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Abstract—Smart Assistive Technologies can be a powerful tool in support-
ing education environments and inclusion for learners with visual/hearing im-
pairments. For example, while captions in videos are a necessity for deaf users,
audio reading is inevitable for blind ones. Including such technologies into a
smart e-learning environment provide huge opportunities to customize the con-
tent presentation to needs and ability of learners. Despite the number of models
being introduced during the last decade, acceptance model and behavioral mod-
el are, yet, exhibiting design drawbacks for learners with visual and hearing im-
pairments. Meanwhile, the e-learning initiatives in the universities have paid
great efforts in order to optimize usability of conventional e-learning systems.
However, optimizing assistive e-learning systems is not covered in the recent
research. Central to e-learning optimization is the learners’ realization problem;
in terms of the size of gap between learners’ expectations and real interaction
measures. This paper presents a study of measure the usability of assistive e-
learning systems and modeling better interaction based on adjusted Fitt’s Law
to consider time of movement for assistive technologies embedded in e-learning
systems. The proposed usability evaluation considers the hardness of mental
operations during e-learning various activities.

Keywords—Smart e-learning, usability evaluation, Fitt’s Law adjustment

1 Introduction

Although there is a number of theories and models emphasizing the behavior of an
individual towards using information technology, yet, little is known on the individu-
al’s experience while interacting with that technology [15]. The dissimilarity between
design model of e-learning system and the real situation of the system implementation
expressed what is known as a realization problem. In one hand, the design model of e-
learning system contains the designed assumptions and conceptions reflecting the user
expectations. On the other hand, the real situation of the system implementation is
represented by the learner experience. The existing e-learning realization problem
creates the desire for extending the research about the effects of the cognitive dimen-
sions and beliefs of the user while using the system.
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Expressing dynamic responses of the adaptive e-learning system concerns mainly
with the adaptive interactions that take place at the systems interface. Adaptive inter-
actions are intended for smart learners’ interaction with the system, without modify-
ing the learning content itself [21]. This adaptive interaction accommodates learners’
impairment type. For example, some people with visual or hearing impairments have
to use some kind of assistive technologies to access e-learning content. Each type of
impairment requires certain types of adaptations in the design of e-content. For exam-
ple, while captions in videos are a necessity for deaf users, audio reading is inevitable
for blind ones. Including such technologies into a smart e-learning environment, pro-
vide huge opportunities to customize the content to needs and ability of learners. In
this paper, we propose a usability study of a Smart Assistive Learning Technology
(SALT) system. Based on the user profile that includes the disability type, SALT
determines suitable tools and materials for disable learners. A number of learning
activities and the corresponding learning style for each activity are defined. SALT
system identifies and proposes the supporting learning styles for each commonly
known disability. Experimentation results have been shown the system to be efficient
for recognizing learner's single disability or multiple disabilities where applicable and
identify the associated assistive technologies. This adaptive interaction would in turn
reduce the hardness of mental operations for learners in recognizing the actions to be
selected in the system.

2 Theoretical Background

2.1 Behavioral model

Dynamic responses concerns, in system design, are keystones in building a behav-
ioral model for the human interaction with system elements. Applying these factors in
system design and theories for optimum interaction is currently known as Cognitive
Ergonomics (CE). Despite the high level technology in the current e-learning systems,
there are some lack of interaction and low retention behavior reflect the learners expe-
rience while using the system. Hence, CEs are considered mainstays for building a
design which supports optimum learner-system interactions.

Modeling the CEs in system design has been around a while ago. For example,
Fitts Law [9] models the ergonomics prediction of the time required to move to a
target area as a function of the distance and the size of the target. Another example is
the Cognitive Dimensions framework [12]. It provides a simple and quick means of
describing interaction scenarios. The Cognitive Dimensions framework classifies
interactive systems from the perspective of the real practitioners using these systems.
This makes classification more relevant to the practitioners in that they know and
understand the strengths and weaknesses of the particular notation they are using. Yet
models related to cognitive dimensions never addressed the specifics of e-learning
systems.

The scope of this paper tackles the mental processes in the form of perception, re-
sponses as the CEs of interest. This is due to the fact that these factors affect the inter-
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actions among humans and other elements of a system and influence the mental work-
load, decision-making, skilled performance. The rest of the paper is organized as
follows: theoretical background section provides information about the cognitive
dimensions and the cognitive absorption theories [20] also the learnability dimension
is provided. Next, a section presents the exploratory study to verify the relationship
between hardness of mental operations and the use of embedded assistive technolo-
gies in the e-learning system. An experiment is described comparing the performance
of an eye tracker and a mouse in a simple pointing task. Subjects had to make rapid
and accurate horizontal movements to targets that were vertical ribbons located at
various distances from the cursor's starting position. The dwell-time protocol was
used for the eye tracker to make selections. Movement times were shorter for the
mouse than for the eye tracker. Fitts' Law model was shown to predict movement
times using both interaction techniques equally well. The model is thus seen to be a
potential contributor to design the modern multimodal human-computer interfaces.

2.2 Fitts law and e-learning

Fitts’s law has been introduced in [9]. Fitts’ Law has been formulated mathemati-
cally in several different ways. The most common form is the Shannon formulation.
Fitts law predicts the mean movement time incorporating the start/stop time of the
device and the inherent speed of the device, and the width of the target measured
along the axis of motion. Fitts’ Law is used in e-learning as a model because of the
similarity in activities related to learning and dimensions measured by the law. It
emphasizes certain physical aspects of user’s interaction with the system. However,
the validity of Fitts” Law is limited because it does not address:

o Factors related to task completion times. The completion times are reduced when a
task is split over two hands [6].

o Effect of human body performance difference between preferred and non-preferred
hands [13], and the observation that subjects were uniformly more accurate in arm
motions towards the body than away from the body movements.

e Drawing, writing, and steering activities, which are becoming common tasks in
modern computer interfaces. New laws for this type of movements are highly de-
manded [1] and [18].

o Inclusion of assistive technologies in e-learning systems.

In summary, Fitts’ Law supports low level activities, but not intermediate and
high-level activities. The high level activities take the form of system response time,
mental preparation time for the user, timing for selection rules for alternative meth-
ods, etc. [14]. These intermediate and high-level activities have been addressed in the
Keystroke-Level Model (KLM) [17] and GOMS model [4], [5]. The KLM and
GOMS are both concerned in pure dynamic factors effect on user responses on sys-
tems but not the cognitive effects of system responses on users.
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2.3  E-learning and cognitive theories

Cognitive theory is based on cognitive dimensions that affect user behavioral inter-
action within the dynamic and interactive system. Using cognitive dimensions is an
analytical tool that focuses on the process of interaction, rather than on static analysis
of artifacts, is being introduced in [11]. Authors introduced a technique for analytical
information seeking, including programming languages, device interfaces, and inter-
active software user interfaces. Meanwhile, cognitive aspects of programming and
similar activities are used for meta-analysis that looks at structural aspects of the sys-
tem and identifies characteristics that may embed or enable certain kinds of interac-
tions with the system [12], and in the form of instructions and descriptions [11]. Re-
searchers in the field have addressed the lack of knowledge on the individuals’ expe-
rience while using the technology. However, theories that can predict the determinant
factors of technology acceptance do exist. For example, the Acceptance model, intro-
duced in [15], is based on one of these theories focusing on the behavior of an indi-
vidual towards using technology but not during using technology.

One may ask why Cognitive Dimensions and e-learning. In [12], authors have in-
troduced the importance of the learner role as a user in participation in the learning
evaluation process. As stated in [12], cognitive dimension approach is applicable in
both interactive and static systems. In this context, authors in [16] focus on the inter-
active artifacts including the software environments. In addition, learning with com-
puter simulations is characterized as exploratory learning [10], so that the learners
have to discover general rules, procedures, or higher order skills reflecting an active
attitude of the learner towards merging the information into the learners’ cognitive
structure.

Considering information technology non-specialists, studying the cognitive dimen-
sions related to users’ experience while using technology covers a wide range of very
different dimensions in the learners’ cognitive structure. This cognitive structure
should be seen as a complementary to other approaches, e.g. heuristic and key stroke
level models. This is quite important to avoid the results of poorly usable systems in
terms of hardness to learn.

Conventional employment of cognitive dimensions’ approach is considered effi-
cient and superior to other approaches as it identifies activity types and it can be ap-
plied at any stage of design. Because they make sense to ordinary users as well as to
specialists, this approach is based on thirteen different dimensions, each of which is
cognitively relevant, giving a suitability profile for each dimension [12]. The follow-
ing subsections include the list of cognitive dimensions and their short descriptions

[3].

2.4  The cognitive factors influencing hardness mental operation vs usability

Hardness mental operation is a measure of how difficult is to comprehend [11].
Hardness of Mental Operations (HMOs) is mainly concerned with mental operations
that exploit a high level of users’ attention. This is quite important as it raised the
usability problems [19], especially when a user may not have the right background
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knowledge to perform the operation. In other words, hard mental operations describe
the need for thinking situation that reflect the complexity of reading or understanding
or even worries regarding conforming to ethical issues related to the e-learning system
while performing activities using the interactive system. The cognitive structure re-
quired for our study is listed below.

e Premature commitment: constraints on the order of doing things. The learner
commits a certain sequence of actions to accomplish a goal while different efficient
sequence of actions is performed in order to accomplish the same goal.

e Viscosity: resistance to change: Resistance to change measure the effort required
to make a single change while using the interactive system notations or assesses a
designs resistance to change [11]. High viscosity indicates that the user goes
through a series of menus or web application or boxes to switch between two dif-
ferent states throughout content of the system. Reducing viscosity requires much
effort to make a change. The worst scenario occurs if the user is aware about the
consequences when choosing actions whilst it is the difficult to undo these actions
upon realizing additional information. Viscosity commonly occurs with high prem-
ature commitment.

¢ Role-expressiveness: this dimension is about how well the interface components
reflect their purpose; the operations available on them, e.g. quick search compo-
nents, copy and paste.

o Error-proneness: Indicates the ability where the user may find it easy to fall in
error or unexpected mistake with little protection [7] and [2]. The level of tolerance
and recovery the system can support for inevitable mistakes.

Hard mental operations highly require cognitive resources. Accordingly, evaluating
the number of required cognitive resources in assistive e-learning systems constitutes
the main goal of this study. This requires reviewing the set of the cognitive factors
and trades-offs between these various factors in terms of the learner’s expectations.
For example, in order to reduce the hardness of mental operations during interaction,
it is vital to reduce error proneness; i.e. how easy the user find it to fall in error or
unexpected mistake and gets over it [7], [12]. Reducing the hardness of mental opera-
tions can also be achieved by minimizing the effect of premature commitment and
viscosity. In other words, this can be viewed as reducing the difficulties the user may
experience knowing what to do or what to undo when an error or unexpected result is
observed [11]. Meanwhile, reducing the hardness of mental operations is also associ-
ated with improving both the role expressiveness and Consistency [7].

2.5  Cognitive factors influencing learnability

Measuring the difficulty in learning how to use the system is a key indicator of sys-
tem’ usability and is considered quite important for interactions with e-learning sys-
tems [8]. Learners in most cases are mainly concerned with the better recognition of
the interface components like icons buttons and menus representing the components
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of the interface. This implies the: a) the perception of system responses, b) the con-
sistency and c) expressiveness of the icons roles.

Perception is an important factor and indicates the ability and easiness to perceive
the interface components easily. As an example, a user encounters a deep menu sys-
tem. For learners with visual impairments, a poor visibility factor would affect the
mental operations because the user needs to recall the step by step to perform a specif-
ic task. Accordingly, the learner experiences hardness of remembering the hierarchy
while navigating this deep menu in order to discover the right option, to select and
use. In addition, visibility reflects how easy it is to view the progress of system per-
formance whilst performing a task. For example, when a learner tries to upload a file,
it is quite crucial for the user to visualize the progress of the upload process. Another
factor is the consistency. This is a measure of the degree of similarity in terms of the
means of performing similar tasks in different parts of the interface. It applies to lay-
out and to the availability of features. Role-expressiveness is another cognitive factor
and is considered as a key component of the cognitive structure that heavily impacts
the learnability. Role expressiveness indicates the purpose of each entity composing
the interface of e-learning systems.

3 Pilot Experimentation

The system was tested for 120 users. Each of the 120 users defined disability
type(s). 70 users were defined as single disability, whilst 50 users are defined as with
multiple disabilities. The experiment was run in the form of a questionnaire in order
to capture the learners’ expectations regarding the hardness of mental operations,
level of usability and tolerance by the system for learners’ errors and the number of
encountered technical problems. The subjects were asked to complete a task such as
uploading an assignment, checking the calendar, converting media file, accessing
project forum, and/or downloading a document. A comparison experiment is conduct-
ed to compare between the students mental processing time (using the proposed tech-
nology and without the proposed technology) in order to complete a task such as up-
loading an assignment, checking the calendar, converting media file, accessing project
forum, and/or downloading a document, please, refer to Table 1.

The results of surveying the learners’ expectations regarding hardness of mental
operations they encountered whilst using the assistive e-learning system are present-
ed. These expectations express the economics of cognitive exploitation related to
mental operation, responses while using the e-learning system. The economics based
expectations are shown in the plots in Figure 1. The top plots in Figure 1 demonstrate
the summary of beginners’ expectations, from left to right, in terms of the HMOs. The
middle plots in Figure 1 demonstrate the summary of middle experienced learners’
expectations, from left to right, in terms of the HMOs. At beginners and middle levels
of expertise, about 69% of e-learners expect less number of training sessions needed,
less encountered technical problems, less number of connectivity and accessibility
problems as well as availability anytime. The bottom plots in Figure 1 demonstrate
the summary of experts’ expectations, from left to right, in terms of the HMOs. For
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the expert learners 97% expect less HMOs, less technical problems, and wide connec-
tivity options. By taking into consideration the learners, the interaction rate increase.
Hence, by increasing the interaction rate the learners continue using the system after
passing a few training sessions.
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Fig. 1. Developing frequencies from beginners’ level to experts’ level.

A comparison experiment is conducted to compare between the students mental
processing time (using the proposed technology and without the proposed technology)
in order to complete a task such as uploading an assignment, checking the calendar,
converting media file, accessing project forum, and/or downloading a document,
please, refer to Table 1. The average mental processing time has dropped by 30%
using the assistive e-learning system over the regular e-learning system, Figure 2.

Table 1. Visually impaired Tasks Duration in seconds with and without the assistive technolo-

gy
Activity Type # of participant Userst:: l:ll?;;z;s;istive Users of Aislsligstive learn-
Uploading an assignment 20 4 3
Checking calendar 20 5 3
Checking new slides 20 2.57
Converting media 20 12 7.9
Accessing project forum 20 3.8 2.5
Downloading content 20 7.6 10.4
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Fig. 2. Mental processing time for users of assistive technology in LMS and users of LMS
without assistive technology

3.1 The proposed behavioral modeling of usability of assistive e-Learning
system

Inspired by the trade-offs presented in pilot study in the previous section, the paper
proposes and introduces economic modeling of cognitives in use during user interac-
tion with assistive e-learning system. The proposed cognitive structure would ensure a
reduction of the cognitive factors affecting hardness of mental operations and signifi-
cant increase of the usability factors for better interaction with any e-learning system.
Aspirations of the proposed model are to improve the degree of learnability through
the system by reducing the probability of facing hard mental operation situation
would be with great effect on reducing the resistance to change status. Additional
effort is being devoted to reduce the effects of other dimensions that allows for activi-
ty that may involve hard mental operation situation such as (premature commitment,
viscosity, error-proneness), and increasing at the same time the effects of usability
(consistency, visibility and the balanced in designing the role-expressiveness dimen-
sion). This would guarantee pushing the user towards the absorption stage [20] while
interacting with the e-learning system. The cognitive dimensions affecting e-Learners’
mental operations contribute to the learnability. Hardness of Mental Operation
(HMO) can be expressed in term of premature commitment P,, viscosity Vis, error-
proneness £,

HMO aVis (1)
HMO a P, ©)
HMO a E, 3)
HMO = Vis + P,  E, (4)

At the same time, usability can be increased if the e-learning system is highly
learnable. Increasing learnability implies providing consistency C, visibility / is and
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the role-expressiveness R,. In this context, learnability can be mathematically ex-
pressed in terms of these factors as follows:
learnability a C(5)

Learnability a V (6)
Learnability a R, @)
Learnability a C x V xR, ®)

According to relationships above, learnability can be expressed as how quickly and
comfortably a new user can begin efficient and error-free interaction with the system.
Incorporating the equations 4, 8 would guarantee high usability [15], while interacting
with the e-learning system.

learnability

Usability = v

)

4 Conclusion

Learners with visual or hearing impairments can benefit from the capabilities of an
Adaptive Assistive Learning Environment in different ways. Those capabilities are
nowadays benefiting from the rapid development of assistive technologies. Appropri-
ate use of assistive technology in an adaptive learning environment enables all learn-
ers to experience learning activities regardless their differences or disabilities. Based
on the user profile that includes the disability type, a number of defined learning ac-
tivities are proposed. The usability study in this paper is composed of two parts. The
first part of the experiment was a pilot study aimed at classifying and identifying the
learner’s expectations in the form of surveying the cognitive factors affecting the level
of interaction with e-learning system. Examples for these factors are premature com-
mitment, viscosity, and error-proneness. These are classified as factors lead to hard-
ness of mental operations. Hence, the study considered the effect of increasing the
learnability degree by providing consistency, visibility and the balanced in designing
the role-expressiveness dimensions. Next stage is to measure the real interaction re-
sults in term of time records for performing tasks including different activities. In this
phase, the set of designed experiments aims at comparing the predictions related to
these expectations and the behavior of e-learners’ and system performance during
interacting with technology. The primary goal is the computation of the hardness of
mental operations required for performing a task. Analytical view to compare times
required for performing a task includes accurate analysis that examines the dynamic
response.
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