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Abstract. Heuristic evaluation is a well-known and widely accepted usability
evaluation method. When performing a heuristic evaluation, generic or specific
heuristics may be used. But forming heuristic evaluators may be a challenging
task. The paper presents a study that evaluates the perception of (novice)
evaluators on Nielsen’s usability heuristics. A standard survey was applied in
five experiments.
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1 Introduction

Usability is a well-known basic attribute in software quality. Over the last decades
usability was defined and redefined by many authors. Formal usability definitions were
also provided by ISO standards. However, there is still no clear and generally accepted
usability definition. Usability’s complex nature is hard to describe in a unique defi-
nition. User eXperience (UX) is usually considered as an extension of the usability
concept. Usability evaluation methods may also be applied in order to assess UX.

Heuristic evaluation is one of the most common usability evaluation methods.
Usability specialists (evaluators) examine an interactive software system based on a set
of established usability design principles, called heuristics. Generic or specific heuristics
may be used. We proposed sets of specific usability heuristics (and associated check-
lists) for several types of applications. We also proposed a methodology to develop
usability heuristics.

We systematically conduct studies on the perception of (novice) evaluators over
generic (Nielsen’s) and specific usability heuristics. We developed a standard survey
that assesses evaluators’ perception on a set of usability heuristics, concerning four
dimensions: D1 — Utility, D2 — Clarity, D3 — Ease of use, D4 — Necessity of additional
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checklist. All dimensions are evaluated using a 5 points Likert scale. The studies offer
an important feedback for both teaching and research.

The paper presents a study based on five experiments. Section 2 briefly reviews the
concepts of usability, UX, and usability heuristics. Section 3 presents the experimental
results. Section 4 points out conclusions and future work.

2 Usability and User Experience Evaluation

A well-known usability definition was proposed by the ISO 9241 standard back in
1998 [1]. The ISO 9241 standard was updated in 2010 [2]. Yet a new revision started
briefly after, in 2011 [3]. It proves once again the evolving nature of the usability
concept. The current ISO 9241 definition of usability refers to “the extent to which a
system, product or service can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use”.

The UX concept gains popularity. To move from usability to UX is a tendency. ISO
9241-210 standard defines UX as a “person’s perceptions and responses resulting from
the use and/or anticipated use of a product, system or service” [2]. Most authors
consider UX as an extension of the usability concept; others still use the terms usability
and UX indistinctly.

Measuring effectiveness, efficiency and satisfaction does not represent the only way
of evaluating usability. Two major conceptions on usability have been pointed out:
(1) summative, focused on metrics, “measurement-based usability”, and (2) formative,
focused on usability problems detection and associated design solutions, “diagnostic
usability” [4].

Usability evaluation methods are basically classified as: (1) empirical usability
testing, based on users’ participation [5], and (2) inspection methods, based on experts’
judgment [6]. Usability evaluation methods may also be applied in order to assess UX.
A broad collection of UX evaluation methods is provided by Allaboutux.org [7].

Heuristic evaluation is one of the most popular usability inspection methods.
Usability specialists (evaluators) analyze every interactive element and dialog fol-
lowing a set of established usability design principles called heuristics [8]. Generic or
specific heuristics may be used. Generic heuristics are familiar to evaluators and
therefore (relatively) easy to apply, but they can miss specific usability issues. Specific
heuristics can detect relevant usability issues related to the application area [9].

We proposed sets of specific usability heuristics (and associated checklists) for
transactional web applications [10], touchscreen-based mobile applications [11],
smartphones [12], grid computing applications [13], interactive digital television [14],
virtual worlds [15], driving simulators, u-Learning applications, and virtual museums.
We also developed a set of cultural — oriented usability heuristics [16]. The experience
we had gained led to a methodology to develop usability heuristics [9]; the method-
ology is currently under review.



Usability Heuristics: Reinventing the Wheel? 61

3 Heuristic Evaluators’ Perception

SIGCHI acknowledges the importance of getting down Human-Computer Interaction
(HCI) to the practical work [17]. But forming usability/UX evaluators is a challenging
task. We believe that a strong relationship between HCI theory, research and practice is
particularly important in countries were HCI communities are not yet well established.

Heuristic evaluations and usability tests are compulsory practice for all our stu-
dents, at undergraduate and graduate level. As standard practice, at least one heuristic
evaluation is performed based on Nielsen’s set of 10 usability heuristics [8]. Sometimes
a heuristic evaluation based on domain-specific usability heuristic is also performed.
After each heuristic evaluation a survey is made, using a standard questionnaire. It
gives us an interesting and useful feedback, for teaching and research. Some results
have been previously published [18].

3.1 The Questionnaire

We systematically conduct studies on the perception of (novice) evaluators over generic
and specific usability heuristics. All participants are asked to perform a heuristic eval-
uation of the same software product (case study). Then, all of them participate in a
survey. We developed a standard questionnaire that assesses evaluators’ perception over
a set of usability heuristics, concerning 4 dimensions:

D1 - Utility,

D2 — Clarity,

D3 — Ease of use,

D4 — Necessity of additional checklist.

All dimensions are evaluated using a 5 points Likert scale. Five experiments are
described below. All of them involved graduate/undergraduate Computer Science
(CS) students from Pontificia Universidad Catdlica de Valparaiso, Chile. All heuristic
evaluations were performed using Nielsen’s usability heuristics. As observations’ scale
is ordinal, and no assumption of normality could be made, the survey results were
analyzed using nonparametric statistics tests.

Mann-Whitney U tests were performed to check the hypothesis:

e Hj: there are no significant differences between evaluators with and without pre-
vious experience,

e H;: there are significant differences between evaluators with and without previous
experience.

Spearman p tests were performed to check the hypothesis:

e Hy: p =0, the dimensions D,, and D, are independent,
e H;: p # 0, the dimensions D, and D,, are dependent.

In all Mann-Whitney U and Spearman p tests, p < 0.05 was used as decision rule.
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3.2 The Google Cultural Institute Experiment — Undergraduate Students

An experiment was made, involving 33 CS undergraduate students; 21 of them had
previous experience in heuristic evaluations, and 12 others were novice evaluators. All
participants were asked to perform a heuristic evaluation over the Google Cultural
Institute website (www.google.com/culturalinstitute/). Google Cultural Institute is a
web portal that provides access to a huge amount of information; it is in fact a “col-
lection” of virtual museums. Later on a survey was conducted based on the standard
questionnaire described in Sect. 3.1.
The Mann-Whitney U test results are shown in Table 1:

e There are no significant differences between the two groups of evaluators
(with/without previous experience) in the case of dimension D1 — Utility and D4 —
Necessity of additional checklist,

e There are significant differences between the two groups of evaluators in the case of
dimension D2 — Clarity and D3 — Easy of use.

Table 1. Mann-Whitney U test for the perception of Nielsen’s heuristics when evaluating
Google Cultural Institute (CS undergraduate students)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
p-value | 0.792 0.018 0.006 0.894

The Spearman p test results show that:

e In the case of evaluators with previous experience (Table 2), there are strong cor-
relations between dimensions D1 — D2 and D2 — D3. If heuristics are perceived as
clear (easy to understand), they are also perceived as useful and easy to use.

e In the case of novice evaluators (Table 3), there is moderate correlation between
dimensions D2 — D3.

e When all evaluators are considered (Table 4), there is strong correlation between
dimensions D2 — D3. There are moderate correlations between dimensions D1 — D2
and D1 — D4. If heuristics are perceived as useful, the necessity of additional
evaluation elements (checklist) is also perceived.

Table 2. Spearman p test for evaluators with previous experience, CS undergraduate students
(case study: Google Cultural Institute)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 0.701 Independent Independent
D2 1 0.672 Independent
D3 1 Independent
D4 1
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Table 3. Spearman p test for novice evaluators, CS undergraduate students (case study: Google
Cultural Institute)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 0.575 Independent
D3 1 Independent
D4 1

Table 4. Spearman p test for all evaluators, CS undergraduate students (case study: Google
Cultural Institute)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 0.592 Independent 0.500
D2 1 0.765 Independent
D3 1 Independent
D4 1

3.3 The Google Cultural Institute Experiment — Graduate Students

A similar experiment to the one described in Sect. 3.2 was made, involving 15 CS
graduate students; 10 of them had previous experience, and 5 others were novice
evaluators.

The Mann-Whitney U test results are shown in Table 5. There are no significant
differences between the two groups of evaluators (with/without previous experience),
excepting the dimension D4 — Necessity of additional checklist.

Table S. Mann-Whitney U test for the perception of Nielsen’s heuristics when evaluating
Google Cultural Institute (CS graduate students)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist

p-value | 0.385 0.788 0.548 0.022

The Spearman p test results show that:

e In the case of evaluators with previous experience (Table 6), there is very strong
correlation between dimensions D1 — D2.

e In the case of novice evaluators (Table 7), there is very strong correlation between
dimensions D2 — D3.

e When all evaluators are considered (Table 8), there are strong correlations between
dimensions D1 — D2, D2 — D3, and very strong correlation between dimensions D1
— D3. If heuristics are perceived as easy to use, they are also perceived as useful.
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Table 6. Spearman p test for evaluators with previous experience, CS graduate students (case
study: Google Cultural Institute)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 0.898 Independent Independent
D2 1 Independent Independent
D3 1 Independent
D4 1

Table 7. Spearman p test for novice evaluators, CS graduate students (case study: Google
Cultural Institute)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 0.917 Independent
D3 1 Independent
D4 1

Table 8. Spearman p test for all evaluators, CS graduate students (case study: Google Cultural
Institute)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 0.738 0.816 Independent
D2 1 0.753 Independent
D3 1 Independent
D4 1

3.4 The www.tripadvisor.com Experiment

An experiment was made using Tripadvisor as case study. 31 CS undergraduate stu-
dents participated; 8 of them had previous experience, and 23 others were novice
evaluators. All participants performed a heuristic evaluation of www.tripadvisor.com, a
popular platform that shares reviews, compares prices, and offers links to several virtual
travel agencies. The standard questionnaire was then applied.

The Mann-Whitney U test results are shown in Table 9. For all dimensions, there
are no significant differences between the two groups of evaluators (with/without
previous experience).

Table 9. Mann-Whitney U test for the perception of Nielsen’s heuristics when evaluating www.
tripadvisor.com

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
p-value | 0.101 0.803 0.085 0.138
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The Spearman p test results show that:

e In the case of evaluators with previous experience (Table 10), there are strong
correlations between dimensions D2 — D3, D2 — D4, and very strong correlation
between dimensions D3 — D4. Even if heuristics are perceived as easy to use, the

necessity of additional evaluation elements (checklist) is also perceived.
In the case of novice evaluators (Table 11), all dimensions are independent.

When all evaluators are considered (Table 12), there is weak correlation between

dimensions D3 — D4.

Table 10. Spearman p test for evaluators with previous experience (case study: www.trip
advisor.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 0.743 0.798
D3 1 0.858
D4 1

Table 11. Spearman p test for novice evaluators (case study: www.tripadvisor.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 Independent Independent
D3 1 Independent
D4 1

Table 12. Spearman p test for all evaluators (case study: www.tripadvisor.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 Independent Independent
D3 1 0.380
D4 1

3.5 The www.expedia.com Experiment — Undergraduate Students

An experiment was made, involving 21 CS undergraduate students; 13 of them had
previous experience, and 8 others were novice evaluators. All participants performed a
heuristic evaluation of the www.expedia.com website. The standard questionnaire was

then applied. Expedia is a popular virtual travel agency.
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The Mann-Whitney U test results are shown in Table 13. There are no significant
differences between the two groups of evaluators (with/without previous experience),
excepting the dimension D3 — Ease of use.

Table 13. Mann-Whitney U test for the perception of Nielsen’s heuristics when evaluating
www.expedia.com (CS undergraduate students)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
p-value | 0.466 0.743 0.045 0913

The Spearman p test results show that:

In the case of evaluators with previous experience (Table 14), there is strong cor-

relation between dimensions D2 — D3, and moderate correlation between D3 — D4.

In the case of novice evaluators (Table 15), there is a very strong negative corre-

lation between dimensions D3 — D4. When heuristics are perceived as easy to use,
there is no perceived need for additional evaluation elements (checklist).

When all evaluators are considered (Table 16), all dimensions are independent.

Table 14. Spearman p test for evaluators with previous experience, CS undergraduate students

(case study: www.expedia.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 0.614 Independent
D3 1 0.582
D4 1

Table 15. Spearman p test for novice evaluators, CS undergraduate students (case study: www.

expedia.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 Independent Independent
D3 1 -0.976
D4 1

3.6 The www.expedia.com Experiment — Graduate Students

A similar experiment to the one described in Sect. 3.5 was made, involving 15 CS
graduate students; 10 of them had previous experience, and 5 others were novice
evaluators.
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Table 16. Spearman p test for all evaluators, CS undergraduate students (case study: www.
expedia.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 Independent Independent
D3 1 Independent
D4 1

The Mann-Whitney U test results are shown in Table 17. There are no significant
differences between the two groups of evaluators (with/without previous experience).

Table 17. Mann-Whitney U test for the perception of Nielsen’s heuristics when evaluating
www.expedia.com (CS graduate students)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
p-value | 0.461 0.157 0.356 0.711

The Spearman p test results show that:

independent.

dimensions D1 — D4.

between dimensions D2 — D3, and D1 — D4.

In the case of evaluators with previous experience (Table 18), all dimensions are
In the case of novice evaluators (Table 19), there is a perfect correlation between

When all evaluators are considered (Table 20), there are strong correlations

Table 18. Spearman p test for evaluators with previous experience, CS graduate students (case
study: www.expedia.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent Independent
D2 1 Independent Independent
D3 1 Independent
D4 1

Table 19. Spearman p test for novice evaluators, CS graduate students (case study: www.

expedia.com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent 1.000
D2 1 Independent Independent
D3 1 Independent

D4

1
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Table 20. Spearman p test for all evaluators, CS graduate students (case study: www.expedia.
com)

D1: Utility | D2: Clarity | D3: Ease of use | D4: Necessity of additional
checklist
D11 Independent | Independent 0.651
D2 1 0.696 Independent
D3 1 Independent
D4 1

3.7 Discussion

The results of The Mann-Whitney U tests indicate that, in general, evaluators’ per-
ception (with or without previous experience) over the Nielsen’s usability heuristics is
quite similar. In two experiments there are no significant differences in none of the four
dimensions: D1 — Utility, D2 — Clarity, D3 — Ease of use, and D4 — Necessity of
additional checklist. In two experiments there are significant differences regarding only
one dimension (D3 and D4, respectively). In one experiment there are significant
differences regarding two of the four dimensions (D2 and D3). When occur, differences
were related to three of the four dimensions: D2, D3, and D4. Differences related to
dimension D1 never occurred.

The results of Spearman p tests show that most correlations between dimensions
occur in the case of evaluators with previous experience (8); only 4 correlations occur
in the case of novice evaluators. When all evaluators are considered, 9 correlations
occur. When occur, correlations are usually strong or very strong. All correlations are
positive, excepting one.

The most recurrent correlation is between dimensions D2 — D3. It occurs in three
experiments when considering all evaluators, in three experiments when considering
evaluators with previous experience, and in two experiments when considering novice
evaluators. When heuristics are perceived as clear, they are also perceived as easy to
use.

Correlation between dimensions D1 — D2 occurs twice in the case of evaluators
with previous experience, twice when all evaluators are considered, but never occurs
for novice evaluators. In some experiments, when heuristics are perceived as clear, they
are also perceived as useful.

Correlation between dimensions D1 — D4 occurs twice when considering all
evaluators, and once when considering novice evaluators. But in this particular case the
correlation is perfect. So, in some experiments, when heuristics are perceived as useful,
there is also a perceived necessity for additional evaluation elements (checklist).

Correlation between dimensions D3 — D4 occurs twice in the case of evaluators
with previous experience, once when all evaluators are considered, and once for novice
evaluators. But in the last case the correlation is negative (and very strong). So when
heuristics are perceived as easy to use, the necessity for additional evaluation elements
(checklist) is perceived very differently.
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4 Conclusions

Heuristic evaluation is a well-known and frequently applied usability evaluation
method. Nielsen’s generic heuristics are employed for more than two decades. They are
familiar to evaluators and therefore (relatively) easy to apply, but they can miss specific
usability issues. Many alternative heuristics were proposed, usually specific for a
certain type of applications. Specific heuristics may (potentially) detect relevant
usability issues related to the application area.

Forming usability/UX evaluators is a challenging task. A study on the perception of
(novice) evaluators over Nielsen’s usability heuristics was conducted; five experiments
were performed. In general, evaluators’ perception (with or without previous experi-
ence) is quite similar.

When occur, dependencies between the four surveyed dimensions are somehow
expected. The most recurrent correlation is between dimensions D2 (Clarity) — D3
(Ease of use). When heuristics are perceived as clear, they are also perceived as easy to
use. The only unexpected correlation is between dimensions D3 (Ease of use) — D4
(Necessity of additional checklist). Twice the correlation is positive for evaluators with
previous experience, but once is negative and very strong for novice evaluators.

The study offered an important feedback for both teaching and research. The
number of correlations within the four surveyed dimensions is relatively low for
evaluators with previous experience, and very low for novice evaluators. Nielsen’s
heuristics are not perceived as one would expect, even when evaluators have previous
experience in their use. The study offered relevant information particularly for the
refinement of the set of usability heuristics for transactional web applications, and for
the development of a new set of heuristics for virtual museums.

We examined the results only at dimension level. A more detailed study will be
done at heuristic level. Quantitative analyze will be also complemented with qualitative
data, collected through surveys and interviews.
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