled “Submit”; each page contains a button titled “Data Statistics”.
The radio buttons allow the user to choose one of six available dates for a start date, and choose one of six available dates for an end date. Figure 4 contains a screenshot of these radio buttons for the Pulse Rate page.

Figure 4
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If the user chooses dates and then presses the Submit button, the page will reload with a graph that displays health data from the chose time period in the form of column chart or scatter plot. The graph contains tooltip capabilities; tapping on parts of the graph such as a point will reveal its x and y coordinates. 
A tap on the Options buttons expands a collapsible table that allows the users customize the graph that will be displayed. For instance, the Pulse Rate page allows the user to choose the kind of graph that will be displayed (a column chart or scatter chart). 
A tap on the Data Statistics button after loading a graph will expand another collapsible table that may display pertinent information about the graph. For instance, tapping on the Data Statistics button on the Pulse Rate page informs the user of the highest pulse rate measured in the given time period, and the date it occurred.  
Tapping on the Four Graph Search button brings the user to a new search page. This new search page allows users to search all four graphs simultaneously. The new search page contains forms for the start and end dates. It also contains four Options buttons -- one for each graph (Pulse Rate, Motion Hits, Bathroom Visits, Time in Bed). After entering dates and submitting them, the user will be taken a new page that displays the first graph, a pulse rate graph. The page will contain a navigation bar at the top of the page that allows users to toggle between the four graphs or begin a new search.
4.3. Mobile application layering

We created two different Multi-Layered interface versions of the fully functional application to use in our study: one version contains the fully functional application’s features sorted into layers based on complexity; the second contains the features sorted into layers based on functionality. Both interfaces consist of two layers; the consistent number of layers allows to us to isolate the method of division as the only changing independent variable.
The first layer of the complexity version contains features that we judged to be easiest to understand and use. Thus, its first layer included the ability to choose dates and view the resulting graphs on the four different pages. However, the more abstract Four Graph Search option, with its navigation bar (complicated for the uninitiated), was reserved for the second layer. The Options button, whose interfaces varied depending on the graph page, was also absent in the first layer on all four graph pages; depending on the options available to a graph, the collapsible box would expand to reveal radio buttons on some pages and on/off switches on other pages. We felt such an inconsistency qualified the Options button for the more complex second layer. Consequently, the first layer of the complexity version consists of the login page, and Homepage without the Four Graph Search button. A tap on one of the remaining four buttons on the Homepage brings the user to pages similar to their respective pages in the fully functional application, albeit without their Options buttons. Thus, the user is not able to search for four graphs simultaneously or customize the graphs until he/she reaches the second layer of the complexity version, which is the fully functional application described in the Mobile Application section.
For the functionality version, we decided on two function categories to classify each feature: navigation and graph manipulation. Features that were determined to be a part of the former group were placed in the first layer of the functionality version. The features in the latter category were saved until the second layer, which is the fully functional application. Thus, in the first layer, the user is able to login and access all the buttons and pages. However, graphs are not displayed when the user chooses and submits dates. Text appears instead of a graph, informing the user of the dates and graph options he/she chose. It is not until the second layer that the user is able to view the graphs and the Data Statistics button becomes useful (although it is present in the first layer). This interface is intended to first equip the user with the ability to navigate between pages and search for dates (in the first layer) before allowing the user to view, customize, and interpret graphs.
4.4. Tasks

Both groups of participants were asked to perform two sets of tasks. The tasks primarily asked participants to select and submit dates to display graphs on the four graph pages and interpret the resulting graphs. The first set of tasks composed a group of tasks designated as “Initial Task Set”. The second set of tasks composed a group of tasks designated as “Retention Task Set”.
Figure 5
	Task Descriptions

	Task #
	Task

	1
	Go to the Pulse Rate page. Enter Start date as February 16, 2014. Enter End date as February 20, 2014. Submit.


	2
	Go to search page for Four Graph Search. Enter Start date as May 5, 2014. Enter End date as May 8, 2014. For Motion Hits Options, turn stacked column off, turn line graph on. Submit. Navigate to the Bathroom Visits graph using the Next and Prev buttons on the navigation bar at the top of the page upon submission. 



	3
	Go to the Pulse Rate page. Enter Start date as March 11, 2014. Enter End date as March 11, 2014. Select scatter chart for graph type. Submit.


	4
	What is the highest pulse rate on the graph created in task 3? Use the Data Statistics button. 


	5
	Go to the Motion Hits page. Enter Start date as February 16, 2014. Enter End date as February 16, 2014. Submit.


	6
	Using the graph created during task 5, how many motion hits are there between 12 PM and 6 PM on February 16, 2014?


	7
	Go to the Pulse Rate page. Enter Start date as April 20, 2014. Enter End date as April 21, 2014. Select column chart as the graph type by clicking Options. Submit.


	8
	Using the graph created during task 7, how many pulse measurements on April 20, 2014 were between 50 and 60 BPM?


	9
	Go to the Bathroom Visits page. Enter Start date as February 25, 2014. Enter End date as February 27, 2014. Submit.

	10
	Using the graph created during task 9, how many times was the bathroom visited before 6 AM on February 26, 2014?


	11
	Using the graph created during task 9, are there any Data Statistics? If so, what is being reported?



All of the tasks participants were asked to complete are summarized in Figure 5. Tasks 1-6 composed Initial Task Set for both groups; tasks 7-11 composed Retention Task Set for both groups.

Initial Task Set was composed of the same tasks for both groups; however, both groups performed the tasks from Initial Task Set in different orders. This is because participants performed some tasks from the Initial Task Set on the first layer before performing the remaining tasks from Initial Task Set on the second layer. Because the first layers from both versions differ in capability, some tasks that were available to complete on the first layer of one version were not available to complete on the other.
Participants who received Version A were asked to complete tasks 1-2 on the first layer before moving onto the second layer to complete tasks 3-6. Participants who received Version B were asked to complete tasks 1, 5, and 6 on the first layer before moving onto the second layer to complete tasks 2-4.

After participants completed the tasks from Initial Task Set, they were given a short break of approximately five minutes in length. During this break, study administrators and participants discussed mundane topics such as participants’ occupation prior to retirement, and participants were not permitted to use the application. This break is intended to insert some time in between performing tasks from Initial Task Set and tasks from Retention Task Set and distract the user from contemplating the application too much.  This allows for a more realistic appraisal of the participants’ retention with Retention Task Set. 
After the break, both groups were asked to perform all the tasks from Retention Task Set on the fully functional application. Retention Task Set is composed of the same tasks in the same order for both groups.

5. Experimental Results
Our study spanned three days. The first day was mostly used as a trial run to improve any aspects of our study design before continuing the study the following couple days. On the first day we performed the study on three individuals. This trial run was instrumental to the finalized task design that we described in Section 4.4 and used with participants the following two days; through our own observations and qualitative input from the trial participants, we realized we had too many tasks in both Initial Task Set and Retention Task Set. Consequently, we trimmed down the tasks to only four tasks in Initial Task Set and two tasks in Retention Task Set. Two of the tasks we removed from the original task sets were registering for an account and logging in. We chose to remove these tasks because the participants noticeably struggled to type in their registration/login information, and the concepts of accounts, usernames, and passwords were difficult for our trial participants to comprehend. Thus, we did not ask participants to register or login the following two days. Instead, we logged in for them, using our usernames and passwords. 
The trial run was also instrumental to the finalized application design we described in section 4.2. Originally we had forms for the start and end dates where users had to type in dates; however, as previously stated, we noticed participants had difficulty typing. Although they understood how to do the tasks, the inaccuracy of their fingers constantly caused the participants to mistype. We believe this error obscured our timing measurements, so we changed the entry forms to radio buttons with predefined dates. 
5.1. Data and Analysis
In this section we summarize the results of our study and its implications. Figure 6 contains the average time it took for participants who received Version A to complete each task.  It also contains the standard deviations for each task.  Figure 5 describes each task in detail.
Figure 6
	Version A Participants (4)

	Task #
	Mean (sec)
	Standard Dev. (sec)

	1
	75.25
	77.14

	2
	179.25
	142.50

	3
	102.25
	79.74

	4
	28.25
	9.74

	5
	53.75
	64.24

	6
	34
	6.88

	7
	59
	45.00

	8
	23
	9.09

	9
	44.5
	33.84

	10
	23
	4.97

	11
	24
	6.22


Figure 7 contains data similar to the data contained in Figure 6, except the averages and standard deviations are for participants who received Version B. 

Figure 7
	Version B Participants (6)

	Task #
	Mean (sec)
	Standard Dev. (sec)

	1
	97.83
	47.19

	2
	135.67
	82.60

	3
	101.67
	80.93

	4
	27.33
	12.97

	5
	51
	25.85

	6
	59.67
	35.64

	7
	90.17
	63.41

	8
	53
	39.77

	9
	54.83
	35.51

	10
	45
	18.84

	11
	28.33
	15.08


We attempted to compare the mean time it took for users who received Version A complete a task with the mean time it took users who receive Version B to complete the same task. However, the sample sizes of both groups are too small to offer any conclusive, statistically significant evidence. Instead of formal statistical analysis, we offer a graphical overview of the data supplemented with salient observations.
Figure 8 is a graphic interpretation of Figures 6 and 7, plotting the average times each group takes for each task. This representation demonstrates that for most of the tasks, participants that received Version A of the application finished faster than participants that received Version B.
Figure 8
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The observation that participants that received Version A of the application tended to perform tasks more quickly (on average) than participants that received Version B is particularly relevant for tasks 7-11, or the tasks that compose Retention Task Set. Figure 9 depicts a closer look at the subsection of Figure 8. The participants that received Version A, on average, consistently performed all tasks in Retention Task Set more quickly than participants that received Version B. This suggests that using the multi-layer interface sorted by functionality better helps the acquisition and retention of tasks better than using a multi-layer interface sorted by complexity.  
Figure 9
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In addition to average times, we also analyze average improvement in the time it takes to complete a certain kind of task. All tasks from either set were from one of four different categories: basic graph search, advanced graph search, graph interpretation, and graph manipulation. A task falls into the “basic graph search” category if it simply requires the user to choose dates and press the Submit button to display the graph; a task falls into the “advanced graph search” category if it requires the user to both choose dates and customize the graph using the Options button before pressing the Submit button; a task falls into the “graph interpretation” category if it requires the user to use the graph to answer a question about the data; a task falls into the “graph manipulation” category if it requires the user to use the Data Statistics button to view pertinent information about the graph and report the information. 

Because Initial Task Set and Retention Task Set each contain at least one task in every category, we were able to find the difference between the time a user took to finish a given task type in Initial Task Set and to finish the same kind of task in Retention Task Set. 

In Figure 10, we show the average time improvement for each kind of task enjoyed by participants of Version A and Version B. Task type 1 refers to basic graph search. Task type 2 refers to advanced graph search. Task type 3 refers to graph manipulation. Task type 4 refers to graph interpretation.
Figure 10
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Figure 10 shows that for all but one of the task types, participants that received Version A showed more improvement than participants that received Version B. The only task type in which Version B participants showed more improvement was basic graph search. 

6. Future Work
This study was intended to be the first of several, more in-depth studies investigating different methods of a layering a mobile application. As demonstrated in section 5.1 (Data and Analysis), layering an application by functionality appears to better enhance the learnability of the application. Participants that received the version of the application layered by functionality, on average, performed better than participants that received the version of the application layered by complexity on all tasks from Retention Task Set. Additionally, for three of the four kinds of tasks participants were presented with, participants that received the functionality-layered version of the application showed more improvement (from Initial Task Set to Retention Task Set) than did the other group. 
But while these results appear promising, it must be noted that our sample sizes are too small to be conclusive. Thus, we hope to continue our research in this topic on a wider scale so that we may draw more statistically significant results in the future. 
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