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Abstract

The objectives of this study are to reduce the gulf between
contextual meanings of words, split attention, cognitive load and
improve the performance with immediate access to required
information to users. An English article consisting of 810 words
with 16 highlighted keywords (presumably difficult words) is
presented to non-native English speakers to evaluate the usability
of four differently designed interfaces in perspective of
vocabulary and comprehension learning. The highlighted words
in experimental interfaces have embodied with a pair of
synonyms, a pair of antonyms and mix pair (synonym and an
antonym) to achieve the study objectives.

160 subjects are randomly divided into four different groups to
complete both tasks (vocabulary acquisition and comprehension
learning) by using the proposed interfaces. Statistically, one of
our experiments has improved more than 25 percent in
vocabulary acquisition in 40 percent less time as compared to
control group.

Statistical analysis of the System Usability Scale indicates that
users average subjective usability score boosted from 56 to 70
using experimental interfaces. In our experiments, users of our
proposed interfaces acquire significantly more information than
users make in the control group. The results indicate that our
techniques deliver better performance by enhancing user's
vocabulary acquisition (low-level processing) in less time.
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1. Introduction

Nowadays, users require immediate access to information
at any place as digital reading is a natural development
due to information on demand. Users consider as a
challenge to understand the text provided on webpages, e-
papers, e-documents, in particular bilingual /non-native
English readers.

Several experiments have been done to achieve an
effective reading while measuring many parameters such
as performance, time, cognitive load and attention etc.
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One of the obstacles faced by a reader is to understand the
contextual meaning of the word while reading [1].

In order to minimize the gulf between the context of
composition and context of interpretation, we are
providing immediate access to required contextual
information in our designed interfaces. The user who
cannot understand online information requires assistance
to compensate his/her limitations [2].

It is also found in the previous study that the distraction is
caused by lack of attention or continuous partial attention
or split attention, which is one of the major obstacles in
reading comprehension for the user [3]. So in order to
compensate user's limitation, we wish to provide ancillary
information to the user by reducing split attention and
exploiting the intrinsic interactional properties of an
electronic paper as compared to affordances offered by a
tangible paper. We wish to pass on additional information
through ancillary embedded words in various forms
without intentionally distracting the user from his or her
primary focus on the understanding of the text.

Sweller (1988), introduced cognitive load theory which
distinguished between intrinsic and extraneous cognitive
load [4]. Intrinsic load is directly related to the level of
difficulty of content understudy while the extraneous
cognitive load is any cognitive activity engaged in order to
present any task in an organized an presentable way,
which is not necessary to attain relevant goals [5]. For
better learning, we can change the instructional materials
by managing intrinsic and extraneous cognitive load for
users particularly by decreasing extraneous cognitive load
[6]. Since, the cognitive load has been identified as a
major factor while designing instructional designs in
different learning fields such as science [7], language [8]
and technical training [9]. We also tried to reduce this
factor in our experiments by different techniques in our
interactional designs.

Norman introduced affordance in human-computer
interaction [10][11], so in order to have an effective
reading experience, we have to exploit affordances offered
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by e-documents in our study. In the previous research, it
was found that the technology adopted for the users must
adequate to the skills of users in order to exploit their
potential [12]. As our users are non-native English
speakers, we designed four different interaction designs to
exploit their potential skills which have the almost same
level of English reading skills. Reading is influenced by
goals and motivation of reader, our techniques are created
for learning and leisure purposes [10].

Scenario:

Consider a reader who reads a sentence in the text “Kate
accepted the invitation with alacrity”, if the reader does
not know the exact meaning of word “alacrity”, the reader
may take “alacrity” as negative response from the subject
(Kate) discussed here and may understand the sentence as
Kate accepted the invitation with no interest. But once the
reader knows the exact meaning of "alacrity” as eagerness
then the reader actually understands the sentence as Kate
accepted the invitation with interest.

The purpose of the study is to evaluate the usability of
different user interfaces from the Bilingual/non-native
English readers' perspective regarding English reading
tasks.

2. Experimental Hypothesis

Null Hypothesis ( HO)

Subjects of all groups have equal performance in
vocabulary acquisition and comprehension learning
regardless of interface style being used.

Hypothesis 1(H1)

Subjects are more likely to learn the vocabulary
acquisition and comprehension learning when they are
exposed to one of the experimental designed interfaces
than the traditional interface.

Hypothesis 2 ( H2)

If an interface style provides better vocabulary learning
environment then subjects are more likely to learn the
comprehension as well.

Hypothesis 3 ( H3)

Subjects are more likely to enhance their vocabulary
acquisition when they are exposed to the MixPair interface
as this interface produces more retrieval cues.

3. Related work

In the previous study, the impact of fluid documents on
reading was observed. The design of dynamic reading
environments was required to use plugin or special
browser to conduct the study. The fluid documents
integrated ancillary annotated information into the
electronic document by adjusting typography using
different techniques [13]. Glosses were provided for link
anchors to support hypertext browsing. The subjective
questionnaires were asked which revealed the fact that the
subjects required less time to use nearby glosses for link
anchors provided in the text to see the effects. In general,
hypertext can be used to provide more details than can fit
typographically on a page but locating details elsewhere
requires users to navigate while reading, which makes it
more cognitively difficult to compare the information with
the source document [14]. In this study, subjects were
found to be sensitive to some glosses. It was observed that
glosses must be processed quickly to perform typographic
adjustment and should be close periphery to source
anchors. If quick processing is not possible, typographic
adjustment (Glosses) should put outside the primary text
which can reduce negative reactions from users.

Eric Bahna and Robert J.K. Jacob performed an
experiment whose result shows that their technique
conveys additional information to users which help them
to comprehend the text better while reading. This
experiment required additional hardware like a projector
and specially designed software. In this interactive display
technique [15], users were provided peripheral vision to
converse additional information to a user engaged in a
reading task without distracting the users’ primary focus.
They wished to convey the additional information through
peripheral images without distracting the user from his
primary focus of reading the text. The techniques used to
convey additional information in this study were based on
lightweight, non-command, user interaction in the
background [15]. In order to avoid distraction, small
amount of contextual information in the background was
provided, as required by the user, without using up screen
space that was normally devoted to the main text.
Experimental group’s subjects answered significantly
more pictures (which are provided as peripheral vision)
questions as compared to control group’s subjects.
Regarding subjective usability of the system, the subjects
in the experimental group reported significantly less
fatigue and greater enjoyment as compared to control
group [15].

In another study [16], it was examined how multiple
representations of information in second-language
(German) learning helped and hindered the users. The
English speaking subjects (152) received no annotation,
verbal annotation, visual annotation or both to read a story
of 762 German words with 35 keywords presented by a
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multimedia computer program. It was observed that the
recall of vocabulary words was the same for different
types (low verbal, low spatial, high verbal, high spatial) of
users when they received only verbal annotation. The
recall of vocabulary words was better for high verbal and
high spatial users when they received only visual
annotation than low verbal and low spatial users. The text
comprehension was worst for all users when they received
visual annotation.

These results are consistent with the generative theory of
multimedia learning with cognitive load theory which
assumes that the processes are executed under the
constraints of limited working memory. According to the
generative theory of multimedia, the learner constructs
text base and image base from relevant verbal information
and visual information respectively.

In another study with 103 subjects [17], it was found that
recall of individual vocabulary items was the best when
users adopted both visual and verbal annotation, the result
was moderate when users adopted only one type of
annotation and worst when users adopted neither verbal
nor visual annotation. The result of study [17] supports the
Paivio’s [18][6] dual coding theory which proved that
users establish two types of retrieval cues for word in
memory by a connection between the corresponding
picture/video and word in the foreign language. Since the
capacity of working memory is limited, the process of
integrating the verbal and visual representation requires
cognitive resources [19][20]. It is seen from experiments
that ability to code a stimulus in two different ways
increases the chances of remembering than the stimulus
coded in one way but verbal annotations impose less
cognitive load than visual annotations [16].

In another study [21], the cognitive load was explored
with effects of split attention and redundancy in reading

with explanatory notes on the different level of the readers.

It was found that 5th-grade first language learners and 8th-
grade low ability second language learners enhanced their
comprehension and reduced their vocabulary learning
when vocabulary definitions integrated within a
passage(integrated format) compared to separate
vocabulary list(separated format). The results were
contrary when first language adult readers and 8th-grade
high ability second language learners undergone through
the same experimental scenario.

In similar experiments, McNamara presented biology
instructional material [22] to high school subjects and
found that additional material enhanced the learning for
low-knowledge readers but high-knowledge readers
performed better after reading original material. In this
study [22], the cognitive load was not clearly defined and
interpretation of results was also weak due to redundancy.
The reduced text enabled more knowledgeable readers to
process it more sharply which was a major factor behind
the improved performance.

4. Reading Processes and Standards

In the interface design, perception and processing of text
are very important which essentially required some textual
display. There are several stages in a reading process,
broadly, we can classify it into three stages.

In the first stage, the visual pattern of the word on the
page is perceived. Decoding is the second process with
reference to an internal representation of language studied
while syntactic and semantic analysis is performed in the
third stage by a user for further processing [23]. During
the interface design, we mostly concerned with the first
two stages.

Visual fixation is maintaining of visual gaze on single
location which results in perception. During reading, the
eyes make rapid jumping movements called saccades,
three times in a second followed by fixations [24]. The
eyes move back and forth over the text, known as
regressions. The rate of regression is directly proportional
to the complexity of the studied text [23].

Experiments have shown that words are recognized as
quickly as a single character rather than scanned serially
or character by character. It is seen that users recognized
familiar words using their shape. It means that changing or
removing the word shape is detrimental to reading speed
and accuracy (for example, by capitalizing words) [25].
Similarly, the line length between 2.3 and 5.2 inches (58
and 132 mm) is equally legible. Standard font sizes
ranging from 9 to 12 points are equally legible by
providing proportional spacing between lines [23].

There is evidence that reading from a computer screen is
slower than from a book [26]. There is a number of factors
which are considered for slow reading from the screen: a
longer line length, fewer words to a page, orientation and
the familiarity of the medium of the page. By reducing
these factors the design of textual interfaces can be
improved [23].

Contrast plays a vital role in a visual display where higher
luminesce is achieved through negative contrast (dark
characters on a light screen), then positive contrast which
increased the acuity (sharpness) which in turn increase the
legibility. Experimental evidence suggests that negative
contrast displays are preferred and result in more accurate
performance [27].

5. Method
5.1 Subjects

For study purpose, 160 (136 males and 24 females) non-
native English speakers but fluent in English reading
voluntarily participated in our activity. All subjects were
divided into four equal groups. Forty subjects were
assigned to each group. All volunteers were undergraduate
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students in computer science degree program having ages
from 20 to 25 years. They have already acquired 12 years
of education in which the medium of instruction was
English.

Subjects were in a real learning environment in the class
Lab setting. They were asked to learn from materials
which are explained in section 5.3. They all were assigned
temporary Id numbers so they did not need to disclose
their names to keep their privacy.

The experimental studies were conducted in two parts. All
volunteers took the same vocabulary and comprehension
tests. First, they went through a vocabulary test, then a
comprehension test, after a break of 30 minutes.

5.2 Experimental Design and Implementation
All the subjects were shown the same text to ensure the

same basic complexity level and the experiment was
conducted between-subjects. The additional respective

embedded text was provided in all experimental interfaces.

All interfaces designed for the experiment followed the
reading text standards mentioned in Section 3and provided
uniformity among all interfaces. For example, the standard
font size was 12pt, text line length was 5.2 inches and
negative contrast was used for a better reading experience.

5.3 Materials and Apparatus

For the experiments, an article titled "Life without Death"
written by Duncan Turner from British magazine
spectator's archive (Online) was presented to users
containing 810 words.

The apparatus for presenting the reading text material to
subjects consisted of a 40-station computer lab having
Windows 10, equipped with 17-inches LCD screens.
Figure 1, shows the interface provided to group B in
which user is provided in-text help by showing a pair of
synonyms in a tooltip.

5.4 Procedure

Each group was given a brief relevant demonstration of
the experiment on a large screen through projector before
starting the actual activity. The material shown in a
demonstration to each group was different from the
material presented to subjects in the experiment to avoid
pre-learning factor. The demonstration text passage was
short containing only 100 words with five highlighted
words.

A pattern of vocabulary acquisition and comprehension
questions was shown to all subjects based on
demonstration material.

There were 40 subjects in each group and each group has
been assigned a name in alphabetical order i.e. Group A,
Group B, Group C and Group D. Group A is a control
group while the rest of the groups are experimental in their

nature. The maximum time given for comprehension
learning and vocabulary acquisition was 20 and 30
minutes respectively but they were allowed to submit the
test sheet whenever they finished the test. The pre-attempt
reading time, the time taken to complete the
comprehension and vocabulary acquisition was monitored
and noted carefully against each participant for
experimental analysis.

Regarding the subjective usability of the provided text, all
groups were asked to fill the after-experiment
questionnaire to measure the satisfaction level, cognitive
load, and their experiences.

On the first day, only two groups were called for the
experiments at different timings. Each participant was
provided the material and apparatus as mentioned before.
On the second day, two more groups were called for the
experiment at different timings following the same
procedure.

6. Experimentation
6.1 Traditional Interface

Group “A” which is the control group was provided the
traditional interface which had a text passage with 16
highlighted words in blue color. In order to know the
meaning of highlighted words, subjects could look for the
meaning of words from the Internet to understand the text.
It was found that the users frequently searched the words
to know the meanings of highlighted words. While
looking for the information, the reader moved from age of
information to age of interruption [3]. Reader navigated
different pages and came back to comprehend the text
again. By moving back and forth, the reader suffered the
extraneous cognitive load, distraction due to split attention
and presumably consumed more time. This method
interrupted the reader's primary task and precisely
overburdened the cognitive load of the user [9]. We
observed that the traditional interface is an inherently
multi-step approach to find the meaning of a particular
word.

The Figure 1, shows the flow diagram taken by
traditional-interface-subjects which is an inherently multi-
step approach to find the meaning of the particular word
[Right side flow]. Experimental-interface-subjects follow
a one-step approach [Left side flow]. The subjects
belonging to any group bypass the both multi-step and one
step approaches while comprehending the text if they
already have the meaning of a highlighted word in their
long-term memory (LTM).
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Fig. 1 Diagram illustrating the Multi-step (Right side flow) and Single-
step (Left side flow) approaches followed by users of the control group
and experimental groups respectively.

6.2 Designing Experimental Interfaces

The newly designed interfaces such as interface 2
(Synonyms Pair), interface 3 (Anonyms Pair), Interface 4
(Mix Pair) having 16 highlighted words were provided to
subjects of experimental Groups B, C, and D respectively.
The subjects of these groups can move their mouse over
highlighted words and get the relevant pair of
synonyms/antonyms/Mix Pair as a tooltip. The provided
pair of words may help users in better understanding of
the text.

The Figure 2 shows the single-step approach followed by
the users of experimental groups.

Fig. 2 A user from Group B is moving his mouse over the highlighted
word and gets a pair of synonyms as a tooltip to better understand the
text.

The users of these groups were not allowed to use the
Internet to get the meanings of words. Truly, in order to
reduce the gulf between the context of composition and
context of interpretation these experimental interactional
designs can be used to reduce the cognitive load in the
learning process. Instead of suffering from distraction by
moving back and forth in the search of information, a pair
of words is provided inline within the text merely using
extra space for a short period of time.

7. Results

There is one independent variable which is an interface
style for each group and three dependent variables are
measured by using ANOVA tests such as vocabulary
acquisition (shallow learning), comprehension learning
(deep learning) and time is taken by each group for tasks
completion.

Subjects of each group were given two written memory
tests, the first test for vocabulary acquisition, contains a
total of 40 questions. Ten questions, each was related to
recalling synonyms and antonyms of the word (a word
highlighted in blue color provided with blank space to
write the meaning of the word) while other ten questions
were related to cross-matching of synonyms and antonyms
respectively.

The second test for comprehension learning contained 15
questions, in which subjects had to comprehend the
questions and answer in agree/disagree format.
Evaluation of Research Questions:

7.1 Evaluation of Hyp and H;

In order to evaluate the Hi, first, we tested the Null
Hypothesis (Ho) that says that the all groups have equal
performance in vocabulary acquisition and comprehension
learning regardless of interface style being used. The
results of ANOVA test are discussed below in detail.

7.1.1 Vocabulary Acquisition (Shallow Learning)

In the usability evaluation experiments, we measured the
performance as the number of correctly answered
questions by each group for vocabulary acquisition. We
calculated the mean (M) and standard deviation (SD) of
Group A(M= 27.95, SD=6.41), Group B(M= 35.02,
SD=4.31), Group C(M=31.20,SD=7.94) and Group
D(M=38.6,SD=4.53). We got p-value(0.00) < p-
value(0.05) which shows that performance is significant
among groups due to change of interface styles.

Figure 3, shows the average marks of vocabulary
understanding in all four groups. From the Figure 3, it is
evident that overall Group D on average is better
compared to all other three groups and got 38 marks out of
40 (96.5%). The average score of Group C is 8%
improved than control group A. The average score of
Group B (87%) is better than Group C (78%) which
indicated that end users were able to understand synonym
pairs better than antonym pairs.
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Fig. 3 Comparison among all Groups in average marks obtained during
vocabulary acquisition

We can conclude that MixPair Interface style is most
helpful to users in vocabulary acquisition than any other
experimental group and control group.

Figure 4, shows the mean time taken by all groups in
vocabulary acquisition. The subjects of Group B, C, and D
took 26 %, 32 % and 42 % less time than Group A
respectively. Figure 4, exhibits that Group A took the
maximum time using Traditional Interface while Group D
using MixPair Interface took the minimum time.

Mean Vocabulary Reading ( Time )

Vocabbulary Reading Time

30

[N
[SET]

Time (Minutes)

[
o w o o

m Group A (Simple) m Group B (Synonyms Pair)

Group C (Antomys Pair) M Group D (Mix Pair)

Fig. 4 Comparison among all Groups in average time consumed during
vocabulary acquisition

We got a p-value (0.001) < p-value (0.05) which shows
the significance of interface styles on vocabulary
acquisition. The groups results of A, B, C and D are
A(M=23.55, SD=6.93), B(M=15.6, SD=3.14), C(M=14.0,
SD=2.65) and D(M= 10.95, SD=2.25) respectively.

We can conclude from vocabulary acquisition test that the
Mix Pair Interface provided far better results in
vocabulary acquisition in minimum time.

Comprehension Learning (Deep Learning):

We measured the performance (Number of correctly
answered questions) of all groups for comprehension
learning. We found interface styles do not make a
significant difference in comprehension learning as p-
value=0.985 is greater than the significance level (0.05).
The trivial mean difference is found as the results of
Group A (M=9, SD=2.36), Group B (M=8.75, SD=1.91),

Group C (M=8.85, SD=2.71) and Group D (M=8.75,
SD=2.4).

Mean Comprehension Marks

Marks

Mean Comprehnsion Marks

B Group A( Traditional ] M Group B ( Synonyms Pair )

Group C ( Antomys Pair) ® Group D ( Mix Pair)

Fig. 5 Comparison among all Groups in average correct answers during
comprehension learning

Figure 5, shows that the interface style do not have a
significant effect on comprehension learning experimental
groups or control group.

During comprehension learning, the p-value= 0.001 of the
meantime taken by Group A (M=8.25, SD=2.75), Group
B (M=10.1, SD=3.69), Group C (M=8.3, SD=3.11) and
Group D (M=12.4, SD= 4.28) is less than the significance
value (0.05) which shows that interface style also makes a
significant effect over time consumed by all groups.

Mean Comprehension Reading Time
15

-
=

Time (Minutes)
n

Mean Comprehension Reading Time

B Group A [ Traditional ) B Group B ( Synonyms Pair )

Group C | Antomys Pair) B GroupD | MixPair)

Fig. 6 Comparison among all Groups in average time consumed during
comprehension learning

Figure 6, shows that the mean time taken to attempt the
comprehension test by subjects of Group A(Traditional
Interface) and Group C(Antonyms Pair) is almost same.
The subjects of group D ( MixPair Interface) and group B
(Synonym Pair) took 20 % and 9 % more time than
Group A respectively.

In short, regarding the vocabulary acquisition, we reject
the null hypothesis (HO) as we observe that all groups (A,
B, C, D) have different results, it means that the interface
style, indeed has a considerable effect on vocabulary
acquisition. In average, Group D ( MixPair Interface) got
more than 25% marks (38) in 40 % less time by Group A
(23 min).
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But, regarding the comprehension learning, we accept the
null hypothesis as we observe that all groups have the
almost same result, it means the style of interface does not
have any considerable effect on comprehension learning
of all groups. But the time taken by Group D is slightly
higher (which was given as Mix Pair interface style) than
other Groups in our study.

Conclusion Ho, H:

Subjects are more likely to learn the vocabulary when they
are exposed to one of the experimental designed interfaces
than the control group. But no improvement was seen in
comprehension learning when they exposed to one of the
experimental designed interfaces.

7.2 Evaluation of H»

As we know, The Group A(Traditional), B(Synonym Pair),
C(Antonym Pair) and D(Mix Pair) have 69.87 %,
85.62 %,78 %,96.5 % marks respectively in vocabulary
acquisition with p-value ( 0.00 ) which is less than the
significance p-value (0.05). It shows that there is indeed
statistical difference among the Groups in vocabulary
learning performance when users adopt a particular
interface style.

The Group A(Traditional), B(Synonym Pair), C(Antonym
Pair) and D(Mix Pair) have 9.0,8.75,8.85 and 8.75 mean
marks respectively in comprehension learning with a p-
value( 0.985 ) which is greater than the significance p-
value(0.05). It shows that statistically there is no
difference among Groups performance when users either
adopt traditional or experimental group interface.
According to H2, the subjects of Group D should have the
best comprehension results as Group D provides 96.5 %
marks in vocabulary acquisition but we observed that p-
value of comprehension is 0.985. Figure 7, shows that if
an interface style provides better vocabulary acquisition it
does not affect comprehension learning in our
experimental scenarios.

Comprehension Learning
Vs
Vocabulary Acquisition

Marks

= Comprehension Marks — Vocabulary Marks

Fig. 7 Comparison b/w comprehension learning and vocabulary
acquisition among all Groups.

It is obvious that if an interface style provides different
(better) vocabulary acquisition, it does not affect the
comprehension learning skill of non-native English
readers. Hence, we can conclude that H; is false.

Conclusion Hz:

If an interface style provides better vocabulary learning
environment it does not affect the comprehension learning
of non-native English readers.

7.3 Evaluation of Hs

While evaluating Hs, during the vocabulary acquisition
test, the users of Group D (Mix Pair interface) got 26.3 %,
11 % and 19 % more marks on average than Group A, B,
and C respectively. Group D performed better in
vocabulary acquisition due to divergent retrieval through
Mix Pair interface as compared to other Groups (See
Figure 3).

We found that Hs hypothesis is true and it also satisfies the
dual code theory, which states that the ability to code a
stimulus in two different ways increases the chances of
remembering than stimulus coded in one way.

In our experiment in Group D(Mix Pair), our
stimulus(Highlighted word) is coded in two types/ways
which increases the vocabulary learning as compared to
other experimental designed interfaces in which
stimulus(highlighted word) is coded in one way by
synonyms pair or by antonyms pair.

8. Subjective Usability

Subjective usability of all interfaces is measured through
System Usability Scale (SUS) which is a reliable and low-
cost tool for global assessments of system usability [28].
SUS is a questionnaire tool for assessment of the usability
of interfaces of a wide variety of software such as
application software interfaces, web applications and user
interfaces [29].

The SUS provides a single score for valuation of system
usability. It contains tens questions each with 5-points on
Likert scale, wherein in Likert scale we used 1 for
strongly agree to 5 for Strongly Disagree. For the purpose
of our experiments, we modified the questions according
to the context of our experiments.

After completing the vocabulary acquisition and
comprehension tests, subjects of each group were asked
questions about their experience. The same questionnaire
was asked to users of all groups.

Figure 8 shows the average SUS score of all groups.
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Average SUS Score of All User Groups
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Fig. 8 Comparison among all groups in average subjective usability
scores (SUS).

The average subjective usability of Mix Pair Interface
(SUS Score=77) is 21 % more than Traditional Interface
(SUS Score=56). The Synonyms Pair Interface (SUS
Score=70) and Antonyms Pair Interface (SUS Score=62)
have 15 % and 7 % more usability than Traditional
Interface.

A single factor analysis of variance test conducted on
system usability scale (F= 9.19 >Fi=2.60, p<0.05) shows
that the average subjective usability score of each group is
different in all four types of interfaces.

The independent (Unpaired) samples t-tests (one-tailed)
were conducted to compare the experimental designed
interfaces with traditional interface. The average SUS
score of Group B(M=70.10, SD=8.51) was significantly
greater than Group A(M=55.9,SD=12.67) conditions, tstatc
(78)=5.88>Ti(one-tailed)=1.66, where p-value <0.05.
Similarly, the average SUS score of Group
C(M=62.4,SD=15.48) conditions,

tstatic(78)=2.05>T ¢rit(One-tailed)=1.66, where p-value<0.05
and Group D(M=77.3,SD=8.83) conditions,
tstatic(78)=8.76>T oir(One-tailed)=1.66,p-value=0.05,  was
significantly greater than control Group A. These results
suggest that the newly designed interfaces have effect on
the average subjective usability of interfaces.

Effect sizes express the magnitude of an effect. We
calculated Glass’s A(Delta) of each experimental group
with the control group as each group has different
standard deviation. Effect Sizes measured between group
A and group B are (1.136), between group A and group C
are (0.52) and between group A and group D are (1.72),
and effect sizes measured between group A and group D
show that Mix Pair Interface has the highest subjective
usability.

Subjects in the all three experimental groups reported
significantly less weirdness and significantly greater
satisfaction of the system as compared to the control
group. The subjects of experimental groups felt less
distraction as compared to control group. Few subjects in
experimental groups felt weirdness regarding the interface
styles.

9. Implications

We chose random samples for our experiments.
Accordingly, the subjects had to go through the
vocabulary acquisition and comprehension learning
situations. Individual differences cannot be measured as
long-term memory is huge with unknown limits [30],
which may help to contribute vocabulary acquisition and
comprehension learning.

Same text has been provided to all the subjects and their
personal preferences have not been considered regarding
the selection of text since for the purpose of experiment
the text should be unseen.

10. Conclusion and Future Work

Our interaction techniques conveyed how extra
information can be used by exploiting interaction
properties of website/e-paper to enhance user's vocabulary
acquisition while lowering their time without using any
special browser. Quick response is achieved without
encountering any spatial (distant) problems. No adverse
effect is found on comprehension learning by using the
techniques we employed in our experiments. Our
interaction techniques enhanced the usability by keeping
the users focus on the primary text while lowering their
time, cognitive load and partial attention.

More benefits can be achieved for users by applying
several changes, e.g. images; audio can be provided by
simple action of users which may enhance the learning
according to dual coding theory. The meaning of difficult
words can be provided in user's native language, may help
them to increase their comprehension particularly. We
could also incorporate eye tracking to calculate the time
spent by the user to get the help from the system which
may help to design more sophisticated interfaces. The
switching is difficult in small screen, so such kind of
techniques may be more helpful for mobile phone users.
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