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Abstract

The usability of the web pages is assessed using some statistical models. Researchers argue that
many usability results and recommendations lack empirical and experimental data. Universities
web pages are chosen as subjects for this work. Series of experiments have been conducted to in-
vestigate into the usability and design of the universities web pages. Prototype web pages have
been developed according to the structured methodologies of web pages design and development.
Four universities web pages were evaluated together with the prototype web pages using a ques-
tionnaire which was designed according to the Human Computer Interactions (HCI) concepts. The
data collected was analyzed using correlation and regression models. The correlation analysis
showed that there were significant positive and negative correlations between many items. The
regression analysis revealed that the most significant factors (items) that contributed to the best
model of the universities web pages design and usability were: multimedia in the web pages, the
web pages icons (alone) organization and design, and graphics attractiveness. The results showed
some of the limitations of some heuristics used in conventional interface system design and pro-
posed some additional heuristics in web pages design and usability.
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1. Introduction

User interface is a system layer through which the computer and users communicate [1] [2]. It is an essential
part of Human Computer Interaction (HCI). Dealing with or achieving goals using the interface is known as the
usability of the interface. Usability of a system is how easy to use the system and how easy and efficiently the
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system performs tasks [3] [4]. In a survey conducted in the last few years, software development devoted almost
half (48%) of the code to the user interface [5] [6]. It is important to devote considerable time, effort, and cost
for user interface design and its usability. Usability of the interface is an important issue. Nielsen [4] [7] con-
ducted a usability test for software used by a company. The result concluded that there was a list of 130 usability
problem. He concluded that the software design was sound and most of the usability problems were simple
enough to fix. As far as usability benefits are concerned, cost saving is considered to be one of the most impor-
tant benefits of usability. Many researchers [8]-[12] presented several examples of significant cost saving due to
usability studies. Usable system leads to training costs, decreased requirement for field support, and increased user
satisfaction [13] [14]. The interfaces used in the web pages are graphical user interfaces that utilize graphics, co-
lours, and icons. Researchers showed that there was still a big gap between the researches of the HCI and
hypertext systems, essentially the web [15]. Shneiderman [16] argued that many researchers’ experience lacked
empirical data to validate or solidify their conclusions. Shneiderman [16] reported that web sites could be well
categorized by the originator’s identity such as individual group, university, corporation and non-profit organi-
zation. He concluded that information about users could guide web designers to a better design. However, the
problems that motivate this research are:

1) There were no empirical studies that categorized the users of the universities web pages and studied their
preference, and the problems they were facing when using these web pages.

2) To specify the relative importance of some items or parameters of interface design and usability.

The main objective of this study is to investigate into the relations between the items of web pages design and
their usability and to point out which items or variables contribute significantly to web pages design of the uni-
versities. Questionnaires were used to evaluate the usability of interfaces. However, researchers found problems
and weaknesses in the questionnaires developed in the past [17] [18]. The problems varied from non-represented
population sample, to lack of validation and low reliabilities of the questionnaires. User acceptance or subjective
satisfaction of a system was a critical measure of the system success. Chin et al. [19] developed a measurement
instrument which measured the user’s subjective rating of the human computer interface called the Question-
naire for User Interface Satisfaction (QUIS). Improvements to the questionnaires for evaluating computer sys-
tems and interfaces were suggested and introduced by several researchers [20] [21].

2. Methodology

In this study, the problems and the objectives of this work which are stated earlier were attempted to be solved
through:

1) Designing and developing a prototype user interface for university web pages using recent web pages de-
velopment methodologies;

2) Evaluating the prototype and other universities web pages usability in a comparative approach through a
questionnaire;

3) Using correlation analysis to investigate the relationship and association between items or variables of
universities web pages design;

4) Using regression analysis to investigate the causality relationships to find out the most significant inde-
pendent variables (items) that form the best model or models for the universities web pages design.

The experiment conducted was a comparative evaluation of the usability variables of these web pages. A
sample of 60 students was given a questionnaire to respond to. Data of the questionnaire were collected, orga-
nized, and saved in a flat file format to be ready to be transferred and manipulated by other packages and pro-
grams. SAS and SPSS statistical packages were used to statistically analyze the data. The questionnaire was de-
signed using a rating scale ascending from 1 to 5 which was designed to be administered at controlled experi-
mental conditions. The questions were designed such that each question represents an item of design or heuristic
of the interface for the universities web pages. Each item was considered as a variable contributing to the web
pages design. In the big experiment of this research, originally several items or variables of web pages design
and usability were designed as questions in the questionnaire. In this study only 14 items were considered for the
correlation and regression models. They are:

1) Color amount;

2) Contrast against the background,;

3) Graphics information provision;
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4) Color and graphics feel of consistency;
5) Navigation;

6) Location tracking inside the web pages;
7) Hyperlinks (hotspot) semantics;

8) Forms organization and helpfulness;

9) Animated pictures effect on web pages look;
10) Text (alone) organization and design;
11) Icons (alone) organization and design;
12) Icons and text organization and design;
13) Multimedia preference;

14) Universities web pages ranking.

2.1. Correlation Analysis

Simple correlation between the 14 items of universities web pages design were calculated from the original data.
The correlation coefficient (r) between two characters (X and Y) is usually expressed as follows:

RS
(XH)(Zy?)

where
X =x—Xand,
y=y-Yand,
x = Independent variable (item),
X = is the mean of character x.
y = Independent variable (item),
Y = is the mean of character y.

2.2. Regression Analysis

Simple and multiple linear regressions of some items (independent variables) of the ranking of the university
web pages item (dependent variable) were estimated. The formula for multiple linear regressions is given as
follows:

Y =a+b X, +b,X, +:--b, X,

where:

Y = dependent variable,

Xi1-n = independent variables,

a = intercept of the regression line on the Y axis,

b, = linear regression coefficients,

n = Number of independent variables.

Backward, forward, and stepwise selection regression analysis had also been attempted. In stepwise selection
variables are added (or removed) one by one into (from) the model. The F-statistic is calculated after a variable
is added into (or removed from) the model. A variable that did not produce significant F-value at a predefined
probability level is then deleted from (or added to) the model. In forward selection, variables already in the
model do not necessary stay there and the process ends when none of the variables outside the model is signifi-
cantly contributing to the model at the specified probability level [21].

3. Results and Discussion

The descriptive statistics of the items (variables) designed to investigate the user interface design and usability
in this study is calculated. Low variances in the results show continuous data and hence suggest normal distribu-
tion of the data. In this paper we will discuss the correlation and regression analysis only.

3.1. Correlation

The correlation analysis study is used to explain the relationship between the variables of the web pages design

()
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and usability. The objective of this model is investigate whatever two variables (items) are related positively or
negatively to each other. Table 1 shows the correlation coefficients between the 14 variables studied. The web
pages color amount has no significant correlation with any of the variables of the web pages studied. The web
pages contrast against the background showed significant positive correlation with the web pages icons and text
organization, color and graphics consistency, navigation, location tracking, and forms organization and helpful-
ness. However, the contrast against the background showed no significant correlation with the web pages ani-
mated pictures effect and icons (alone) organization. The web pages graphics information provision has signifi-
cant positive correlation with all the other variables studied. Specifically, it showed high positive correlation
with the web pages hyperlinks semantics (Table 1). Table 1 shows that web pages color and graphics feel of

Table 1. Correlation coefficients of the 14 items (variables) of the universities web pages design and usability.

Colour ConFrast Graphic_s COIO!” 2 - Location Hyperlink
Aot o o Provisonof Consstency | Tacking _ Semanics
Contrast against the background 0.05
Graphics information provision 0.11 0.28**
Colour and graphics feel of consistency 0.01 0.33** 0.27**
Navigation 0.09 0.28** - 0.14*
Location Tracking 0.05 0.28** 0.25** 0.26** 0.41**
Hypelinks Semantics 0.03 0.21** 0.34** 0.21** 0.33** 0.40**
Forms organization —-0.04 0.27** 0.23** 0.30** 0.33** 0.41** 0.37**
Animated pictures effect 0.00 0.13 - 0.20** 0.10 0.31** 0.22**
Text (alone) organization 0.01 0.20** 0.16** 0.11 0.22%* 0.29** 0.26**
Icons (alone) organization 0.07 0.09 0.21** 0.11 0.11 - 0.27**
Icons and text organization 0.06 0.35%* 0.28** 0.33** 0.32%* 0.44** 0.26**
Multimedia preference 0.13 0.21** 0.20** 0.20** 0.11 0.18** 0.20**
Universities web pages ranking 0.11 0.15* 0.15* 0.19%* - 0.03 0.10
For.ms. _Animated Text (Alope) Icons (Alqne) Icql[lsxa:nd Multimedia
Organization  Pictures Effect  Organization Organization Organization Preference
Contrast against the background
Graphics information provision
Colour and graphics feel of consistency
Navigation
Location Tracking
Hypelinks Semantics
Forms organization
Animated pictures effect 0.31**
Text (alone) organization 0.41** 0.18**
Icons (alone) organization 0.21** 0.24** 0.17*
Icons and text organization 0.26** 0.35** - 0.27**
Multimedia preference 0.29** - 0.35** 0.24** -
Universities web pages ranking 0.17* 0.13 0.09 0.18* 0.18** 0.27**

**Significant at 0.05 level of probability. *Significant at 0.10 level of probability.
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consistency has positive significant correlation with most of the variables studied. However, it has no significant
correlation with the text (alone) and icons (alone) organization but has high positive significant correlation with
the icons and text together organization and helpfulness. Navigation of the web pages has significant positive
correlation with all the variables studied except the web pages icons (alone) organization and the multimedia
preferences in the universities web pages. Location tracking and hyperlinks semantics showed significant posi-
tive correlation (separately) with almost all the other variables studied except the ranking of the universities web
pages. This result indicated that the ranking of the web pages of the universities did not rely much on these two
variables. The web pages forms organization has significant positive correlation with the rest of the variables
studied. Forms organization associated significantly with the ranking of the universities web pages. The ani-
mated pictures effect on the web pages showed significant positive correlation with the web pages text (alone),
icons (alone), and icons and text (together) organization and helpfulness.

However, animated pictures had no significant correlation with the ranking of the web pages. Text (alone)
organization has significant positive correlation with the icons alone organization and multimedia preferences in
the web pages of the universities. Text (alone) has no significant correlation with the ranking of the universities
web pages. Icons (alone) organization has significant positive correlation with the icons and text (together) or-
ganization, multimedia preference, and the web pages ranking. Icons and text (together) organization and mul-
timedia preference had significant positive correlation (separately) with the ranking of the universities pages.

3.2. Regression

As mentioned earlier, regression analysis is used to understand how the value of the dependent variable changes
when any one of the independent variables is varied. That means regression analysis estimates the conditional
anticipation of the dependent variable given the independent variables. Regression analysis is also used to un-
derstand which among the independent variables are related to the dependent variable; and to explore the types
of these relationships. In some cases, regression analysis can be used to deduce causal relationships between the
independent and dependent variables. Here we use the regression model to deduce which independent variable
or variables contribute significantly to the dependent variable web pages ranking.

The multiple linear regression results are shown in Table 2. The ANOVA (analysis of variance) table for re-
gression shows that the model was significant at the 0.01 probability level, indicating that the contribution of
independent variables coefficients were not equal to zero (alternate hypothesis). Simply, it says that there is a
contribution from some variables to the model at a certain level of probability (Table 2). The table clearly shows
that multimedia preference in the universities web pages contributed highly and significantly to the model.
However, some regression analysis procedures were used, including, forward selection, backward elimination,
and stepwise selection. Maximum coefficient of determination (R?) was achieved by including specific number
of independent variables. The forward selection and backward elimination adds and eliminates (respectively)
independent variables to (from) the model regardless of what variables are already outside or existing in the
model (tables not shown). Stepwise selection re-examines at every stage the regression of the variables incorpo-
rated into the model in previous stages. A variable which might have been the best single variable to enter the
model at an early stage, might at later stage, be superfluous because of the relationships between it and other va-
riables now in the regression model [21].

Table 3 further shows a summary of stepwise selection regression procedure model which included only four
variables that were significantly contributed to the model at the 0.15 probability level. That is to say, universities
web pages multimedia preference, icons (alone) organization, text (alone) organization, and hyperlinks (hotspots)
semantics were the four most independent variables contributing to the model significantly.

Coefficient of determination (R?) measures the proportion of total sum of squares of the variables that is ex-
plained by the regression line (table not shown). It is a measure of how closely the points (observation) fit the
least square line. Consequently, the line that has maximum R? represents the best fitting line [22]. This might
indicate the ranking importance of an independent variable as a single or in combination with other independent
variables to universities web pages ranking.

The results showed that the universities web pages location tracking, hyperlinks semantics, text (alone) or-
ganization, icons (alone) organization, and design, and multimedia preferences were among the first five va-
riables (items) that contributed significantly to the universities web pages ranking model. The limitation to R? is
that the addition of an irrelevant independent variable to the regression model will increase R? even though
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Table 2. Linear regression analysis of items (variables) of web pages design and usability.

Source Degrees of Freedom Sum of Square Mean Square F P>F
Regression 13 70.00086 5.384682 7.26 0.0001

Error 243 180.1159 0.741218

Total 256 250.1167

Variable Parameter Estimate Standard Error Sum of Squares F P>F
Intercept 1.061532 0.440591 4.302695 5.80 0.0167
Color amount 0.027230 0.075147 0.097328 0.13 0.7174
Contrast against the background —0.030090 0.059111 0.192028 0.26 0.6112
Graphics information provision 0.068228 0.074656 0.619078 0.84 0.3617
Color and graphics feel of consistency —0.030560 0.071732 0.134551 0.18 0.6704
General navigation 0.069340 0.068237 0.765360 1.03 0.3106
Location Tracking —0.064310 0.069323 0.637798 0.86 0.3545
Hyperlinks (hotspots) semantics 0.121541 0.073557 2.023700 2.73 0.0998
Forms organization and helpfulness 0.026652 0.070631 0.105537 0.14 0.7063
Animated pictures —0.055670 0.089501 0.286755 0.39 0.5345
Text (alone) organization and design —0.109380 0.064121 2.157001 291 0.0893
Icons (alone) organization and design 0.200612 0.057933 8.888093 11.99 0.0006
Icons and text organization and design —0.018650 0.060757 0.069868 0.09 0.7591
Multimedia preference 0.416697 0.073722 23.68064 31.95 0.0001

Table 3. Summary of stepwise procedure for dependent variable universities web pages ranking®.

Step Variable Entered/Removed Number in Partial R? Model R? P>F
1 Multimedia preference 1 0.2132 0.2132 0.0001
2 Icons (alone) organization and design 2 0.0401 0.2534 0.0003
3 Text (alone) organization and design 3 0.0073 0.2607 0.1151
4 Hyperlinks semantic 4 0.0094 0.2700 0.0736

a: All variables in the model are significant at 0.15 probability level.

the irrelevant variable is not related to the other variables in the model [22]. The assumption of this model is that
all the variables (items) have been estimated precisely. This might not always be true. Overall, the results sug-
gest that, some independent variables significantly contributed to the regression model and others did not. For a
single independent variable, multimedia preference of the universities web pages gave the most significant con-
tribution to the dependent variable universities web pages ranking. For two independent variables, icons (alone)
organization and design and multimedia preference of the universities web pages gave the most significant con-
tribution to the dependent variable universities web pages ranking. For three independent variables, the universi-
ties web pages text (alone) organization and design, icons (alone) organization and design, and multimedia pre-
ference gave the most significant contribution to the dependent variable universities web pages ranking.

4. Conclusion

Unveiled were important conclusions and findings concerning some items (variables) of the web pages design
and usability. These conclusions and findings showed the power of the correlation and regression models to fig-
ure out the importance and ranking of the variables that contribute significantly to the usability of the web pages.
These models can be applied and extended to any other variables or (items) of web pages design to assess their

usability importance.
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