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Abstract

In this paper we present an empirical study comparing user studies and expert
evaluations based on a specific set of heuristics for evaluating information
appliances with a heuristic walkthrough. The study looks at an e-book reader
as well as a digital music player. In the user study, question-answer protocols
are used as means of intervention during the experiments. To gain insight
into performance of the evaluation methods the identified problem sets were
analyzed. Results for the thoroughness, validity and effectiveness are pre-
sented and compared with prior studies.
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1 Introduction

In the context of the internet of things (IoT), interactive technology is set to
become more diverse than ever: People will interact on different platforms,
using different devices and non-standard interface design. The promise of the
invisible computer (Norman, 1998), rather than indicating less interaction,
actually points towards ubiquitous media interaction. In this context, ade-
quate methods for evaluating interactive systems are needed. In this paper,
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we present a comparative study of different approaches to evaluation infor-
mation appliances: Starting from earlier research on heuristics of information
appliances (Bohm, Schneidermeier & Wolff, 2014), two devices are evalu-
ated using a heuristic walkthrough as well as user studies. The effectiveness
of both methods is compared using thoroughness and validity as major crite-
ria. In this study, we want to examine

e how good heuristic walkthroughs can be adopted using our set of heuris-
tics for information appliances,

e gain information on thoroughness and validity of findings for the heuristic
walkthrough using user studies as the methodological point of reference
(comparison of evaluation methods) and

e compare the performance of the two methods for different appliances be-
ing examined.

The rest of this paper is organized as follows: In chapter 2, we give a short

overview of the state of the art. In chapter 3, heuristics for evaluating infor-

mation appliances are introduced. In chapter 4 we present metrics for com-
paring the output of different usability evaluation methods (UEMs). Chapter

5 gives an overview of the design of our study. Results are presented and dis-

cussed in chapter 6, and chapter 7 draws conclusions and gives a short out-
look.

2 State of the art

In the last decades, starting from early human factors research and later be-
coming a major field of inquiry within computer and information science,
human-computer interaction has developed a broad variety of methods for
evaluation usability, defined in ISO DIN EN 9241-11:1998 (1998) as

“[t]he extent to which a product can be used by specified users to achieve speci-
fied goals with effectiveness, efficiency and satisfaction in a specified context
of use.”
The heterogeneity of evaluation methods is illustrated in handbooks such as
Martin & Hannington (2012). While many methods have been well-establi-
shed for a long time and can be organized along major oppositions like ex-
pert/user study, formative/summative evaluation, quantitative vs. qualitative
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results, less is known about the relative effectiveness and efficiency of the
methods themselves (cf. Law & Hvannberg, 2004).

For gaining insight into the performance characteristics of a usability eva-
luation method (UEM), Hartson et al. (2001) suggest using user studies as
the reference point for comparison: Using real users for an application for
device can generate a set of actual interaction problems against which other
evaluation methods — in our case: heuristic walkthroughs based on our set of
information appliance evaluation heuristics — can be matched.

3 Heuristics for evaluating
information appliances

Picking up well-known sets of heuristics as put forward by Molich & Nielsen

(1990) or Shneiderman (“eight golden rules”, Shneiderman, 1987) as well as

relevant standards (ISO 9241-110:1998(en), 1998) and literature on heuristic

evaluation, we have developed a set of heuristics for the evaluation of infor-
mation appliances (B6hm, Schneidermeier & Wolff, 2014). This set consists
of eight heuristic principles at the top layer, with additional sub-heuristics
defined for each main category. The eight heuristics are defined as follows

(translated from German):

1. Consistency: The appliance is designed consistently and conforms to ap-
plicable standards.

2. Feedback: Each interaction step should have immediate, appropriate, and
recognizable feedback.

3. FEasy handling: Handling should be as efficient as possible but at the sa-
me time give the user a feeling of being in charge.

4. Error avoidance: The design should take precaution that interaction er-
rors concerning not-supported interaction, inadvertent interaction, or
mix-up of function in interaction do not occur.

5. Suitability for the task: The device should provide the functions expected
and needed by the user; the user interface should be designed to fit the
tasks.

6. Help and documentation: In case of interaction problems and for helping
to learn new functions, the device should provide adequate information.
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7. Self-descriptiveness: Interaction for basic functions should be under-
standable without instructions or handbook usage.

8. Flexibility: Users with different competencies cans use the device under
different circumstances in everyday situations.

4 Problem comparison

The comparison of different UEM should be based on common problem de-
scriptions (Lavery et al., 1997: 257 f.), consisting of a description of context,
cause, outcomes, breakdown in User’s interaction, outcomes of the break-
down, outcome, solution. This template was used for describing all problems
found in this study. Problem descriptions from different evaluation methods
can be compared and mapped if they are consistently described in a common
format as suggested by Lavery et al. (1997).

In our study, we want to know how many actual or existing user problems
can be found with a heuristic method. Thus, we need an initial set of “exist-
ing problems”. This can be generated by different methods (cf. Hartson et al.
2001: 390), we decided to generate a reference problem set by performing a
user study. Given this set, the following metrics can be calculated (Sears
et al., 2001: 388; Sears, 1997):

number of real problems found

Th h =
oroughness number of real problems that exist

number of real problems found

Validity =
anatty number of issues identified as problems

Effectiveness = Thoroughness x Validity

For expert-based heuristic evaluations, the problem of false positives is
well-known: Expert may “discover” usability problems that do not occur in
users’ actual interaction with a system or appliance. Therefore, effectiveness
of a method means setting thoroughness in relation with validity as a rate for
false positives (Sears, 1997: 213): The more problems described by experts
turn out to be no “real” problems, the smaller the value for validity will be.
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5 Study design

In Béhm, Schneidermeier and Wolff (2014) the following selection criteria
for (information) appliances are defined: Small display, hard key as well as
soft key interaction controls, and mobile context of usage.

5.1 Device selection

In our study, we have selected two devices which fulfil these elementary cri-
teria (fig. 1):

o Kobo Glo

e Apple iPod Nano

Externe Tasten und Steuerelemente Anschliisse und Ein-/Ausgdnge

Chapter T

My father'sfamily name being Pirrip, and my
Christian name Philip, my infant tongue could make of
both names nothing longer or more explicit than Pip.
So, I called myself Pip, and came to be called Pip

htning Connector

Kopfhérer

were like were unreasonably derived from their

Fig. 1 Kobo Glo e-book reader (left), Apple iPod Nano music player (right)

While Kobo Glo is a digital e-book reader, the Apple iPod Nano serves as

a (MP3) music player. Selection criteria for the devices were as follows:

o In our previous study, we had evaluated a digital camera as well as a copy-
ing machine; in this study other/additional device types should be studied.

e At the same time, we intended to have devices with different assumed
design/UX quality: Going along with the well-established UX design of-
ten found in Apple device we assume that the iPod Nano would have high
usability ratings. At the same time, the opposite might be observed for the
Kobo Glo, produced by a little known manufacturer with less experience
in UX matters.
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5.2  Task design

For developing adequate tasks for the user study that was performed to gen-
erate the reference set of “real” problems, a preliminary survey was con-
ducted among possible users of both device types, e-book readers (20 ques-
tionnaires) as well as digital music players (27 questionnaires). For both de-
vice types, core tasks (e.g. reading; page navigation; searching / listening to
music; shuffle function) as well as supporting tasks (setting markers; adjust-
ing type size / video watching, surfing the internet) were identified. From this
collection the actual tasks for the evaluation were generated.

6 Evaluation

The evaluation comprised two parts, the user study as well as the heuristic
evaluation by experts. Both are briefly described below; we will not go into
the details of particular interactions problems found in the study (cf. Meier,
2015, for an in-depth discussion of identified problems) as we want to focus
on the aspect of method comparison here.

6.1  User study

In the user study, 20 test persons were presented with the tasks for the two
devices. Following Nielsen, 2000, we assume that with 20 test persons, the
actual amount of “real” problems can be approximated quite well. In the user
study, test persons were recorded using a webcam. A moderator was present
for conducting the experiment. In addition to the thinking aloud method, a
question-answer-protocol was used for documenting problem situations
(Grossman et al., 2009). Pre- as well as post-task questionnaires were used to
document demographics and users’ experience with the device types as well
as post-test ratings of the devices and their respective functionality and us-
ability. All usability problems were documented using the template suggested
by Lavery et al. (1997) along with a severity rating of the usability problem.
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6.2  Heuristic evaluation by experts

Two experts were selected for the heuristics walkthrough based on the heu-
ristics as introduced in chapter 3 above. Both experts have a background in
usability engineering (information science /media informatics), with one ex-
pert having a junior level of experience while the other was already at a sen-
ior level (5+ years of UX experience). Using the test scenarios and heuristics
as described above, both experts performed heuristic walkthroughs and docu-
mented their results. An explicit guideline for the heuristic evaluation was
used in order to make sure that both experts followed a similar process in the
heuristic walkthrough. A camera was used for documenting the usability
problems found. For the problem documentation, the same template as in the
user study was used.

7 Results and interpretation

The participating test persons in the user study consisted of 2 pupils, 7 un-
dergraduate as well as graduate students, and 11 adult employed persons (age
range 17-49 years). 20% of them possess an e-book reader, 65% a music
player (digital media device). The following figures 2 and 3 show the amount
of problems identified per user and device:
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Fig. 2 Number of identified problems per User — Kobo Glo e-book reader
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Fig. 3 Number of identified problems per User — Apple iPod Nano music player

In the post-task questionnaire, only few users showed willingness to buy
the e-book reader (15%), while 70% would be willing to do so for the music
player. The e-book reader was rated with 37.25 on average on the system
usability scale (SUS) (Brooke, 1996, 2013), a fairly low value, while the mu-
sic player reached a quite impressive value of 84.75 on average. The initial
assumption of a broad difference in design and UX quality could be con-
firmed.

In the heuristic walkthrough, the experts identified the following number
or problems (cf. tables 1 and 2, items with no problems found left out):

Table 1:

Number of identified problems per Expert — Kobo Glo e-book reader
Criterion # problems for expert 1  |# problems for expert 2
Consistency 4 13
Feedback 1 2
Easy handling 7 3
Error avoidance 8 13
Suitability for the task 3 2
Sum 23 38
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Table 2:

Number of identified problems per Expert — Apple iPod Nano music player
Criterion # problems for expert 1  |# problems for expert 2
Consistency 0 10
Feedback 0 0
Easy handling 1 0
Error avoidance 3 2
Suitability for the task 1 0
Help and documentation 1 2
Self descriptiveness 1 0
Sum 7 14

In a next step, the problems identified by both experts were mapped onto
each other using the common problem description format (Meier, 2015:
107 ff.). After this identification of overlaps, the overall expert problem set
was constructed. Next, the problems sets for both UEMs were compared:

e Kobo Glo: 30 “real” user problems out of 38 overall problems could be
mapped to 30 expert problems (out of 43 problems).

o Apple iPod Nano: 8 “real” user problems out of 13 overall problems could
be mapped to 8 expert problems (out of 17 problems). For details of the
problems and their mapping as well as a discussion of all problems identi-
fied by one type of UEM only, see Meier (2015: 113 ff.).

Finally, we have calculated the quantitative metrics as introduced in chapter

4 above:

Thoroughnessiop, gio = 30 +38 = 0.79

Thoroughness apie ipod Nano = 8 =13 = 0.62
Validitykepo 1o = 30 =43 = 0.70
Validity appic ipod Nano = 8 =17 = 0.47
Finally, effectiveness was calculated as the product of thoroughness and
validity:
Effectivenessiop, 1o = Thoroughnessiop, gio X Validityxopo cio =

0.79 x0.70 = 0.55

EffeCtiveneSSApple iPod Nano — ThoroughnessApple iPod Nano X ValidityApple iPod Nano —

0.62 x0.47 = 0.29
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8 Discussion and outlook

Table 3 shows a comparison of these results with results from a previous
study (Bohm, Schneidermeier & Wolff, 2014):

Table 3: Comparison of results with a prior study

Camera Copying Kobo Glo Apple iPod
Machine e-book reader Nano
Thoroughness 0.77 0.79 0.79 0.62
Validity 0.91 0.79 0.70 0.47
Effectiveness 0.70 0.62 0.55 0.29

It becomes clear that results for the music player a much worse than for
all other three devices. One might assume that the higher design quality — or
the assumed higher design quality as perceived by the experts — plays a role
in this outcome. The differences are more or less the same for both experts in
the study.

Regarding the method, the combination of information appliance heuris-
tics and heuristic walkthrough using a guideline worked quite well as the
heuristics are more precise (only the top level is presented in chapter 3
above) than the more general heuristics discussed in the literature.

For the user study, using a question-answer-protocol as a means of docu-
menting interventions by the moderator was successful in the sense that more
tasks could be completed by the users. Finally, using precise templates for
problem description had a steep learning curve in the beginning, but proved
to be very helpful for problem identification and mapping.

The effects of (perceived) good interaction design quality for expert-based
UEMs should be studied in more detail in the future.
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