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Abstract 

The design of interactive systems is a process of transformation from problem domain 

to implementation domain. A mobile interactive system design differs from traditional 

software design in the perspective providing to conceptual modeling. With a diversity of 

user requirements and devices, it more concentrates on knowledge about the context of 

use rather than static information of problem domain. This paper proposes a multi-

dimension description method which can describe those concepts related to special user 

requirements in the special context from four aspects: the set of static conceptual 

elements, process set, constraint set and interactive set. Then based on the conceptual 

model, a mobile interactive system generation framework is proposed to accurately map 

those concepts into requirement analysis and the implementation process; under the 

guidance of design pattern, a usable and useful interactive system can be achieved. 

Finally, we give a prototype of campus navigation system in which we successful used the 

generation framework. 

 

Keywords: conceptual model, dynamic environments, design pattern, development 

paradigm, the context of use 

 

1. Introduction 

Currently with the integration of the ever-growing information technology into our 

daily life, more and more people are enjoying the convenience brought about by mobile 

services. Meanwhile the variety of mobile devices, development platforms, interactive 

mode and the context of use also bring about challenges to the designers and developers 

of the interactive systems. How can user interfaces be generated for fulfilling the same 

needs although they have a different concrete appearance. Conceptual model-based 

approaches could represent a feasible solution for addressing such issues. 

The term of conceptual model originally emerged in the database field and it was used 

to represent the data and their relationships. But now, the scope of conceptual model has 

been gradually broadened to these fields: Software Engineering, Knowledge Engineering, 

Human-Computer Interaction and Simulation, etc. According to the definition work of 

ISO/TC97/SC5/WG3 [1] on Conceptual Sachems and those concepts in computerized 

information systems, we can conclude the conceptual model (CM) is a set of concepts and 

their relationships, which embodies user’s shared understanding for some perspective 

with respect to some domain of interest. Natalia Juristo [2] specified the properties of 

conceptual model: abstraction, non-ambiguity, ease of understanding and verification and 

implementation independence. The aim of modeling concepts is to formally define 

aspects of the physical and social world around people for the purposes of understanding 
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and communication among the various “stakeholders” (customers, users, developers, 

testers ,etc.) and enhance traceability, reliability, availability of the interactive system . 

In mobile environments, the heterogeneity of technologies and the diversity of context 

add some properties to interactive systems, such as randomness, context-sensitive, 

individuation. And thus, conceptual modeling becomes more important as the problem 

domain moves further away from basic office needs familiar to developers. In order to 

faithfully represent the problem to be solved in user domain and map these data to the 

development process, many universities and research institutions focus on the study of 

conceptual model [3-5], which can be mainly divided into the following groups: 

classification and integration of concepts; the formal description methods; the mapping 

from concept to development paradigm; verification and assessment etc.  

While the proximity of computing process and the physical process becomes more 

close, a mobile interactive system design differs from traditional software design in the 

perspective providing to conceptual modeling: 

 In mobile environments, CMs would explicitly represent, not only these 

information within the interactive system, but also those uncontrollable variables in the 

external environments, which can affect the effectiveness of the courses of action or the 

values of the results; 

 CMs must represent the elements within the problem domain without bringing in 

computational connotation; 

 CMs are generated from reality for the purpose of gaining an understanding of 

user needs in the dynamic situation. 

The remainder of this paper is structured as follows. In Section 2 shows existing 

description methods of CMs and some technologies from the conceptual model mapping 

to development paradigm. In Section 3, we propose a method to describe interactive 

systems in mobile environments from multiple dimensions: static set of elements, 

dynamic process description, domain knowledge constrains, interactive process. In 

Section 4, a mobile interactive system generation framework is proposed to accurately 

map those concepts in problem domain into the development process. Afterwards a case 

study of campus navigation system will be shown in Section 5 to illustrate the practical 

use of our framework, and then we conclude and shed light on future directions in Section 

6. 

 

2. Related Works 
 

2.1. The Description Methods of Conceptual Model 

The objective of CMs used in developing process is twofold. On one hand, a standard 

vocabulary can make the communication more smooth between users and designers, and 

reduce the dangerous risks of misunderstanding caused by semantic vagueness. On the 

other hand, a computing-oriented formal description method can be easily integrated into 

the usual development process to ensure the functionality and usability requirements of 

interactive systems. The entity-relationship model [6], proposed by Peter Chener, perhaps 

is the first conceptual model to be used widely world-wide. This model assumes that 

applications consist of entities and relationships and incorporates some of the important 

semantic information from three aspects: information structure, operation and constraints. 

The entity-relationship model describes the information in an easy way, but there is the 

lack of capacity of systemic organization . 

The OORAM method [7] is a reference frame for a family of object-oriented 

methodologies. It offers the role model as the basic unit to describe the whole system and 

each one provides a more fine-grained control of message passing than the more common 

class or type. The role model specifies not only the messages that must be understood by 

an object, but also who are allowed to send the different messages. The OORAM method 
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proposes some different views, each of them can describe the problem space from 

different aspect, however in complex dynamic environments, it is difficult to ensure the 

generality and consistency of the concepts. 

James Rumbaugh, etc., [8] illustrate an OMT (Object Modeling Technique) approach 

based on the model-driven, which describes the problem space from three aspects: object 

model provides uniform static objects and structure of systems; functional model 

organizes objects to achieve a specific requirement; dynamic model are used to capture 

object interactions between computational objects. Graphical representation of the 

analysis process cannot cover all the information in OMT method required to build the 

system.  
KAOS (Knowledgeable Agent-oriented System) [9] provides a language and method 

for goal-driven requirements elaboration. Major components of the KAOS architecture 

include agent structure, dynamics, and properties; the relationship between agents and 

objects; and the elements of agent-to-agent communication. Each agent has a generic 

agent instance, which implements as a minimum the basic infrastructure for agent 

communication. In order to help users and system designers analyze and describe the 

higher-level agent centered requirement of software systems, some scholars extend KAOS 

by modeling the uncertain property and integrates a fuzzy version of Z with the KAOS 

language [10]. 

The Unified Modeling Language (UML) emerged in the mid-1990s through the 

combination of previously competing object-oriented (OO) software engineering methods 

developed by Booch, Jacobson, et al., Now UML has been adopted as the standard 

modeling language for modeling software systems [11]. It could be used to visualize, 

specify, construct and document the artifacts of a software system. However, for the UML 

notation to be effectively applied, it needs to be used with an object-oriented analysis and 

design method. 

The Table 1 summarizes the evaluation of the aforesaid five conceptual models from 

four aspects: description ability, reasoning ability, scalability and the ability to be learned. 
 

Table 1. Main Conceptual Model Features 

   Description 

ability  

Reasoning 

ability 

Scalability Learnability 

ER  OK so-so so-so great 

OMT so-so OK so-so so-so 

OORAM OK OK OK great 

KAOS OK great so-so OK 

UML great great great OK 

 

2.2. Mapping the Conceptual Model to the Development Paradigm 

Each CM acts like a pair of glasses and designers use them to observe the domain and 

user reality. Different glasses highlight different features, tone down others and hide 

other. It is difficult to retrieve anything that has been filtered through the CM, even if this 

information is required by the development process. If we want to recover the information 

lost in the CM filter, the only way is to reanalyzes the problem domain using a different 

CM [2]. However CMs used nowadays are oriented to specific development paradigm, 

such as OMT and OORAM, which are more or less directly related to specific 

implementation characteristics and these is a mapping relationship between CMs and 

paradigms. In mobile context, the rapidly growing amount and complexity of information 

available have compounded the problems of technical information delivery. So it is 

needed that a CM can be addressed by means of several different development 

approaches. 
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Oscar Dieste [12] proposes the generic conceptual models which are more expressive 

and less dependent on development approaches. The generic conceptual models build the 

concepts of interactive system through element maps, dictionaries and narrative 

description, but there is no detailed explanation how the model is applied to the process of 

system implementation. Coleman [13] and Champeaus [14] address the incompatibility 

between the CMs used in different development approaches, which represent the different 

problem issues. Once CM is performed using models bound a development approach, the 

development process is most likely to continue with the same approach. 

Nowadays Ambient Intelligence implies the need for context-aware adaptation of user 

interfaces, which brings the new challenge to CMs. The current evolution of mobile 

technologies means that traditional CMs are not always suitable in dynamic environments 

and, consequently, need to be extended from internal system information to external 

service information, environmental information and user information. On the other side, 

the design of mobile applications is a tedious task owing to its intrinsic variability, such 

as: multiple computing platforms, multiple channels, multiple environments, and multiple 

users. To accommodate a diverse range of technical and business requirements, Generic 

CMs independent of any development consideration are needed. These models include a 

series of abstractions that are rich enough to adapt more easily to a wider range of 

problems. 

 

3. The Description Method of CMs from Multi-Dimension 

With information technology weaving themselves into the fabric of everyday life, user 

requirements of mobile applications are not only office needs for office staff, but also life 

and entertainment needs for everyone. Compared with traditional static environments, the 

task objective in cyber-physical space become more changeable and susceptible to 

interference. The same service, different users have their own individual requirements, 

and even the same user, he also has different requirements in the different context of use. 

So user objective is role-sensitive and context-sensitive in dynamic environments. 

According to [15] we can get the formal definition of user objective.  

UserGoal  Achieve/Cease/Maintain/Avoid/Optimize[name] 

InstanceOf … 

Role  userrole1, userrole2… 

Context  specific context description 

These sets of concepts ,which related special users to achieve specified goals in the 

specified context of use, includes knowledge elements, tasks, functions, behaviors and 

strategies. If there is only one view perspective to describe all information, it must be too 

complicated to be understood. So in this paper, we describe those concepts related to 

special user requirements from the following aspects: the set of static conceptual 

elements, the set of process, constraint set and interactive set (as shown in fig1), and each 

aspect independence makes problem comprehension easier. We can describe the concept 

set as Sconcept=(E,S,C,I)，Where E = {e1, e2, ..., en} is the set of elements; S={ 

s1,s2,…,sn} is the set of states, and each state also can be expressed as Si = (Si0, Evn, A, 

Sin), where Si0 is initial state, Evn is trigger event, A is the active set, Sin is target state 

after being transformed; C={c1,c2,…,cn} is the set of constraint, which includes element 

constraints and process constraints; I{i1,i 2,…,i n} is the set of interaction, and each 

interactive process can be expressed as SI=(E,M,Evn), where E is the set of elements used 

in interactive process, M is the set of messages between elements, Evn is the set of events 

corresponding to the message. 
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Figure 1. The Description Method of Conceptual Model from Multi-
Dimension 

3.1. The Set of Elements 

CMs can explicitly represent part of the real world that will be implemented in the 

software system. The set of elements is defined as those critical information in problem 

domain which are represented in an uniform, abstract, verifiable way and endowed with 

standardized semantics. A sharable and reusable set of elements within the same domain 

can support better communication and understanding among the various “stakeholders”. 

When the important elements in problem domain have been identified, we should 

describe the above elements exhaustively and determine the associations between them 

clearly. In general, those important elements include all the name, academic vocabulary, 

glossary, as they are shown in the Requirements Document. The identification of the 

well-suited development approach is based on a joint evaluation of key elements. Berry 

D, et al., [16]. introduce a method to construct the set of elements through extracting noun 

list in “Use Case”. 

As a specific element, we give it a precise definition of semantics, in addition, we 

describe the element from multi views perspectives: synonyms/abbreviations, type, 

attribute, importance, the use of context. Among them, the element types can be classified 

by Abstract Type, Environment Type, User Type, System Type, Interactive Type; and the 

use of context explicitly represents geographic information, time information, social 

environmental information related to a given element. For example, in the “Mobile 

Campus” system, the element of “Course Information” can be described in Table 2. 

Abstraction mechanisms of organizing elements inherent the UML basic relationship: 

dependency, generalization, association, aggregation; and add the contextualization 

relationship to more accurately describe the dynamic information. The contextualization 

relationship indicates there is different property or parameter in the different context when 

we describe the same element. A well-known example of such relationship is when a 

system changes its behavior depending on the location. The “Mobile Campus” system, for 

instance, user objective is to find a path to the destination. As far as the element of “path” 

concerned, if the user current location information cannot be captured, the path would be 

displayed from “start location” to “end location”; while the user current location 

information be captured, the path would be displayed from “current location” to “end 

location”. 
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Table 2. The Element of “Course Information” 

name Synonyms/ 

abbreviations 

Type Attribute Importance The use of context 

Course 

Information 

CInfo System Class, 
Teacher, 

School hour, 

Teaching Places, 

Teaching Time 

  User queries Timetable 
 User queries Classroom 

 User queries Teacher 

 

Element  Path 
Type  Interactive  

Attribute  from: Location, to: Location 
Variant (s: input source): {position provider, GPS, Wi-Fi} 

Variant ( u: user input): { type in, list select, map select } 
Context  get location information 

       from← s 
       to← u 

Context  not get location information 
       from← u 

       to ←u 

 

3.2. The Process Set of State Transition 

While the set of elements describe the structure or static aspect of the system, the 

process set of state transition should contain or explain the behavioral dynamic aspect, in 

other words, the process set of state transition focus on the “how” and it intends to 

support the execution of the process. In the context of traditional interactive systems, user 

can predict task performance well enough so a plan set of activities will generate a 

reliable result. However in the mobile environments, advancing development of context-

aware interactive systems gives incentives to increase the amount interactive channels and 

the diversity of devices, there are more unpredictable external influences. So instead of 

description user behavior in process- or action- oriented way as usually done in current 

methods, our approach will organize activities according to the system state transition in a 

state-based, declarative way . The following steps are included in the method.  

1. Analyzing user objective in the special context of use; 

2. Represent the desired state when the objective be achieved. 

3. Keeping the interactive system in the desired state. 

4. For some reason, there is some difference between the current state of system and 

desired state. 

5. Some activities can be arranged to compensate for the effects of these influences, 

and then make the system back to the desired state.  
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Figure 2. State Diagram of Path Query Process in Mobile Environments 

Taking the process of “find a path” in mobile environments for example, as shown in 

Figure 2. Initially the system is in "Idle" state, and when users want to get a path from 

“start location” to “end location”, the “find a path” event will trigger the state transition 

from “Idle state” to “Active state”. The compound states “Active” which contains one or 

more regions, such as: getting current location, getting end location, calculating the match 

path and presenting it. And then the system reaches the desired state. But in dynamic 

environments, with the change of the current location ,“location moving” state is 

triggered, the information of current location needs to be re-captured, the match is re-

calculated and then the new path is presented, the system reaches the desired state again. 

 

3.3. Constraint Set 

Constraint Set is specified as the rules and limitation description of domain knowledge 

which can be applied in the development process of interactive systems [17]. Domain-

imposed requirements are facts of nature and reflect domain laws. This means that 

Constraint Set can be used to contract the space of solution and improve the efficiency of 

problem-solving. Domain constraint may be classified into element constraint and process 

constraint. Element constraint describes the rules and limitation of elements in special 

domain. For example, as a borrower, the time during he have borrowing a book is limited. 

The process of constraint condition operationalizing the element of “borrower” can be 

shown: 

Element  Borrower 

Type User  

Attribute name, ID, role 

Constraint  ( ∀ user: Borrower, b:book ) 

      Borrowing(user,b).time<LimitedBorrowingPeriod 

Process constraint is any factor that limits the order of execution among interactive 

activities. For example there are a series of activities that should be performed by 

specified users to achieve “login”, such as: input user name, input password, if and only if 

the first two activities terminate, and then user can enter the system. The process is shown 

as following (the formal definition about the temporal relationship between activities you 

can see [18]) 

Goal: Achieve[Entering] 

InstanceOf： SatisfactionGoal 

Concerns： user, system, 
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Context：mobile environment, PC environment … 

Process： Ps1=(username∣ ∣ password >> enter in) 

 

3.4. Interaction Set 

Interaction set focuses on the dynamic dialog process between users and systems. A 

interactive process is a collection of ordered steps intended to achieve a particular goal. 

Interaction set can be composed by a pair of elements and some messages passed by 

them. We can construct a interaction set according to sequential relationship of achieving 

a task, or structural relationship among those interactive objects. In the mobile 

environment, user input information is no longer the only driving force to the system, the 

context information implicitly existing in the outside environment is treated as the basis 

of selection strategy. The interactive process of “Campus navigation system” can be 

shown as Figure 3.  

 

User Environment System

position moving Identify position

Input

Y

N
Input

current location

calculating match

provide navigation
Use  navigation 

service

Get the current position？

end location
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Figure 3. Interactive Diagram of Path Query Process in Mobile Environment 

We can describe the above interaction set as SI=(E,M,Evn), Where E includes all 

objects related the whole interactive process, E={user, environment, system}; M is the 

message set in the process, (M⊆E×E)，M={m1=current location, m2= failed information, 

m3=start location, m4=end location, m5=path information}; Evn is event set, and each 

event contains message source, message, destination. If the system can get the 

information of user’s current location, Evn would be shown as Evni={system, m1, 

environment},  while the system cannot get the information, Evn would be shown as 

Evnj={system, m2, user}. 

 

4. Generation Framework from Conceptual Model to Development 

Paradigm 

The generation framework of an interactive system is a description of what the basic 

components of its implementation are, and how they are connected to support the required 

functionality and interaction with the user. The Generation Framework from Conceptual 

Model to Development Paradigm includes four processes: Need-oriented analysis, 
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Construction of a conceptual model, Construction of a design model and Computing-

oriented analysis. As shown in Figure 4. 
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Figure 4. Generation Framework from Conceptual Model to Development 
Paradigm 

4.1. The Process of Need-Oriented Analysis 

The need-oriented analysis is a process of extraction user’s requirement from current 

task situation through interviews, observation, tests of prior versions of the system, and 

documenting these data. The need-oriented analysis process is directly linked to the user 

need and is independent of the development approach. The goal of need-oriented analysis 

is to give the software engineer an understanding of the need in question. In mobile 

environment, interactive systems not only can help users achieve their goals effectively 

and efficiently, but also pay more attention to user experiences, so in the process of need-

oriented analysis, apart from domain concepts and rules related functional requirements, it 

is needed to analyze user’s characteristic, interests, experience of use computer and all 

environment information related the context of use. We try to change the unified 

requirements in static situation into the specified requirements of specified users to 

achieve specified goals in a specified context of use, and then make the interactive system 

more understandable and useful to users.   

 

4.2. The Process of Modeling Concepts 

How to switch from the need-oriented analysis step to the synthesizing step of user 

interface design, CMs can help to bridge the gap between them. Conceptualization is a 

semi-formal specification technique, combining formal elements for the specification of 

task structures and internal rules with informal domain concepts descriptions expressed in 

colloquial language. In this paper, the process of modeling concepts describes a specific 

problem according to four dimensions: Element Set defines those critical information in 

an uniform, abstract, verifiable way, thereby the abstract description of a specific system 

is semantically closed; State Set describes exactly state transitions caused by sequence of 

action; Constraint Set specifies the rules and limitation description of domain knowledge 

which can be applied in the development process; Interaction Set focuses on the dynamic 

dialog process between user and system. Each set includes a series of abstractions that are 

rich enough to adapt more easily to a wider range of problems. 
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4.3. Construction of a Design Model 

Constructing a designer's model is a process to convert those data in concept models to 

specific platform, specific devices, and then generate a user interface prototype. In mobile 

context, a wide variety of computational devices and dynamic environment lead to the 

same service have different usability requirements in the different context of use. In order 

to accurately map those concepts of need-oriented analysis to design process and achieve 

a higher level of usable and useful interactive system, designers need to acquire not only 

the knowledge of design experience, but also the knowledge of how to use them. It has 

been summed up many common design patterns in pattern libraries, such as Jenifer 

Tidwell [19]、Martijn van Welie [20]、Yahoo [21] and so on. Those pattern libraries 

provides a good platform for developers to learn and disseminate knowledge and design 

experience, but these is no uniform pattern description specifications, such as the pattern 

library built by Jenifer Tidwell describes a specific design pattern from “Name” “Figure” 

“What” “Informa” “Why Use when” “How” “Examples” “In other libraries”, whereas the 

pattern library imposed by Welie from “Name” “Problem” “Solution” “Use when” “How” 

“Why” “More examples” “Literature” “Comments”. So we give a unified description 

method, as shown in Figure 5. 

 

+createPattern()

+readPattern()

+updatePattern()

+deletePattern()

+matchPattern()

+patternId : int

+patternName : string

+category : string

+patternSynopsis : string
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+weaknesses : string

+problem : string

+solution : string

Pattern

+id : int

+name : string

+author : string

+creationDate : string

+version : string

UIModel

+contextID : int

+contextType : string

+userTyep : string

+userCharacterisitic : string

+platform : string

+environment : string

Context

apply to

is applied to

relate to

is related to

1..n

1..n

1..n

1..n

 

Figure 5. The Static Structure Diagram of Design Pattern 

4.4. The Process of Computing-Oriented Analysis 

The computing-oriented analysis process is directly linked to objects and their 

relationship used in the system from developer perspective, and during the software 

system-oriented analysis, the software engineer has to select the best development 

approach for building the software that is to meet the above needs. Accordingly, the 

computing-oriented analysis is dependent on the development approach, development 

environments, operating systems, development tools, programming languages etc. The 

elements being depicted in CMs are only mentioned as nouns in these short descriptions, 

while in computing-oriented analysis process, typically elements are introduced as 

instances of classes, which define object attributes, as known form object-oriented 

programming languages. 

 

5. A Case Study 

Campus navigation system is an application that can provide navigation assistance to 

users who are not familiar with the geographic information of campus. In traditional way, 

users need to input the information of their current location and destination location to the 

systems, and then gradually approach the destination according to other reference on the 

map. However in this way there is a heavy cognitive burden for users. In the mobile 

situation, the objective of navigation task will be changed in the different context of use. 
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For example, when the information of user’s current location can be acquired through 

GPS devices, user want to get real-time visual guide in the map. While the information 

cannot be acquired, a reference route from origin to destination is needed. Without going 

into as much detail as all context, there is only a formal description to acquiring the 

information of current location.  

UserGoal  Maintain[navigation] 

Instanceof  satifactionGoal 

Concerns  user, system, environment 

ReducedTo  CurrentLocation, EndLocation, InfromationPresent 

Systemgoal  Achieve[CurrentLocation] 

InstanceOf  LocationGoal 

Concerns  user, system, environment 

FormalDef  (cur:currentlocation  s: system) 

          cur  £[ getting (s, cur)] 

//£P  means”P holds in current and all future states” 

Usergoal  Achieve[CurrentLocation] 

InstanceOf  LocationGoal 

Concerns  user, system 

FormalDef  (u: user, end: endlocation  s: system) 

   Inputting(u, end) end  £[ getting (s, end)] 

Systemgoal  Achieve[InfromationPresent] 

InstanceOf  satifactionGoal l 

Concerns user, system 

FormalDef… 
The goal of navigation can be decomposed three sub-goals: getting current location, 

getting end location, displaying navigation information, and the process of state transition 

and interaction between them can be shown in Figure2 and Figure 3.  After modeling all 

concepts in the system, we can choose an appropriate design pattern from the pattern 

libraries, such as “ Map Navigation” pattern in this case, as shown in fig 6. And then the 

user interface prototypes are generated as Figure 7. 

 

Figure 6. “Map Navigation” Design Pattern 

 

 

 

<name>Map Navigator</name> 

<category>Complex-Pattern</category> 

<problem>Users need to find a location of choice on a map 

</problem> 

<solution>Show a map with the points of interest and provide 

navigation links in all corners</solution> 

<evidence>please refer to Figure...</evidence> 
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(a)                                                                                    (b) 

Figure 7. The UI Prototype of Navigation System 

Figure 7(a) is a UI prototype in mobile device that can provide real-time visual 

navigation information, Figure 7(b) is a UI prototype in PC device that represents path 

information from origin to destination. 

 

6. Conclusion 

Conceptual modeling is a hot research topic in software engineering and human-

computer interaction domain. CMs were advocated as a means for describing, 

documenting, and in fact analyzing problem space, and then with a systematic 

development method, a usable and useful interactive system can be achieve. The work we 

propose in this paper will contribute to the aspect of providing a multi-dimension 

description method which can describe those concepts related to special user requirement 

in the special context, and then a mobile interactive system generation framework is 

proposed to accurately map those concepts to the development process, and ensure 

traceability, reliability, availability for interactive systems.  

In future, we intend to continue work to research on formal description and 

transformation rules of design patterns, development prototype of model transformation 

tools, which can provide a technical basis for the design and development of multi-target 

mobile interactive system. 
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