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Abstract. Online travel agencies’ customers have nowadays a wide range of
alternatives and are more demanding. Usability is a basic attribute in software
quality. Heuristic evaluation is arguably the most popular usability inspection
method, well-known and widely used. A heuristic evaluation may be performed
based on generic or specific heuristics. Many sets of specific (usually
domain-related) usability heuristics were published. Heuristic quality scales to
validate and/or evaluate new heuristics were proposed. The paper analyzes
evaluators’ perception on three sets of usability heuristics, when evaluating the
same product: Nielsen’s generic heuristics, a set of cultural-oriented heuristics
for e-Commerce, and a set of heuristics for smartphones applications (SMASH).
We made an experiment with 38 Computer Science students, enrolled in a
Human-Computer Interaction introductory course, using the online travel
agency Expedia.com as case study; the web and mobile versions were evaluated.
We assessed students’ perception based on a questionnaire that rates each
heuristic individually (Utility, Clarity, Ease of use, Necessity of additional
checklist), but also the set of heuristics as a whole (Easiness, Intention of future
use, Completeness).
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1 Introduction

Usability is a basic attribute in software quality. The concept is known for decades and
is still evolving. The ISO 9241-210 standard defines usability as “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” [1].

Lewis identifies two approaches on usability evaluation: (1) summative,
“measurement-based usability”, and (2) formative, “diagnostic usability” [2]. Usability
evaluation methods are usually classified in two categories: (1) usability testing, based
on users’ participation, and (2) inspection methods, based on experts’ judgment.
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For more than two decades heuristic evaluation is arguably the most popular
usability inspection method [3]. When performing a heuristic evaluation generic or
specific heuristics may be used. Nielsen’s ten usability heuristics are well known, but
many sets of specific (usually domain-related) usability heuristics were also published
[4, 5]. The results of a heuristic evaluation depend on several factors, but at least two of
them are critical: (1) evaluators’ expertise, and (2) the set of heuristics that are
employed. Heuristic quality scales were proposed.

The paper presents a comparative study on the evaluators’ perception over three sets
of usability heuristics, when evaluating the same product: Nielsen’s heuristics [6], a set
of cultural-oriented heuristics for e-Commerce [7], and a set of heuristics for smart-
phones applications - SMASH [8]. The experiment that we made involved 18 graduate
and 20 undergraduate Computer Science students, enrolled in an Human-Computer
Interaction (Usability and User eXperience oriented) course. We used Expedia.com as
case study [9]; web and mobile versions were evaluated.

2 Comparing Three Sets of Usability Heuristics:
A Case Study

We conducted studies on the perception of evaluators over generic and specific
usability heuristics for several years [10-12]. All participants are asked to perform a
heuristic evaluation of the same case study. All of them are then asked to participate in
a post-experiment survey.

We developed a questionnaire that assesses evaluators’ perception over a set of
usability heuristics, concerning 4 dimensions and 3 questions:

D1 — Utility: How useful the usability heuristic is.
D2 — Clarity: How clear the usability heuristic is.

e D3 — Ease of use: How easy was to associate identified problems to the usability
heuristic.

e D4 — Necessity of additional checklist: How necessary would be to complement the
usability heuristic with a checklist.

e QIl — Easiness: How easy was to perform the heuristic evaluation, based on the
given set of usability heuristics?

e Q2 - Intention: Would you use the same set of usability heuristics when evaluating
similar software product in the future?

e Q3 — Completeness: Do you think the set of usability heuristics covers all usability
aspects for this kind of software product?

Each heuristic is rated individually, on 4 dimensions (D1 — Utility, D2 — Clarity, D3 —
Ease of use, D4 — Necessity of additional checklist). The set of usability heuristics is also
rated globally, through the 3 questions (Q1 — Easiness, Q2 — Intention, Q3 — Com-
pleteness). In all cases, we are using a 5 points Likert scale (from 1 — worst, to 5 — best).

We made an experiment with 38 Computer Science graduate and undergraduate
students enrolled in a HCI introductory course at Pontificia Universidad Catdlica de
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Valparaiso (Chile). We did not select samples; all students enrolled in the HCI course
were also participants in the experiment. Group composition was as follows:

e 20 undergraduate students; 13 students without previous experience in heuristic
evaluation, 7 students with some experience based on Nielsen’s heuristics.

e 18 undergraduate students; 11 students without previous experience in heuristic
evaluation, 7 students with some experience based on Nielsen’s heuristics.

All students evaluated the online travel agency Expedia.com, following the same
protocol, but based on three different sets of heuristics:

e Nielsen’s 10 usability heuristics [6],
o A set of e-Commerce (cultural-oriented) heuristics [7],
e SMASH, a set of usability heuristics for smartphone applications [8].

They evaluated Expedia.com website (based on Nielsen’s and e-Commerce
heuristics), and also Expedia mobile application (based on Nielsen’s, e-Commerce, and
SMASH heuristics). After performing the heuristic evaluation all participants were
asked to rate their experience, based on the standard questionnaire described above.

Additionally, two open questions were asked:

e OQI: What did you perceive as most difficult to perform during the heuristic
evaluation?

e 0Q2: What domain-related (online travel agencies) aspects do you think the set of
usability heuristics does not cover?

3 Results and Discussion

Table 1 presents the average scores for dimensions and questions. Results are presented
globally, but also grouped by students’ level (undergraduate or graduate), and level of
expertise (with or without previous experience in heuristic evaluation).

Heuristics’ perceived utility (D1) is high in all cases (average score over 4.00). In
the case of students with previous experience, the perceived utility is slightly in favor
of e-Commerce and SMASH heuristics, comparing to Nielsen’s heuristics. In general,
students with previous experience perceive e-Commerce and SMASH heuristics’ utility
better than their novice colleagues.

Students perceived e-Commerce and SMASH heuristics’ clarity (D2) better than
Nielsen heuristics’ clarity. The perceived clarity is always better among students with
previous experience.

Heuristics’ perceived ease of use (D3) is lower than their perceived utility and
clarity. Ease of use perception is always better in the case of students with previous
experience. e-Commerce and SMASH heuristics are perceived as (slightly) easier to
use than Nielsen’s heuristics.

The perceived necessity for additional checklist (D4) is higher in the case of
Nielsen’s heuristics; it is still relatively high for e-Commerce and SMASH heuristics. It
is generally higher for novices, comparing to their more experienced colleagues.
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Table 1. Average scores for dimensions and questions.

Participants Previous DlI- |D2- |D3- D4 — Necessity of Ql - Q2 - Q3 -

experience | Utility | Clarity | Ease of | additional checklist | Easiness | Intention | Completeness
use

Nielsen’s heuristics

All students 425 397 3.67 4.24 3.05 4.05 2.76

(33)

24 students No 430 | 3.81 3.57 4.33 2.79 4.08 2.71

14 students Yes 4.16 |4.24 3.84 4.09 3.50 4.00 2.86

Undergraduate 419 |3.99 371 4.16 3.10 3.80 2.60

students (20)

13 students No 425 |3.88 3.71 4.32 2.85 4.00 2.92

7 students Yes 4.09 | 4.19 3.71 3.87 3.57 3.43 2.00

Graduate 432 | 3.95 3.62 4.32 3.00 4.33 2.94

students (18)

11 students No 436 |[3.74 3.41 4.34 2.73 4.18 2.45

7 students Yes 424 429 3.96 4.30 3.43 4.57 3.71

e-Commerce heuristics

All students 419 |4.09 3.84 4.05 313 4.08 3.63

(38)

24 students No 413 395 3.68 4.07 3.00 3.96 3.54

14 students Yes 430 | 431 4.12 4.01 3.36 4.29 3.79

Undergraduate 422 412 3.92 4.09 3.20 4.05 345

students (20)

13 students No 4.19 |3.96 3.77 4.26 3.08 3.92 3.46

7 students Yes 427 442 4.20 3.76 3.43 4.29 3.43

Graduate 4.16 | 4.05 3.75 4.00 3.06 4.11 3.83

students (18)

11 students No 4.06 | 395 3.57 3.84 291 4.00 3.64

7 students Yes 432 420 4.04 4.26 3.29 4.29 4.14

SMASH heuristics

All students 421 | 4.05 3.77 4.04 3.26 4.05 3.61

(38)

24 students No 4.21 3.94 3.60 4.06 3.17 4.04 3.71

14 students Yes 421 |4.24 4.07 4.00 3.43 4.07 3.43

Undergraduate 423 |4.04 3.74 4.05 3.35 4.10 3.55

students (20)

13 students No 430 395 3.56 4.22 3.31 4.15 3.77

7 students Yes 4.11 | 4.20 4.06 3.75 3.43 4.00 3.14

Graduate 419 |4.07 3.81 4.02 317 4.00 3.67

students (18)

11 students No 4.11 3.94 3.64 3.87 3.00 391 3.64

7 students Yes 432 429 4.08 4.25 3.43 4.14 3.71

The overall perception on easiness (Q1, how easy was to perform the heuristic
evaluation) is lower than heuristics’ perceived utility, clarity, and ease of use. It is quite
close to the neutral point of the scale (3). As expected, it is lower for novices than for
more experienced students.

Even if the heuristic evaluation is not perceived as an easy task, the intention of
future use (Q2) is remarkably high for the three sets of heuristics. It is slightly higher
among graduate students, comparing to the undergraduate students.
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As expected, students consider that e-Commerce and SMASH heuristics covers
better than Nielsen’s heuristics the usability aspects of online travel agencies (Q3).
Their opinion is less favorable to Nielsen’s heuristics in roughly 1 point.

The descriptive statistics presented above was complemented with inferential
statistics. As mentioned, all questionnaire items are based on a 5 points Likert scale.
Observations’ scale is ordinal, and no assumption of normality could be made.
Therefore the survey results were analyzed using nonparametric statistics tests
(Mann-Whitney U, Friedman, and Spearman p).

As samples are independent, Mann-Whitney U tests were performed to check the
hypothesis:

e Hj: there are no significant differences between the perceptions of students with
different background,

e H;: there are significant differences between the perceptions of students with dif-
ferent background.

As the same group of students evaluated three different sets of heuristics, Friedman
test was performed to check the hypothesis:

e Hj: there are no significant differences between students’ perception on Nielsen’s,
e-Commerce, and SMASH heuristics,

e Hi: there are significant differences between students’ perception on Nielsen’s,
e-Commerce, and SMASH heuristics.

Spearman p tests were performed to check the hypothesis:

Hy: p = 0, the dimensions/questions D/Qm and D/Qn are independent,
H;: p # 0, the dimensions/questions D/Qm and D/Qn are dependent.

In all tests p-value < 0.05 was used as decision rule.
Table 2 shows Mann-Whitney U tests results when comparing students with and
without previous experience. Significant differences occur in very few cases:

e In the case of Nielsen’ heuristics, regarding Q1 (easiness) for undergraduate stu-
dents, and regarding Q1 (easiness) and Q3 (completeness) for graduate students.

e In the case of e-Commerce heuristics, regarding none of the dimensions or
questions.

Table 2. Mann-Whitney U tests results when comparing students with and without previous
experience.

Set of Students’ p-value
heuristics | level Dl- |D2- |D3- D4 — Necessity of | Q1 - | Q2-— Q3 -
Utility | Clarity | Ease of | additional checklist Easiness | Intention | Completeness

Nielsen Undergraduate | 0.632 | 0.321 | 0.936 0.376 0.036 0.243 0.101
Graduate 0.785 | 0.186 |0.102 0.681 0.015 0.541 0.015
e-Commerce | Undergraduate | 0.662 | 0.110 | 0.112 0.260 0.237 0.366 0.966
Graduate 0.524 | 0.467 |0.237 0.187 0.232 0.328 0.130
SMASH Undergraduate | 0.358 | 0.404 | 0.032 0.295 0.599 0.354 0.123

Graduate 0.645 | 0.340 |0.146 0.169 0.235 0.678 0.689
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e In the case of SMASH heuristics, regarding D3 (ease of use) for undergraduate
students.

As Table 3 shows, there are no significant differences between undergraduate and
graduate students, for none of the three sets of heuristics.

Table 3. Mann-Whitney U tests results when comparing undergraduate and graduate students.

Set of p-value
heuristics | DI - [D2- |D3 - |D4—Necessity [Ql - |Q2- | Q3-
Utility | Clarity | Ease of | of additional Easiness | Intention | Completeness
use checklist
Nielsen 0.557 [0.953 |0.597 |0.636 0.754 0.095 0.284
e-Commerce | 0.682 | 0.849 |0.349 |0.713 0.481 0.946 0.127
SMASH 1.000 |0.872 |0.837 |0.976 0.413 0.645 0.604

Table 4. Friedman test results when comparing students’ perception on Nielsen’s, e-Commerce,
and SMASH heuristics.

Students’ p-value
level Dl - D2- |D3- |D4-Necessity |Ql— [Q2- |Q3-
Utility | Clarity | Ease | of additional Easiness | Intention | Completeness
of use | checklist
Undergraduate | 0.821 | 0.338 |0.018 |0.498 0.368 0.397 0.000
Graduate 0.559 | 0.808 |0.087 |0.692 0.607 0.122 0.001

Friedman test results (Table 4) show significant differences between students’
perception on Nielsen’s, e-Commerce, and SMASH heuristics in only three cases:

e D3 (ease of use) and Q3 (completeness) for undergraduate students.
e Q3 (completeness) for graduate students.

As Mann-Whitney U tests results show no significant differences between under-
graduate and graduate students, and very few significant differences when comparing
students with and without previous experience, Spearman p tests were performed for
the whole group of 38 students.

In the case of Nielsen’s heuristics, 8 correlations occur between dimensions/
questions (Table 5):

e A strong correlation between D2-D3; if heuristics are perceived as clear, they are
also perceived as easy to use.

e 4 moderate correlations between D1-D2, D3-Q1, D2-Q2, and Q2-Q3. If heuristics
are perceived as clear, they are also perceived as useful, and there is also a declared
intention of future use. If heuristics are perceived as easy to use, the whole heuristic
evaluation is perceived as easy to perform. If the set of heuristics is perceived as
complete, there is a declared intention of future use.
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Table 5. Spearman p test for Nielsen’s heuristics: correlations between dimensions and

questions.
D1 - |D2- |D3- D4 — Necessity of | Q1 — Q2 - Q3 -
Utility | Clarity | Ease of | additional Easiness Intention Completeness
use checklist
D11 0.575 ]0.352 Independent Independent | 0.357 Independent
D2 1 0.650 | Independent Independent | 0.594 Independent
D3 1 Independent 0.424 0.348 Independent
D4 1 Independent | Independent | Independent
Q1 1 Independent | Independent
Q2 1 0.429
Q3 1

e 3 weak correlations between D1-D3, D1-Q2, and D3-Q2. If heuristics are per-
ceived as useful, they are also perceived as easy to use and there is also a declared
intention of future use. If heuristics are perceived as easy to use, there is a declared
intention of future use.

e It worth mentioning that there is no correlation between D4 (necessity of additional
checklist) and any other dimension or question.

As Table 6 indicates, 16 correlations occur in the case of e-Commerce heuristics:

Table 6. Spearman p test for e-Commerce heuristics: correlations between dimensions and

questions.
DI - |D2- D3- D4 — Necessity of | QI — Q2 - Q3 -
Utility | Clarity | Ease of | additional Easiness Intention Completeness

use checklist

D11 0.731 10.759 |0.408 0.428 0.386 0.556

D2 1 0.800 | 0.377 Independent | 0.541 0.413

D3 1 0.415 0.489 0.444 0.359

D4 1 Independent | Independent | Independent

Q1 1 Independent | 0.396

Q2 1 0.336

Q3 1

e Dimension D1 is correlated with all others dimensions and questions. When

heuristics are perceived as useful, they are also perceived as clear and easy to use
(strong correlations D1-D2, D1-D3); however there is also a declared necessity for
additional checklist (moderate correlation D1-D4). When heuristics are perceived
as useful, the set of heuristics is perceived as complete, the whole heuristic eval-
uation is perceived as easy to perform (moderate correlations D1-Q1 and D1-Q3),
and there is an intention of future use (weak correlation D1-Q2).
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Dimension D3 is also correlated with all others dimensions and questions. When
heuristics are perceived as easy to use, they are also perceived as useful (strong
correlation D1-D3), clear (very strong correlation D2-D3), and there is a perceived
necessity for additional checklist (moderate correlation D3-D4). The whole eval-
uation is perceived as easy to perform, there is a declared intention of future use of
e-Commerce heuristics, and the set of heuristics is perceived as complete (moderate
correlations D3-Q1, D3-Q2, and weak correlation D3-Q3).

Dimension D2 is correlated to all others dimensions and questions, excepting one
(Q1). Correlations are very strong (D2-D3), strong (D1-D2), moderate (D2-Q2,
D2-Q3), or weak (D2-D4).

Question Q3 is also correlated to all others dimensions and questions, excepting one
(D4). Correlations are moderate (D1-Q3, D2—-Q3) or weak (D3-Q3, Q1-Q3, Q2—-Q3).
Question Q2 is correlated to all others dimensions and questions, excepting D4 and
Q1. Correlations are moderate (D2—-Q2, D3-Q2) or weak (D1-Q2, Q2-Q3).
Fewer correlations occur for Q1 (moderate correlations with D1 and D3, weak
correlation with Q3), and D4 (weak to moderate correlations with other dimensions,
but not with questions).

Table 7 highlights 15 correlations in the case of SMASH heuristics:

Table 7. Spearman p test for SMASH heuristics: correlations between dimensions and

questions.
D1 - |D2- |D3- D4 — Necessity of | Q1 — Q2 - Q3 -
Utility | Clarity | Ease of | additional Easiness Intention Completeness
use checklist
D11 0.737 10.532 |0.384 0.338 0.718 0.341
D2 1 0.820 |0.486 0.414 0.651 Independent
D3 1 0.467 0.469 0.468 Independent
D4 1 Independent | 0.365 Independent
Q1 1 Independent | Independent
Q2 1 0.419
Q3 1

As in the case of e-Commerce heuristics, dimension D1 is correlated to all others
dimensions and questions (strong correlations between D1-D2 and D1-Q2, mod-
erate correlation between D1-D3, and weak correlations between D1-D4, D1-Q1,
and D1-Q3).

Dimensions D2 and D3 are correlated to all others dimensions and questions,
excepting Q3. Correlations are strong or moderate. There is a very strong corre-
lation between D2-D3.

Dimension D4 is correlated to all others dimensions and questions, excepting Q1
and Q3. Correlations are moderate or weak.

Question Q2 is correlated with all dimensions (weak to strong correlations), and
with question Q3 (moderate correlation).
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e Question Q1 is correlated only with dimensions D1 (weak correlation), D2 and D3
(moderate correlation).

e Question Q3 is correlated only with dimension D1 (weak correlation) and question
Q2 (moderate correlation).

Correlations are fewer in the case of general (Nielsen’s) heuristics (7) than in the
case of specific heuristics (e-Commerce, 16, and SMASH, 15). When occur, all cor-
relations are positive.

4 Conclusions

Heuristic evaluation is arguably the most popular usability inspection method. We
systematically conduct studies on the perception of evaluators over generic and specific
usability heuristics. We are using a questionnaire that evaluates each heuristic indi-
vidually (Utility, Clarity, Ease of use, Necessity of additional checklist), but also the set
of heuristics as a whole (Easiness, Intention, Completeness).

Performing heuristics evaluation based on Nielsen’s heuristics is a standard practice
when we are teaching Human-Computer Interaction courses. This time we asked stu-
dents to evaluate the same product based on three sets of heuristics: Nielsen’s
heuristics, e-Commerce heuristics, and SMASH heuristics.

The experiment involved graduate and undergraduate students. There were no
significant differences between undergraduate and graduate students’ perception, for
none of the three sets of heuristics. When comparing students with and without pre-
vious experience, significant differences occurred in very few cases. Friedman test
results showed significant differences between students’ perception on Nielsen’s,
e-Commerce, and SMASH heuristics in only three cases.

Correlations were fewer in the case of general (Nielsen’s) heuristics (7) than in the
case of specific heuristics (e-Commerce, 16, and SMASH, 15). When occurred, all
correlations were positive.

In general, students’ perception on specific (e-Commerce and SMASH) heuristics
was slightly better than on generic heuristics (Nielsen). As expected, students consider
that e-Commerce and SMASH heuristics covers better than Nielsen’s heuristics the
usability aspects of online travel agencies.

As future work we intend to analyze the perception of each heuristic individually.
We will also analyze students’ comments to open questions.

Acknowledgments. We thank all the students involved in the experiment. They provided
helpful opinions that allowed us to prepare this and (hopefully) further documents.
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