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Abstract

Modeling is a complex and central activity in many  
domains. Domain experts and designers usually work 
by  drawing and  create  models  from the  middle-out;  
however,  visual  and  middle-out  style  modeling  is  
poorly supported by software tools. 

In  order  to  define a new class  of  software-based  
modeling  tools,  we  propose  a  scenario  and  identify 
some requirements. Those requirements are contrasted  
against  features  of  existing  tools  from  various  
application domains, and the results show general lack  
of  support  for  custom  visualization  and  incremental  
knowledge  specification,  poor  handling  of  temporal  
information, and little generative capabilities.

Satisfaction  of  the  requirements  proved  difficult,  
and our first two prototypes did not perform well. A 
new  and  streamlined  prototype  is  currently  under  
development:  it  should  enable  some  useful  form  of  
middle-out modeling. Application domains will range  
from  visual  knowledge  representation  to  object-
oriented analysis, and graph rewriting.

1. Introduction and motivation

The formalization  of  problem space  models  from 
informal  human knowledge is  a  complex of activity. 
Model  building  is  very  common  in  many  domains, 
ranging from analysis and design of software systems, 
to  system  engineering,  teaching  and  presenting,  and 
also  in  the  exploration  of  new  formalisms  and 
theoretical  concepts;  modeling  involves  knowledge 
acquisition,  its  representation  and  usually  requires 
incremental refinement.

Models  are  created  following  different  strategies, 
however the main ones are: bottom-up (e.g. building a 
GUI from predefined parts), top-down (e.g. defining a 
detailed  ontology  to  describe  concepts  in  a  problem 
space), or middle-out [2]. As an example of the latter, 

consider  the  creation  of  a  system  model  with 
incomplete and under-detailed parts; this partial model 
is  then  completed  incrementally,  by  grouping  and 
generalization of its parts into types on one hand, and 
detailing of part-to-part relationships on the other. Both 
types  and  relationships  need  to  be  systematically 
refined,  re-structured  during  the  construction  and 
exploration of a model; for this middle-out modeling 
problem spaces require very flexible type systems [3]. 
Moreover,  in  [2,3]  the  middle-out  approach  to 
modeling is described as the most common and natural 
(for least when software developers are considered). 

Modeling  is  also  a  linguistic  activity [7]:  when 
continuous  and  informal  human  knowledge  about  a 
system is partitioned into discrete elements and system 
behavior  is  expressed  as  discrete  steps  in  time,  a 
domain specific language is  always  created.  Concept 
maps (and text graphs [5] in particular) can be used to 
represent  and  reason  about  such  languages.  If  the 
informal description is expressed in a pictorial way, its 
discretization will induce a visual language. 

We argue that modeling, complex and central as it 
is  in  many  domains,  largely  lacks  software  tool 
support; and it is even more so for visual and middle-
out modeling. For example a recent survey of software 
development  teams  adopting  the  AGILE 
methodologies showed that more than 80% use mainly 
low-tech  support,  such  as  white-boards,  when 
modeling [4].

We propose to take a simple authoring tool (e.g. a 
simplified kind of MS PowerPoint) and turn it into a 
visual  middle-out  modeling  tool,  taking  inspiration 
from  text  graphs  [5],  problem  space  types  [3]  and 
existing knowledge modeling software [6].

To achieve our goal, we first look requirements for 
a  visual  middle-out  modeling  tool.  We  contrast  our 
findings against existing tools, then shortly discuss two 
unsatisfactory  prototypes  that  we  developed  and  the 
general  design  of  a  new one  that  should  result  in  a 



working  tool.  Finally  some  application  domains  and 
conclusion are considered.

2. What should it be like

2.1. A scenario

As a scenario we consider a designer hand-drawing 
a storyboard to represent informal knowledge about a 
real-world  problem,  for  example  how  orders  are 
managed in a restaurant. The storyboard is composed 
of  many  frames,  and  each  frame  is  just  an  image 
depicting  waiters,  customers,  dishes,  tables,  the 
kitchen,  etc.  (for  storyboarding  as  a  low-fidelity 
prototyping technique see [1]). Each frame can also be 
understood as a different state of an entity, instance of 
a  restaurant_ordering_system type,  and this type (i.e. 
concept)  is  being  modeled  as  the  storyboard  gets 
detailed.

 Various versions of the same entities are drawn in 
the  frames,  for  instance  tables  could  be  present  in 
many frames,  but  since  they  are  rendered  in  artistic 
fashion, other designers might not be able to tell they 
are all tables. There need to be an explicit act from the 
part of the modeler, to declare a new table type in the 
model, and relate all  drawings representing tables, to 
that type. This can be done by chopping off each table 
from its frame, and turn it into a new layer, explicitly 
linked to the table type. If all tables are later required 
to have a uniform look, which is typical  of technical 
drawings like construction blueprints, the designer can 
alter the standard representation of the table type, and 
the effect propagates to all frames (Figure 1).

 In  same  cases  different  artistic  renderings  of  an 
entity  in  the  storyboard  might  be  meaningful:  for 
instance a waiter could be drawn as free, in the process 
of  collecting  an  order,  or  serving  customers  at  their 
table.  In  these  situations  the  designer  is  expressing 
visually  the  possible  states  of  an  entity,  and  this 
knowledge  also  needs  to  be  made  explicit  in  the 
definition  of  the  waiter  type.  Once  the  waiter's 
available states  are  listed,  some constraints might  be 
added,  as  usual  when  describing  protocols  as  state 
machines or transition systems.

Repeating  these  operations  the  designer  will 
gradually move from her informal storyboard towards 
a  more  structured,  layered  and  constrained  list  of 
diagrams. From imprecise, incomplete but aesthetically 
appealing  and  meaningful  to  humans,  towards  a 
visually simpler but semantically clearer notation.

The  designer  is  also  aware  that  visually  a  table 
contains internal details (e.g. glasses and dishes on top, 
nearby  chairs,  menus,  size,  orientation,  ect.),  while 
structurally  it  is  still  a  single  instance.  Relationships 

between  the  whole  table  and  its  parts  (instances  of 
other types)  can be explained by cutting apart  visual 
details of the image, and re-group them. The table type 
will  change  accordingly  and  specific  types  for  the 
different parts will be created; moreover, all tables in 
all  frames  are  re-structured  to  reflect  the  new 
knowledge of table-as-composite. Perhaps later in the 
design, drawing new storyboards tables will turn out to 
require a coarser definition; in that case the table type 
will be re-defined and the propagation of the change 
could  invalidate  some  of  the  storyboards  developed. 
The designer will be aware of that, and simply check 
and correct manually the inconsistencies. 

At  the end of  her  work  the designer  has  a  much 
more  formalized  storyboard,  perhaps  still  with  some 
pictorial and informal parts in the background of some 
frames. She has anyway a model of her problem space 
composed of few, compact and atemporal definitions. 
It  is  this  model  that  provides  the  added  value  with 
respect  to  a  purely  pictorial  storyboard:  in  fact  she 
could now quickly instantiate a new restaurant-related 
storyboard,  with elements similar to the original one. 
She has effectively generalized a visual language for 
her problem space, on top of a single storyboard.

Figure 1: Storyboard for a restaurant ordering 
system. First frames are artistically rendered, 
then icons are grouped and formalized into 
types. The result is a more diagrammatic 

storyboard.



Using  her  new  visual  language,  the  designer  can 
present her storyboards to non-designers, e.g.  domain 
experts,  alter  them  on-the-fly  while  discussing  with 
them  and  her  colleagues,  and  rapidly  generate  new 
ones. The visual language is defined by a collection of 
related types, and this knowledge is very similar to a 
class  hierarchy  of  an  object-oriented  system  or  an 
ontology: it can be mapped onto the code for a rough 
prototype of a problem space simulator.

2.2. Requirements 

The  scenario  discussed  above  involves  visual 
knowledge  modeling,  middle-out  and  gradual 
construction of  a  model of  the problem entities,  and 
knowledge re-structuring with unavoidable insurgence 
of  temporary inconsistencies.

Taking our scenario into consideration we propose 
some  characteristics  that  a  software  modeling  tool 
should have:

.1 let users customize their visual notation, as in 
a presentation tool

.2 support  middle-out thinking,  i.e.  incremental 
and  forgiving,  to  cope  with  inconsistencies 
and re-classifications

.3 maintain an explicit and accessible knowledge 
representation; time should also be explicitly 
handled  (via frames)

.4 support  generation,  i.e.  allow  use  of 
knowledge to create new stories as needed

3. What is available now

3.1. Related software tools

There  are  currently  many software  tools  available 
for  the  modeler,  that  support  only  partially  the 
requirements listed in the previous section. 

For  us  spatial  hypermedia  and  visual  knowledge 
management are of great interest, since they also aim 
at bridging the gap between real-world problems and 
formal  models.  A good representative  of  the area  of 
visual  knowledge tools  is  Visual  Knowledge Builder 
[9].  It  uses  incremental  formalization to simplify the 
expensive  and  time-consuming  task  of  defining 
knowledge. At the official VKB website, we found that 
VKB:

...  allows  users  to  initially  enter  their  
understanding  of  their  domain,  task,  and 
solutions  in  less  formal  representations  and 
provides  computer  support  for  the  gradual 
formalization of this knowledge.
Many of the goals of VKB are strikingly similar to 

ours.  VKB  is  visual,  but  the  graphic  elements  at 
disposal  are  simple  geometric  shapes,  little  artistic 
expression is possible (first of our requirements). VKB 
allows  users  to  proceed  incrementally  from concrete 
examples of structures, towards more general patterns, 
type-like in nature. However, VKB does not deal with 
time as a sequence of frames, and the users knowledge 
is not explicit, so this tool is only in partial agreement 
with our third requirement.

Finally  VKB seems  to  be  more  oriented  towards 
analysis  than  synthesis:  the  forth  requirement, 
generative power, is completely missing.

A  number  of  software  tools  support  knowledge 
representation  by  means  of  mind  maps and  concept  
maps. Although  very  useful  in  activities  like 
brainstorming  or  for  presentation  of  interrelated 
concepts, we find this kind of tools too shallow: there 
seems to be nothing  behind the drawings. Usually no 
knowledge about the domain described by the map is 
represented in any form inside the tool.

A tool that shows much about the linguistic aspects 
of modeling is the text graph editor [5]; very useful for 
defining  and  reflecting  on  the  learning  of  complex 
concepts, the strongest limitation that we can see in the 
text graphs is their inability to express the evolution of 
the formalization: i.e. changes in time are not directly 
visible in a text graph. Also for the text graph editor, as 
for  the  VKB,  no  generation  is  possible  from  the 
acquired knowledge.

Another  very  inspirational  tool  of  recent 
development is Scratch [12]:

...  a new programming language that  makes  it  
easy  to  create  your  own  interactive  stories,  
animations, games, music, and art ... 

The tool is targeted at young people (from 8 years 
up),  it  is  visual,  with  a  friendly  user  interface,  and 
natively  handles  multimedia.  However  scratch  is  a 
programming  environment,  and  was  not  constructed 
with  modeling nor  knowledge  management  in  mind; 
moreover time is not expressed directly, as in a frame-
based presentation tools. Even so scratch can be used 
for rapid sketching of storyboards, and covers part of 
the scenario we presented in section 2.1. 

In the domain of graph-rewriting systems [8] some 
tools exist that could be used for the activities that we 
are considering, but unfortunately they require a clear 
and  complete initial  formalization of  both terms and 
operations in the problem space. The specifications are 
normally  written  in  tool-specific  languages,  and  the 
syntax  they  work  with  is  typically  textual  and 
resembles algebraic notations, like calculi.



In  the object-oriented community,  there are  many 
modeling  tools,  mostly  based  on  UML  or  similar 
diagrammatic  notations.  For  example  BlueJ [10],  a 
simple  Java  IDE  (Integrated  Development 
Environment) meant for beginners, enables students to 
create objects on-the-fly,  by direct manipulation. The 
objects are instantiated and visually displayed as boxes 
in a special  object bar. Methods can be called on the 
boxes, and the students can inspect the fields of each 
instance, via an inspection window that reminds of a 
visual debugger. 

Clearly  class-related  knowledge  is  as  explicitly 
represented in this tool (requirement three) and some 
time-dependent  object-level  knowledge too,  which is 
related  to  the  first  and  second  requirements.  The 
generation  of  objects  from  classes  (i.e.  stories  from 
knowledge)  is  also possible,  but  it  is  rather  volatile: 
students cannot store the operations they executed on a 
set of objects as stories, and retrieve them later (this is 
only partially possible, when creating a unit test from 
the objects in the object bar [10]).

The whole approach of BlueJ is strongly rooted in 
design  and  implementation  of  object-oriented 
programs,  and  will  result  too  rigid,  detailed  and 
technical  for  most  of  the  modeling  activities  we  are 
interested in supporting. With a related tool, Greenfoot 
[11], the users can attach icons to classes, and represent 
objects  as  active  actors  in  a  bi-dimensional  world. 
While  more  visual  than BlueJ,  also in Greenfoot  the 
knowledge has to be expressed by a cut down UML 
class-diagrams and detailed code.

 In  the ontology-building domain, one of the best 
tools  is  Protégé  [13],  developed  by  Stanford 
University. With Protégé ontology experts can acquire 
knowledge about a domain, structure it and instantiate 
ontologies.  The  workflow of  ontology  editors  is  not 
usually middle-out,  but  rather  top-down: most  of  the 
concepts in the ontology need to be defined in detail 
before any of the reasoning tools can be deployed. In 
fact  population  and  maintenance  of  ontologies  are 
among  the  most  studied  and  complex  tasks  in  this 
research  area,  together  with concept  re-classification. 
Being  targeted  at  experts,  the  user  interfaces  of 
ontology  editors  tend  to  avoid  customizable  visual 
represents, and prefer standardized modeling diagrams 
and languages  (e.g. OWL [17]).

Many techniques for population of concepts exist, 
such  as  PANKOW  [14]  or  KnowItAll  [15],  and  in 
some cases  even  automatic  approaches  are  shown to 
perform  well.  Even  if  we  are  not  interested  in 
automatic modeling, perhaps some of these techniques 
could  be  applied  to  suggest formalization  while 

middle-out modeling.

3.2. Our prototypes

In the past years, we tried to both precisely define 
the  core  problems  related  to  visual  middle-out 
modeling, and to construct a working prototype. Given 
the complexity of  dealing with all  our  requirements, 
and  especially  the  second  one,  about  incremental  
specification and  forgivingness,  we  feel  that  even  a 
partial implementation of our new tool should prove of 
great  significance.  Unfortunately  the  tool  itself  has 
been  proven  difficult  to  implement:  we  have  so  far 
developed  two  prototypes,  that  provide  important 
insights  circa  the  architectural  needs,  the  power  and 
user-friendliness of the tool. A central question during 
design and implementation was how to stay in between 
a  dumb  graphic  editor  and  a  formal knowledge 
management tool. 

The key idea of the first implementation is to script 
every  user  action,  so  that  she  later  generalize, 
formalize whatever she did, and reuse it. The result is a 
simple  visual  editor,  with  few  predefined  graphic 
shapes, and only a single frame is available. The tool, 
coded  in  Java,  is  actually  Turing-complete,  but  the 
visualization cannot be customized (a part from simple 
grouping,  which  supports  an  unwanted  bottom-up 
modeling approach); moreover, the user needs to be a 
programmer  to  handle  her  scripts.  We conclude  that 
scripting  all  actions  results  in  too  low-level  scripts, 
difficult to read, to clean and reuse and the focus on 
modeling is lost in this prototype.

The second prototype is implemented as an HTML 
page with embedded javascript; it has an even simpler 
visualization  system,  reduced  to  a  table  of  boxes, 
reminiscent  of  a  spreadsheet.  The  user  can  create 
boxes,  each  containing  an  integer  value  or  a  string; 
once  created  a  box  has  a  name,  a  bi-dimensional 
position, an initial value, and it exists in all frames of 
the storyboard. If the box changes position or value (by 
direct manipulation) in the current frame, the change is 
propagated automatically in all following frames; at the 
same time a new assignment command is added at the 
end of the script generating the current frame. In this 
way every  frame  is  the  result  of  the  execution  of  a 
short script, that alters the boxes in the previous frame.

The main point  of  this  prototype  is  to  study how 
users interact with frames and how semi-automatically 
maintain more meaningful  and higher-level scripts. It 
works fine for some of the activities in the scenario at 
section 2.1, but the lack of structured values makes it 
impossible  to  cover  most  of  the  requirements  about 
knowledge management. There are no objects and no 
classes,  no  explicit  knowledge  representation  of 



problem  space  entities,  and  the  user  is  still  too 
dependent on scripting.

We are  currently  starting  a  new prototype  that  is 
centered  around  freehand  storyboarding  and  explicit 
declaration of classes of visual entities. Users will start 
creating a project,  and within the same project  there 
will be multiple storyboards.  Each storyboard in turn 
will  be  composed  of  many  frames,  representing 
different states of the system under definition. For each 
project  a single palette will exist, holding a coherent 
set of related types (i.e. concept definitions), used in all 
the storyboards and frames of that project.

A project can be considered a (visual) language to 
discuss a specific  problem space,  with the palette  of 
types providing all definitions of terms and available 
events. The user will proceed middle-out, creating and 
altering  definitions  in  the  palette  and  checking  their 
consistency across all the storyboards. 

Artistically  drawn icons without  internal  structure 
will  represent  individual  object  states  (i.e.  basic 
values),  while  structured  diagrams  will  represent 
composite objects. This decomposition of icons into an 
aggregation  of  sub-icons  should  be  the  graphic 
equivalent of what is done textually in the text graph 
editor [5]. 

In  our  tool,  a  type  will  be a  summary of  what  a 
group of  values  can do over  time.  Consider  a  bank-
related project with a storyboard that depicts an empty 
bank account as a skinny piggy-bank, and after some 
money is deposited the piggy-bank looks fatter. It will 
be possible to select all icons representing piggy-banks 
in different frames a define a type in the palette (Figure 
2). The bank-account type will show a summary of all 
possible states  of  an account  instance,  i.e.  all  piggy-
bank icons.  Events can possibly be drawn to connect 
the  states,  to  express  constraints  about  instances 
evolution  over  time:  for  example  the  skinny  piggy-
bank should be the initial icon for any instance of the 
bank account type, and the fatter icon can only occur 

after a deposit-event has happened.
We  believe  that  to  correctly  support  middle-out 

modeling,  the  new  tool  will  need  to  cope  with  the 
duality  between  objects  changing  in  time  and  a-
temporal type definitions. 

Considering all aspects of a visual middle-out tool, 
we think that when fully implemented and functional 
our latest prototype should be relevant for a number of 
application areas, among which: 

● visual knowledge management
● object-oriented analysis and design
● algorithm  animation  and  rewriting-based 

calculi
● teaching with interactive presentations
● language-oriented programming [16]

4. Conclusion and future work

We argue that visual and middle-out modeling are 
not  properly  supported  by  software  tools;  in  fact  in 
many occasions developer teams and analysts rely on 
low-tech tools.

In  order  to  define  a  new class  of  software-based 
modeling tools, we propose a scenario and from that 
extract  some  requirements.  Our  requirements  are 
contrasted  against  features  of  existing  tools  from 
various  related  areas  like  visual  knowledge 
representation,  object-oriented  analysis,  visual 
programming,  graph  rewriting  and  ontology 
construction.  We  found  general  lack  of  adequate 
support  for  custom  visualization  and  incremental 
knowledge  specification,  poor  handling  of  temporal 
information, and little generative capabilities: most of 
the tools have mainly an analytic purpose.

Developing  software  that  supports  middle-out 
modeling  turned  out  to  be  an  elusive  task.  The  two 
prototypes  we  created  so  far  proved  insufficient  to 
meet  our  requirements,  but  we  believe  that  they 
provided  valuable  insights  on  what  the  new kind  of 
modeling tool could do. The latest prototype, currently 
under  construction,  will  be  similar  to  a  simple 
presentation  tool  and  have  a  palette  of  concepts, 
common to all entities in all slides of a presentation. 
We believe that such a simplified application should be 
enough  to  enable  some  useful  form  of  middle-out 
modeling.

Future  work  includes  the  implementation  of  a 
complete and working modeling tool, and the old and 
new prototypes need more testing with problems from 
different fields, to better asses their expressiveness and 
usability.

Figure 2: Design of the user interface of the 
new prototype. Every project will have one 
palette and will contain a number of related 

storyboards.
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