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Abstract: The trade-off between awareness and interruption is a crucial aspect in network fault
notifiers: Low severity alarms should not distract operators from other primary tasks, however it
might be crucial that operators promptly react to critical notifications. A notification system should
hence determine when a particular interruption is appropriate and how it should be presented. In
this direction, this paper presents a multistep design path beginning from the objective of designing a
proof-of-concept for a glanceable alarm notification component for telecommunication network man-
agement systems based on a peripheral display approach. In particular the goal was a notifier guided
by severity-based strategies and offering the information expressiveness of a one-notification-at-the-
time perspective while enriching it with overview capabilities to guarantee (possibly subliminal)
long-term local and global content comprehension and prompt reaction only when the interruption
from the foreground task is dictated by the fault severity. A first design macro-phase led to the simple
yet effective GLANCE (GLanceable Alarm Notification for a User Centered Experience) model, based
on a visual coding technique oriented to comprehension and reaction, and a transition strategy
oriented to interruptions and reaction. A second design macro-phase studied the application of
GLANCE to a personal customizable multichannel notification tool and to a service-oriented fault
monitor for digital terrestrial television broadcasting networks.

Keywords: information visualization; notification systems; peripheral displays

1. Introduction

Network management refers to activities, methods, procedures, and tools that pertain
to the operation, administration, maintenance, and provisioning of networked systems [1].
In particular, fault management pertains to the notification, isolation, and correction of, as
well as revealing, network faults. A variety of network monitoring tools are available on
the market offering, to network maintenance operators, suites of software packages that
provide, among others, automated failure detection and support for controlling multiple
devices through graphical user interfaces (see, e.g., [2–4]). Generally, these platforms are
desktop or web applications based on a WIMP (Windows Icon Menu Pointer) paradigm,
with an interaction environment characterized by a multiple view approach that gives
the operators the possibility to inspect the network at different levels of details and/or
under different perspectives. While successful when used as primary tasks by operators
focused on network analysis, they turn out to be less effective as fault notifiers for operators
attending to other primary tasks (possibly in a mobile context) and that have to be informed
of faults in network elements: In-desktop fault notification often lacks proper mechanisms
to capture the correct degree of an operator’s attention based on the alarm severity, so
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to interrupt the primary task only when necessary at the right moment, while mobility-
oriented fault notification is often based on email or SMS, forcing operators to interrupt their
activities to read the message, check the alarm severity, and access (textual) information
about the alarm description.

The cost-benefit trade-off between awareness and interruption is a crucial aspect [5]:
Interruptions unrelated to the primary task may negatively influence task performance and
affective state, leading to longer task completion times, higher error rates, and increased
frustration [5–8] and, on the other hand, studies have proven that when users are offered
the possibility of negotiating the receipt of notifications they tend to an indefinite postpone-
ment [9], with a resulting inability to get the right information at the right time [7,10,11],
which would be highly harmful when the recipient of the notification is expected to be
responsible for some relevant action in response. For example, the study discussed in [12]
shows how, in a clinical environment, sending digital notifications with reminders of
incoming appointments to patients greatly improves the efficiency of health care services
by increasing attendance and sensibly reducing the number of “no shows”. Similarly, in
contexts like network management, of interest for this paper, task switching in response to
a fault alert may be mandatory when the operator must promptly react and take charge
of a critical request, while being inopportune in case of low severity faults. Furthermore,
since more than one alarm can be “active” (i.e., raised and not acknowledged yet) in the
network in a given moment, it is advisable that network management notifiers be able to
also offer a global overview of all incoming active alarms. In the remainder of this section
we provide a brief overview on some issues affecting the design of notification delivery,
singling out the motivations behind the proposed study, and outlining research questions
and the overall structure of the study.

1.1. Related Literature

Notifications can be defined as proactive cues based on (a combination of) visual,
auditory, and/or haptic alerts delivering information outside the current user’s focus of
attention (e.g., [13–15]). Depending on the kind of static and dynamic stimuli adopted, a
notification may behave as a trigger to switch from a primary to a secondary task, with
the risk of consequent disruption and user frustration. The design of notification delivery
must hence be based on balancing the necessity of keeping the user informed about incom-
ing information and the necessity of minimizing the pervasiveness and invasiveness of
notifications (sometimes defined as “interruptiveness”). Literature studies on notifications
are primarily conducted along two main research lines:

• Studies on the impact that notifications delivered on single or multiple devices have
on a variety of interrelated aspects: Users’ performances in primary tasks interrupted
by notifications, users’ awareness on secondary tasks gained through notifications,
and users’ frustrations due to task switching;

• Studies on architectural aspects and infrastructures for notification delivery on single
or multiple devices are becoming increasingly relevant along with the increasing
availability of possibly coordinated connected devices (e.g., [16–20]).

As to the first research line, a great volume of psychology studies on task interrup-
tion was stimulated since the 1990s by the growing diffusion of digital communications,
revealing the intricacy of related design decisions (see, e.g., [13,21,22] for overviews on
these studies). None of the interruptions policies (immediate, negotiated, mediated, or
scheduled) singled out in [9] proved to be the definitive (and most effective) response to
the problem of interrupting users while guaranteeing minimal effects on their performance.
A number of studies investigated the effect of notifications and interruptions on users of
desktop PC, especially in work environments [21–27]. In particular, the study in [21] was
conducted to evaluate the influence of Instant Messaging on memory and performances of
the primary task (web search tasks were used in the experiment as primary tasks), showing
that the harmful effects of the interruption vary depending on the time of arrival relative to
the task’s lifecycle (the earlier the stage of the task, the worse the effect). The week-long in
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situ diary study in [22] was conducted to characterize how people define tasks, and with
which granularity, how they interleave multiple tasks among interruptions, and the level
of details with which they encode “task switch”. In particular, the study singled out the
factors influencing the perceived difficulty of switching back to tasks and showed that
reacquiring “returned-to” tasks is considered difficult by users. With the aim of reducing
frustrations due to the inopportune moments in which interruptions arrive, the study
in [23], based on statistical models, evaluated how the adoption of a notification man-
agement system scheduling notification delivery would impact PC users and their tasks
with the results showing that users’ frustration indeed decreases when adopting defer-
to-breakpoint notification policies (hence requiring the detection of adequate breakpoints
during interaction tasks). A different approach to the mitigation of “interruptiveness”
can be found in [24,25], which evaluated to which extent social strategies (e.g., the use
of empathy or of politeness in notification messages) could reduce the negative effects of
interruptions. These studies showed that a polite interruption applied in a low cognitive
load condition may indeed reduce “interruptiveness” but that, on the other hand, empathy
can be counter-productive while interrupting a high cognitive load task for being perceived
superfluous and more irritating than a neutral message. Disruptions can be even heavier
in mobile contexts, with notifications crossing the line between work and private life, even
if the variety of contexts and the notification nature make the analysis more complex than
in work settings. For example, the one-week in situ study in [13], involving 15 users,
confirmed the negative emotions associated, in general, to a high volume of notifications,
but showed also that deferring strategies may work well in professional settings while
notifications associated to personal communication increased positive connection feelings
(deferring strategies may also be difficult in mobile contexts with uncontrolled naturalistic
settings and unpredictable primary tasks [28]). As to the impact of the notification nature,
the in-the-large assessment in [14], collecting about 200 million mobile phone notifications
from about 40,000 users, studied the difference of the perceived importance of various
types of notifications. Similarly, other studies recognized that notifications are used as an
awareness mechanism: A field study about email communication [15], conducted with PC
20 users, revealed that, while aware of the distractions caused by notifications, users highly
valued the awareness of incoming information provided by notifications and used this
to decide whether to suspend ongoing tasks and switch to the source of the notification.
Furthermore, one may notice that, in some multitasking application domains, external
interruptions are proved to be even less disruptive than self-interruptions (i.e., voluntary
task-switching) [29].

1.2. Dealing with Notifications in Network Management

In summary, the basic approach underlying the studies about “interruptiveness” is
to reason on the timing (the when) of the interruption, under the hypothesis that the
notification delivery can be subject to some sort of scheduling based on the stages of the
ongoing tasks (in other words, the ongoing task “wins” over the source of the notification).
As already observed, in an application domain like network management, this is not always
the case, with the “winner” between the ongoing task and (source of the) notification being
dependent on the severity of the fault.

An alternative solution can be found by reasoning about the format (the how) of the
notification, making it dependent on the notification severity and capable of capturing the
correct degree of users’ attention: While the customary solution (found both on desktop
PCs and in mobile devices) is to adopt a unified format for all notifications (typically a
badge possibly associated to auditory and haptic cues), a severity-based solution would
associate low severity alarms to notification formats that do not distract operators from
the foreground tasks and high severity alarms to notification formats that provoke the
operator’s reaction. This is the approach proposed in this paper, based on a glanceable
peripheral display, that, residing in the sensory periphery, conveys information that can be
of some importance for users, in a way that it is able to exploit the “pre-attentive” processing
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ability of the human brain; as long as the alarm severity is not high, the display behaves
like an ambient display [30], which lets users absorb the information in a subliminal way,
without having their attention diverted from the foreground task (ambient systems are
diffused in a variety of contexts, like, e.g., [31–33]). Only when a high severity notification
arrives, the display changes its (static and dynamic) features to behave like an alerting
display moving from the periphery to the foreground of the user’s attention.

Another aspect of customary solutions that make them poorly performant in the
case of network management is their perspective of streams of individual notifications
displayed one at the time and inserted in lists ordered by the time of arrival without any
overview capability. The burden of creating a mental map of the overall state (who/which
source sent what when) is entirely on the users that can only scroll lists of badges. A no-
tifier oriented to network management should be capable of offering, at the same time,
information on individual recent faults and overview on the network as a whole. The
one-notification-at-the-time perspective is generally also typical of studies focusing on
features and classifications of peripheral displays, design guidelines for criticality-based
displays, and the prioritization of notifications [34–41]. One notable exception is the Scope
notifier [42], offering an overview on multiple prioritized notifications coming from het-
erogeneous sources (among which, email, calendar, and pending work items) using the
metaphor of a traditional radar view (the closer to the center, the most urgent/important
the item). The Scope peripheral awareness mode is extremely abstract and concise, rep-
resenting notifications just as markers on the radar and leaving the initiative primarily
to the users that are required to switch from the foreground task to the Scope active in-
teraction mode to inspect items and decide whether to open it in the native application
(only for urgent notifications details are automatically displayed). On the contrary, we aim
at a notifier that always retains the information expressiveness of the one-notification-at-the-time
perspective, though guided by severity-based coding strategies, while enriching it with overview
capabilities, to guarantee (possibly subliminal) long-term local and global content compre-
hension and prompt reaction when the interruption from the foreground task is dictated
by the fault severity.

In this direction, this paper describes research that originated within the framework of
cooperation between the University of L’Aquila and Technolabs S.p.a, a former Italian ICT
company located in L’Aquila, and aimed at designing a proof-of-concept for a glanceable
alarm notification component for Telecommunication (TLC) network management systems,
based on a peripheral display approach. The adopted methodological approach allowed us
to maintain focus on the company’s problem-solving interest and research interest, favoring
the generalization of achieved results. The study was conducted with the following main
research questions in mind: “Can the fault notification component of a network monitoring tool be
effectively defined according to a peripheral display paradigm?”, and more specifically “To which
extent is it possible to offer a glanceable overview along with information on individual faults?” and
“Can (and to which extent) results achieved for a TLC network be generalizable to a more general
context of information coming from heterogenous sources?” This first design macro-phase led
to the simple yet effective GLANCE (GLanceable Alarm Notification for a user Centered
Experience) model, based on a visual coding technique oriented for comprehension and
reaction, and a transition strategy oriented to interruptions and reaction. A second design
macro-phase studied the applicability of GLANCE results to a personal customizable
multichannel notification tool and to a service-oriented fault monitor for digital terrestrial
television broadcasting networks, also leading to an enrichment of the model.

The remainder of the paper is organized as follows. Section 2 provides an overview
of the two design macro-phases underlying overall and intermediate objectives. Then
Section 3 discusses results from the first design macro-phase and Section 4 surveys the
results of the application studies of the second design macro-phase. Section 5 discusses the
overall design experience and its results, and, finally, Section 6 draws conclusions.
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2. Method

The development of GLANCE followed an evolutionary path. Though the initial
goal was quite specific (focused on a system for optical fiber TLC networks in a specific
company), the analysis of the involved critical information led us to a notifier exhibiting a
level of abstraction and a generality that stimulated the investigation of its applicability
in different contexts as well. The overall development hence proceeded along two macro-
phases, respectively focused on a first definition of the model and on its extension and
application. The first macro-phase was carried out in cooperation with Technolabs S.p.A.,
a former Italian ICT company, while the second macro-phase involved two sequential User
Centered Design (UCD) based projects aimed at testing the applicability of the achieved
results, the first carried out within the University of L’Aquila, and the second carried
out in co-operation with Broadcast Solutions S.R.L., an Italian company offering system
integration capabilities for broadcasting and media industries.

2.1. First Macro-Phase: The GLANCE Project

Given the twofold objective of (1) providing a solution to a specific company problem
and (2) generalizing technical results to achieve research results, the structure of the general
organization of the first macro-phase was inspired by the “tandem model” proposed by [43]
within the realm of Action Research (an iterative methodological approach based on the
juxtaposition of action/practice and research/theory [44,45]). The general idea is that
to enforce the mission of production of scholarly knowledge while seeking solutions for
a real-life practical problem proposed by an organizational “client”, two cycles run in
parallel (see Figure 1), one addressing the client’s problem-solving interest and the other
one addressing the researchers’ scholarly interest, leading to the desired results after a
number of iterations [45,46] (in Action Research the most utilized structure for a single
iteration is the one proposed by [47], including the five stages of diagnosis, action planning,
action taking, evaluation, and learning, conducted under theoretical premises singled out
during the diagnosis stage of the first iteration). As underlined by [48], Action Research can
be successfully and creatively employed in empirical Human Computer Interaction (HCI)
research, and has received attention by HCI researchers (see, e.g., [48–53]). Within the
framework of the GLANCE project, we borrowed from the tandem model the ideas of (a)
separating yet running in two parallel cycles, the research objective and problem-solving
objective and (b) treating the outcome of the research cycle (iteratively evaluated and
revised) as the solution method of the problem-solving cycle.
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The research started within the framework of ongoing cooperation between the Uni-
versity of L’Aquila (in the following denoted as Univaq) and Technolabs S.p.A, with the
specific goal (the problem-solving interest) of enhancing the notification of alarms aimed at



Appl. Sci. 2021, 11, 669 6 of 35

soliciting technical intervention in a specific optical fiber TLC network. The investigated organi-
zational context involves alarm information that may be classified along two dimensions:

• Alarm class: Communication, environment, equipment, processing, quality, and secu-
rity), and

• Severity level: Cleared, warning, minor, major, and critical are the five standard levels
in this application domain.

Additionally, each individual alarm is associated to a tuple of values (referring to
temporal, network, object, cause, and location information) and has the life cycle illustrated
in Figure 2. The “alarm raised” and “alarm cleared” transitions are notified by the system to
all network operators, while the “acknowledge” transition is communicated to the system
by the operator taking charge of the technical intervention. Alarms remain “active” until
acknowledged by an operator. Multiple alarms may be simultaneously active because of
faults generated in the same Network Element (NE) or in distinct NEs: With respect to
notification purposes, we consider simultaneous alarms “active at the same time” (i.e., for
which no operator acknowledgement has been received yet), even if it has not necessarily
“arrived at the same time”. It is hence desirable that an alarm notifier be able to provide
information not only about a single incoming alarm but also about all active alarms through
a global overview.
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As pointed out in the Introduction, commercially available network monitoring tools
may not prove to be effective as notifiers for operators attending to other tasks. After the
analysis of virtues and flaws of traditional systems, and after the context analysis, Univaq
and Technolabs researchers agreed on studying and evaluating a novel fault notification
approach based on a peripheral display providing severity-based notifications of incoming
alarms including glanceable information on both individual alarms and network overview,
small enough to be possibly visualized on (possibly ad-hoc hand-held or wearable) mobile
devices. This reflection phase was actually the entrance of the cyclical process conducted
under the theoretical premise that a shift of paradigm towards peripheral displays could
improve operators’ work. The working group conducting the research included three
people from Univaq (one senior researcher and two junior researchers with a background
in HCI) and two people from Technolabs (one senior electronic engineer with a background
in TLC network management and one senior electronic engineer with a background in
TLC network management and Information Visualization). Technolabs represented the
problem-solving interest, while Univaq represented the research interest. It was agreed that
the Univaq researchers had to guide the overall process while the Technolabs people had
to be involved as domain experts/stakeholders and to assess design choices. In summary,
the elements of the GLANCE project can be summarized as in Table 1.
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Table 1. Elements of the GLANCE (GLanceable Alarm Notification for a User Centered Experience)
project: A is the investigated real-world problem situation, P is a real-world example of A allowing
the researcher to investigate A, F is the theoretical premise declared by the researcher prior to the
intervention in A, MR is the research method, and MPS is the method employed to guide the problem
solving (PS) intervention.

Elements of the GLANCE Project

A Issues/challenges in handling simultaneous notifications with different severity levels
P Setting up a proof-of-concept notifier for faults in optical fiber networks
F Glanceable peripheral displays may improve the efficiency of operators’ work

MR HCI methods/techniques blended with organization elements from the “tandem model”
MPS The novel notification model (GLANCE)

As to project and research objectives, though presented hereinafter all together for
the sake of a clear presentation, they were actually the result of continuous reflection and
refinements throughout the iterations of the cyclical process. In order to investigate the
three identified general research questions, Q0 “Can the fault notification component of
a network monitoring tool be defined according to a peripheral display paradigm?”, Q1
“To which extent is it possible to offer a glanceable overview along with information on
individual faults?” and Q2 “Can results achieved for TLC network be generalizable to a
more general context of information coming from heterogenous sources?”, the problem
objective (PO) and the research objective (RO) for the two parallel cycles, along with their
intermediate goals, were defined as in Table 2.

Table 2. Problem and research objectives.

Problem Objective (PO) and Intermediate Goals

PO

Setting up of a proof-of-concept severity-based multiple fault notifier for Telecommunication (TLC) networks, with
intermediate goals:
PO1 Notification of incoming single alarms
PO2 Notification/overview of multiple active alarms

Research Objective (RO) and Intermediate Goals

RO Definition of a general abstract model for the notification of multiple alerts coming from heterogenous sources
RO1 Definition of an abstract model for the notification of single faults in TLC networks

RO1.1 Definition of an abstract display schema oriented to comprehension and reaction for the
visualization of the information associated to a single alarm

RO1.2 Definition of a dynamic stimuli strategy oriented to interruption and reaction in response to the
notification of a single alarm

RO2 Definition of an abstract model for notification/overview of multiple active faults in TLC networks
RO2.1 Extension of RO1 results to the case of intra-NE (Network Element) multiple active alarms
RO2.2 Extension of RO1 results to the case of inter-NE multiple active alarms
RO2.3 Extension of RO1 results to the combined case of multiple active alarms
RO2.4 Definition of constraints for the number of multiple active alarms

RO3 Release of a general abstract model for the notification of multiple alerts from heterogenous sources

According to the specification of problem and research objectives, it was agreed that
GLANCE had to be developed through an evolutionary design approach starting from
the simplest scenario in which we have only one active alarm, successively moving to the
scenario with multiple active alarms to be separately addressed in the first two iterations of
the cyclical process (on both the research and problem-solving interest cycles), and a third
iteration would then be focused on the generalizability of results (mostly on the research
interest cycle), as summarized in Table 3.
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Table 3. Overall project plan.

Iteration Main Objective Evaluation

1st iteration dealing with individual alarms expert based
2nd iteration dealing with multiple alarms expert based + user based + dissemination
3rd iteration generalization of results and definition of the GLANCE model expert-based + user based

Formative usability evaluation methods [54,55] have been used throughout the whole
design process to iteratively assess design choices, not only with the objective of detecting
and eliminating usability flaws but also with the aim of informing the design based on
objective measures where necessary (e.g., to provide an answer to research question Q1
“To which extent is it possible to offer a glanceable overview along with information on
individual faults?”). All the experiments mentioned in the paper are customary usability
evaluation, conducted with adult people within the framework of official Master thesis
works of the School of “Ingegneria Informatica e Automatica” of the University of L’Aquila
(Italy) approved by the institutional School Review Board [56–59].

2.2. Second Macro-Phase: GLANCE Applications and Interactivity Enrichment

While the company interest was considered to be almost satisfied at the end of the
second iteration, the research interest could be regarded only partially satisfied at the
end of the third iteration: Formal aspects were indeed judged sound by expert-based
and user-based usability evaluation studies, however, given the ambition of a model with
general applicability, it was considered appropriate to conduct additional research to test
the model’s effectiveness and flexibility in contexts that are diverse in nature, so as to be
used as benchmarks. In particular, two traditional UCD-based projects were focused to:

• The application of GLANCE to a personal customizable multichannel notification tool;
• The application of GLANCE to a service-oriented fault monitor for digital terrestrial

television broadcasting networks.

The first application led to GLANCE enrichment in terms of both visual coding and
(new) interactive features. The revised model (GLANCE+) turned out to be also beneficial
for the second application project.

The overall evolution of GLANCE features (visual coding technique, transition strat-
egy, and interactivity) throughout the design project, along with their evaluation, is dis-
cussed in the next two sections, which are focused on the two macro-phases of the project.

3. Results of the 1st Macro-Phase: The GLANCE Project

As we already observed in the Introduction, our first objective was to overcome the
limits that customary approaches have with respect to requirements of network man-
agement, in particular we wanted to abandon the perspective of streams of notifications
displayed one after the other through badges with a unified format and inserted in a
scrollable list based on timestamps, to achieve a notifier acting as an ambient or an alerting
display based on severity-based coding strategies, retaining the information expressiveness of the
one-notification-at-the-time perspective, and enriching it with overview capabilities. The objective
is to guarantee (possibly subliminal) long-term local and global content comprehension and
prompt reaction when the interruption from the foreground task is dictated by the fault
severity (the three parameters Interruption (I), Reaction (R), and Comprehension (C) have been
proposed by [36] as pillars of the so-called IRC framework). Context-of-use analysis, user
observation, field studies, and brainstorming meetings with domain experts in the initial
phases led to the founding idea of a system responsible for selecting a Level-Of-Detail
(LOD) and dynamic stimuli consistent with the urgency degree of the notification, based on
a design “serving” the IRC parameters by (1) a visual coding technique (which is the leading
aspect of the study) oriented to comprehension and reaction and (2) a transition strategy,
oriented to interruptions and reaction.
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In this section we discuss the design of GLANCE, addressing separately the two cases
of single alarm and multiple alarms, faced from both the research and problem-solving
point-of-view in the first two iterations (in Sections 3.1 and 3.2, respectively), and then
discussing the generalizability of results (in Section 3.3).

3.1. First Iteration: Dealing with Individual Alarms

The first iteration was aimed at the achievement of the research objective RO1 (Defini-
tion of an abstract model for the notification of single faults in TLC networks) and of the problem
objective PO1 (Notification of incoming single alarms).

3.1.1. Definition of the Abstract Model and Application to the Organizational Situation

The basic idea was to conceive the notifier as an in-desktop peripheral display located in
the bottom-right corner of the primary monitor, outside the primary visual focus, occupying
a fixed rectangular area small enough to be also possibly displayed on hand-held mobile
devices or on ad-hoc (wearable) devices (studies have shown that small displays result in
fast identification of changing information [37]). By default, the display behaves like an
ambient display, continuously visualizing non-critical information without demanding the
full attention of users, but as soon as a critical notification arrives, it turns to an alerting
display. In particular:

• Low severity alarms are associated with a few data conveyed in a subliminal way,
whereas;

• More urgent alarms are associated with notifications requiring focal attention and
technical intervention,

by adapting the visual coding technique and the transition strategy to the severity
level. Given their distinct responsibilities with respect to the IRC framework, the definition
of these two components were addressed separately. In both cases the approach was to
define general abstract rules and then apply them to the specific problem at hand.

The GLANCE visual coding technique. As observed in the Introduction, one of the basic
choices behind GLANCE is to abandon a unified notification format (adopted, e.g., in
customary notification badges in PC desktops or smartphones) in favor of an adaptive
format, taking into account the severity degree of the notification. The final objective is a
glanceable display able to automatically convey quickly understandable but minimum and
specific information (with respect to the severity) without requiring any user action. In
order to ensure glanceability, the visual coding technique is based on visual variables (color,
shape, size, position, and contrast). More specifically, the basic GLANCE general abstract
schema is defined as a rectangular display partitioned into three sub-areas (see Figure 3):

• An upper bar contains temporal information on the displayed alarm,
• A lower bar is reserved to user data, and
• A middle area contains information about the currently active alarm and is in turn

divided into a synthetic component and a detailed component: The former informs about
the alarm severity by a combination of textual and sensorial information (label and
color), while the latter visualizes the alarm description with the background color and
the LOD associated to the severity, conveying the minimum amount of information
necessary for the severity level and getting progressively denser information while
the alarm severity increases.

Application to the specific problem situation. As mentioned in Section 2.2, each alarm
is described by a tuple of data item. As to LOD, three levels were judged appropriate,
determining a ranking of the attributes of the tuple schema, as illustrated by Table 4.
Alarms with a different severity level and same LOD will be differentiated by the values of
retinal variables and the transition types.
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Table 4. Level-Of-Detail (LOD) defined as association between severity level and schema attributes.

LOD Severity Level Schema Attributes

LOD1 cleared, warning temporal data, network, NE id, cause
LOD2 minor, major temporal data, network, NE id, class, object, cause
LOD3 critical temporal data, network, NE id, class, object, cause, location, sub-location

Figure 4a shows how the five levels of severity are mapped onto three abstract
schemata according to the LOD conventions of Table 4. In the case of critical alarms,
the quantity of data items associated to the corresponding LOD3 (cause, location, and
sublocation) requires the utilization of a string ticker with the beneficial side effect that a
dynamic stimulus-like ticker animation will grab users’ attention coherently with a high
severity alarm (additional dynamic stimuli will be determined by the transition strategy,
discussed later on). Examples of alarm visualizations with different severity are depicted
in Figure 4b, illustrating the roles of icons to represent alarm class and background color
to represent severity (it is worth recalling that results on glanceability tests indicate that
these two visual properties are the two most popular among users [39]). In order to not
violate user expectations, color coding conforms to the standard severity/color associa-
tion used in the network management application domain (cleared/green, warning/blue,
minor/yellow, major/orange, and critical/red). It has to be observed that in any case
additional coding mechanisms (textual, auditory, and possibly haptic cues) are used in
association to colors to guarantee a correct display interpretation to users with color vision
diseases: The synthetic component also displays the severity level as a textual label, the
detailed component conforms to different LODs depending on the severity level (e.g., no
icons are used for LOD1), and distinct dynamic (animation, auditory, and haptic) stimuli
are used to grab the correct level of user’s attention depending on the severity level.

GLANCE transition strategy. The basic idea behind GLANCE is that low severity
notifications have to remain in a pre-attentive stage of the human brain, while high severity
notifications must interrupt ongoing activities. The second component of GLANCE is
hence an attention capture mechanism used to determine how the notification display
shifts from ambient to alerting, i.e., from visual periphery to foveal vision, and vice versa,
and how to control awareness, and later processing. Since the display is located in the
visual periphery, such a mechanism has to be based on dynamic stimuli (e.g., animation)
depending on the severity level and stages of human attention. Studies show that human
attention may be divided into three main zones [38]: In the zone of inattention, objects may
affect behavior though not directly available for conscious awareness; in the zone of divided
attention, where users’ attention is distributed over a number of distinct objects; and finally,
in the zone of focused attention, where all users’ attentional resources are concentrated onto
only one stimulus (Figure 5). Based on this attention model, it is straightforward to consider
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three notification levels (low, medium, and high), and correspondingly three transition
types, associated to the three zones of human attention. It is also advisable to foresee a
fourth notification level in which not only users reach the zone of focused attention, but
they also perform some acknowledgement action. In GLANCE we adopt the transition
framework proposed and validated in [38] (Table 5), where the four levels are denoted
change-blind (information of marginal importance to be notified so to consume no conscious
awareness), make-aware (information directed to divided attention, of which user has to be
made aware), interrupt (information directed to focal attention, demanding interruption
from current tasks), and demand-attention (notification with the highest urgency that has to
distract the user from the primary task until an action is done). The third column in Table 5
shows how display updates are associated with visual/auditory stimuli of different types
based on consolidated literature results (surveyed and structured in [38]) guaranteeing to
the notifier the correct behavior of change-blind/ambient/alerting system based on the
severity level (in case of usage on mobile devices, distinct auditory and haptic stimuli of
increasing intensity are to be considered for each level).

Appl. Sci. 2021, 11, x FOR PEER REVIEW 11 of 36 
 

 

   
(a) 

   
(b) 

Figure 4. Application of the first GLANCE model to fault notification: (a) Mapping the five 
severity levels onto three abstract schemata and (b) sample fault notifications with different 
severity levels. 

GLANCE transition strategy. The basic idea behind GLANCE is that low severity 
notifications have to remain in a pre-attentive stage of the human brain, while high 
severity notifications must interrupt ongoing activities. The second component of 
GLANCE is hence an attention capture mechanism used to determine how the notification 
display shifts from ambient to alerting, i.e., from visual periphery to foveal vision, and 
vice versa, and how to control awareness, and later processing. Since the display is located 
in the visual periphery, such a mechanism has to be based on dynamic stimuli (e.g., 
animation) depending on the severity level and stages of human attention. Studies show 
that human attention may be divided into three main zones [38]: In the zone of 
inattention, objects may affect behavior though not directly available for conscious 
awareness; in the zone of divided attention, where users’ attention is distributed over a 
number of distinct objects; and finally, in the zone of focused attention, where all users’ 
attentional resources are concentrated onto only one stimulus (Figure 5). Based on this 
attention model, it is straightforward to consider three notification levels (low, medium, 
and high), and correspondingly three transition types, associated to the three zones of 
human attention. It is also advisable to foresee a fourth notification level in which not only 
users reach the zone of focused attention, but they also perform some acknowledgement 
action. In GLANCE we adopt the transition framework proposed and validated in [38] 
(Table 5), where the four levels are denoted change-blind (information of marginal 
importance to be notified so to consume no conscious awareness), make-aware 
(information directed to divided attention, of which user has to be made aware), interrupt 
(information directed to focal attention, demanding interruption from current tasks), and 
demand-attention (notification with the highest urgency that has to distract the user from 
the primary task until an action is done). The third column in Table 5 shows how display 
updates are associated with visual/auditory stimuli of different types based on 
consolidated literature results (surveyed and structured in [38]) guaranteeing to the 
notifier the correct behavior of change-blind/ambient/alerting system based on the 
severity level (in case of usage on mobile devices, distinct auditory and haptic stimuli of 
increasing intensity are to be considered for each level). 

Figure 4. Application of the first GLANCE model to fault notification: (a) Mapping the five severity levels onto three
abstract schemata and (b) sample fault notifications with different severity levels.

Application to the specific problem situation. The five severity levels considered in the TLC
network naturally maps to different areas of the attention-awareness graph, as illustrated
in Figure 5: Cleared and warning are associated with the inattention zone and the change-blind
notification level, minor is associated with the divided attention zone and the make-aware
notification level, major is associated with the focused attention zone and the interrupt
notification level, and critical is associated with the focused attention zone and the demand-
attention notification level.
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3.1.2. Evaluation and Learning

The first (low-fidelity) prototype was realized as an animated PowerPoint display
mock-up simulating an example sequence of single alarm notifications with different
severity. Given the simplicity of the notifier up to this point, formative evaluation was con-
ducted in a rather quick and inexpensive way to receive suggestions from domain experts
on how to possibly improve the glanceability and readability of the system, postponing a
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more formal evaluation to the end of the 2nd iteration. The evaluation group included
one facilitator, one product expert, and two Technolabs people with the twofold role of
evaluators and domain experts. The overall evaluation meeting included a 30′ seminar on
ambient and alerting displays (to make domain experts more familiar with the selected
theoretical framework), a general presentation of the GLANCE model to the evaluators,
and a cognitive walkthrough session [60,61].

In order for the test to be as much as possible representative of an actual working
situation (e.g., to check how typical background noise could interfere with the auditory
stimuli of the notifier), the evaluation session took place in the real working setting and the
notification sequence was built from a real alarm log generated by the optical fiber network
investigated in the problem solving cycle, with notifications presented in an asynchronous
way with no particular order as to severity levels. The facilitator walked through the
example notification sequence to evaluate, for each notification, whether a real user would
achieve the desired comprehension effect and would associate it to the correct reaction.
Technolabs people were indeed very satisfied and surprised by GLANCE readability and
did not detect any flaw neither in the abstract model nor in the mockup. In particular, they
appreciated the glanceability of the coding technique and underlined the immediacy of the
alarm information availability compared to solutions offered by commercial products based
on a peripheral status bar with scarce visual cue distinction and, above all, on the necessity
of user initiated actions for accessing the correct level of detail for incoming alarms.

In addition, stimulated by this observation, after the walkthrough session a compari-
son between GLANCE and the Scope display [42] was analyzed with the domain experts,
as to the different choice of the two approaches with respect to the immediate availability
of the information associated to low and medium severity alarms (as to information about
high severity notifications both approaches make it immediately available without explicit
user request). Domain experts agreed with the GLANCE choice of making alarm infor-
mation always available at an automatic severity-dependent LOD without explicit user’s
action in any case, and, concerning this stage of the project, judged GLANCE superior
as to long-term comprehension of alarm information of any severity (though additional
evaluation was still to be done in successive project steps).

With reference to Table 1, the target objectives of the first iteration (PO1, RO1.1, and
RO1.2, and then RO1 as well) were hence considered achieved.

3.2. Second Iteration: Dealing with Multiple Alarms

The second iteration was aimed at the achievement of research objective RO2 (Def-
inition of an abstract model for notification/overview of multiple active faults in TLC
networks) and problem objective PO2 (Proof-of-concept ability for notification/overview
of multiple active alarms).

3.2.1. Definition of an Abstract Model for Notification/Overview of Multiple Active Faults

The main objective of this stage was the enrichment of the basic model with an
overview capability of supporting the final users in the cognitive task of building a mental
map of the network status without having to interact with the device for querying the
system: The basic idea behind GLANCE is in fact that network overview and information on
individual alarms have to coexist and continuously inform users without requesting any
action from them.

As observed in Section 2.1, the problem is to conceive a glanceable synthesis of
simultaneously active alarms (i.e., alarms which have not yet been taken in charge by
some operators), possibly prioritizing alarms with higher severity. In TLC networks,
multiple active faults may be generated within a single NE, within distinct NEs, or in a
hybrid situation. To adapt the display to manage these cases yet retain the information
expressiveness of the one-notification-at-the-time perspective, we assigned to the synthetic
component the role of glanceable overview of the overall situation, to provide quick and easy
comprehension of the number of alarms, their severity, and their sources (same NE, distinct NEs,
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or both). The detailed component maintains its role of container for alarm descriptions,
but it is used differently depending on whether the simultaneous alarms are originating in
the same NE or in distinct NEs:

• Case 1 (intra-NE): Simultaneous faults in the same NE (Figure 6a illustrates an example
for the specific problem situation): In this case the synthetic component is split into as
many portions as the number of simultaneous alarms, each showing the severity of
the associated alarm, ordered by severity level. The detailed component shows the
alarm with the highest severity level, representing less critical ones as annotated flags;

• Case 2 (inter-NE): Simultaneous faults in distinct NEs: In this case the synthetic com-
ponent is divided into as many portions as the number of NEs generating the faults,
with each portion showing in turn the severity of the associated alarm, ordered by
severity level. The detailed component cyclically visualizes the descriptions of the
incoming alarms one after the other, as a customary sequence of alerts ordered by crit-
icalness (Figure 6b illustrates an example for the specific problem situation, showing a
sequence of two active alarms originating in two distinct NEs), in other words, the
notifier continuously cycles over alarmed NEs;
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• Case 3: Hybrid situations: In this case the approaches utilized for facing Case 1 and
Case 2 are combined, with the synthetic component split into as many portions as
the number of NEs generating the faults, like in Case 2. Each NE is assigned the
same area but this area is further partitioned when the NE generates more than one
fault (consistently with Case 1). As in Case 2, the detailed component visualizes
alarm descriptions as a sequence of alerts, continuously cycling over alarmed NEs
(for multiple faults coming from the same NE, only the most severe one is displayed,
consistently with rules for Case 1).

3.2.2. Evaluation and Learning

The second (low-fidelity) prototype was realized as an animated PowerPoint display
mock-up simulating an example sequence of single and multiple alarm notifications in-
cluding a variety of intra-NE, inter-NE, and hybrid case scenarios. This round of formative
evaluation included (1) an expert-based evaluation session with Technolabs people fol-
lowed by (2) a user-based test aimed at evaluating the readability of the display and at
measuring the scalability of the technique.

The Expert-Based Evaluation

The evaluation meeting was organized and conducted similarly to the evaluation
session performed at the end of the 1st iteration, with the goal of evaluating glanceability,
readability, and learnability of the notifier in the new context of the added overview capabil-
ity. The meeting included a presentation of the enriched model, a cognitive walkthrough
session with domain experts, an informal think aloud testing with experienced users,
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and a final discussion with both domain experts and experienced users. Overall it lasted
two and a half hours. The evaluation group included one facilitator, one product expert,
two Technolabs people with the twofold role of evaluators and domain experts (who also
participated in the previous evaluation session), and two Technolabs people with the role
of experienced users (who did not participate in the previous evaluation session). Again,
the session was conducted in a real working environment and the examined notification
sequence was built from a real alarm log generated by the optical fiber network under
consideration in the problem-solving cycle. In particular, the sequence was set up by
collecting a number of log portions selected so to include progressively different combina-
tions of intra-NE, inter-NE, and hybrid case scenarios, with notifications presented in an
asynchronous way. The same sequence was used for the cognitive walkthrough session
with domain experts and the think aloud testing with experienced users. In both cases,
the facilitator walked through the example notification sequence to evaluate whether real
users would achieve the desired comprehension effect and would associate the correct
reaction. In particular, in the think aloud testing users were asked to comment on how they
interpreted the visualized information so as to evaluate the learnability of the GLANCE
display and its readability against a benchmark situation, in particular in the tricky case of
hybrid situations (Case 3), with the main attention on the comprehension of the network
status based on the overview provided by the synthetic component. Experienced users
involved in the think aloud testing did not participate in the walkthrough session, so to
obtain some first rough indications on the learnability of the system: The test was indeed
promising, with users grasping correctly the network status from the status of the synthetic
component after few steps of the sequence, necessary to understand that the display was
cycling over alarmed network elements.

Beside the legibility of the synthetic component, the other crucial aspect to be evaluated
and discussed was the necessary visual representation power trade-off (dictated by space
constraints) between overview information and individual alarm information, and in
particular, the choice of reserving the detailed component to one single alarm (the one with
highest severity) for each alarmed network element. All domain experts and users judged
the choice appropriate with reference to the main goal of a notification in this context, i.e.,
pushing operators to take charge of incoming alarms starting from the most severe ones, as soon as
the most sever alarm in a NE is acknowledged by an operator, it will disappear from the
GLANCE display while the next in the priority list of its NE will appear, making the notifier
behave like an intervention task dispatcher. It was observed that in an operative release of
the notifier, some kind of interactivity would be desirable to allow operators to manually
access detailed information on less sever alarms on the same NE on-demand if judged
necessary (e.g., the overview might reveal that less severe alarms of a given NE are more
severe than displayed alarms of other NEs and operators might wish to inspect all alarms
of that NE). Furthermore, the evaluation revealed usability flaws concerning the utilization
of flags for the visualization of multiple alarms in the same NE, due to both possible
color overlapping (readability flaw) and selection difficulty should the flags become the
interactive elements, allowing to access individual alarm data (accessibility flaw).

Furthermore, the GLANCE approach was again compared with the approach of the
Scope display, notwithstanding the greater overview capacity offered by the abstractness
and conciseness of Scope, in this case domain experts judged GLANCE more appropriate
with respect to the application domain, observing that, in the tradeoff between overview
and details, sacrificing some overview capacity is absolutely well outbalanced by the ad-
vantage of the immediate availability of alarm data in change-blind, ambient, and alerting
modes based on the status of the network. It was also appreciated that GLANCE preserves
the visibility of the overview in all cases, while in Scope the overview is hidden when
a high severity notification arrives. Despite the detected usability flaw and observation
about possible interactive capability, Technolabs people were so satisfied with the overall
results that a half-day company workshop was organized to share project results with
company managers and company laboratory staff. The workshop included a seminar on
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ambient and alerting systems and peripheral displays, the presentation of the GLANCE
model, a demo of the developed proof-of-concept based on the same notification sequence
used for the evaluation session, and a final brainstorming with workshop participants.
About 40 people participated in the meeting and gave feedback. Company people reac-
tions to the proof-of-concept demo provided additional evaluation elements, with a clear
confirmation of the notifier suitability at provoking reactions correctly depending on the
alarm severity. We noticed that although at this stage of the study the association of Table 5
(mapping severity levels to consolidated attention types/transition types) was still to be
formally evaluated, it was somehow expected that users’ reactions would be correct, being
dynamic stimuli based on state-of-the-art consolidated results [38]. A number of company
employees, in particular, underlined the reaction urgency provoked by the dynamic stimuli
associated to high severity alarms (which is actually one of the main objectives for the
notifier component of a TLC network management system) while many appreciated the
“politeness” of the display in the case of low-to-medium severity alarms.

The User-Based Evaluation to Identify the Overview Readability Threshold

As to the user-based evaluation, prior to a test specifically devoted to validate the
mapping in Table 5, it was crucial to measure the glanceability and scalability of the solution
singled out for overview, so as to provide an objective answer to research question R1
(“To which extent is it possible to offer a glanceable overview along with information on individual
faults?”) and inform successive steps of the study. It has to be observed that the decision to
assign to the synthetic component the role of global overview makes it the most critical
part of the display. In fact, if the widths of individual areas in the synthetic component
become too small, the discernibility of individual alarm severity may be jeopardized for two
reasons: On the one side, size is a dissociative visual variable that, for low values, affects
the perception of colors, and, on the other side, heavy simultaneity increases the probability
that contiguous colors do not contrast enough. Furthermore, it may become difficult to
grasp in a glanceable way the number of incoming alarms. The proposed solution is hence
efficient when the number of simultaneous alarms remains below a given threshold.

Experiment design. To identify the readability threshold, we performed a usability
study at a mockup level based on sample configurations of working cases. In particular,
we built a series of 40 screenshots covering a broad range of possible scenarios and critical
configurations compatible with the display size (e.g., intra-NE simultaneity, inter-NE
simultaneity up to six NEs involved, contiguity of very similar or very dissimilar colors)
and in this case we used ad-hoc synthetic scenarios in place of sequences extracted from
the alarm log to test specific risky combinations. After an internal pilot test aimed at tuning
the timing of the administration of screenshots in the sequence, the actual laboratory-based
test took place with ten recruited users (an appropriate sample of subjects for the purpose
of the test [62].

Experiment sessions. In total 10 (four female) experienced users of PCs with Microsoft
Windows aged 22–48 (AVG = 30.8; M = 26) took part in the study on a voluntary basis,
recruited among students and personnel of the university campus (five participants were
Master students, one participant was a PhD student, two were laboratory technicians, and
two were from the administrative personnel). Participants were invited singularly to the
lab, welcomed, and informed about the objective of the study. After a brief description
of features and behavior of the GLANCE display the test began. Each participant was
presented with the screenshots of the sequence, with each screenshot displayed for a
few seconds to evaluate what users grasped at a glance (Figure 7 illustrates some of the
scenarios shown to test participants). After each screenshot, users were asked to report the
number of alarms in the synthetic component for each color (actually, this request is even
more demanding than the actual task in a real situation, in which low severity notifications
may be ignored with little harm). Overall, each user session lasted approximatively 30 min.
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Results. Results are consistent with Miller’s study on the channel capacity and on
“the magical number seven, plus or minus two” [63]. In the case of intra-NE simultaneity
(Figure 7a) correctness of responses dramatically dropped from above 80% to 40% moving
from eight to 10 simultaneous alarms (screenshots were made progressively denser with
an increase of two additional subareas in the synthetic component at each new step), while
nobody provided a correct answer with 12 simultaneous alarms. The steep discontinuity in
performance from the 8 case to the 10 case makes it reasonable to fix 8 as threshold for the
case of intra-NE simultaneity (see Table 6). It is worth noticing that since alarm markers are
displayed from left to right from the most severe to the less severe ones, consistently with
the typical behavior of short term memory, the number of most severe alarms was always
correctly remembered, being these the first in the list, as well as in the 10 and 12 cases.

Table 6. Results of the scalability analysis.

Nr (K) of Involved NEs. Max Subareas per NE 1

1 8
2 8
3 5
4 4
5 3

5 < K < 16 1
1 i.e., threshold for number of simultaneous active alarms in the same NE.

In the case of inter-NE simultaneity, two cases must be considered, depending on
whether each NE is the source for at most one alarm or more than one. As to the glance-
ability of the synthetic component, the former case leads back to the intra-NE simultaneity
case, while for the latter it is necessary to test different configurations corresponding to
an increasing number of involved NEs (Figure 7b illustrates the cases of two/three/four
distinct NEs). Since for the inter-NE case, the notifier visualizes alarm information consid-
ering in sequence one NE after the other, it is possible to analyze the synthetic component
of each NE area independently of what happens in the other NEs involved. In the case
of two NEs (illustrated in Figure 7b) we achieved the same performance results as in
the intra-NE case (correctness above 80% up to 8 subareas and harsh discontinuity for
the 10 case), and we hence fixed a threshold of 8 subareas (see Table 6). With more than
2 NEs, because of the increasing limitation of the available space estate for each NE in the
synthetic component the steep degradation of recall performances occurs before than in
the two NEs case, leading to a threshold lowering (Figure 7c,d show the cases of three and
four NEs, respectively). In particular, for three NEs, four NEs, and five NEs we found
threshold values of five, four, and three, respectively (see Table 6), while, for a number of
NEs K greater than five, partitioning the NE area of the synthetic component even only
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in two portions raises readability issues since the adjacent areas would be so small as to
be distinguishable only in case of highly contrasting colors. The maximum acceptable
number of involved NEs is 16, which, as to subarea discernibility, is analogous to the case
of two involved NEs with eight simultaneous alarms each. Summarizing, we obtain the
constraints in Table 6.

In summary, with reference to Table 1, after the 2nd iteration objective PO2 was
considered “almost” achieved (but for the flag issue), and objectives RO2.2 and RO4 were
considered achieved while objective RO2.1 (and consequently RO2.3) required additional
work. A usability test focused on the validation of the mapping between severity levels and
transition types was scheduled at the end of the study, after the generalization of results
and the identification of possible extensions aimed at overcoming the limits of Table 6.

3.3. Third Iteration: Final Release of the Proof-of-Concept and Definition of a General Formal

With the substantial success of the cognitive walkthrough session and success of
the workshop, the company interest was by and large completed at the end of the 2nd
iteration. Hence, beside amending the flag flaw, the 3rd iteration was primarily focused on
the research interest and on the achievement of research objective RO3 (Release of a general
abstract model for the notification of multiple alerts from heterogenous sources).

3.3.1. Final Release of the Basic GLANCE Model and of the Proof-of-Concept Mock-Up

To solve the detected flag issue, the detailed component was refined by replacing flags
with annotated tabs (codifying severity by color, size, and LOD) not overlapping with the
synthetic component, with the additional benefit that, in an interactive tool, tab affordance
would allow operators to manually access on-demand information on each individual
alarm on the same NE, independently of its severity, as brought to light by the expert-based
evaluation. The new visual signals and an example situation are illustrated in Figure 8.
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Figure 8. Redefinition of multiple fault information in the detailed component: (a) The new intra-NE
simultaneous alarms signals (color, size, and LOD depends on the severity level) and (b) an example
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Given that the usability flaw was related only to the overlapping of color and that the
new introduced signal avoids overlapping, objectives RO2.1 and RO2.3 was considered
satisfied after an inexpensive expert-based usability test. Furthermore, a Java prototype
was implemented according to the model defined so far and objective PO2 was consid-
ered satisfied.

3.3.2. GLANCE Generalization

At this stage of the design, the general GLANCE model can be described by results
summarized in Figure 3 (single alarm visual coding technique), Table 5 (transition strategy),
Section 3.2.1 (multiple alarms overview technique), and Table 6 (simultaneity threshold). Though
the initial goal was domain specific, the achieved design exhibits a level of abstraction that
stimulated to investigate not only improvements aimed at overcoming the limits singled
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out by the scalability analysis, but also the applicability of GLANCE in other contexts
where the information to be notified satisfies the few basic characteristics identified for the
alarms studied so far: (1) Classification along the dimensions of class and severity, and
(2) description as tuples of values.

While the threshold on simultaneity proved not to be a limitation for the specific
optical fiber networks the company had to deal with (given typical topology and number
of elements of such networks), the scalability analysis suggested that extensions were
advisable to obtain a broader applicability, both in more general TLC networks and in
additional domains. In a generalizability perspective, the ultimate objective was the
capability of notifying alerts/updates from different heterogeneous information channels, each
potentially generating a high number of notifications. Moving from the specific TLC
network application domain to general application domains, the limitations dictated by
the scalability analysis on the number of involved network elements and on the number
of alarms active in the same network element can be reformulated as limitations on the
number of different channels and on the update rate of individual channels, with an impact on
the display efficacy.

A first natural extension is the introduction of hierarchization mechanisms with the
twofold positive effect of mirroring the customary hierarchical organization of several real
application domains (e.g., news organized by topics) and providing a mechanism that
possibly breaks down complex cases into smaller more manageable pieces (e.g., traffic
information on Italian highways may be dispatched on a regional basis), as well as in
the primary application domain of the study (e.g., a TLC may be structured in smaller
subnetworks).

A first redesign step was hence aimed at studying new overviewing mechanisms for si-
multaneous alerts, oriented to information classification and hierarchization, general enough
and orthogonal, to be selected and possibly combined so as to adapt the display to channels
to dispatch. The GLANCE extension was based on the following assumptions:

• To conform to previous design choices regarding the synthetic component partitioning,
• To organize the “notification space” into simpler sub-spaces so to have a lower proba-

bility that a single sub-space exceeds the threshold,
• To display the status of one sub-space at the time, and
• To offer mechanisms to switch among sub-spaces.

The two newly introduced orthogonal mechanisms are horizontal scrolling and display
tabbing, built on top of the structure considered so far, each exhibiting pro and cons,
supporting respectively the management of homogeneous elements belonging to the
same category (e.g., traffic alerts from the highway infrastructure) and of notification
spaces organized in distinct categories (e.g., folders of email). Figure 9 illustrates some
example scenarios:

• The display in Figure 9a illustrates a possible use of horizontal scrolling in the case of a
highway traffic monitor: Regions with incoming news are treated separately (in the
same way of network elements) and shown in sequence, each presenting simultane-
ous news by customary synthetic component partition (in the same way of alarms
generating in the same NE). Arrows at the extremes of the synthetic component act
as affordances for its behavior (anyway, in the default ambient behavior the notifier
would autonomously and continuously scroll the list, moving from element to ele-
ment). This scenario corresponds to monitoring a set of elements S = {Ei, i = 1, . . . , n},
where each Ei acts as a source of multiple notifications and can hence be viewed as an
alternative solution for the hybrid situation of Case 3 in Section 3.2.2: The advantage
is the absence of limit in the number of scrollable elements, but its disadvantage is
the loss of a global overview and the lack of direct access to individual regions. It
is worth noting that the notifier allows one to scroll sets of elements (each managed
as in the basic model discussed for network management), according to two-level
multichannel scenarios;
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• The display in Figure 9b illustrates the use of display tabbing, showing notifications of
incoming email, organized in categories (e.g., inbox, spam, work, etc.) represented by
tabs. This solution has the advantage of offering a glanceable global overview and
guaranteeing an easy direct access to individual categories (tabs) in an interactive
tool (again, in the default ambient behavior the notifier would autonomously and
continuously move from tab to tab). The disadvantage is the upperbound on the
number of categories determined by the limitation on the display width. Another
disadvantage can be the possible contiguity of red/orange and green tabs, which
would require additional visual cues for tabs with major/critical notifications (e.g.,
thicker borders);

• The display in Figure 9c illustrates the combined use of the two mechanisms in a
two-level multichannel scenario in which individual channels are associated to tabs
and are further structured into subcategories handled by the horizontal scrolling of
the display.
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It must be observed that the utilization of such mechanisms allows one to overcome
the limitations on the threshold given in Table 6. For example, a TLC network partitionable
in subnetworks may be managed either by assigning subnetworks to different tabs or by
simply scrolling the subnetworks.

In summary, the two additional mechanisms of horizontal scrolling and tabbing
extend GLANCE monitoring/overviewing capability and allow one to manage structured
notification spaces. The features of GLANCE can be the basis for customizable multichannel
notifiers built and configured onto multisource prioritized notification dispatchers. As
the discussion about the example scenarios showed, configuration choices should be on
a case-by-case basis, taking into account the characteristics of the monitored notification
sources and the degree of complexity of the notification space, in order to select the best
combination of overviewing mechanisms.

3.3.3. Evaluation and Learning

As discussed in Section 3.1.1, the design choices related to transitions in Table 5 are
based on already validated literature results. In particular, the five severity levels used in
GLANCE (cleared, warning, minor, major, and critical) are mapped onto four notification
levels (change-blind, make-aware, interrupt, and demand-action) adopted and validated
by PTK, a toolkit providing structured support for managing user attention in the develop-
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ment of peripheral displays [38], and associated to transition types known to be adequate
for making displays work in the correct zone of the attention-awareness graph (inattention,
divided attention, and focused attention), as surveyed in [38]. In particular, displays work-
ing in the inattention zone use very gradual animation, minimizing motion (e.g., [38,64]),
displays working in the divided attention zone employ a number of techniques based on
abrupt changes (e.g., [38,65,66]), and displays working in the focused attention zone use
significant motion/changes in the interface to draw user’s attention (e.g., [38,67]).

Having based transitions on such validated results, we expected GLANCE to correctly
behave as a change-blind/ambient/alerting display based on notification severity, and for
this reason the evaluation at the end of the first two iterations was primarily focused on
the GLANCE visual coding technique, which, as already observed, is the leading aspect
of the study. At the end of the third iteration, we set up a usability test to evaluate the
extended model with scrolling and tabbing mechanisms including also the validation of
the mapping in Table 5, i.e., the GLANCE ability to make users “consume” notifications
in the correct way, with an immediate reaction to severe ones and subliminal long-term
comprehension of minor ones.

Experiment design. The scenario in Figure 9c, which includes both new mechanisms,
was evaluated by a laboratory-based controlled observational study grounded on a dual-
task test to simulate what happens in a scenario in which notifications arrive while the
operator is attending other tasks. The objective of the study was to measure how GLANCE
notification effects can influence performances in a dual-task setting, both on the foreground
and the background task. The study was designed to have participants performing a
primary text-reading task while, at the same time, monitoring notifications delivered by
GLANCE. We wanted to measure, on the one hand, how distracting the notifications were
on the text-reading performance (by user observation and a post-experiment test) and,
on the other hand, how memorable the notifications were (by a post-experiment test).
Notifications to be administered to participants were designed to be credible content of a
multichannel notifier. In particular, the sample GLANCE display used for the test included
four categories (i.e., four tabs) related to stock market (with two subcategories), incoming
email (with four subcategories), news (with five subcategories), and calendar (with four
subcategories). The notification sequence included information related to 16 different
events and a total of 13 animations of display content (Figure 9c is actually an example
notification from the tested prototype), with a uniform distribution of notifications and
display changes over the four notification levels (change-blind changes, make-aware,
interrupt, and demand-action). A pilot test was conducted with internal users to tune the
timing of the notifications relatively to the note-taking activities of observers. Based on the
results of the pilot test, we decided to have two observers per user, alternating within a
single user observation during the sequence of display changes, so that each of them could
have enough time for recording details about the user’s reaction to each display change.
Observers were trained to judge user’s reaction based on users’ eye movements and face
expression in response to a notification and were asked to collect structured quantitative
data to be organized as an observation matrix: displayChange × user → rating , where
rating was to be assigned by the observers according to a four values scale depending on
the attention zone corresponding to the user reaction (0 = inattention, 1 = divided attention,
2 = focused attention, and 3 = focused attention plus action). The observation matrix was
to be compared with the “expected matrix” after the experiment to measure the distance
between actual users’ behavior and expected behavior based on the notification level.

Experiment sessions. A total of 15 participants (six female), aged 22–51 (AVG = 33,6;
M = 30), took part in the study on a voluntary basis, recruited among students and
personnel of the university campus (five participants were Master students, two PhD
students, two laboratory technicians, two were from administrative personnel, and four
were employees not using computers for their jobs). None of the participants had previous
experiences with the tested notifier, but seven of them had been involved in the scalability
test of the previous prototype. Participants were invited individually to the lab and were
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given a brief introduction to the experiment. A facilitator gave a description of GLANCE
features and explained to users what they were requested to do, what they would be
observed for, and how data collected from the study would be used. Then each user
was asked to read a one-page text (foreground task) while simultaneously monitoring
the asynchronous notifications delivered by the GLANCE display (background task).
In the case of critical notifications (corresponding to the demand-action level) they were
requested to click on the display, while in all other cases they were not asked to do anything
in particular. Participants were not instructed on how to prioritize the two tasks nor
were they preliminarily informed about the speed with which the notifier would update
(actually, notifications arrived in an asynchronous manner). At the end of the session,
participants were asked to recall details of both the read text and information notified
by the GLANCE display by answering a questionnaire with 12 questions about event
information delivered by GLANCE during the test. Furthermore, in a post-experiment
debriefing, participants were asked to subjectively evaluate GLANCE as to intuitiveness,
glanceability, intrusiveness, and usefulness of the display.

Results. At the end of the test sessions we analyzed the data collected by the observa-
tion matrix and questionnaires. As to the former, gathered data were compared with the
expected values and discrepancies were analyzed and summarized (Table 7). In particular,
we observed that anomalies in the observed attention zone involved a distance of only one
level up (e.g., a “divided attention” was observed when an “inattention” was expected)
or one level down (e.g., a “divided attention” was observed when a “focused attention”
was expected). Only in one case was there a recorded distance of two levels down, but the
associated observer’s note indicated that it occurred when the user was distracted from the
foreground task. Table 7 summarizes the results, differentiating between the two cases of
“level up” (the display change grabbed more user attention than due) and “level down”
(the display change grabbed less user attention than due).

Table 7. Rate of unexpected behavior.

Notification Level Rate of Level Up Rate of Level Down

Inattention 13% 0%
Divided attention 8% 11%
Focused attention 4% 8%

Demand action 0% 12% (6%)

We notice that overall the display behaved as expected. It is worth nothing that, if we
consider the total of inattention and divided attention display changes (90 changes), we
detected unwanted interruptions only in 4% of cases. On the other hand, if we consider
the total of focused attention and demand action display changes (105 changes), we did
not get the desired interruptions in only 3.8% of cases. As to the rate of level down in the
demand action notification level, it has to be noticed that more than 50% of cases occurred
in the first appearance of a demand action display change (these users did promote the
background task to foreground task but, without instructions, they forgot to click on the
display as requested by the test). If we ignore the first demand action display change for
all users and we limit the calculation to the remaining display changes, the rate drops from
12% to 6%. We also notice that, while in the administered test the requested action did
not produce any particular benefit to the users, in real contexts it would be associated to
some domain-specific meaningful effect that would push users to perform it. Actually, in
the post-experiment debriefing, some users reported that they perceived the requested
action as a “chore” and they would have liked, e.g., to access the source of the critical news
by clicking.



Appl. Sci. 2021, 11, 669 23 of 35

As to the users’ post-test, the result of the questionnaires showed that the notifier did
not affect at all the completion of the primary task (with a correctness rate of 100% on
the questions about the proposed text). As to the secondary task, Table 8 summarizes the
correctness rate (CR) of users’ answers, rated according to four levels: Excellent (CR > 90%),
good (70% < CR ≤ 90%), sufficient (50% < CR ≤ 70%), and poor (CR < 50%).

Table 8. Results of the secondary task of the dual tasks test.

Id Question CR

1 How many categories (tabs) were monitored by the notifier? excellent
2 Which category in the following list was not monitored? excellent
3 How many critical alarms do you remember? excellent
4 For which categories do you remember critical alarms? good
5 Which among the following stock market indices was involved in a notification? poor
6 How many email notifications do you remembers? sufficient
7 Which was the sender’s name of a notification in the group “Personal”? sufficient
8 Do you remember notifications about a sport event and if yes its score? good
9 Which calendar events do you remember? excellent
10 Do you remember political news notifications and if yes which? excellent
11 Do you remember what the weather notification was about? good
12 Which was its background color? sufficient

Overall, the correctness rate of the secondary task was above 80% in 66% of the
questions (1–4, 8–11), and around 60% in the remaining 33% (5–7, 12). It is worth noticing
that user performances reflect somehow the results obtained by the observational study,
which showed that some ambient notifications fell in the inattention zone. In particular:

• There was no detection of statistically relevant differences based on age or computer
experience;

• Notwithstanding that 8% of alerting notifications fell in the ambient zone, critical
information was always correctly recalled;

• Most significant mistakes are related to the recall of some specific details of a low-
to-medium severity notification (like, e.g., the name of a stock index in Question 5,
the sender of an email message in Question 7, the background color of a panel in
Question 12);

• Question 12 was asked just to check how many different information users were able
to digest about a notification but remembering a notification color is not the objective
of the system.

As to the lower memorability of lower level notifications compared to higher level
notifications, it has to be observed that the test articulation (text reading and monitoring
first, and memory verification after) did not emulate exactly what would happen in a
real scenario in which users would react somehow when the notification arrives in case
of high severity notifications (which are proved to be all very well recognized and re-
called), while they would perceive in a subliminal way less severe notifications that will
be cyclically displayed by the notifier, thus not necessarily requiring long term memoriza-
tion. Therefore, lower users’ performances on lower severity notifications of questions
5 and 7 do not correspond to actual bad performances in a real setting and are not to be
considered worrying.

As to the post-experiment debriefing, participants were asked to provide scores on a
5-value scale (from 0 to 4, the higher the better) in relation to their subjective judgement
about (1) the overall intuitiveness of the visual coding technique, (2) capability of providing
a glanceable overview of the notification space, (3) perceived lack of intrusiveness of
dynamic stimuli, and (4) usefulness of the display in routine working activity. As reported
in Table 9, in this case we obtained different feedback based on the role of participants, with
students assigning a slightly better rating to intuitiveness and glanceability of the display,
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and campus personnel assigning higher scores to lack of intrusiveness and usefulness of
the display.

Table 9. Subjective GLANCE evaluation.

GLANCE Property AVG of Students AVG of Personnel Overall AVG

Intuitiveness 4.29 4 4.13
Glanceability 4.29 4 4.13

Lack of intrusiveness 3.86 4.12 4
Perceived usefulness 3.57 4.37 4

As to intuitiveness and glanceability, we believe that the slightly higher scores of
students may be due to the greater familiarity of (digital native) younger people to visual
tools. More interesting are the results relative to the possible integrability of GLANCE with
routine tasks, where the frequency and obligation of attending primary tasks with expected
productivity probably make a difference, particularly in the perceived usefulness of a
product capable of minimizing unwanted interruptions while guaranteeing information
awareness. This result is in line with the expert-based evaluation and with the discussions
with Technolabs personnel during the workshop, and in line with the overall primary
objective of GLANCE.

Based on all these considerations, objective RO3 was considered satisfied and the
project was considered completed.

4. Results of the 2nd Macro-Phase: Application and Refinement of GLANCE

In this section we briefly survey the results of the second design macro-phase, which
included two traditional UCD-based projects which allowed us to evaluate the flexibility
of GLANCE to adapt to different contexts. The first project studied the application of
GLANCE to a personal customizable multichannel notification tool and led to an extended
version of GLANCE, denoted GLANCE+, including additional interactive features coherent
with the Shneiderman’s mantra (overview first, zoom and filter, details on demand) [68].
The second project adapted GLANCE and GLANCE+ features to a service-oriented fault
monitor for digital terrestrial television broadcasting networks.

4.1. Application to a Personal Customizable Notifier

As observed in Section 3.2.2, the GLANCE monitoring/overviewing capability, ex-
tended by the introduction of scrolling and tabbing mechanisms, allows one to view the
features of GLANCE as the basis for customizable multichannel notifiers. We hence inves-
tigated the exploitation of achieved results for designing a personalizable multichannel
notification display. In particular, we considered a notification space composed of a num-
ber of distinct categories (e.g., news, email, weather, etc.) as in the scenario depicted in
Figure 9c (categories are associated to tabs and further structured into subcategories han-
dled by scrolling). An additional analysis led to a revision of some aspects of the category
management, aimed at overcoming two different efficacy problems. The first one is related
to the abstractness of the display with respect to category management, which, though
formally correct, may cause “similarity interference” (a problem discussed also in [69]):
When formatting visual displays for dynamically updating environments, the design has
to make information highly distinctive across the displayed items. In our case, while the
currently visualized category is easily recognizable, no information other than number
and severity of incoming notifications is graspable at a glance for the other categories.
The second problem is related to the upper bound on the number of manageable tabs,
which translates into an upper bound on the number of categories that users may decide to
monitor, hence becoming a sever limitation to the broader applicability of the notifier.

A unified solution for the two problems was found by rethinking the category area
according to the basic ideas in Figure 10: A category bar behaves as a scrollable list of
categories visually represented by icons (Figure 10a), with the multifold effect of removing
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the upper bound on the number of categories, solving the similarity interference problem,
and exploiting perceptual sensory immediacy. Furthermore, as illustrated in Figure 10b, a
category is associated to a status sensitive icon, i.e., to a family of icons getting visually richer
as the number of simultaneous alarms increases, thus providing a rough indication of the
number N of simultaneous incoming notifications within a category (the exact indication of
N is provided by tagging the icon with N). In other words, we now combine in the category
bar most of the information previously split in the tabs and in the synthetic components.
Clearly, the icon style is just a matter of aesthetic and the one in Figure 10 is to be viewed
just as an example of the new approach based on status sensitive icons (actual tools based
on this model might also offer a choice of multiple themes). Notice also that status sensitive
icons allow now a first LOD exclusively based on the category bar showing a glanceable
overview on the number of incoming notifications (simple additional visual hints might
also indicate which categories include critical notifications, if any) and the small arrow
below the icons allows one to access a second LOD including the notification details as in
the previous version of GLANCE.
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Figure 10. The new category bar: (a) Its organization, and (b) an example of status sensitive icon.

Now, since in an application like this it is reasonable to offer both a user-initiated and
a system-initiated interaction, we need a mechanism to automatically cycle over categories
with incoming notifications. To this aim, we conceived, and tested with users, four different
solutions (shown in Figure 11), differing in:

• Visual hints used to indicate the current category (tab metaphor vs. lens metaphor),
• Relative movements of categories and overlapping tabs/lens,
• Scrolling direction of individual notifications within the detailed component of a

single category (vertical vs. horizontal).

Experiment design. The new version of the GLANCE model (denoted GLANCE+) was
evaluated by a laboratory-based controlled observational study grounded on a dual-task
test similar to the one described in Section 3.3.3. The primary objectives of the study were
(1) to evaluate the novelties introduced in GLANCE+ (and hence the glanceability of the
new category bar), and (2) to select the solution with the best objective and subjective
performances. In this case we did not repeat the evaluation of the mapping between
notification levels and transition types, which was considered validated by the results
of the previous test. The study was designed to have participants performing a primary
text-reading task while, at the same time, monitoring notifications delivered by GLANCE+.
In particular, we wanted to measure how distracting the notifications were on the text-
reading performance (by user observation and a post-experiment test), how memorable the
notifications were (by a post-experiment test), how intuitive the category bar features were
(by user observation and a post-experiment test), and how satisfied users were with the
different proposed solutions (by a post-experiment test). Notifications to be administered
to participants were designed to be credible content of a multichannel notifier including
up to six different channels. To evaluate the efficacy and glanceability of the different
alternatives, different rounds of dual-tasks tests were designed, including (a) texts different
in content but analogous in terms of complexity and (b) notification sequences different in
content but analogous in terms of kinds of notifications and display changes (to compare
the different solutions under the same conditions in terms of user familiarity with the
content). Notice that for the same solution, two scenarios were designed, differing in the
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number of channels included: One scenario with a number of channels not requiring the
scrolling of the horizontal bar and another scenario with a number of channels exceeding
the number of visible channels in the category bar and hence requiring horizontal scrolling.
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Experiment sessions. A total of 10 participants (five female) aged 18–50 (AVG = 32.9;
M = 32.5), heterogenous with respect to technical skill, recruited among students and
personnel of the university campus, participated in the study on a voluntary basis (one
participant was an undergraduate student, two participants were Master students, two
were PhD students, two were technicians, and three were employees not using computers
for their jobs). None of the recruited users participated in previous evaluation sessions
of GLANCE. Participants were invited individually to the lab and were given a brief
introduction to the experiment. A facilitator gave a description of GLANCE features and
explained to the users what they were requested to do, what they would be observed
for, and how data collected from the study would be used. Then each user underwent
different dual-task rounds corresponding to different category bar design alternatives, with
the order of the design alternatives assigned randomly to each user, again to compare
the different solutions under the same conditions in terms of user familiarity with the
content and display. As in the previous usability test, in this case participants were also not
instructed on how to prioritize the two parallel tasks nor were they preliminarily informed
about the speed with which the notifier would update. At the end of each round, participants
were asked to answer a questionnaire including three sections: Questions about details
of the read text, questions about details of the information notified by the GLANCE+
display, and questions about features of the category bar. Furthermore, at the end of the
entire session, users were asked to subjectively evaluate which alternative they judged as
the most intuitive.

Results. As to the recall of text details and notification details we expected and indeed
achieved a confirmation of results obtained for the previous prototype. It is worth observing
that, for both the foreground and background task, in the first administered round the
users’ recall performances results were slightly lower than the recall performances of
the participants in the previous test (the correctness rate was 91% for the read text and
52% for lower-to-medium severity notifications), while equalizing them in the successive
rounds. As reported also by the observers, in this case users required more time to become
familiar with display features and behavior but, as the results of successive rounds shows,
the system was quickly learned. Once the users had learned the display, their recall
performances improved to match the glanceability of the previous version of the display
(actually, the administration of several rounds to each user allowed us to get an indication
on the learnability of the display). We also observed that in this case information about
critical notifications was always correctly recalled, as was in the first rounds. As in the
previous test, as to recall performances we did not detect statistical differences based on
age or on computer experiences.

As to the specific evaluation of the category bar, one of the novelties to be validated
was the use of a combination of status sensitive icon and numeric label to indicate the number of
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incoming notifications for a given category: 60% of the users understood that the category
icon changed based on the number of notifications, 70% of the users understood the
meaning of the numeric label, and all users recognized at least one of the two visual hints
as indication of the number of incoming notifications for the category. This confirms the
appropriateness of relying on a combination of icon and numeric label.

The other aspect to be validated was the visual hint used to indicate the current category
(tab metaphor vs. lens metaphor). As to the selection of the best solution, this was based on
both objective criteria, with respect to users’ ability to digest a set of categories organized
as a scrollable list, and subjective criteria (i.e., users’ preferences). From the results of the
third section of the questionnaire, it emerged that most users did not understand that in the
tabbed solutions of Figure 11a,b the category list was a scrollable list (probably because of
the familiarity with unscrollable tabbed displays), while the same problem was neglectable
in the third and fourth options of Figure 11 (differing only in the scrolling direction of
individual notifications within the detailed component of a single category), which had also
better performances in regards to the recall of notifications with medium-to-high severity
and to the recall of categories overview. Among these two candidates, the organization
subjectively preferred by users was the one in Figure 11d, characterized by:

• Alens in a fixed central position of the category bar,
• The category list scrolling from right to left, and
• The notification descriptions scrolling from bottom to top.

Again, as already observed about the icon style, the lens is just a matter of aesthetics
and may be replaced also by different (and possibly more abstract) visual solutions coher-
ent with the model (i.e., in a fixed central position of the category bar over a scrollable
category list).

The final design of the GLANCE+ model is illustrated by the sample display in
Figure 12a. Considering the expectations of users of a personal notifier, the display has
been enriched by a scrollbar on the right side to directly interact with the notification
list and an interactive control palette on the left side with icons for (a) pausing/restarting
the automatic scrolling, (b) going directly to a notification source, and (c) deleting a
notification from the list. The list is also visualizable in an on-demand panel, to provide
quick direct access to individual selected items (see Figure 12b), thus offering an additional
glanceable overviewing capability. A GLANCE+ based Java application has also been
implemented, equipped with a back-office component allowing users to customize the
notification aggregator.
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4.2. Application of GLANCE and GLANCE+ to a Service-Oriented Fault Monitor for Digital
Terrestrial Television Broadcasting Networks

The second application project was carried out as a customary UCD-based project
within the framework of co-operation between Univaq and Broadcast Solutions S.R.L.,
an Italian company offering system integration capabilities for broadcasting and media
industries. We observe that an exhaustive description of this project goes well beyond the
scope of this paper since in this case the primary company objective was to conceive a novel
perspective for the fault management approach. We report on this project here, sketching
its main features and results, because it was an opportunity for testing the adaptation of
GLANCE and GLANCE+ features to a real context.

In particular, the company’s goal was to study a novel approach for fault management
in digital terrestrial television broadcasting networks, shifting from a traditional device-
based perspective, with scarce support for detecting how the final service is affected by the
alarmed device, to a service-based perspective centered around faults as perceived by the
final user (e.g., absence of the audio component in a given channel) without losing the
possibility of clearly identifying the corrupted device(s). This issue has implications on
both the “internal engine” managing the service/device correlation and the “dispatching
display” alerting operators about alarms and offering efficient navigation in alarm data. As
to the “dispatching display”, after a series of brainstorming meetings with domain experts
and final users, it was agreed to study a GLANCE-based fault notification component offer-
ing the operator a glanceable overview of information about incoming alarms, grounded
on the final users’ service-based perspective (e.g., “absence of the video component in
RaiUno”), while guaranteeing a smooth and efficient switch to the device-based perspective
(e.g., “lack of video signal on SDI input interface”). Though similar to the original project
with Technolabs, the new application has to take into account multiple requirements:

• The fault management package has to provide a service-centric overview to offer the
operator a precise view of what the consumer is receiving;

• The fault management package has to provide a service/device correlation to make
the operator able to intervene for fixing the problem;

• The alarm notification has to grasp the correct quantity of operator’s attention, de-
pending on alarm severity, and alarm data useful for fast intervention planning have
to be easily identifiable.

It must be observed that in digital terrestrial television broadcasting networks, trans-
mission malfunctioning may depend on a number of related devices: Fault on one device
may provoke faults on other related devices, making it appropriate to provide a clear corre-
lation amongst all faults affecting the same service. Furthermore, processes carried out by
a device are somehow “children” of previous processes and “parents” of processes carried
out by successive devices in the chain. It is therefore appropriate to provide a hierarchical
visualization of the network status through an “alarm tree” that allows operators to easily
understand the correlation service/alarm and to quickly identify a malfunctioning final
cause (Figure 13 shows a portion of a simple alarm tree on a given service).

Since in this case the notifier has to deal with one category only, the basic idea was to
visualize a glanceable low-LOD overview of alarmed services (basically adhering to the
horizontal scrolling case of GLANCE (Figure 9a)), associated to higher-LOD views allowing
for the visualization and exploration of insight data of the service alarms accessible on
demand as in GLANCE+. In particular, as illustrated in Figure 14a, the upper bar allows
scrolling alerted services either in a user-initiated modality or by automatic cycling, the
middle area provides an alarmed service overview along with summary information on
device faults of its service components, while the lower bar (initially conceived for generic
“user data”) is used to provide a service-centric network overview. The on-demand panel
introduced in GLANCE+ in this case provides details on service alarms visualized either
as a list (Figure 14b) or as a browsable alarm tree (Figure 14c).



Appl. Sci. 2021, 11, 669 29 of 35

Appl. Sci. 2021, 11, x FOR PEER REVIEW 29 of 36 

 The alarm notification has to grasp the correct quantity of operator’s attention,
depending on alarm severity, and alarm data useful for fast intervention planning
have to be easily identifiable. 
It must be observed that in digital terrestrial television broadcasting networks, 

transmission malfunctioning may depend on a number of related devices: Fault on one
device may provoke faults on other related devices, making it appropriate to provide a 
clear correlation amongst all faults affecting the same service. Furthermore, processes 
carried out by a device are somehow “children” of previous processes and “parents” of 
processes carried out by successive devices in the chain. It is therefore appropriate to 
provide a hierarchical visualization of the network status through an “alarm tree” that 
allows operators to easily understand the correlation service/alarm and to quickly identify 
a malfunctioning final cause (Figure 13 shows a portion of a simple alarm tree on a given 
service). 

Figure 13. Example of an alarm tree. 

Since in this case the notifier has to deal with one category only, the basic idea was 
to visualize a glanceable low-LOD overview of alarmed services (basically adhering to the
horizontal scrolling case of GLANCE (Figure 9a)), associated to higher-LOD views
allowing for the visualization and exploration of insight data of the service alarms
accessible on demand as in GLANCE+. In particular, as illustrated in Figure 14a, the upper 
bar allows scrolling alerted services either in a user-initiated modality or by automatic 
cycling, the middle area provides an alarmed service overview along with summary 
information on device faults of its service components, while the lower bar (initially 
conceived for generic “user data”) is used to provide a service-centric network overview.
The on-demand panel introduced in GLANCE+ in this case provides details on service 
alarms visualized either as a list (Figure 14b) or as a browsable alarm tree (Figure 14c). 

Figure 13. Example of an alarm tree.Appl. Sci. 2021, 11, x FOR PEER REVIEW 30 of 36 
 

 

 
 

(a) (b) (c) 

Figure 14. The GLANCE-inspired “Service in alarm” fault notification display: (a) A sample glanceable low-LOD overview 
of an alarmed service providing summary data (number and severity) on its components and their associated alarms on 
devices, and a service-centric network overview in term of summary of total services in alarm. Operators can access views 
with higher LOD by clicking on the small arrow at the bottom of the service overview, like in GLANCE+ an in this case 
this action discloses a tabbed on-demand panel providing details on service alarms either as a list as in (b), or as a 
browsable alarm tree as in (c) (clicks on tree items provide an additional LOD on devices in a balloon fashion). 

The notifier prototype was implemented as a Java application. Usability evaluations 
included expert-based methods (cognitive walkthrough) and user-based methods 
(observational evaluation and verbal protocols [70]). Given that the display was grounded 
on results achieved and validated by the GLANCE and GLANCE+ projects, in this case 
the evaluation was more centered on specific application domain goals, efficacy of the 
novel service-based approach, and alarm data navigability, and for this reason is only 
sketched here since a more extensive discussion would require to address specific service-
oriented fault management issues. In particular, expert-based evaluation pertained 
general issues about information presentation, information comprehension, and interface 
interaction, and singled out issues to be investigated by user-based evaluation. The user-
based evaluation sessions were conducted in-situ with five experienced PC users, based 
on a classical user-based schema. Users were recruited among company technical 
personnel and were potential actual end users of the prototype (“operators”), all male, 
aged between 25 and 40, experts at the application domain. The experimental evaluation 
was conducted in five distinct sessions (one for each user, each with a duration of about 
two and a half hours) in the real users’ working environment: Users were asked to 
perform the test during their ordinary job activities (including, e.g., coffee breaks, 
attendance to other tasks, discussions with colleagues) to test the efficacy of the notifier in 
the real setting. As discussed later on, the notifier was very appreciative and proved to be 
effective with respect to its operational goals. 

5. Discussion 
The work presented in this paper can be discussed according to different 

perspectives: The taxonomic characterization with respect to existing frameworks, the 
methodological approach, and the industrial acceptance. 

As to the taxonomic point of view, GLANCE and its variants can be characterized 
according to two frameworks consolidated in literature. The study in [71] proposes a 
taxonomy of ambient and alerting systems based on four design dimensions denoted 
information capacity, notification level, representation fidelity, and aesthetic emphasis; 
according to such taxonomy, GLANCE can be defined as an “Information Monitor 
Display” and is located in a peripheral area of the desktop, can visualize information from 
a high number of discrete information sources, allows several notification levels, and is 
not characterized by high aesthetic emphasis. As to the IRC framework [36], the 
assessment of GLANCE, based on the results of the user-based evaluation, emphasizes its 
ability to adapt its behavior to the alarm severity: 
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of an alarmed service providing summary data (number and severity) on its components and their associated alarms on
devices, and a service-centric network overview in term of summary of total services in alarm. Operators can access views
with higher LOD by clicking on the small arrow at the bottom of the service overview, like in GLANCE+ an in this case this
action discloses a tabbed on-demand panel providing details on service alarms either as a list as in (b), or as a browsable
alarm tree as in (c) (clicks on tree items provide an additional LOD on devices in a balloon fashion).

The notifier prototype was implemented as a Java application. Usability evaluations
included expert-based methods (cognitive walkthrough) and user-based methods (obser-
vational evaluation and verbal protocols [70]). Given that the display was grounded on
results achieved and validated by the GLANCE and GLANCE+ projects, in this case the
evaluation was more centered on specific application domain goals, efficacy of the novel
service-based approach, and alarm data navigability, and for this reason is only sketched
here since a more extensive discussion would require to address specific service-oriented
fault management issues. In particular, expert-based evaluation pertained general issues
about information presentation, information comprehension, and interface interaction, and
singled out issues to be investigated by user-based evaluation. The user-based evalua-
tion sessions were conducted in-situ with five experienced PC users, based on a classical
user-based schema. Users were recruited among company technical personnel and were
potential actual end users of the prototype (“operators”), all male, aged between 25 and
40, experts at the application domain. The experimental evaluation was conducted in five
distinct sessions (one for each user, each with a duration of about two and a half hours) in
the real users’ working environment: Users were asked to perform the test during their
ordinary job activities (including, e.g., coffee breaks, attendance to other tasks, discus-
sions with colleagues) to test the efficacy of the notifier in the real setting. As discussed
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later on, the notifier was very appreciative and proved to be effective with respect to its
operational goals.

5. Discussion

The work presented in this paper can be discussed according to different perspectives:
The taxonomic characterization with respect to existing frameworks, the methodological
approach, and the industrial acceptance.

As to the taxonomic point of view, GLANCE and its variants can be characterized
according to two frameworks consolidated in literature. The study in [71] proposes a
taxonomy of ambient and alerting systems based on four design dimensions denoted
information capacity, notification level, representation fidelity, and aesthetic emphasis; according
to such taxonomy, GLANCE can be defined as an “Information Monitor Display” and is
located in a peripheral area of the desktop, can visualize information from a high number of
discrete information sources, allows several notification levels, and is not characterized by
high aesthetic emphasis. As to the IRC framework [36], the assessment of GLANCE, based
on the results of the user-based evaluation, emphasizes its ability to adapt its behavior to
the alarm severity:

• For low severity alarms (low interruption) display updates grant longer term awareness
(high comprehension) of notification items without provoking immediate reaction (low
reaction). In this case the system is mapped to the 001 IRC triple behaving like an
ambient display (located in the lower part of the awareness-attention graph of Figure 5)
functioning at “operational level” according to the activity theory discussed in [34]:
Experiments showed that non critical information was remembered with acceptable
precision and user observation showed that its arrival did not promote the notifier to
the primary task of the users, as expected (as shown by results in Table 7);

• For higher severity alarms, display updates require higher amount of attention, up to
requiring urgency awareness (high comprehension), interruption of all ongoing tasks
(high interruption), and quick intervention (high reaction). The system is therefore
mapped to the 111 IRC triple behaving like an alerting display (located in the higher
part of the awareness-attention graph of Figure 5) functioning at “action level” ac-
cording to the activity theory discussed in [34]: Experiments showed that critical
information was always identified, recognized, and remembered, and users obser-
vation showed that the arrival of major and critical notifications made the notifier
promote itself to the primary task of the users, as expected (as shown by results in
Table 7). The efficacy of high severity notifications was proved also by the GLANCE
workshop at Technolabs, as discussed later on.

With respect to methodological aspects, we want to underline the positive experience of
the contamination of HCI methods and techniques with the tandem model idea borrowed
from the Action Research realm and utilized as a general organization guidance of the
work in the first macro-phase. In particular, the clear identification of research objectives on
one side and problem objectives on the other side, as well as the explicit acknowledgment
of research interests on one side and problem interests on the other side, proved to be
greatly beneficial for the cooperation between the project partners and for a rigorous and
structured project management taking care of all involved stakeholders. The positive
effects are also testified by industrial satisfaction.

As to the industrial acceptance point of view, related to the initial objective of overcom-
ing limitations of notifier components of commercial network monitoring tools, the main
challenge of the project was the shift of paradigm to peripheral displays in applications
addressed to traditional and possibly conservative working contexts. Actually, both in the
project in cooperation with Technolabs and in the application project in cooperation with
Broadcast Solutions, the proposed conceptual solutions and the achieved results received
great appreciation, well beyond expectations. As to the first project, the GLANCE workshop
organized by Technolabs people was a unique briefing and testing opportunity. To our
surprise company managers showed great interest in not only in the problem-solving side
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of the project but also in the research side. Furthermore, company people reactions to the
proof-of-concept demo provided additional evaluation elements, with a clear confirmation
of the notifier suitability at provoking reactions correctly depending on the alarm severity.
As to the application project, results of the evaluation sessions at Broadcast Solutions were
very positive with all users having paid attention to high severity alarms and a significant
role was played by auditory stimuli since operators had to leave their desktops frequently
to attend other ongoing working tasks; all operators easily used the alarms tree, discovered
HW problems related to alarms, and detected HW/alarm correlations, in particular from
a “service in alarm view”; all users easily interacted with the interface both at service-
oriented level and at device-oriented level; as to subjective judgment, all users considered
the interface usable, considered the information organization “well arranged”, and judged
the display intuitive as to the visualization of alarm data at the glance on both levels;
minor concern was expressed only for background color and severity indicators of service
components, a flaw easily surmountable by indicating only the total number of alarms
associated to a service component. Overall, the proposed service-oriented GLANCE-based
fault management notification was hence considered successful.

It has to be observed that in both cases the objective was the definition and evaluation
of proof-of-concept prototypes and that the implementation of operative releases of the
notifiers was beyond the scope of the projects and left to the company.

6. Conclusions

In this paper we presented the design evolution of GLANCE, a model for severity-
based glanceable notifiers based on a peripheral display approach, to support users in
the awareness-interruption trade-off, particularly in the network management application
domain or, more generally, in application domains where (a) notification severity plays a
crucial role and (b) users need a global overview of incoming notifications. More precisely,
the study of customary general approaches to notification management shows that they
may be inefficient in the specific application domain of network management systems since
they deal with streams of individual notifications displayed one at a time according to a
unified format and inserted in lists ordered by the time of arrival without any overview
capability. To overcome such limitations, we proposed the different perspective of a
notifier that retains the information expressiveness of the one-notification-at-the-time
perspective while guiding it by severity-based coding strategies and enriching it with
overview capabilities, to guarantee possibly subliminal long-term local and global content
comprehension and prompt reaction when the interruption from the foreground task is
dictated by fault severity.

The design evolution followed a path composed by two macro-phases, respectively
focused on model definition and model application. Though the initial goal was domain
specific, the achieved design exhibits a level of abstraction that stimulated to investigate
its applicability in other contexts, provided that information to be notified satisfies few
basic characteristics, both in terms of single notification data and structure of the notifica-
tion space.

Future work will be focused on improving the fit with mobile devices and on more
extensively studying the promising case of personal notification aggregator. Nowadays
the availability of virtually infinite information sources as well as the pervasiveness of
mobile devices makes information overload a severe multifaceted problem requiring
solutions that are able to help users cope with a number of dimensions of a different nature:
Information growth and diversity, human-to-information interaction, interferences with
ordinary working, and private life activities. As pointed out in [72], “information overload
is as much a problem of information diversity, or clutter, as of its quantity”. The paper
reported the results of a test conducted with workers in more than 1000 large organizations
and when asked which they considered the worse between the quantity of information
they have to deal with or its diversity, respondents identified the diversity as the major
cause of stress. Though the survey dealt with the general case of mix of digital and paper
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information, we find it reasonable that lessons learned from it can also be applicable to the
case of digital information only. It is therefore appropriate studying tools in helping users
deal more efficiently with continuous and diverse incoming information.
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