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Abstract. Even if geographical aspects such as location are included already in
the Zachman framework (as the where-perspective), it is not common to have
detailed geographical aspects included in enterprise models. Cartography is the
science of visualizing geographical information in maps. Traditionally the field
has not included conceptual relationships that you find in enterprise models.
Both cartography and enterprise modelling have developed guidelines for
obtaining high quality visualizations. SEQUAL is a quality framework
developed for understanding quality of models and modelling languages based
on semiotic theory. In cartography such frameworks are not common. An
adaptation of SEQUAL in the context of cartographic maps called MAPQUAL
has been presented earlier. Differences between quality of maps and quality of
conceptual models, pointing to guidelines for combined representations have
been performed, and we try in this paper to investigate the utility of these
guidelines in a simple trial. The result of the trial is presented, indicating that it
is possible to represent conceptual, temporal, and spatial aspects in the same
models in many ways, but that the choice of main perspective should depend on
participant appropriateness.
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1 Introduction

A conceptual model is traditionally defined as a description of the phenomena in a
domain at some level of abstraction, which is expressed in a semi-formal or formal
visual language. An enterprise model can be regarded as a kind of conceptual model.
The field has spawn from information systems development and computer science
with methodologies like Data Flow Diagram (DFD), Entity Relationship diagrams
(ER) and more recently Unified Modeling Language (UML), Business Process Model
and Notation (BPMN) and Archimate. The languages used for conceptual modelling
largely contain nodes and links between nodes, and containment relationships. In
enterprise modelling a number of perspectives to modelling are distinguished. For
instance the Zachman Framework [22] describes 6 perspectives; What (material) it is
made of, How (process) it works and Where (location) the components are, relative to
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one another, Who is involved, When are tasks done relative to each other and Why. In
conceptual and enterprise modelling, we traditionally deal with what (data
modelling), how (process modelling), who (organizational and actor modelling), when
(behavioural and temporal modelling), and why (goal-oriented modelling). On the
other hand the location aspect (where) is seldom dealt with in detail, although as we
see e.g. in the development of BIM [21] of buildings that topological aspects get more
and more important to represent.

Cartography on the other hand, focuses on aspects of location through maps.
Maps at first sight appear to be very different from conceptual models. However,
many similarities among these representations can be found.

The ultimate goal of the work is to develop an understanding of quality of
enterprise models when also including geographical/topological constructs. To get to
this we have earlier developed a framework for understanding and assessing quality
of maps (MAPQUAL [18]), based on the SEQUAL-framework [10] for quality of
models and modelling languages. Differences between SEQUAL and MAPQUAL are
used to assess how combined geographical and conceptual models should be
developed to achieve high quality models, and the aim of this paper is to report in
experiences with modelling notations that takes into account both conceptual,
topological and temporal issues.

In section 2, we present background on quality of maps and conceptual models.
Section 3 describes the case and section 4 present a simple trial with two alternative
visualizations of situations in the case-domain. In section 5 we sum up the experience
and describe further work on an integrated approach.

2 Background and Related Work

A map is a kind of model. An underlying assumption has been that cartographic maps
represent, primarily, geographic concepts. Some research has been put into applying
cartographic visualization techniques as described by [4] on general non-geographic
information [1, 15, 20] and the opposite, applying general information visualization
techniques on geographic information. However, little work has looked on combining
conceptual models with cartographic maps.

Earlier work on quality of models and quality of maps described in MAPQUAL
[18] has illustrated that the main semiotic levels related to quality of models as
described in SEQUAL applies also to maps. There are also distinct differences, which
is a challenge when you want to visualize both geographical and conceptual aspects.

The differentiation between language and model (map) are usually not discussed in
cartography. There exists no tradition of defining the syntax for languages for making
maps, although standardizations towards both symbol sets and rules for applying them
exist. MAPQUAL recognize this and aims at investigating how existing cartographic
research can be structured following the SEQUAL structure inspired by semiotics.

Generally the visualization in maps can be said to comprise three graphic
primitives; point, line and area and relations between these (Points being within an
area, line crossing an area or being the border of an area etc). This is inherently
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different from meta-meta models in conceptual modelling which usually comprise of
only nodes and links between nodes, in addition to visual containment.

The main aspects of the basic MAPQUAL [18], extended to take into account
additional aspects of indoor maps [16] is described here.

2.1  Comparing Quality of Maps and Quality of Models

We here discuss the different levels of quality according to the semiotic ladder first
described in the work of Stamper [6].

e  Physical quality: The basic quality goal is that the model exists physically and is
available to the relevant actors. Cartography is traditionally more geared towards
making tangible representation of maps (i.e. printed maps) -although this is
shifting towards more intangible representations for instance in a software
environment (i.e. web mapping tools). SEQUAL focus much on guidelines for a
modelling environment and different functionalities that it should provide. It
should be noted that these guidelines are adapted to an information systems
context, however, the guidelines should hold true for a cartographic environment
as well. Also aspects of security (privacy) and currency as discussed in [16] is
relevant for both types of representations.

e  Empirical quality deals with comprehension when a visual model M is read by
different social actors. MAPQUAL is significantly different from SEQUAL in
this area. This is mainly due to the differences in meta-meta model discussed
above. Colours are heavily used in cartography to separate different concepts
from each other. In conceptual modelling the use of colours has been avoided to
a large degree. Gopalakrishnan et al. [8] suggest using colours more in
conceptual models. The inherent topological attributes of cartographic concepts
often restricts the freedom of layout modifications, such as choosing where a
concept should be placed on a map. Guidelines for increasing empirical quality
of conceptual models base themselves, mostly, on the freedom of layout,
supported by guidelines for graph aesthetics. These guidelines are thus not
directly applicable to a map. In cartography one could see the aesthetics and
geographical attributes as orthogonal dimensions. Conceptual modelling and
cartography share the background for the guidelines for empirical quality.

e  Syntactical quality: Is the model according to the syntax of the language. In
cartography there is a lack of definition of formal languages in designing maps.

e  Semantic and perceived semantic quality is the relation between the domain,
map/model and social actor knowledge and interpretation. Thus, this facet is
assumed to be generally applicable for cartography as well as for conceptual
modelling. In cartography the quality of the data, in terms of measure errors, is
quite common to use as a semantic quality measure.

e  Pragmatic quality relates to that human interpreters understand the model.
MAPQUAL does not include an extensive investigation in the research of
human interpretation of maps in cartography, but recognise that there are many
similarities between this and SEQUAL’ focus on human interpretation of
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models. MAPQUAL and SEQUAL are thus more or less equal with respect to
pragmatic quality, although with increasing focus on interactivity of digital maps
[16].

e  Social quality: Do different stakeholders agree on their interpretation of the
model. MAPQUAL base the discussion of social quality of cartographic maps
solely on the discussion of social quality in SEQUAL.

e Deontic quality: Do the model help to achieve the overall goal of modelling?
Emphasise is put on how maps can support the achievement of goals of the map.

Looking on language quality we have found the following:

e Domain appropriateness: Due to the lack of discussion and formal separation of
domain and language in cartography, MAPQUAL is similar to SEQUAL with
respect to domain appropriateness (is it possible to represent the domain using
the language).

e  Participant appropriateness: Cartography has a tradition of exploiting the
“natural” or cognitive knowledge of participants to a large extent. E.g. the use of
colour for type of areas in a map reflects the colour in the real world. In
conceptual modelling the tradition of creating a new language and thus
disseminate this knowledge in a tailored way is more common.

e Modeller (cartographer) appropriateness: Similar to participant appropriateness,
MAPQUAL and SEQUAL are similar with respect to modeller appropriateness.

e  Comprehensibility appropriateness: Comprehensibility is divided into two areas;
conceptual basis and external representation. Conceptual basis comprise the
discussion on which concepts that are included in the language. SEQUAL
provides several concrete guidelines for the conceptual basis. These guidelines
have validity in cartography as well as for conceptual modelling. External
representation focus on how the notation of the language is formed, i.e. the
graphical aspects of the language. In this area there are significant differences
between MAPQUAL and SEQUAL. Cartography has a strong tradition of
investigating graphic design principles based on so-called visual variables [4].
Traditionally maps have a larger focus on the use of colours and the use of
texture as a visual technique. SEQUAL encourage being able to support a free
approach to composition of symbols. Such free composition of symbols cannot
be a general guideline in cartography since the geographical reality often is
constraining this freedom.

e  Tool appropriateness: Tool appropriateness is traditionally not considered in
cartography. Thus MAPQUAL adopts SEQUAL on the discussion of tool
appropriateness, although with less focus on executional semantics.

e  Organisational appropriateness: Here MAPQUAL focus more on a cartographic
context and the current standardisation efforts in this area.

Thus, two interrelated facets have large differences: comprehensibility
appropriateness for language quality and empirical quality for map/model quality.
When investigating and comparing MAPQUAL and SEQUAL, we devise some
important guidelines when using both conceptual and geographical aspects:
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Clearly discriminate between geographical oriented lines and conceptual lines.

Clearly differentiate between nodes (concept) which are often depicted by a

geometric shape, and geographic areas (by texture or colour for instance)

3. Indicate topological information by positioning of conceptual nodes according to
the topology when possible.

4.  Position concepts according to their temporal nearness.

5. Use visual variables where appropriate, especially the use of colour and shading
for differentiation is necessary for integrated models.

6. Design the visualization based on the participants’ cognitive metaphor of the

most important information attribute. For instance, temporal attributes tend to be

lean towards a sequential metaphor. Spatial attributes, like nearness, tend to lean

towards a distance metaphor (i.e. closer is nearer).

DN =

3 Quality of Integrated Conceptual and Topological Models

In the investigation of developing quality guidelines for integrated visualizations that
exhibit both conceptual and geographic information, a case study has been performed.
The case study is in the health-care domain, which is an area where space support is
found to be very important [9] and which lends itself well to these kinds of
visualizations. Research suggests that providing awareness of the hospital
environment is one mean to lower the complexity of the decision-making. Both a
focus towards the spatial dimension (i.e. location), but also the conceptual dimension
(i.e. state, relationship etc.) is needed [2, 3].

The spatial dimension in indoor environments is commonly visualized either
directly in a floor-plan (i.e. an indoor map) [13] or as an attribute in a diagram-like
fashion [3]. Both approaches aim at visualizing the spatial dimension as well as the
conceptual dimension including relationships, states and similar. However, both
approaches focus the visualization towards their respective field (i.e. floor map on the
spatial dimension, diagrams on the conceptual dimension) without successfully
obtaining a good communication of both dimensions at the same time. This section
will describe the background for the case and the perspective chosen for the trial, as
well as a concrete situation that instantiates the information space under investigation.

3.1  Self-coordination of Hospital Staff

The primary focus for the case is the self-coordination of hospital-staff. A typical
work situation for hospital staff includes various tasks that can either be scheduled or
occur spontaneously. The tasks may require different equipment, several other staff
members may be involved in a task, either throughout the whole duration of the task
or only briefly, and often involving patients. Additionally, the staff member may have
special interests in specific patients. This can be modelled by concepts in the
information space, with relationships among them. Moreover, all the concepts have a
spatial relationship of some sort. Concepts also have several non-physical properties,
such as state, importance, staff type and so on.



A Semiotic Approach for Guiding the Visualizing of Time and Space 79

The spatial dimension of the information is regarded as highly important and
relevant for collaboration and coordination. The absolute location of concepts is not
necessarily what best satisfies the actors’ information needs. Deduced information,
based on the absolute location of concepts may prove to be more suitable, especially
towards the topology of concepts. Topology aspects may be spatial or temporal.
Spatial topology is commonly exhibited in cartography for instance in subway maps,
where less emphasis is put on distance than in topographical maps. Temporal aspects
can be deduced by, for instance, the travelling distance divided by the travelling
speed. In an indoor environment, this is very useful as the distances may be large, but
conceptual entities can travel fast, for instance by elevators across floors. Additional
obstacles that slow actors down are also present, such as wardrobes, bathrooms,
disinfection areas, etc, where actors are held up temporarily.

3.2 Concrete Case Relative to Trial

Since the conceptual information model can attain fairly high complexity, it is
important to constrain the case-study to a moderately complex sub-domain. The case-
study revolves around one specific actor as the intended main user. The user has
certain interests, or relevant information associated with him/her, this information is a
subset of the total information available. The goal for the trial was to provide a visual
communication method which satisfies this users specific information needs.
However, the method developed and investigated should also be able to be adapted to
satisfy similar scenarios with other user types.

The scenario focuses on a typical working day for an anaesthetist. An
anaesthetist’s tasks are typically distributed throughout the hospital and each task has
a small time span. Often the anaesthetist is working in parallel on two or more tasks,
providing a need to self-coordinate in an effective matter, often requiring the
knowledge of spatial attributes.

Development of the visual representations could be performed in several different
ways, each with different benefits. For the initial investigation, a paper-prototype
inspired approach was taken. Paper-prototypes supports for fairly rapid development,
allowing for several ideas to be manifested and iteratively developed. The
development of paper-prototypes ended with primarily two different kinds of visual
representation methods, spatial Gantt charts (see example in Fig. 2) and Spatial
Circles (see example in Figure 1). Both take into account the guidelines in the end of
section 2, but Spatial Gantt chart have a higher emphasis on the temporal dimension.
Due to the previous experiences of the subject (with Gantt-charts), we expected that
the Spatial Gantt chart would perform best. A full description of the notation and
snapshots used in the trial is found in [17].

4 Trial

The design of the trial was inspired by experiments conducted by [19] on differences
between two conceptual modelling techniques. It should, however, be noted that the
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trial in this project was never intended to be as comprehensive as Opdahl and Sindre
[18], especially with respect to the number of participants. Since it was not
meaningful to use proxies (e.g. students) in the case, the number of available subjects
was also too small to use statistical methods.

The trial is designed with strong inspiration from both the Latin-Square
experimental design method, work by [7] and the Technology Acceptance Model
(TAM) [5]. The main intention of the trial is to investigate the properties of
comprehension of the different types of visual representations and their acceptance.

In the trial the participants were given an introduction to the area, and then
presented with a tutorial of the visualization to be presented. Then the visualization
representing the scenario snapshot was presented. Instructions were given to answer a
questionnaire -the time frame of this was 5 minutes. This process was performed
iteratively for each of the snapshots in the scenario, but by changing the order of
visualization types presented i.e. changing the order in which the different
visualizations were presented, and having different visualizations representing similar
information for the two different trials to leverage the potential learning factor for the
visualization types. Additionally it is desirable to be able to compare the two different
visualization types against the same information without repeating the presentation of
the same scenario snapshots to the same participant. One potential shortcoming of this
design is the differences in the participants -if the number of participants is small the
impact of this will increase and can lead to wrong conclusions if not taken into
account.

The questionnaires are essentially of two different types, one which is to be
answered during the presentations of the different visualizations and one to be
answered after finishing the presentations. One questionnaire for each of the scenario
snapshots was created. The users’ comprehension and potential knowledge gain from
the visualization are evaluated by investigating the questionnaires. Comprehensibility
deals with whether the user understands what the visualization depicts. Knowledge
gain deals with whether the user is able to use the information in the visualization and
potentially create new knowledge, or take decisions based on the information gained.
Typical questions included for these two topics are:

e Comprehensibility “Is task 1 far away?, When is task 2 starting?
e  Knowledge gains “What do you decide to do next?

The post-presentation questionnaire was more comprehensive and aims primarily at
investigating the user acceptance of the two different visualization types.
Categorization and questions were inspired by the Technology Acceptance Model and
[19] with the following categories:

° Perceived usefulness
° Perceived ease-of-use
. Intention to use
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The post-presentation questionnaire used a 5-point Likert scale with the “opposing
statements” format of the questions. The answer options indicated to which degree the
subject agreed with the statements. In order to avoid repetition and monotony, the
questions ordering was randomized.

4.1 Results from the Trial

Two participants were recruited to the trial, both staff at the local hospital. One
participant was an anaesthetist and the other a general practitioner. Neither one
received any compensation for their participation. Both trials were set up identically
with respect to both equipment and introduction of the participants to the trial. Each
trial took approximately 30 minutes.

This section will present and discuss the results from the trial categorized
according to comprehensibility, knowledge gain and technology acceptance briefly
(due to the strict page limitations of the conference).

Comprehensibility: The results of the comprehensibility investigation were
calculated as an average over all questions related to comprehensibility, regardless of
the information depicted. The questions were not designed to necessarily have a
yes/no answer. Coding of the answers given was performed by mapping each answer
to correct, semi-correct or wrong. This could potentially introduce bias or errors in the
results since it was done by one person only, however due to the limited scope of the
trial this was regarded as tolerable. The results indicate a slightly higher proportion of
correct answers for the Spatial Circle layout than the Spatial Gantt layout. However
the difference is marginal.

Knowledge Gain: The results were calculated by first coding the answers in three
different categories; correct, semi-correct and wrong. It is noted, as for results under
comprehensibility, that this can introduce biased results. A standard arithmetical
average was then calculated for each of the category over the answers related to
knowledge gain. A differentiation between the two visualization types was kept, in
order to compare their performance. The results indicate that Spatial Circle layout
performs slightly better than the Spatial Gantt layout. However, the difference
between the two is marginal.

Technology Acceptance: The final and most comprehensive questionnaire revolved
around investigating the participants’ acceptance of the visualizations. Results from
the technology acceptance investigation were produced by calculating an average of the
degree of acceptance in the different categories of acceptance for each of the
visualizations. Additionally, an average over the three categories was calculated to
provide a summary of the acceptance. The degree of acceptance used the 5-point Likert
scale which was coded as a range from -2 to +2. The result was that the Spatial Gantt
layout appears to be superior to Spatial Circle layout in all categories of acceptance.
Spatial Circle layout received negative degree of acceptance in all categories. It is not
justifiable to draw a solid conclusion based on these results -however the results is
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regarded as indicative with respect to the comparison between the two visualization
types.

The superior acceptance of Spatial Gantt is attributed to the participants’
familiarity with the Gantt, or Gantt-like, metaphor. This familiarity was recognized in
the design of the visualization types and was thus not unexpected. On the other hand,
it is interesting that even if the performance (as for comprehension and knowledge
gain) seems relatively equal, the difference in acceptance of the approach appear this
clear. Similar results are found in other studies of modelling notations [8].

5 Conclusion and Future Work

This work is aimed at investigating properties of visual representation of
geographical, temporal and conceptual representations. Integrating spatial and non-
spatial information is needed in meeting the increased amount of spatial and
conceptual information. Information is increasingly including a spatial attribute [11]
which indicates a need to understand how integrated visual representations works.
One way of eliciting this is to merge current understanding of quality in cartography
and conceptual modelling and thus create an integrated understanding of quality. In
earlier work, the development of MAPQUAL has contributed to a broader
understanding of integrated visual representations.

In order to investigate properties of different visual representation techniques a
case study was performed. The health-care domain was chosen, with the specific
scenario of an anaesthetist work day. Two distinctly different visual representation
methods were developed for the scenario following the guidelines for mixed
representations. In order to investigate their appropriateness a simple trial was
designed and conducted. Due to limited resources the trial was intended to be
illustrative rather than provide statistically valid conclusions, largely due to the
limited number of participants involved. Further efforts relating to integrated visual
representations can benefit by revising and extending the experiment design based on
the experience presented in this article.

Through the investigations of visual representations, several issues were
discovered. The information was perceived by the participants as through a sequential
metaphor, favouring a sequential alignment of the temporal attributes. Thus, the non-
sequential layout (i.e. Spatial Circles) was not favoured for the scenario. More
generally this is formulated as a guideline which relates to sequentiality of the visual
representation relative to the participants cognitive metaphor of the information.

Introducing spatial attributes to a traditionally non-spatial information space, such
as schedule information, is new and unfamiliar to the participants. This can introduce
issues with the acceptance of the visual representation developed. Moody [15]
identifies a similar issue with development of modelling languages.

The investigations did not look on tool support for any of the visual
representations. This is intentionally left up to further work. It is strongly encouraged
that further efforts delve into the investigation of relevant techniques for tool support.
Filtering techniques from conceptual modelling combined with generalization and
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zooming techniques from cartography and GISc are reckoned to be highly successful
and a necessity for the success of integrated visual representations. Additional tool
support could introduce the notion of interactive models/maps.

Experience from this work has illustrated that integrating visual representation
techniques from cartography and conceptual modelling is feasible and potentially
useful. The work reported here has only briefly investigated some of this potential.
The close collaboration with domain experts from the application domain proved
highly beneficial and led to development which otherwise could not have been
possible. Further investigations similar to this one, is encouraged to look into the
perceived usefulness for the participants and the effects on collaboration between
relevant participants. Additionally, more complex scenarios should be developed and
investigated, preferably spatial-intensive scenarios, i.e. where spatial attributes are
recognized in advance as important by the participants.
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Appendix A: Examples of Visualizations
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Fig. 2. Example on Spatial Gantt
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