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Abstract. Though many have proposed heuristics, maximums, and guidelines
to describe the various aspects of heuristic usability analysis, none offer a com-
prehensive variable set that is both valid and reliable. This paper proposes an
eight-variable criteria-set through which usability inspections can be performed.
Each variable will be compared with prior work and a precise definition
through which each variable can be identified will be proposed.
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1 Introduction

Usability inspection is the process of evaluating a user interface to identify usability
issues [23]. There are many methods for conducting such an inspection, including the
empirical method, an expert analysis, and heuristic evaluation [5]. Empirical evalua-
tion involves creating experiments where qualitative and quantative data is collected
through observations of users. Expert analysis involves an expert giving an opinion of
the design based on his or her experiences and judgment. The final method, heuristic
evaluation, involves using a structured critique by means of a set of heuristics or va-
riables [23]. This paper will focus on the third method: heuristic evaluation.

The quality of a heuristic evaluation methodology, as is true with all evaluation in-
struments or methodologies, is a function of two properties: validity (measuring the
right thing) and reliability (the lack of error in the measurement) [8]. Though a large
number of heuristic evaluation methodologies have been described in the literature [5,
9, 13, 18, 21, 23, 25, 27, 29], each is based on variable set exhibiting validity or relia-
bility challenges. This paper will identify a new variable set based on those previously
defined to allow for more valid and reliable heuristic evaluation.

2 Variables Set

For a variable set to be valid, it must cover all aspects of usability and nothing else.
Currently there does not exist a variable set covering all the components of usability
identified in the literature. For a variable set to be reliable, it needs to produce similar
results with reevaluation. This requires it to be as objective as possible while not resort-
ing to false metrics resulting in validity challenges. Stemming from these constraints
and based on work of previous researchers, a new variable set is proposed: Efficiency,
Learnability, Familiarity, Simplicity, Mapping, Motivation, Trust, and Visibility.
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2.1  Efficiency

The term and concept of Efficiency has been a focus of human factors research since
1903 [30]. Though Efficiency has been identified by many researchers [1, 29], possi-
bly Raskin [26] put it best: “A computer shall not waste your time or require you do
to more work than is strictly necessary.” Efficiency is defined as the amount of effort
or time required to perform a task, is an important variable in usability because it sets
the limit on a user’s productivity. It can be influenced by many factors, including
flexibility [9, 24], directness of action [9, 23], and speed to perform the task [9, 21].
Though most measurements of Efficiency (such as time to completion, work through-
put, mouse movements, processing requirements, etc.) lend themselves to absolute
measures, Efficiency from the HCI perspective is fundamentally a relative measure: it
compares the time or effort of a user against some norm or standard.

2.2 Learnability

The term “Learnability” was first applied to the context of HCI by Licklider [17]
though the term can be traced to 1959 when it was originally used in the field of lin-
guistics. Learnability has been identified in many variable sets [4, 5, 16, 21], though
at present there is no generally accepted definition [12]. There are, however, reoccur-
ring themes and ideas in the various definitions.

Learnability is the path to becoming proficient, largely a function of the number
and size of inductive leaps the user must make to master the system. It is not the
amount that needs to be learned (Simplicity) nor how pleasurable may be the journey
(Motivation). Instead, the Learnability is a function of the difficulty of the learning
process. The goal of managing Learnability is to maximize the level of proficiency
achieved by the target user with as little user-effort as possible.

2.3  Familiarity

“Familiarity” was first applied both in term and in concept to HCI in 1983 [3] and has
been identified directly as a variable of usability by many researchers [9, 21]. There
are two main components of Familiarity: Consistency and Compatibility. Consistency
is a measure of how one part of a system’s interface is similar to another. Compatibil-
ity, on the other hand, is how much one system’s interface resembles other systems
performing similar functions. Both relate to the degree in which the design resembles
other designs the user may have encountered before [9, 13, 16].

2.4  Simplicity

Though the concept of Simplicity has been applied to HCI and human factors from
the beginning, there does not appear to be a consensus on the definition. Definitions
vary from the complexity of the interface [6], the amount of distractions to the user
[23], and how streamlined the interface is [22]. Simplicity, in simplest terms, is a
measure of how much the user needs to know to operate the system. A more precise
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definition is the size and complexity of the minimally consistent mental model. Be-
cause perceptions of Simplicity are inherently subjective, any measurement of Sim-
plicity must similarly have a degree of judgment built in. Also, discussions of the size
and complexity of a user’s mental model are intrinsically relative: it is only meaning-
ful to compare two mental models rather than make absolute statements about one.

2.5 Mapping

The concept of Mapping was first described by Gibson [11], though the term entered
common use in the context of usability inspections by Norman [24]. Other names
have been used to describe all or part of the concept of Mapping, include Task Match
[16], Directness [9], “Product Compatibility and User Compatibility” [21], and Affor-
dance [11, 24]. Though a large number of definitions for Mapping exist [10, 13, 16,
24, 25], two essential components are present in all: the user’s mental model and the
system model. Mapping consists of cues within the design encouraging the user to
form a consistent mental model of the system. While Simplicity is a measure of the
size of the mental model, Mapping is about how well the interface communicates the
intended model. It is important to note that the user is ultimately responsible for his or
her own mental model; the best the interface can do is to encourage the user to form a
consistent one and to discourage an inconsistent one. No research has been done to
measure Mapping, in part due to the nature of the variable; while it is possible to ac-
curately and completely describe a system model, it is impossible to directly measure
a user’s mental model. Possibly for this reason there have also been no metrics of-
fered to quantify Mapping; indirect evidence and judgment will always be part of the
equation.

2.6  Motivation

Motivation addresses the users’ desire to use the system, encompassing both internal
and external sources. Though Motivation has been described by many, Keller [14]
provided the most widely acceptable framework in his ARCS (Attention, Relevance,
Confidence, and Satisfaction) model. Motivation has been described through external
sources (how the user is compelled to use the system) [13] and internal sources (how
rewarding, aesthetically appealing, and how fun the interface is) [2, 9, 16, 25].

Some of the best usability examples are successful because their level of fun over-
shadows problems with Efficiency or Familiarity. Users tend to try harder, be more
forgiving, and be more patient when their Motivation levels are higher [15, 31]. Be-
cause Motivation lies in the affective domain [7], it is impossible to directly measure.
However, like Mapping, indirect evidence can be collected and often a certain amount
of judgment is required.

2.7  Trust

Trust, defined by Kavonen as “the user’s willingness to commit any transaction,”
has also been called safety [9, 13] and control [9, 21, 25]. Trust is the amount of
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confidence the user has when using the system, being a function of how much the
system encouraging the user feel in control and how little the system behaves in an
unexpected way. The variable of Trust encompasses both measures of user’s per-
ceived control over the system and avoidance of trust-compromising experiences. In
both cases, poor Trust often results in poor Motivation and poor Efficiency.

2.8  Visibility

Visibility was first described as a HCI design constraint by [3] when building the
XEROX Star system. Galitz [9] defined Visibility as “indications of status, possible
actions that can be taken, and the results of actions once they are performed.” Heim
[13] offers a similar definition: “making the user aware of the system’s components
and processes, including all possible functionality and feedback from user actions.”

Many researchers break Visibility into several components: reachability (any state
can be reached from any other state) [5, 9], observability (visibility of data) [5], Dis-
coverability (the probability the user will find the information or functionality he or
she needs), and Precedence (the degree of prominence a desired piece of data or func-
tionality is on a given display interface). Each definition has the common component:
the degree of availability of the functionality and the data of the system to the user
when he or she needs it. Thus any metric describing Visibility must include the user
and his scenario.

3 Conclusion

Through the last two decades, there have been many heuristic evaluation frameworks
proposed, including AIDE [28], MUSIC [20], PUTS [19], Dix’s adaptation of Niel-
sen’s heuristic scale [5], and QUIM [29]. It is the hope of this researcher that each of
these frameworks can be improved through the adaptation of a more valid and reliable
variable set. This will enable heuristic evaluation methodologies to be a more practi-
cal and useful tool in the design process, classroom, and usability lab.
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