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Abstract — The study compares and contrasts attributes of user
perceived quality with information websites. It concerns a study
of the formation of website quality, its nature and evolution
based on the fulfillment of typical tasks. Based on empirical study
based on 44 information websites, information value and
navigation have been identified as key ingredients perceived by
website users when judging website quality. Color scheme
assessment was found to predict successful task fulfillment.
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I.  INTRODUCTION

Consumer satisfaction and its determinants have become
one of the most frequently and widely researched topics [3].
Consumer satisfaction shows various characteristics from
which non-linearity and asymmetry have been assigned a
prominent role. The consumer-product relationship seems
similar to the link between a user and a website (e.g. [32];
[13]). Consumer satisfaction shows various characteristics
from which non-linearity and asymmetry have been assigned a
prominent role [16]. Therefore similar asymmetry and non-
linearity of user satisfaction could be supposed for user
satisfaction with websites (e.g. [27]; [18]; [9]). Non-linearity
and asymmetry of user satisfaction with website have been
previously investigated using mostly transaction and
commercial websites. However, there are other types of
websites (i.e. information, identity, education, community, and
entertainment sites) and their end-user satisfaction can be
formed by differing features and attributes.

Satisfaction with information-type websites is of prime
importance as providing information used to be one of the
original ideas, which gave the www its birth. It is even believed
that the information role of websites has been lately increasing
[11].

Information itself could be seen as a special product [32]
with many specifics [23]. Information websites can be, hence,
viewed and examined as products just as well, whereas their
information quality is the key success factor [20]. It is expected
that website quality assessment would be of dynamic nature,
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i.e. websites could be assessed differently at the first sight and
throughout the use of a particular site.

Quality means the ability of products to be used for their
intended purpose [15]. Definitions of web usability read similar
— a website reaches high quality levels and satisfies its users if
it is sought for the intended purpose it was designed and visited
for [4]. A website is a heterogeneous media; therefore usability
parameters may vary according to the website purpose (for
meta-analysis of the topic see e.g. [25]).

Automatic or machine-based measurement of website
usability is generally impossible. Usability can be measured by
experts or end-users[21]. Both expert and end-user testing are
rather complementary than mutually exclusive: expert testing is
usually less costly and can uncover many usability issues [22].
The complete account on usability can hardly be acquired
without end-user testing [6]. User views and experiences can
be best researched through scenarios and assigned model tasks
[24]. Such scenarios must reflect the intended purpose of a
website and its target users [31].

Il. METHODOLOGY

The research study presented here was based on two step
website quality assessment, one conducted before any direct
user experience with the website and one after a user has
performed various model tasks. At the beginning, respondents
were shown a website for five seconds ([17]; demonstrated that
key website attributes are recognized by a user within first 50
milliseconds — our research allowed one hundred times the
minimum suggested viewing time). The goal was to measure
user views without direct experience with the website.
Afterwards, the respondents expressed their agreement on six
statements.

Tested criteria addressed several usability and quality
issues and focused on areas: color scheme, visual appeal
navigation, layout, navigation, content and overall impression.

The following user experience was based on accomplishing
specific tasks (information retrieval). Success of each of the
information activity was measured based on correct (open-
ended) answer to the task. There was not an instant feedback to
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participants whether they were successful in completing the
task or not. It was left up to them to judge whether they
succeeded. After the tasks, respondents expressed their level of
agreement on the same six statements as in the beginning of the
survey. The aim was to establish whether and how the
perception shifted in relation to success or failure in fulfilling
the assigned task.

The research has been undertaken in accordance with the
scheme shown in Fig. 1.
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In order to best reflect on the specific needs of end-users,
this research was designed to uncover specific website quality
attributes perceived by a specific target group. The sample
consisted of 44 distinct primarily information websites of
Czech business schools. Business school websites are publicly
accessible and are aimed at various user groups. One of the key
criteria for website assessment is that the evaluation should be

undertaken only by the users, which are targeted by the web
designers and website owners ([5]; [20]; [31]). The various
users of business school websites can be distinguished between
prospective, current and former students, academic and non-
academic staff, industry specialists, the general public and
prospective, current and former partners such as benefactors,
investors and public authorities. Those groups would perhaps
vary in their needs and the type of information they seek. In the
case of universities, the group with the most generated website
traffic is the current students. Therefore, the respondents in the
research here were the students of one business school in the
Czech Republic and 30 respondents participated in the study.
Each respondent evaluated each of the 44 business school
websites in the Czech Republic (other than their alma mater).
The participants assessed websites in a random order generated
by computer. Websites were also displayed to participants in a
random order — this prevented respondents from gaining the
same experience throughout the study, which may otherwise
cause variation in their satisfaction [14].

I, RESULTS

Users were optimistic when approaching a website —
having a generally positive and open mind and expecting good
website performance. As they work on typical tasks and spend
some time with the site, their views usually change for worse.
Most attributes demonstrated an insignificant increase in user
satisfaction when users succeeded in the task, while low web
performance (task not fulfilled) resulted in a significant drop in
user satisfaction. The asymmetric and non-linear character of
user satisfaction has been confirmed on 95% confidence level.
The curve for user satisfaction could be constructed as it is seen
on Fig. 2.

user satisfaction

negative performance positive performance

user dissatisfaction

Figure 2.  Asymmetric effect of user satisfaction with information websites

The effect of positively perceived performance on user
satisfaction is only 0.75, compared to (equal) negatively
perceived performance on user dissatisfaction. The curve could
be estimated as follows (model fits survey data at 93% level):

User_satisfaction = —2,967 prod_perform? — Q)
5,776 prod_perform? 342,174 prod_perform

Subsequent analysis was employed to determine the most
influential website quality attribute. Classification methods of
data mining can be used to decide, if certain levels of expressed
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user satisfaction (measured AFTER the experience with
website) could assume the result of user activities (YES for
successful, NO for unsuccessful). All respondent evaluations
were re-coded to a three-point ordinal scale (1 and 2 = GOOD,
3 = NEUTRAL, 4 and 5 = BAD) from the original five point
scale. The J48 classifier based on C4.5 algorithm (Quinlan,
1996) provided the results shown in Fig. 3.

The numbers in the nodes represent the ratio of classified
units in the branch and the ratio of incorrectly classified units
in the node. The tree presented above correctly classifies 71 %
cases. This further confirms the prominent role of content and
ascribes the second part to website navigation.
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Figure 3. Pruned tree for website attributes (AFTER user experience)
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Hence, user-based testing could be based on those two
attributes only and yet it would depict the overall satisfaction.
It remains a question whether users are able to assess various
website attributes at the first look quite to the same degree as
opposed to the situation, in which they have or have not
succeeded in searching for particular information. To answer
that question, another decision tree was constructed. It helps to
establish, whether certain levels of expressed user satisfaction
(now measured BEFORE the experience with website) could
presume the result of upcoming user activity.
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Figure 4. Figure 4: Pruned tree for website attributes (BEFORE user
experience)
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The resulting pruned tree is more complex and less reliable
(53 %) in determining user satisfaction decisions. It indicates
that there might be a connection between assessing color
scheme prior to the activity and the actual outcome of such an
activity. More thorough analysis of the relationship between
the assessment before and after the activity was conducted
using chi-square statistical test for categorial data in two
unpaired groups [1]. Results are as show in Table 1.

The results indicate that there was not a statistically
significant difference between assessing each component
before and after the activity except for color scheme. Color
scheme was rated differently for successful and unsuccessful
user experience (p-value 0.011). Judging first impression of
website colors proved to be a solid predictor of further user
experience — it may be of interest for future research to learn
what the impact of colors on information websites might be.
Users who do not like website colors may perhaps find it more
difficult to browse through the site and seek the information
they want.

TABLE I. CHI-SQUARE TEST RESULTS
Color Navigation| Layout Visual Content |. Overa!l
Scheme appeal impression

Std. MH [12.984 [4.517 4.033 4,588 1.732 7.242
Statistic

p-value [0.011  |0.341 0402 |0.332 [0.785 |0.124
(2-sided)

Furthermore, other website attributes assessed in our study
are more comprehensive and could be judged with lesser ease
at first sight. During the initial short website exposure (5
seconds in this study), a user has enough time to consider
“trivial” attributes [17] such as the color scheme, while other
component such as navigation may need more time to be
properly evaluated. Colors appeal to human sub-consciousness.
Technically speaking, colors also appear on website before its
contents is uploaded. Moreover, colors may impact the overall
website  perception.  Assessment of overall website
attractiveness was different for websites which did and did not
succeed in a typical task. Although the p-value (0.124) is
slightly above the conventional statistical level, it is material
considering the exploratory nature of survey.

Could the prominent role of color scheme be attributed to
certain colors or color combinations? For color interactions,
usability guidelines [25] recommend specific contrast levels
between front and background colors. Contrast levels can be
calculated based on WCAG formula (guidelines available at
www.w3.0rg/TR/WCAG20). Table 2 presents website ranking
based on color computations suggested by WCAG 1 and 2.

TABLE II. WEBSITE RANKING ON COLOR SCHEME
WCAG 2.0 WCAG 1.0
. Text/ Bgrnd Navig/ Bgrnd
Web I;re:r:/d l;a\;:]g(j/ Color | Brightne | Color | Brightne
9 9 Diff | ssDiff | Diff | ss Diff

26 11 21 185 195 765 255
44 14,2 14,2 607 210 607 210
20 71 SN 502 | 167 [NESE 1S
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WCAG 2.0 WCAG 1.0
. Text/ Bgrnd Navig/ Bgrnd
Web ggﬁ% Eg\rl:%/ Color | Brightne | Color | Brightne
Diff ss Diff Diff ss Diff

13 17,8 5 693 231
4 10,5 78 576 192 526 181
10 13,8 21 625 207 765 255
29 17 153 693 231 592 216
2 21 7,8 765 255 528 192
14,1 704 230 615 216

6 16 16 675 224 675 224
32 16,6

33 21

24 21

28 10,8

38 21

1 19,4

7 17,9 17,9 670 235 670 235

42 77 9 516 172 528 176

8 19,1 6 732 244 EGE 160 |
27 14,5 15 765 255 604 219

5 21

16 19,6

35 13,8

43 58

36 16,2

34 21

11 21 255  |HNGESHM 140 |
12 152 215 554 173

19 21 255 531 188

9 21 255 510 179

21 21 255 735 245

40 153 220

14 137 202 162

Cells highlighted in Table 2 put forward those websites
which do not attain sufficient contrast levels. If user views
would depend on the contrast levels, the highlighted cells
would have to be grouped low in the table. However, websites
with most insufficient contrast levels (23, 31, and 43 based on
WCAG 2; 26, 31, 39, and 43 based on WCAG 1) were rated on
color scheme reasonably well by users (web 23 - 23 — 13; web
31— 14; web 26 — 9; web 39 — 26).

A similar conclusion can be made based on Table 3 which
presents the ranking based on user-assessment and on WCAG1
and 2 guidelines.

TABLE III. WEBSITE RANKING ON COLOR SCHEME BASED ON

WCAG 1 AND 2 METHODOLOGY

. . |WCAG 2.0 WCAG 2.0)WCAG 1.0|\WCAG 1.0
EvaluationEvaluation

web Text/ |Text+Nav/| Text/ |Text+Nav/
BEFORE| AFTER Bgrnd Bgrnd Bgrnd Bgrnd
1 20 27 16 8 38 25
2 3 8 1 17 1 10

3 27 18 2 26 2 23

bEvaluationEvaIuation WC.I'_AGt/Z'O wcﬁi 2'9 WC_I'_A‘thl'O \'/I'VCtAiI 1'(/)
wel ex ext+Nav. ex ext+Nav.
BEFORE | AFTER Bgrnd Bgrnd Bgrnd Bgrnd
4 4 5 38 31 35 27
5 32 32 3 12 20 15
6 29 21 27 9 26 7
7 25 28 20 4 24 6
8 23 30 17 24 18 21
9 44 41 4 29 3 13
10 5 6 33 5 32 5
11 30 38 5 18 4 28
12 36 39 29 22 30 22
13 8 4 21 28 22 38
14 42 44 35 27 34 30
15 19 20 30 19 29 20
16 21 33 15 30 16 29
17 31 16 22 21 17 14
18 33 19 6 2 5 3
19 43 40 7 15 6 11
20 15 3 41 42 40 40
21 37 42 8 1 7 1
22 7 17 19 25 19 24
23 13 15 44 44 37 35
24 22 24 9 36 8 32
25 24 11 10 37 9 33
26 9 1 36 10 44 36
27 34 31 31 13 10 4
28 12 25 37 34 36 34
29 10 7 23 7 23 9
30 11 12 11 32 11 26
31 14 10 42 40 41 42
32 41 22 24 38 12 37
33 16 23 12 23 13 19
34 35 37 13 3 14 2
35 28 34 34 16 31 18
36 40 36 26 11 25 12
37 2 13 25 39 28 44
38 17 26 14 20 15 17
39 26 14 39 43 43 43
40 38 43 28 33 27 39
41 6 9 18 6 21 8
42 18 29 40 35 39 31
43 39 35 43 41 42 41
44 1 2 32 14 33 16

In case users will regard highly websites with good
readability and high contrast, both rankings would be the same.
The measure of rankings proximity is the Spearman Rho
correlation coefficient, which was employed in order to test the
assumption. Resulting calculations are presented in Table 4.

TABLE IV. RANKING CORRESPONDENCE BETWEEN USER
EVALUATION AND WCAG GUIDELINES
WCAG 2.0 WCAG 1.0
'I\'I(\a/ )i/ABG En?j Text+Nav/ 'I\'I(\a/ )i/ABG :n?j Text+Nav/
Y Bgrnd Y Bgrnd
Spearm. . } ) )
Evaluation|  koef 0.197 0.084 0.283 0.176
BEFORE Sig.
(2-sided) 0.200 0.590 0.063 0.252
Spearm. . } ) )
Evaluation |  Kkoef 0.228 0.123 0.246 0.195
AFTER Sig.
(2-sided.) 0.137 0.426 0.107 0.206

The first row shows the Spearman coefficient between user
evaluation and computations based on suggestions of WCAG
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guidelines. The second row presents the outcome for 2-sided
hypothesis testing for correspondence of both rankings. The
results indicate that in both cases — for initial and subsequent
user assessment — our hypotheses can be rejected on 95%
confidence level. With 90% confidence, user-based initial
assessment corresponds to WCAG 1.0 for text and background
colors.

Seeking for alternative explanations, a closer look at top 10
highest ranking websites may offer certain hindsight:

e 9 websites have blue as their dominant color (1 has
wine). Blue is considered the color of trust,
conservativeness, and education alike. Wine color is
perceived similarly [7].

e 10 websites use their primer color in a dominant
graphic feature (usually a stripe with motive or logo in
upper part of the website). The dominant color sets the
tone for the entire page.

e All top 10 websites have dark-toned dominant graphic
feature in upper part of the site, whereas regular text is
printed in dark letters on light-colored background
(typically white or light gray). Such combination is
deemed more readable than the opposite [10]; [26].

e 7 websites open their internet presentation with eye-
catching professional pictures and photos from campus
life. First impression is formed not only through
foreground and background colors but evoked by
pictures and their coloring.

In contrast, for 10 least favorably rated websites:

e 7 websites have no dominant graphic feature. First
impression is based primarily on text and text
formatting.

e 7 websites appear outdated in terms of webdesign or
software technologies such as table layout, frames, and
inappropriate use of forms.

e 7 websites contain minor graphic element which is
apparently home-made, unprofessional or outright
inappropriate such as unadjusted photos or poor
graphics.

e 5 websites use darker colors for background although
text is still printed in even darker shades, which makes
the text less readable and thicker.

Apart from contrast, emotions and feelings triggered by
combinations of colors, signs and pictures might be important.
Users pay more attention to aesthetics, than to contrast or
readability [27]. Hence, simple calculations of contrast may not
be a good proxy for assessing user satisfaction with color
scheme.

IV. DISCUSSION AND CONCLUSION

It was confirmed that user satisfaction with websites is non-
linear and asymmetric which is in alignment with previous
findings about other products and services. The degree of
asymmetry (as a ratio of consumer satisfaction with good

website performance to the degree of consumer dissatisfaction
with poor website performance) was calculated at 0.75
indicating that positive satisfaction manifests itself to a lesser
degree than a negative one. However, all surveyed attributes do
not play equal role in that asymmetry.

Color scheme assessment does not contribute to the
asymmetry. Satisfaction with website navigation decreased
when users did not succeed in fulfilling the task and increased
when they did attain their goal. Other attributes (layout, visual
appeal, content, overall impression) followed the typical path —
when users were not able to perform the task well, their
satisfaction scores lowered; when users did perform well, their
satisfaction levels remained unchanged.

Further analyses uncovered that certain attributes are more
sensitive to website performance delivery. Satisfaction with
information value and website navigation differs significantly
based on the outcome of typical user activity. Hence, their
assessment based on first impression only might be
inappropriate if not oblivious. Future research studies or
practitioners’ assessment metrics may be possibly limited only
to these two items (e.g. [2]; [34]) as they would still reflect
more than 70 % of the overall quality-satisfaction.

First impression of colors and color scheme perception was,
in contrast to information value and navigation, able to predict
results of subsequent user activities — users who did not like the
colors at the first sight did generally not succeed in a typical
task and vice versa. User comfort and satisfaction may be
deeply embedded in aesthetic appeal. “Beautiful” websites may
bring higher level of user satisfaction [29]. A successful
information website should, therefore, present information in a
visually  attractive and  appealing way. Usability
recommendations for color contrast [25] were empirically
tested and it was found that users did not necessarily reflect on
WCAG guidelines. Perception of colors may encompass other
attributes such as psychological, emotional or subconscious.

Although the findings offer many supportive conclusions,
they should be accepted with caution. The study examined only
information websites and one particular target group. Other
types of websites [12] may produce different outcomes in
regard to user satisfaction and its asymmetry and/or may
identify different items to be relevant for user-based evaluation.
Further limitations can be related to the sample size and other
sample characteristics, such as the geographical and cultural
location of the Czech Republic, although user-based testing
should only address target users [18]; [5]; [20] and hence it
reflects on embedded cultural and demographic characteristics
[30]; [8]; [33].

V. ACKNOWLEDGMENTS

The research presented here would not be possible without
the generous support provided by the Grant Agency of MSMT
of Czech Republic and the project No. 2C06019 ,, (Medical)
Knowledge Acquisition and Modelling (ZIMOLEZ)".

REFERENCES

[1] Agresti, A., Categorical data analysis, John Wiley and Sons, New York,
NY, 1990.


http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5534723

[2]
(3]

[4]
[5]
(6]
[’
(8]
(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

This is an Accepted Manuscript of an article available at:
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5534723

Alper, P., “Satisfaction with a Web Site: Its measurement, factors, and
correlates”, Electronic Business Engineering, pp. 271-287, 1999.

Benett, R., Hartel, C. E. J., McColl-Kennedy, J. R., “Experience as a
moderator of involvement and satisfaction on brand loyalty in a
business-to-business setting”. Industrial Marketing Management. 34(1).
p. 97-107, 2005.

Bevan, N., “Measuring usability as quality of use”, Software Quality
Journal, Vol. 4. pp. 115-130, 1995.

Bevan, N., “Quality in Use: Meeting User Needs for Quality”, Systems
and Software, Vol. 49. No. 1, pp. 89-96, 1999.

Bevan, N., MacLeod, M., “Usability measurement in context”, Behavior
and Information Technology. Vol. 13. pp. 132-145, 1994.

Birren, F., The Symbolism of Color. Kensington
Corporation, 1988.

Brandon, D., “Localization of web content”, Journal of Computing
Sciences in Colleges, Vol. 17. No. 2. pp. 345-358, 2001.

Cheung, C. M. K., Lee, M. K. O., “Consumer satisfaction with internet
shopping: a research framework and propositions for future research”
Proceedings of the 7th international conference on Electronic commerce.
p. 327-334, 2005.

Cushman, W. H., “Reading from microfiche, a VDT, and the printed
page: subjective fatigue and performance”. Human Factors. 28(1). p. 63—
73, 1986.

D'Ambra, J., Wilson, C. S., “Explaining perceived performance of the
World Wide Web: uncertainty and the task-technology fit model”,
Internet Research, Vol. 14, Iss. 4, pp. 294-310, 2004.

Fleming, J., Web Navigation: Designing the User Experience O'Reilly &
Associates, Sebastopol, CA, 1998.

Freiden, J., Goldsmith, R., Takacs, S., Hofacker, C., “Information as a
product: not goods, not services”, Marketing Intelligence & Planning,
Vol 16., No. 3. pp. 210-220, 1998.

Homburg, C., Koschate, N., Hoyer, W. D., “The role of cognition and
affect in the formation of customer satisfaction: a dynamic perspective”,
Journal of Marketing, Vol. 70 No. July, pp.21-31, 2006.

Juran, J. M. and Gryna, F. M., Juran’s Quality Control Handbook, 4th
ed. McGraw-Hill, New York, NY, 1998.

LaBarbera, P. A, Mazursky, D., “A longitudinal assessment of consumer
satisfaction/dissatisfaction: The dynamic aspect of the cognitive
process”, Journal of Marketing Research. p. 393-404, 1983.

Lindgaard, G., Fernandes, G., Dudek, C., Browi, J., “Attention web
designers: You have 50 milliseconds to make a good first impression!”
In Behaviour and Information Technology, Volume 25, Number 2,
Number 2/March-April 2006, pp. 115-126, 2006.

Publishing

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]
[30]
[31]

[32]

[33]

[34]

Lynch, P.J., Horton, S., Web style guide: Basic design principles for
creating web site, Yale University Press, 2009.

McKinney, V., Yoon, K., Zahedi, F. M., “The measurement of web-
customer satisfaction: An expectation and disconfirmation approach”.
Information Systems Research. VVol. 13.p. 296-315, 2002.

Neely, M.P., Cook, J., “A Framework for Classification of the Data and
Information Quality Literature and Preliminart Results (1996-2007),
AMCIS 2008 Proceedings, 2008.

Nielsen, J., Usability Engineering, Morgan Kaufmann Publishers, San
Francisco, CA, 1993.

Nielsen, J. and Landauer, T., “A mathematical model of the finding of
usability problems”, Proceedings of the SIGCHI conference on Human
factors in computing systems, pp. 206-213, 1993.

Raban, D. R., “User-centered evaluation of information: a research
challenge”, Internet Research, Vol. 17, Iss. 3, pp. 306-322, 2007.

Rosson, M. B. and Carroll, J. M., Usability Engineering: Scenario-based
Development of Human-computer Interaction. Morgan Kaufmann
Publishers, San Francisco, CA, 2001.

Shneiderman, B. et al., Research-Based Web Design & Usability
Guidelines, Health and Human Services Dept., Washington, DC, 2006.

Snyder, H. L., Decker, J. J., Lloyd, C. J. C., Dye, C.. Effect of image
polarity on VDT task performance. Human Factors Society 34th Annual
Meeting.Vol. 2. p. 1447-1451, 1990.

Sullivan, J., Cheepers, R., Middleton, C., “Conceptualizing User
Satisfaction in the Ubiquitous Computing Era”. International Conference
on Information Systems, 2009.

Tractinsky, N., Katz, A. Ikar, D., “What is beautiful is usable”,
Interacting with Computers, Vol. 13, Issue 2, pp. 127-145, 2000.

Tractinsky, N., Zmiri, D., “Exploring attributes of skins as potential
antecedents of emotion in HCI”, Aesthetic computing. MIT Press, 2006.

Vyncke, F., Brengman, M., “Are Culturally Congruent Websites More
Effective?”, Journal of Electronic Commerce Research, 02/2010, 2010.

Waite, K., “Task scenario effects on bank web site expectations”,
Internet Research, Vol. 16, Iss. 1, pp. 7-22, 2006.

Wang, R., Lee, Y., Pipino, L. Strong, D., “Manage Your Information as
a Product” MIT Sloan Management Review, Vol. 39, No. 4, pp. 95-105,
1998.

Zahir, S., Dobing, B., Hunter, M. G., “Cross-cultural dimensions of
Internet portals”, Internet Research, Vol. 12, Iss. 3, pp 210-220, 2002.
Zhang P., von Dran G., Blake P., Pipithsuksunt,V., “Important Design

Features in Different Web Site Domains: An Empirical Study of User
Perceptions”, e-Service Journal, Vol. 1, pp. 77-91, 2001.


http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5534723

