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ABSTRACT. Finding and reporting usability problems properly through usability evalu-
ation methods such as heuristic evaluation is an essential part of the Ul development
process, but the usability problems found can be often described abstractly, despite the re-
quest for detailed description. It is necessary to identify the factors that make the evalua-
tor describe the abstract usability problems and consider them in the usability evaluation
process. This study aims to explore which factors influence the evaluator’s description
types of usability problems. The experiments were conducted with a total of 46 partici-
pants, who were assigned randomly to use one of two heuristic types (general vs. specific)
for heuristic evaluation and asked to interact with both of two types of augmented reality
(AR) user interfaces (UI) (high level vs. low level of user interaction) and to describe us-
ability problems of AR Ul while conducting maintenance tasks for computer components.
Based on the collected usability problems, the evaluator’s description types of usability
problems (abstract vs. concrete) were coded for the dependent variable. The mized ef-
fects logistic regression was applied to finding significant factors among heuristic type,
user interaction level, gender, language (Korean vs. English) and AR experience (high
vs. low vs. none) affecting the evaluator’s description types of usability problems. As a
result of analysis, it was found that user interaction level and language are significant
factors to affect the evaluator’s description types of usability problems. Implications for
practitioners were provided based on these experimental results.

Keywords: Heuristic evaluation, Language, Gender, Experience, Evaluator character-
istics, Augmented reality

1. Introduction. When evaluating a prototype of a user interface (UI), finding usability
problems through usability evaluation methods is an essential part of the UI development
process [1]. However, incorrect documentation or miscommunication of usability problems
derived from usability evaluation can result in poor results compared to the effort invested
in usability evaluation [2,18]. Usability problems are described by the evaluator during
the usability evaluation process and delivered to the UI developer along with the severity
of the problem. So, how well a UI developer can improve an existing Ul by identifying
and fixing usability problems depends in part on how the evaluators describe the usability
problems they find. If the evaluator describes an abstract usability problem that is not
specific, it will be more difficult for the UI developer to fix the usability problem and
improve the UI than when the specific usability problem is delivered. In the process of
usability evaluation, the difference in the discovered usability problems and their severity
ratings depending on the evaluator is called the evaluator effect [3], and also how the
discovered usability problems are described can be considered as a part of the evaluator’s
effect. For example, when using the heuristic evaluation method [16], which asks an evalu-
ator to evaluate the Ul from the point of view of users using the heuristics and to describe
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the usability problems in detail, in some cases the usability problems found can be de-
scribed abstractly, despite the request for detailed description. Therefore, it is necessary
to identify the factors that make the evaluator describe the abstract usability problems
and consider them in the usability evaluation process. The purpose of this study is to
explore which factors influence the evaluator’s description types of usability problems.
The evaluator’s description types of usability problems include abstract and concrete de-
scriptions. We conducted experiments in which evaluators were asked to find and describe
usability problems of augmented reality (AR) Uls through heuristic evaluation. Based on
the description of usability problems, we investigated which factors among heuristic type,
user interaction level and evaluator’s characteristics, such as gender, language and AR
UT experience, affect the evaluator’s description types (abstract description vs. concrete
description). Based on the experimental results, it can be concluded that two factors, i.e.,
user interaction level and gender, are significant, and finally we can suggest that these
factors should be taken into account to obtain a concrete description of the usability
problem in the heuristic evaluation. This section introduces the motivation and purpose
of this study, and is followed by a summary of related work and a description of research
methods in Sections 2 and 3. Sections 4 and 5 provide the results of the experiments and
discussion on the results with conclusions, respectively.

2. Related Work. The evaluator discovers different usability problems depending on
the usability evaluation method used [3], and another factor that can influence the usabil-
ity problems found is the number and characteristics of users or evaluators participating
in usability experiments [5-7] and expert reviews [8,9]. Hertzum and Jacobsen [3] coined
the term evaluator effect to indicate the difference in problem detection and severity judg-
ment by evaluators using the same usability evaluation method. Several previous studies
have suggested the existence of an evaluator effect in usability evaluation. For example,
a comparative usability evaluation study found low redundancy in the set of usability
problems found by a team of experts evaluating the same interface [4]. Evaluators also
differ in their judgment of the severity of the usability problem found [10,19]. According
to the results of several previous studies, which reported that the usability problems dis-
covered by the evaluators were very diverse, it can be expected that the characteristics of
the evaluators can affect the description types of the usability problems when reporting.
In this study, gender (male/female), language (Korean/English), and AR UI experience
(high/low/none) were considered as variables of the evaluator’s characteristics, and the
effects of these on the evaluator’s description type of usability problems were investigated.

Heuristic evaluation is one of the most commonly used usability evaluation methods.
This method employs a group of experts who systematically evaluate a system’s interfaces,
utilizing well-known UI design principles called heuristics. Nielsen [11] proposed a set of
ten general heuristics that are widely used for heuristic evaluation. Heuristic evaluation
based on these ten general heuristics is easy to apply, but often fails to detect certain
important usability problems. This is in part because Nielsen’s heuristics are too general
to evaluate systems with very specific properties. Because of this aspect, domain-specific
heuristics have been developed to evaluate the Uls of newly developed systems with
advanced technologies and complex interfaces rather than general heuristics. These two
types of heuristics are commonly referred to in the literature as general heuristics and
specific heuristics [11,12,20]. For example, especially in AR environments, the type of
heuristic needs to be considered to apply heuristic evaluation. General heuristics, such
as Nielsen’s ten heuristics, do not include interface features such as finding, selecting
and manipulating objects in 3D space. Similarly, input and output modalities can be
fundamentally different from those addressed by conventional heuristics for AR interfaces,
requiring a different evaluation approach [17]. Therefore, in this study, heuristic type was
considered as a variable influencing the detection and description of usability problems
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based on heuristic evaluation, and two types of heuristic were used in the experiments:
general heuristics and specific heuristics.

Augmented reality (AR) can visually augment information in the real physical world
by incorporating additional information [13]. In other words, AR is a system that supple-
ments the real world with virtual objects synthesized by a computer, and the real world
and virtual objects coexist in the same space. Therefore, AR can enhance the interaction
between the user and the interface through various modes of activity [14,15,21], and AR
Uls may be classified according to the degree of interaction with the user. In this study,
heuristic evaluation was conducted with two kinds of AR Uls that required two levels of
interaction: high-level and low-level user interaction.

3. Method. In order to find which factors affect the evaluator’s description types of
usability problems when heuristic evaluation is applied to AR Uls, the experiments were
conducted with a total of 46 participants.

3.1. Experimental design. Mixed effects design was applied to the experiments with
five independent variables: heuristic type (general heuristics vs. specific heuristics), user
interaction level (high vs. low), gender (male vs. female), language (Korean vs. English),
and AR experience (high vs. low vs. none). Among 46 participants, 23 participants used
general heuristics and the other 23 participants used specific heuristics (i.e., between-
subject design), and every participant conducted tasks with two kinds of AR Uls that
required high and low user interaction levels, respectively (i.e., within-subject design).
Dependent variable is the evaluator’s description type of usability problem (abstract type
vs. concrete type). After heuristic evaluation was applied to AR Uls, the participants
found usability problems and described them in the report form. Usability problems de-
scribed by participants as evaluators were firstly classified into abstract and concrete us-
ability problems by the judgment of two human-computer interaction experts, and then
participant’s description of usability problems was classified into two types: abstract type
when the proportion of abstract usability problems out of all usability problems found is
greater than 0.1, and concrete type in other cases.

3.2. Augmented reality user interfaces. For the experiments, AR-based user inter-
faces were prepared using Unity and Vuforia engines and implemented on a tablet PC
(Galaxy tab), and participants were asked to evaluate these AR interfaces and discover
usability problems while performing maintenance tasks using the AR interfaces. When
performing the task, the user interaction level with the AR interfaces was designed to be
high and low, and the language used was set to Korean and English, so all four types of
AR user interfaces were prepared as shown in Figure 1.

In the case of AR UI to which high user interaction level is applied (see (a) and (c) in
Figure 1), the participants have to perform tasks while actively finding a lot of information
for each maintenance step, such as pressing a screen button or marker-based virtual
button, whereas in the case of AR UI to which low user interaction level is applied (see
(b) and (d) in Figure 1), the participants perform tasks passively only using information
presented on the UI. The information provided on the AR UI is related to instructing the
task of replacing a computer component such as a cooling fan and a memory card, and is
displayed in Korean (see (c) and (d) in Figure 1) and English (see (a) and (b) in Figure
1), respectively.

3.3. Participants. A total of 46 participants participated in the experiments. They are
23 males and 23 females, and mostly college students in their 20s (average: 21.7 years
old, standard deviation: 2.3 years old). In terms of language, 23 participants of Kore-
an nationality used Korean to conduct the experiment, and the other 23 participants
were multinational participants who communicated well in English and conducted the
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FIGURE 1. Augmented reality user interfaces for experiments: (a) High us-
er interaction level (English version), (b) low user interaction level (English
version), (c¢) high user interaction level (Korean version), and (d) low user
interaction level (Korean version)

experiment using English. The AR experience was divided into three levels: high level
when participants experienced more than once a week, low level when participants had
experience but not more than once a week, and no experience at all. In this study, 14
participants belong to the high AR experience level, 18 participants belong to the low AR
experience level, and the remaining 14 participants have no AR experience at all.

3.4. Procedures. 23 participants were randomly selected to use general heuristics and
the remaining 23 participants used specific heuristics to find usability problems in AR
Uls. At this time, it was considered that gender and language were distributed as evenly
as possible. The general heuristics consisted of 23 heuristics at the level of general Ul
design principles, and the specific heuristics consisted of 110 heuristics at the level of the
specific UI design guide. Participants perform a task to experience interaction with the
AR UL The task is to replace computer components, such as a cooling fan and a memory
card, according to information provided by the AR UI. AR Uls were prepared in two
forms according to two user interaction levels (high vs. low), and each participant con-
ducted a total of two experiments using these two AR Uls respectively. The order of two
experiments within a participant was counter-balanced among participants to avoid the
possible order effects, and the wash-out period of at least 24 hours was given between two
experiments. Therefore, there were a total of 92 experimental sessions (46 participants x
2 user interaction levels of AR Uls). Each of participants conducted the experiment in the
following order: (1) The experiment, including purpose and procedure of the experiment,
and heuristics and AR Uls, is introduced to a participant; (2) Training time is allowed to
a participant to familiarize him/herself with the AR Ul and the task; (3) The participant
interacts with the AR UI to perform the task; (4) The participant finds usability problems
of AR UI using the assigned heuristics and describes them freely in the prepared sheet.
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4. Results. After the evaluator’s description type of usability problem (abstract type
vs. concrete type) was determined based on the proportion of abstract usability problems
out of all usability problems found, the data for the dependent variable was coded as 1
for abstract type and 0 for concrete type to apply mixed effects logistic regression. Mixed
effects logistic regression is used to model binary dependent variables in which the log
odds of an outcome are modeled as a linear combination of independent variables in the
presence of both fixed and random effects. In this study, the evaluator’s description type
of usability problem as the dependent variable shows binary outcomes (i.e., 1 for abstract
type and 0 for concrete type), and the independent variables include ‘participant’ as a
random factor and ‘heuristic type (general vs. specific)’, ‘user interaction level (high vs.
low)’, ‘gender (male vs. female)’, ‘language (Korean vs. English)’ and ‘AR experience
(high vs. low vs. none)’ as fixed factors.

As a result of mixed effects logistic regression, Table 1 shows the estimate of regression
coefficient for the fixed factors, and ‘user interaction level (p = 0.0005)" and ‘language
(p = 0.0000)" are significant factors to explain the log odds of the outcomes (i.e., the
evaluator’s description type of usability problem). The estimates of regression coefficients
for ‘user interaction level (low)’ and ‘language (Korean)’ are ‘—8.57974 and ‘26.90297’,
respectively.

TABLE 1. Mixed effects logistic regression coefficients

Variables Estimate | Std. error | z value p-value
(Intercept) —8.29684 | 3.16341 | —2.623 | 0.00872%**

Heuristic type (specific) 0.04078 | 2.71865 | 0.015 0.98803
User interaction level (low) | —8.57974 | 2.12678 | —4.034 | 5.48E-05***

Gender (male) —0.12348 | 2.69598 | —0.046 | 0.96347
Language (Korean) 26.90297 | 5.32871 | 5.049 | 4.45E-Q7***
AR experience (low) 0.23051 | 3.70673 | 0.062 0.95041

AR experience (none) —1.19513 | 3.143 —0.38 0.70376

Note: *** p < 0.01

The odds ratio values can be calculated from the estimates of regression coefficients
through the exponential function, and are shown in Table 2. The odds ratio values for
‘user interaction level (low)’ and ‘language (Korean) are ‘0.000187874” and ‘4.8285E+11,
respectively, and the other values are close to 1. The odds ratio value is usually interpreted
according to whether it is greater than or less than 1, and if the odds ratio value of a
factor equals 1, it cannot be considered as having a significant effect. From the fact that
the odds ratio value for ‘user interaction level (low)” is much smaller than 1, it can be
interpreted that when evaluating the usability of AR UI that requires a low level of user
interaction, the odds, which would be an abstract description type of usability problems,
are much lower than when evaluating the usability of AR UI that requires a high level
of user interaction. In addition, from the fact that the odds ratio value for ‘language
(Korean)’ is much larger than 1, it can be interpreted that the odds, which would be an
abstract description type of usability problems when using Korean, are much higher than
when using English.

According to the analysis of mixed effects logistic regression based on the empirical data
from the heuristic evaluation, the results can be summarized as follows. First, the heuris-
tic type (general heuristic vs. specific heuristic) does not affect the evaluator’s description
type of usability problem (abstract type vs. concrete type). Second, the user interaction
level (high vs. low) of AR Uls affects the evaluator’s description type of usability prob-
lem (abstract type vs. concrete type) significantly, and it can be concluded that there is
a tendency for high user interaction level of AR Uls to make evaluators describe usability
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TABLE 2. Odds ratio and its confidence interval (CI)

Variables Odds ratio | 2.50% CI 97.50% CI
(Intercept) 0.000249304 | 5.06E-07 0.122879848
Heuristic type (specific) | 1.041625354 | 0.005053012 | 214.7201256
User interaction level (low) | 0.000187874 | 2.91E-06 0.01213997
Gender (male) 0.883843139 | 0.004482376 | 174.2778211
Language (Korean) 4.8285E+11 | 14057884.05 | 1.65846E+16

AR experience (low)

1.259245486

0.000880805

1800.284402

AR experience (none)

0.302663516

0.000639126

143.3288406

problems in an abstract way. Third, among the factors related to the evaluator’s charac-
teristics, such as gender, language and AR experience, only language (Korean vs. English)
affects the evaluator’s description type of usability problem (abstract type vs. concrete
type) significantly, and gender and AR experience are not significant. It can be concluded
that there is a tendency for the evaluators using Korean to describe usability problems in
an abstract way. Especially, to the conclusion that high user interaction level of AR Uls
makes evaluators describe usability problems abstractly, we can interpret that when a lot
of cognitive resources such as attention are used for interaction with the UI, there is a
tendency to use the abstract description method, which uses less cognitive resources when
describing usability problems. In addition, from the conclusion that there is a tendency to
describe usability problems in an abstract way when using Korean compared to English,
it can be presumed that Korean has linguistic characteristics that have more connotative
and abstract expressions than English.

5. Conclusion. From the experimental results, it can be concluded that user interaction
level of Uls and charateristics of language used may lead to preference for abstract descrip-
tions when describing usability problems. Therefore, we need to take account of these two
factors to obtain the concrete description of usability problems when we use the heuristic
evaluation to evaluate AR Uls. The contributions of this study are to empirically explore
the factors affecting the evaluator’s description type of usability problems when using
the heuristic evaluation method, and to be able to give practitioners the implication that
user interaction level and language should be considered as significant factor affecting the
evaluator’s description type of usability problems when planning the heuristic evaluation.
However, in future research, more diverse factors that can affect the evaluator’s descrip-
tion type of usability problems should be included in the study, and the study needs to
be expanded to other usability evaluation methods other than the heuristic evaluation.
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