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Abstract

This paper presents the web-based KLM-Form Analyzer (WKLM-FA), a web application that allows the automated
estimation of time that a user needs to fill out a web form. Based on feedback from previous studies, this implementation
comes to fulfill the need for a cross-platform application of human-computer interaction models, namely the Keystroke
Level Model (KLM) and Fitts’s Law. WKLM-FA is a new web-based implementation of the KLM-Form Analyzer (KLM-FA),
a desktop application that we have developed in our previous work. WKLM-FA also provides additional functionality
compared to KLM-FA, such as a user account mechanism, an evaluation tracking feature, and an admin panel to support
multiuser functionality. WKLM-FA is the first online KLM-based time estimation tool for web forms and it can be easily
used not only by HCl evaluators but also for educational purposes teaching the KLM and the Fitts’s law.
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1 Introduction

The Keystroke Level Model (KLM) [1] is one of the most representative predictive models in the scientific field of
Human-Computer Interaction (HCI). KLM simulates low-level input actions of a user, such as keystrokes and pointing to
on-screen targets, and estimates the required time for an expert user to perform an interaction task. Fitts’s Law [2]
predicts the time required to rapidly move to a target area and if used to model the act of pointing in KLM then the
results are more accurate.

However, using these HCI models is rather challenging in today’s software products due to their size and complexity.
One must perform a low-level simulation of each user interaction task and then calculate the predicted time by
summing up the analyzed operations. The inclusion of Fitts’s Law to accurately model mouse movement operation
makes the modeling task even more complicated and time-consuming. Thus, various applications that provide KLM
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modeling for either practitioners’ or educators’ purposes have been proposed in the literature, such as the CogTool [3],
the SANLab-CM [9], the Cogulator [10], the Simple KLM calculator [11] and the KLM Form Analyzer (KLM-FA) [4,5].

KLM-FA, the desktop version of the WKLM-FA application presented in this paper, has been shown [4,5] to
effectively support automated modeling of web form filling tasks. It has also been used as a learning tool in several HCI
courses and has been found [6-8] to have a significant positive effect on students’ learning gain in campus-based,
blended, and distance education. However, these KLM-FA studies also showed that the current implementation of the
tool poses a critical obstacle for non-Windows users. Moreover, the monolithic architecture of the KLM-FA was not able
to deal with multi-instances and multi-user-issues.

Motivated by these limitations, this paper presents the development of a new KLM-FA version that is provided as a
web application. This web version of KLM-FA (WKLM-FA) is implemented to initially support the provision of the
existing KLM-FA functionality. However, the novelty of this implementation is that WKLM-FA, the first online KLM-
based time estimation tool for web forms, is platform-independent since it now requires only a web browser to be
deployed. Also, WKLM-FA may help researchers with administrator privileges to investigate the usage frequency and
purpose (educational or evaluation) of the application and to extract useful statistics on how users evaluate web forms
and optimize the design in terms of task completion time.

2 The WKLM-FA Application: tool description

WKLM-FA is a web-based application that predicts the required steps and time to fill a web form by employing human-
computer interaction models, namely the KLM and Fitts’s Law. The tool is addressed to both practitioners and
educators who are involved in web form design and evaluation. A typical usage scenario of the WKLM-FA is presented
in the following.
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Figure 1: The WKLM-FA main page for modeling human-computer interaction with a web form. The Web Browser
Preview (left) displays the evaluated web form. The “KLM Operators” (top right) presents a list of the detected form
elements and the required operators for reaching and filling them. The “Analysis Result” (bottom right) displays the

summed-up KLM operators and the predicted task completion time.

First, the WKLM-FA user types the URL of the evaluated web form (Figure 1, top left). Then, the tool employs an
algorithm that parses the web form, identifies the form elements (Figure 1, top right), and renders the page in the
“Web Browser Preview” area (Figure 1, left). Next, the tool employs an algorithm that applies the KLM modeling to the
form elements selected in the corresponding list (Figure 1, top right). In specific, it calculates the required KLM
operators first to reach and then to manipulate (fill) each one of the elements. The WKLM-FA supports all the operators
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of the original KLM [1] —K for keystrokes, B for mouse button press or release, P for pointing to a target on a display
with a mouse, H for homing the hand(s) on the keyboard or other device, and M for mentally preparing for executing
physical actions— except for the D (drawing) operator, which is not an action performed in the context of form filling
tasks. Finally, it sums up the operators and calculates the total time by replacing each operator with a particular
predefined and user-configurable numeric value. WKLM-FA can optionally employ the Fitts’s Law to calculate the
numeric value for the P operator more accurately, which in turn leads to a more accurate overall prediction.
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Figure 2: The WKLM-FA admin dashboard page presenting tool usage statistics.

The WKLM-FA supports user accounts, but it also allows non-registered use of the application for free. Registered
users may save their projects and continue working on them at any time, while non-registered do not. An admin panel
in WKLM-FA (Figure 2) depicts usage statistics of the evaluated web forms. Moreover, WKLM-FA provides a flexible way
to define various parameters that impact the modeling results. First, the user of the tool can select which form
elements should be used based on the simulated form filling task. The tool also provides functionality to map a text
element of the evaluated form to a pre-declared element name (e.g., email, password) that comes with a research-
based estimated number of characters to be filled. This number of characters can be also specified by the evaluator to
fit a specific user interaction scenario. Also, the WKLM-FA enables defining the mouse or keyboard as the interaction
device used for reaching or manipulating the form elements. The WKLM-FA also supports setting up the initial state for
the simulated cursor and user’s hands. Furthermore, the evaluator can change the simulated user’s age and typing
ability and the WKLM-FA updates the results in real-time. Finally, users of the WKLM-FA can manage and apply on
demand various KLM rules, such as when a mental operator (M) is needed and they can also modify the numeric values
of the KLM operators and Fitts’s law constants. The WKLM-FA is temporarily available online! and will soon be hosted
in a dedicated server with a static domain name.

3 Design and implementation issues

Based on previous user studies [6-8], our goal was to move from the desktop application to a web-based one. Having in
mind the complexity of the underlying data model of KLM-FA and the need to support a rich Ul environment, we
designed an n-tier architecture in which the application functionality is provided by three separated modules: a) the Ul

Lhttp://hci.csd.auth.gr/wkimfa
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module, which handles the interaction with the user, b) the Form Analyzer module, which parses a Web form and
identifies its KLM-related elements, and c) the KLM module, which applies both the KLM and Fitts’s Law to a list of form
elements and estimates the required time to fill them. Finally, we use a Storage Layer to store and retrieve all the
appropriate information (Projects, Evaluations, Accounts, etc.).
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Figure 3: Software modules analysis of the WKLM-FA architecture

As it is depicted in Figure 3 and considering the data model layer, the WKLM-FA uses XML/Json to describe: a) the
list of form elements, b) the list of application settings (i.e., modeling rules, user preferences and KLM algorithm
parameters), and c) the information for storing and retrieving a project. All these data are encapsulated by a single XML
document that is transformed to BSON and then stored to a NoSQL database. The process is reversed when retrieving a
saved project.

The next layer is a RESTful web service developed in c# and .net framework and operates through an IIS web server.
This kernel layer implements the business logic of the KLM model. First, it applies the KLM and Fitts’s Law to a project
document, and then it manipulates projects (store, receive, keep log, etc.) by interacting with the storage layer. This
implementation allows us to add, in the future, new types of client applications to the system (e.g. mobile app, browser
add-ons, etc.) and connect them to the kernel. Hence third-party apps may easily run the modeling algorithm.

The subsequent layer of the web app consists of a PHP and Javascript/JQuery project which provides the Ul and the
module for web page parsing. Finally, the source project is deployed by the apache web server. In this way, many REST
requests to the business logic Web Service are taking place both from the web server side and from the web browser
(AJAX calls) as well.

3.1Dealing with the web page preview

Each time a user selects a webpage by typing its URL, the WKLM-FA must load it and then render the webpage which
contains the form and finally embed it to the WKLM-FA main page. For this purpose, an iframe named “Web Browser
Preview” is used. In HTML, the iframe element is used inline within a normal HTML body but during the last years, the
use of frames has been made obsolete due to usability and accessibility concerns. The feature of framesets has been
removed from the HTMLS5 standard. The iframe element, however, remains with several “sandboxing” options
intended for sharing content between sites, such as blog comments.

Websites use techniques to avoid clickjacking attacks by ensuring that their content is not embedded into other
sites. Furthermore, nowadays, almost all web servers are using by default the X-Frame-Options: DENY. So, the WKLM-
FA cannot load external websites into an iframe. However, the tool needs to show a preview of the evaluated webpage,
but it does not need to have any complicated interaction with it. To achieve this, the WKLM-FA parses the html source
code of the evaluated webpage. In most cases, however, this collection of code would render in a browser without the
associated CSS and thus would not look like the actual evaluated webpage. This is typically caused by using relative
paths for CSS files on websites. To overcome this limitation, the WKLM-FA converts relative paths to absolute paths in
the header section of the parsed webpage.
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In sum, WKLM-FA shows the evaluated webpage by parsing the HTML source code, converting the absolute paths of
CSS to relative ones, and rendering the result to the “Web Browser Preview” iframe. So, in most cases, the rendering of
the webpage in WKLM-FA is identical to the actual webpage.

3.2 WKLM-FA evaluation

The WKLM-FA has been built based on the algorithmic logic and user interface design of KLM-FA, our previously
developed desktop application. The KLM-FA application has been already evaluated in terms of its accuracy and validity
[4,5]. Thus, the WKLM-FA algorithmic logic was only tested against the KLM-FA one. All test results were identical in
terms of KLM modeling and predicted form completion time.

As far as WKLM-FA’s usability is concerned, it has not been evaluated until now. A quite notable issue that emerged
with the WKLM-FA is the size limitation of the web browser preview. This preview is smaller (more often in width) in
comparison to the preview in the desktop version. Thus, some explanations of the detected form elements and their
operations may not appear with the appropriate clarity. A user testing study is required to answer if the latter has a
detrimental effect on the overall usability of the tool. However, apart from the beforementioned issue, it is expected
to be similar to KLM-FA (i.e., “Good to Excellent” [8]), given that WKLM-FA has been designed by the same team and it
adopts the same user interface design principles.

4 Discussion and Future Work

The current version of the KLM-FA is now available through the Web, so it can be considered as a cross-platform
version. Comparing it with the previous desktop application we ensured that this version produces accurate results and
we expect it to be equally useful as previous studies have found [8]. Table 1 summarizes the comparison results for
WKLM-FA and KLM-FA in terms of the provided functionality.

Table 1: Comparison of functionality between two versions of KLM-FA

No Functionality KLM-FA (Desktop Version) WKLM-FA (Web Version)
1  KLM Algorithm YES YES
2 Fitts’s Law YES YES
3 KLM and Fitts’s Law Parameters ALL ALL
4 Video Preview (Watch and Learn) YES NO, under Development
5  Project manipulation (store, retrieve) YES YES
6  Multiple instances of application NO YES, in Web Browser TABS
7  Supported platform WINDOWS ALL, through Web Browser
8  Supported Web Forms MANY MANY (fewer than KLM-FA)
9  Web Form manipulation (dynamically change SUPPORTED but not PARTIALLY SUPPORTED due to security
elements, redesign/re-render web form, inject implemented issues
JavaScript, etc.)
10 User accounts NO YES
11 Projects statistics NO YES
12 Reporting NO YES

Most of the implementation challenges which we faced were related to bypassing security constraints enforced in
the Web. Despite our efforts, there are still some webpages that cannot be parsed and manipulated by the WKLM-FA
tool due to the complexity of the technologies used to dynamically produce them. Moreover, WKLM-FA renders the
web forms inside the application page, whereas the KLM-FA tool used an internal web browser to do so. Hence, the
KLM-FA was able to evaluate most of the existing web forms. As discussed previously, the size limitation of the web
browser preview might negatively influence some aspects of the user experience, and it should be further examined.

We believe that this version of the WKLM-FA would be more suitable for educational reasons (e.g., for teaching KLM
or Fitts’s Law) -by selecting suitable web forms- than for large-scale web form evaluations. The latter might be better
supported by developing the application as a browser add-on. In this way, we will be able to: a) exploit the entire web
browser area for rendering the web form, b) better support form (re)design since we will have full access to the web
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form and thus be able to redesign it in run-time, manipulate its elements and calculate the optimal KLM time, and c)
provide quick and easy time estimations by simply activating the addon in the browser, a web developer’s native
environment.

5 Conclusions

A new web-based version of a desktop tool, offering KLM functionality to both HCI experts and educators,
was implemented. This version, named WKLM-FA, is a platform independent web-app and it maintains all the
rich features of the previous desktop version, while it is enhanced with account control and usage analytics as
well. The multi-layer architecture of this web version makes possible the implementation of third-party
applications that use KLM modeling as a web service. Our future work focuses on developing the application
as a browser add-on to alleviate security constraints enforced in the Web ecology.
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