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Abstract

Conceptual models are used to visualise, envisage, and communicate the requirements, structure, and
behaviour of a system. Particularly, during design and analysis phases, a model can serve as a tool to
recognise different components, elements, actors, and relationships involved in a system. However, as
a domain becomes complex, multiple models are needed to capture different aspects of a system. Fur-
ther, each conceptual model develops using different grammars, methods, and tools. Therefore, using
multiple models to represent a complex system may result in several problems, and challenges. This
research aims to identify, analyse, and classify the different problems and issues encountered when
using multiple models during information systems analysis and design through a structured literature
review. Several problems are identified and are classified into seven main categories based on their
common characteristics. The results of this study may serve as a baseline information for researchers
in further understanding different modelling approaches and how multiple models can be used in
harmony and reduce risks and issues. Also, the list of problems gathered will give insights to profes-
sionals on which issues they may possibly encounter when inter-relating various models.

Keywords: Conceptual Model, Multiple Models, Challenges, Problems, Systems Analysis and Design.

1 Introduction

System analysts and designers often develop graphical representations of information systems for ana-
lysing, understanding, and communicating different aspects of a system with different stakeholders.
These graphical representations are often called conceptual models. Information systems (IS) profes-
sionals normally develop and use multiple and different types of conceptual models when they are
dealing with a complex phenomena (Sabegh and Recker, 2017). They use different types of conceptual
models because different models are developed for different purposes. For instance, data models are
used to represent data structure of systems (Chen, 1976) and process models are developed to describe
the behavioural aspects of systems, organisational activities, and business operations (Petri, 1962;
Scheer and Nuttgens, 2000). Systems analysts also use multiple models because a single conceptual
model is not sufficient to envisage all requirements of a system (Green et al., 2011).

Previous studies highlighted the use of multiple types of conceptual models in practice (Dobing and
Parsons, 2008; Fettke and Loos, 2007). Studies indicate that IS professionals use multiple types of
conceptual models for different purposes such as better and complete representation of a system under
study (Kim, Hahn and Hahn, 2000; da Silva, 2015). Some studies investigated the use of multiple
models, but most of these studies investigated how users understand multiple conceptual models or
how using different models improves domain understanding. For example, Green et al. (2011) investi-
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gated the use of multiple modelling grammars* and how they can complement each other. Recker and
Green (forthcoming) developed a theory to explain how model users read and understand multiple
models. Kim, Hahn and Hahn (2000) and Siau and Lee (2004) analysed how using multiple types of
models helps to improve understanding of a real-world domain and Sabegh and Recker (2017) ana-
lysed why practitioners use multiple models and how they select what types of models to use.

However, there is a lack of studies on potential problems and challenges of using multiple models. The
plethora and availability of different types of models, methods to develop, and use of different models
trigger its own challenges such as investment decisions on appropriate tools to support different types
of models (Rosemann, 2006), possible inconsistency between developed models (Lucas, Molina and
Toval, 2009), as well as challenges of integrating different models (Ahmad and Nadeem, 2010).

In this study, we therefore aimed to investigate “what are the possible challenges and problems of us-
ing different types of multiple conceptual models”. To address this research question, a structured lit-
erature review of academic publications is conducted to assess the current research studies and poten-
tial problems and challenges they have identified, if any. Academic references such as journal articles
and conference proceedings published since 2000 are considered in this study. Fifty-six academic pa-
pers from information systems and computer science databases were found to be relevant and are in-
cluded in the literature review results and analysis. Findings of this study are significant to both infor-
mation systems practitioners and academic researchers in numerous ways: (1) For information systems
practitioners, particularly those that have intensive exposures to systems modelling and architecture
for a longer period, this study serves as a guideline of collective understanding on the existing prob-
lems that plagued the simultaneous use of multiple models, hindering the effectivity of model repre-
sentations. By knowing, and subsequently avoiding these issues, it will allow for modelling tasks to be
more accurate and efficient and as well as reduce ambiguities and misunderstandings among different
stakeholders and users on the interpretation of multiple models; (2) For academic researchers, the
identified modelling problems serves as a baseline reference for future studies related to the improve-
ment and seamless integration of systems modelling. Further, for researchers that are developing and
designing tools and frameworks to support the integrated modelling methods, the problems identified
in this paper are useful insights on the functional features the tool or framework should consider.

The remainder of this paper is structured as follows. Section 2 provides a brief background of the stud-
ies on conceptual modelling. Section 3 discusses the research methodology used in searching and
identifying relevant literature publications through a structured review process. Section 4 presents the
results gathered from the literature review and highlights the modeling problems. Section 5 provides
an in-depth discussion of the findings, the significance of the findings to different audiences, and po-
tential future studies to be done. Section 6 provides a summary of this literature review.

2 Background

Systems analysts and designers normally use more than one conceptual model in most system analysis
and design tasks (Sabegh and Recker, 2017). There have been numerous research studies regarding the
applicability of conceptual modelling grammars, methods, and tools to support systems analysis and
design (Bera and Evermann, 2014; Wand and Weber, 2002; Burton-Jones et al., 2017). However, in-
consistent with practice, most of these studies focused on evaluating and understanding of a single
model. Practitioners’ reports and previous studies (Fettke, 2009; Dobing and Parsons, 2008; da Silva,
2015) indicated that, apparently, using multiple models during systems analysis and design tasks is
common practice. But, still, few studies only acknowledged the use of multiple models to represent a
complex system (Ahmad and Nadeem, 2010; Schatz et al., 2003). Lillieskold (2003) identified how
various conceptual models can be used to simplify the representation of a complex system. Similarly,

1 Modelling grammars are set of constructs and rules how to use those constructs to represent real-world phenomena.
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(Gustas, 2010) presented substantial insights how to use different models to depict the behaviour and
structure of conceptual models, however, the study mainly focused on analysing and using models
separately and no explicit multiple model usages were illustrated. Same is the case with the research of
Park and Bae (2011) where multiple UML models were individually analysed and compared amongst
each other. Previous studies also provide methods, such as formalised approaches, to improve concep-
tual modelling and information transformation (Labiak et al., 2011), developed tool-support to im-
prove the design veracity, consistency, and information synchronicity (Pancham and Millham, 2015).

While, these studies provided beneficial avenues in improving the integrity and reliability of various
modelling techniques, however, these studies mainly focused on understanding models or improving
the quality of conceptual models. While, empirical evidence suggest that the use of multiple models
introduces its own challenges. For example, Spanoudakis and Zisman (2001) and (Lucas, Molina and
Toval, 2009) reviewed the reported inconsistency problems between Unified Modelling Language
(UML) models (Lucas, Molina and Toval, 2009; Spanoudakis and Zisman, 2001). There is lack of
studies that incorporate the potential issues and challenges that may arise in using multiple models
(Sabegh and Recker, 2017) and there is no insight in the academic literature how those problems affect
the outcome of conceptual modelling activities or influence on effectivity of a tool.

Given the importance of conceptual modelling in systems analysis and design (Schmidt, 2006), under-
standing the challenges and problems of using multiple models will provide empirical contributions
for practitioners to avoid potential drawbacks and may serve as a baseline information for researchers
in further analysing and understanding different modelling approaches and how multiple models can
be used in harmony to reduce risks and problems.

Unlike the previous studies by Spanoudakis and Zisman (2001) and Lucas, Molina and Toval (2009),
this study doesn’t entirely focus on UML models however aims to answer a broader question of “what
are the possible challenges and problems of using different types of multiple conceptual models?”” and
present the underlying issues encountered in using multiple conceptual models and grammars? to rep-
resent different aspects, different operations, and components of a complex information system. In the
next section, we explain the research method we have used to address our research question.

3 Research Method

We have selected a structured literature review method to address the research question of this study.
In conducting the structured literature review, we mainly followed the approach proposed by Paré et
al. (2015) and Webster and Watson (2002). The descriptive review approach as presented by Paré et
al. (2015) was followed, and to ensure that all academic publications identified had been carefully
evaluated, the steps proposed by Webster and Watson (2002) were pursued. To achieve the objectives
of this study, first, we formalised search keywords and a search strategy based on our research ques-
tion. Second, we conducted searches in relevant databases to retrieve relevant papers. Third, we ana-
lysed the relevancy of the papers based on our inclusion and exclusion criteria. Fourth, we selected
relevant papers for further evaluation. Fifth, we evaluated relevant papers and identified potential
problems and challenges. Finally, we clustered the identified challenges and problems based on the
similarities and characteristics of challenges and problems mentioned in the papers. In order to be con-
sistent with the previous reviews in the field, we also followed the procedure suggested by Lucas,
Molina and Toval (2009) where ever it was applicable. Figure 1 represents an overview of the litera-
ture review process.

2 In practice, modelling grammars and methods can also be attributed as languages and approaches.

Twenty-Seventh European Conference on Information Systems (EC1S2019), Stockholm-Uppsala, Sweden. 3



Ong and Jabbari /Multiple models: challenges and problems

Identify Search Keywords: Conduct Search in Relevant Databases:
(e.g., “multiple model” OR “multiple (e.g., ABI / INFORM Collection, ACM Digital
representation” OR “different diagram” OR Library, IEEE Xplore, Scopus, etc.)
“various view” OR “several aspect” [ Results: 9,528 Articles |

(iiii) not peer-reviewed papers)

|

Further Evaluation of Articles: \

First Author:
Code papers as “No relevant”, “Not Sure” or

\ 4
Exclude Irrelevant Articles:

e.g., remove (i) duplications, (ii) papers notin

conceptual modelling, (iii) papers not in English,

“Relevant”
Second Author:
Code papers as “No relevant”, “Not Sure” or
“Relevant”

v
Both Authors:

Check agreements/disagreements, Agree on
relevant papers

k ] Results: 444 Articles |

A 4

NN

NN 7N

Code Paper: Evaluate relevant papers and identify
potential problems and challenges
Check the Reliability of Coding

Exclude articles if they studied multiple models ] Results: 109 Articles \
but no challenges or problems identified >
(e.g., studies on understanding models)
Finalise and cluster findings
] Results: 56 Articles \

Figure 1. Overview of the Literature Review Process

3.1 Search Queries

To identify the search keywords and formulate search criteria and search queries, we conducted an
environmental scan of the closely-related papers, keywords, and terminologies. In instances where the
search query did not fit the allowed format in the search database, corresponding changes were made.
Table 1 displays the search query that was implemented and utilised.

(“multiple model” OR “different model” OR “various model” OR “several model” OR “multiple representation”
OR “different representation” OR “various representation” OR “several representation” OR “multiple diagram”
OR “different diagram” OR “various diagram” OR “several diagram” OR “multiple view” OR “different view”
OR “various view” OR “several view” OR “multiple aspect” OR “different aspect” OR “various aspect” OR
“several aspect”) AND (“systems analysis and design” OR “system development” OR “systems development”)

Table 1. Search Query
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3.2 Source Selection

To ensure that highly-relevant academic publications were included in this study, a search was con-
ducted for peer-reviewed journal and conference papers published in the Information Systems, Infor-
mation Technology, and Computer Science databases. Eleven relevant databases were selected: ABI /
INFORM Collection, ACM Digital Library, AlSeL, INFORMS PubsOnline, IEEE Xplore, JSTOR,
ScienceDirect, Scopus, SpringerLink, Web of Science, and Wiley Online. Before any keyword search-
es were conducted, the search structure of each database was also assessed with respect to the limited
number of search keywords, Boolean operators, and section filters allowed.

3.3 Synthesizing and Analysing Results

3.3.1 Inclusion and Exclusion Criteria
To exhibit uniformity and ensure quality control of search results across various databases, an inclu-
sion and exclusion criteria, in accordance with the scope and limitations, were applied as follows:

Peer-reviewed journal and conference papers published in the English Language since 2000 were se-
lected. All non-academic papers, commentaries, editorial boards were excluded. In addition, duplicat-
ed publications across different databases were excluded to avoid repetition.

3.3.2 Review Process

With the removal of irrelevant and duplicated papers the remaining quantity of papers remained at
9,528. Table 2 presents the distribution of these papers across the selected databases.

Database Name No. of Papers
ABI/ INFORM 298
ACM 30
AlSeL 98
INFORMS PubsOnline 34
IEEE Xplore 1979
JSTOR 105
Web of Science 207
ScienceDirect 5663
Scopus 50
SpringerLink 988
Wiley Online 76
Total 9528
Table 2. Search Database

To ensure that all remaining papers were relevant, the first author reviewed all papers based on their
title and abstract. Through this process, the first author coded papers as “Not Relevant” if the papers
were not focused on information systems or computer science and did not discuss any notions of mod-
elling. The papers are coded as “Not Sure” if the papers were in scope, but the proximity of the find-
ings and discussions included in the abstract can’t be formally verified. The papers coded as “Rele-
vant” were in the scope and consisted of an abstract that clearly discussed the use of multiple models.

444 papers were coded as either “Not Sure” or “Relevant” papers. To ensure the reliability of this
round of the review, the second author reviewed all the 444 papers following the same procedure.
Then, the two authors discussed their coding and disagreements. Finally, 109 papers were coded as
relevant papers which both authors agreed on.
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The 109 relevant papers went through a full text detailed review. The first author used a predefined
coding scheme and coded the papers as 1) if they discussed the challenges of using multiple models, 2)
types of issues and challenges identified in the paper, 3) any possible solutions discussed by each pub-
lication to address the identified challenges 4) types of paper (e.g. empirical or theoretical) 5) type of
supports provided, if any.

Out of 109 papers, 53 papers were identified of which these papers either analysed or compared vari-
ous models or have discussed the use of multiple models but did not point out possible problems and
challenges. Therefore, these papers were excluded from further discussions.

The second author then individually coded a random sample of 12 papers out of 56 remaining papers.
Both authors then met and discussed the disagreements and raised any concerns. After review, the first
author recoded the 56 papers to implement the discussed solutions.

4 Findings

Once we identified the problems and challenges mentioned in the reviewed papers, we clustered them
into groups based on their similarities and characteristics. The identified challenges and problems fall
into seven main groups. We will explain these groups in the next section. Most of the papers reviewed
in this study have a main focal point on UML models. This is not surprising, because UML provides a
wide range of different diagrams that can be used for different purposes (Booch, Rumbaugh and
Jacobson, 2005). The main theme emerging from these studies indicate that using multiple diagrams
have helped deliver various information, improved understanding of the functions and features of do-
mains, as well as enhanced the collaboration among different types of users from different perspec-
tives (Sabegh and Recker, 2017).

4.1 Redundancy and Overlap

Information redundancy or overlap occurs when one particulate construct of a domain is presented in
multiple models. In other words, repeated information exists between multiple models in which this
overlapping information represent a same construct in the real-word phenomena. One particular ex-
ample could be using an activity diagram together with a BPMN diagram in which both models repre-
sent a same set of activities or transformations of a real-world phenomenon. It may happen because of
organisational conventions or agreement on requirements (Sabegh and Recker, 2017, 69). Similarly,
redundancy occurs when several modelling constructs or model elements refer to the same classes,
things or properties in the problem domain (Opdahl and Henderson-Sellers, 2005; Wand and Weber,
1995). For example, consider if an element of a problem domain is presented as a use case in a use
case diagram, as a node in deployment diagram and as an object in an object diagram. Opdahl and
Henderson-Sellers (2005) refers to this situation as referential redundancy and argues that referential
redundancy compromises the quality of conceptual modelling as it may influence the alignment of
information presented in different models and the reuse of model content between different models.

In sum, when a domain is represented through different models, some aspects of the envisaged system
can be featured in multiple models (Jabbari Sabegh, Recker and Green, 2016; Recker and Green,
forthcoming). As we will explain in the next section, such overlapping information may cause incon-
sistency between models, but it does not necessarily equate to inconsistency between models. There
could be overlapping but consistent information represented through multiple models.

Papers Problems and challenges

(Schatz et al., 2003); (EI Asri, Nassar and Kriouile, 2009); (Andrade et al.,
2004); (Ahmad and Nadeem, 2010); (Yan, Cheng and Chai, 2015); (Bruckner,
Repa and Chlapek, 2014); (Gustas and Gustiené, 2017); (Gonzélez et al., 2011);
(Fenning, Dogan and Phalp, 2014); (Opdahl and Henderson-Sellers, 2005);
(Dobing and Parsons, 2005); (Gustas and Gustiene, 2011); (Bjerkander and
Kobryn, 2003); (Lange, Chaudron and Muskens, 2006); (Attiogbe, Poizat and

Redundancy & Overlap

Twenty-Seventh European Conference on Information Systems (EC1S2019), Stockholm-Uppsala, Sweden. 6



Ong and Jabbari /Multiple models: challenges and problems

Salaun, 2007); (Sewchurran and Petkov, 2007); (GroRe-Rhode, 2004); ;
(Dobing and Parsons, 2008); (Lee and Ling, 2003)

(Zur Muehlen, Indulska and Kittel, 2008); (Liu et al., 2004); (EI Asri, Nassar
and Kriouile, 2009); (Andrade et al., 2004); (Ahmad and Nadeem, 2010);
(Venkatesh, Bhaduri and Joseph, 2001); (Kramer, 2015); (Yan, Cheng and Inconsistency
Chai, 2015); (Bowman et al., 2002); (Lucas, Molina and Toval, 2009);
(Sewchurran and Petkov, 2007); (Bashir et al., 2016)

(Ahmad and Nadeem, 2010); (Basile, Chiacchio and Del Grosso, 2008);
(Bolloju, 2006); (Moody, 2003); (Gustas, 2010); (Keet and Fillottrani, 2015);
(Opdahl and Henderson-Sellers, 2005); (Anda and Sjgberg, 2005); (Gustas and
Gustiene, 2011); (Lange, Chaudron and Muskens, 2006); (Boufares and
Bennaceur, 2004); (Kim, Hahn and Hahn, 2000); (Bashir et al., 2016); (Torres,
Galante and Pimenta, 2011)

Dependencies

(Schatz et al., 2003); (Malik, Truscan and Lilius, 2010); (Xu et al., 2017);
(Attiogbe, Poizat and Salaun, 2007); (Kim, Hahn and Hahn, 2000); (Dobing Complexity
and Parsons, 2008); (Heuer et al., 2013)

(Nassar, 2003); (Cohen and Soffer, 2007); (Torngren, Chen and Crnkovic,
2005); (Moody, 2003); (Kramer, 2015); (Bruckner, Repa and Chlapek, 2014);
(Gustas and Gustiené, 2017); (Bolloju, Schneider and Sugumaran, 2012);
(George et al., 2012); (Bjerkander and Kobryn, 2003); (Lange, Chaudron and
Muskens, 2006); (Palpanas et al., 2007); (Torres, Galante and Pimenta, 2011)

Maintainability & Tracea-
bility

(Malik, Truscan and Lilius, 2010); (Cohen and Soffer, 2007); (Hamou-Lhadj,
Gherbi and Nandigam, 2009); (Torngren, Chen and Crnkovic, 2005);
(Koivulahti-Ojala and Kakola, 2010); (Kernschmidt et al., 2013); (Skersys and
Gudas, 2006); (Opdahl, 2010); (Zikra, Stirna and Zdravkovic, 2011); (Keet and Language Variations &
Fillottrani, 2015); (Bolloju, Schneider and Sugumaran, 2012); (Gustas and Tool Support
Gustiene, 2011); (Lange, Chaudron and Muskens, 2006); (Steele, Son and
Wysk, 2001); (Green et al., 2011); (Fuentes-Fernandez, Pavén and Garijo,
2012); (Heuer et al., 2013); (Torres, Galante and Pimenta, 2011)

(Hamou-Lhadj, Gherbi and Nandigam, 2009); (Torngren, Chen and Crnkovic,
2005); (Adamu and Zainon, 2017); (Siau and Tian, 2005); (Tan, Alter and Siau,
2008); (Moody, 2003); (Keet and Fillottrani, 2015); (Bolloju, Schneider and
Sugumaran, 2012); (Dobing and Parsons, 2008)

User Comprehension

Table 3. List of papers and identified challenges and problems®

4.2 Inconsistency

Inconsistency refers to a state in which two or more elements, which overlap in different models of the
same system, are dissimilar or incompatible (Spanoudakis and Zisman, 2001). Inconsistency may also
arise between different models with refined description of the system (Lucas, Molina and Toval, 2009;
Huzar et al., 2004) due to different models being developed and used during different phases or itera-
tion of IS development lifecycle. Similar to Lucas, Molina and Toval (2009), semantic, syntactic, in-
ter-model and intra-model inconsistency problems were identified.

Semantic inconsistency happens when the modelling context is not homogenous with its intended re-
quirement stipulations (YYan, Cheng and Chai, 2015). For example, when a State Machine Diagram
(SM) describes the behaviour of a class and at the same time relates to a Sequence Diagram (SD) to
depict system interactions, the sequence of exchanged messages should coordinate to the order of trig-
gers and effects presented in its state machine diagram to properly describe the behaviour associated in
the class diagram (Bashir et al., 2016).

3 Note that some papers identified more than one problem or challenge. These papers were coded in each group, respectively.
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Syntactic inconsistency arises when there is a defect in the modelling construct and convention such as
naming, operation messages, and interface labels (Kenzi et al., 2009). Examples include messages ref-
erencing null operations, incomplete connector specifications, and a model referencing to a null class
from another diagram (Ahmad and Nadeem, 2010). Problems with syntactic inconsistency can result
in irregular model-to-model and model-to-code configurations (Bashir et al., 2016).

Intra-model inconsistency, also referred to as horizontal inconsistency, happens among different types
of models created on similar abstraction levels (Lucas, Molina and Toval, 2009). And finally, inter-
model, referred as vertical consistency, occurs among similar type of models created on various ab-
straction levels that incorporates refinement points (Lucas, Molina and Toval, 2009).

4.3 Dependencies

When different models are used to represent the same domain, relevant elements of the domain scatter
across different models. Dependencies between models becomes critical when a task requires to inte-
grate information presented across different models and understand the associations and relationships
between models (Lange, Chaudron and Muskens, 2006), or when changes in one model requires to
make additional changes in another model to keep the consistency; see the previous section. It be-
comes more problematic when there is no information about what consequence a change in a model
may cause in another model, which (Torres, Galante and Pimenta, 2011) refers to as a problem of hid-
den dependencies between models.

An additional problem that may arise due to the dependencies between models is the issue of infor-
mation translation when extracting and transitioning requirements from functional models to opera-
tional models. For instance, where a use case diagram is translated into a class diagram and subse-
quently then causes for logic inaccuracies to occur because of the context differences of each model
(Anda and Sjgberg, 2005; Boufares and Bennaceur, 2004).

Relationship mismatch happens when a model is incomplete or if there is disproportion in the abstrac-
tion level of two dependent models (Gustas, 2010). A single conceptual model cannot provide a com-
plete representation of a domain. Models are always partial and incomplete. For example, statistic as-
pects of a domain can be presented by a class diagram. But, not all of its behaviour can be constrained
by the class diagram. However, it may happen that a single model may not provide enough details of
system aspects and appropriate associations and therefore relationships cannot be modelled correctly
to map two dependent models (Moody, 2003).

4.4 Complexity

Often, conceptual models become too complex to manage. For example, in Sequence Diagram and
Entity Relationship Diagram (ERD) where their modelling elements easily get too big during complex
representations and result in illegible textual information and inadvertent connector intersections
(Moody, 2003; Cohen and Soffer, 2007).

Complexity can be viewed in different ways; symbols and elements the models used are hard to digest,
understanding the process through multiple integrated diagrams, or the lack of clarity that hampers the
reflection of accurate information. The studies mainly discussed the complexity in relation to the ef-
fects on ambiguity and integration.

Ambiguity refers to the level of distinct information included in the models and the lacking substantial
clarity on how each model interact with each other and how this result in misunderstandings. Howev-
er, ambiguity may also contradict with the effect of readability (Heuer et al., 2013) wherein presenting
more formal, intricate, and detailed information result to in a higher level of understanding but the
readability of these diagrams, due to excessive element representations, is decreased.

Integration refers to assimilating different models representing different aspects of a domain. While,
having multiple models is preferred as they assist information clarity, they also create integration
complexities (Attiogbe, Poizat and Salaun, 2007). Findings indicate that, as the number of different
models increases, a model user can only see a small portion of the total system at a time. This is a re-
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sult of limited human working memory. Therefore, availability of multiple and different types of mod-
els complicates perceptual and conceptual processes in diagrammatic reasoning (Jinwoo et al., 2000).

4.5 Maintainability and Traceability

Multiple models and diagrams are needed to capture different segments of a complex system and in-
corporate several models with various structural elements, context, and notations make the modelling
view larger. The ability of the models to be flexible with integrations and reprocessed efficiently for
manageability is important.

Traceability is a critical aspect especially during systems analysis, where accountability and visibility
of how information is passed on from one model to another need to be highlighted. For example, dur-
ing troubleshooting issues where multiple models are used to trace back system events and logs, it is a
challenge to rollback some implemented changes as there are other affected models that weren’t ex-
plicitly identified either by the user who created it or the functional limitations of the modelling lan-
guage (Kramer, 2015). Furthermore, when an activity is linked with a BPMN diagram where an actor
represents the doer for the tasks and actions, BPMN swimlanes are unable to automatically compre-
hend with activity diagram changes and processes are always needed to be recreated (Bruckner, Repa
and Chlapek, 2014). Another example is when informal labels such as comments and annotations that
are diagram-specific are sometimes not carried across the other associated diagrams (Bjerkander and
Kobryn, 2003).

4.6 Language Variations and Tool Supports

Each modelling approach adapts their own grammar and syntax and follows their own construction
guidelines and relationship constraints. Having these aspects during multiple model integrations cause
problems as there is no concrete and homogeneous approach to unify these different grammars into a
common platform of understanding. The bulk of the academic publications identified reflected ambi-
guity concerns since each model based their context and interpretation to their own set of rules. Other
problems also include the lack of enough constructs that cut across multiple models and as well as
conflicts with naming conventions and explicit definitions of roles and actors.

Language ambiguity identified as one of the main issues in conceptual modelling practices in terms of
the depth and specificity needed, as a concern during multiple modelling integrations. Comparing the
component-based (CBD) with model-based development (MBD), for example, the representation and
understanding of information are done differently where CBD makes use of explicit execution plat-
forms while MBD presents the system through visualisations of the system context (Torngren, Chen
and Crnkovic, 2005). Further, the linguistics and breadth of vocabulary used by different stakeholders
affect the interpretation of requirements and is usually observed during the requirements gathering
where narratives are modelled into use case diagrams (Zikra, Stirna and Zdravkovic, 2011). As such,
defining different criteria on how ambiguity is understood by various users are crucial.

Another essential component to support the effective delivery, management, and maintainability of
multiple models is having a reliable tool. Computer-aided tools can store libraries of elements, sym-
bols, and grammars of different modelling languages which help in creating diagrams and aid in as-
signing relationship cardinalities and associations. Some sophisticated tools even go further by provid-
ing automation and execution rules to instantly reflect and coordinate updates across different models.

Although there have been numerous studies regarding tool compatibility and suitability depending on
the type of modelling language and functional requirements, there is still no refined tool that unifies all
languages and addresses the challenges of using multiple models. For example, there is no tool with
the capability of integrating different modelling grammars into a unified and aligned notation struc-
ture. For example, activity diagrams’ allowable variability technique doesn’t coincide well with the
formalised approach of Petri Nets and no particular tool has been developed yet to fix this disjointed
reflection of information (Heuer et al., 2013)
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Koivulahti-Ojala and Kakola (2010) highlighted the lack of managing different update versions when
multiple and parallel updates are made across different models that represent a same system. Utilising
a central information storage has been implemented as an alternative approach, however, it did not
capture the changes made by different users well, and at times, it hindered simultaneous collaborations
and updates. Torngren, Chen and Crnkovic (2005) indicate that there is a lack of available supporting
tools on the management of multiple models that allows structure comprehensibility and easy naviga-
tion.

There have already been numerous studies on modelling support tools but most of them only address
specific problem types. In the research of Boufares and Bennaceur (2004) that examined ER schema
consistencies, they utilised the Computer Aided Software Engineering (CASE) Tool during database
design and as well as the Fourier-Motzkin Elimination method for schema analysis and validation. In
Lange, Chaudron and Muskens (2006) also examined model defects and consistencies using a tool
called Metric View to determine class dynamicity and the functional relationships of classes with use
cases. The CASE Tool was also used by Lucas, Molina and Toval (2009) coupled with Eclipse Model-
ing Framework (EMF) development platform that enabled integration of various models and stream-
lining of model logic for easy verification and management. Further, in 2012, a study by Bolloju,
Schneider and Sugumaran (2012) integrated the Object Model Analyzer (OMA) extension to the
CASE tool to assist in uncovering patterns through Natural Language Processing (NLP) and reduce
invalid elements and semantic inconsistencies. With all these tools developed and studied, however, a
significant number of academic publications from 2012 onwards still tackled issues with multiple
modelling and the lack of a sophisticated and unified tool that can cover most of these problems.

4.7 User Comprehension

Any conceptual modelling work requires model users’ comprehension in one way or another. Differ-
ent stakeholders with different background and skills may be involved in conceptual modelling prac-
tices. Findings of reviewed papers indicate that different shareholders have different preferences on
what types of models they would like to use. Further, as different users have various level of
knowledge and understanding with respect to information system modelling, oftentimes there is a dis-
connect on how model elements and symbols are denoted by different users (Siau and Tian, 2005).

Moreover, different users have different cognitive capability how to comprehend the models presented
to them. Past user experiences and exposures to various modelling languages play a role in how quick-
ly a user can grasp the modelling concept. Although, regardless of prior knowledge of users with sys-
tem modelling, it has been commonly noted that as diagrams get too large, problems with ambiguity,
cognitive capacity, and context validation will persist (Bolloju, Schneider and Sugumaran, 2012;
Moody, 2003; Siau and Tian, 2005).

5 Discussion

While systems analysts and designers often use multiple and different types of conceptual models dur-
ing their design and analysis tasks, except few studies on the inconsistency between models, there
were lack of knowledge on possible challenges and problems of using multiple types of models. This
study, therefore, reviewed previous studies on conceptual modelling, to identify what are the common
problems and challenges reported in the scientific studies. To achieve the objective of this study, rele-
vant papers are analysed and selected 56 studies were evaluated and explored. Through the literature
review, seven main problems and challenges of using multiple models were identified from previous
studies.

Granular root causes of the problems were identified under each category to further substantiate and
support when, where, and how the problems came up. Although there were common terminologies
across different problems, such as overlap and inconsistency between models, they were analysed ac-
cording to the context of what caused the problem and why it occurred.
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The analysis indicated that, existence of redundancy and overlap between models may cause other
problems such as inconsistency, dependency, or traceability. It was identified that model redundancies
could be a result of inaccurate dependency representations. The idea about cardinality constraints,
multiplicities, or relationship associations were some of the examples shown. If relationship associa-
tions were linked and interpreted incorrectly, duplicate process executions would have occurred and in
return resulted in different types of redundancy concerns such as repetition of information or declara-
tion of similar objects in various modelling languages. Problems concerning Traceability can also be
associated with both Redundancy and Dependency where the lack of established verification and trace
methods for accountability results into uncoordinated information and duplication of data. It was also
found that Complexity and User Comprehension problem categories were also dependent on each oth-
er. In User Comprehension, the user’s preference and adaptability were affected by how they per-
ceived diagram notations and symbols and the level of user cognition and professional exposure
they’ve had with multiple modelling techniques. These, in turn, raised issues with complexity on how
to deal with information specificity and ambiguity while keeping the models easily comprehensible,
and as to how different models were preferred and chosen by different user types where they can grasp
and appreciate the context without difficulties. These are some of the reasons why the problem types
were broken down into definite sections to capture more issues pertaining to the specific problem cat-
egories.

Most of the academic papers examined also highlighted the lack of an efficient supporting tool to re-
duce and regulate these problems. Many tools have already been developed such as CASE, Object
Model Analyzer, and Natural Language Processor, to help users design and analyse models, however,
issues with multiple model integration still exist. Most of the tools developed only targeted specific
problems for improvement but none have captured the breadth of multiple modelling concerns that
enabled seamless, efficient, and reliable alignment of information. Although, in the case of Bolloju,
Schneider and Sugumaran (2012), they utilised the existing ArgoUML tool, based from CASE, and
adopted an extension to supplement the inherent features and provided further functionalities.

Since each modelling technique is used according to its purpose, combining them to describe a com-
plex system requires multiple integration points and refinements. UML Use Case Diagrams and Sce-
narios are actor-centric and define the sets of activities an actor performs in relation to the tasks and
resources associated with it. Class diagrams and activity diagrams, on the other hand, model both the
actor and other relevant business objects to define their relationships and associations. Business Pro-
cess Modeling (BPM) also models the tasks an actor does, however, it allows representation of multi-
ple actors using swimlanes to perform process analysis and improvements. Meanwhile, Petri Nets fur-
ther enables process execution functions for capacity planning and resource simulations. As such,
transitioning use case models into a class diagram needs information accuracy and explicit definition
of their association constraints. Same is the case with integrating use case models with BPM where
swimlanes constantly needs refinement to align the relationships among different actors. Furthermore,
integrating activity diagram to Petri Nets need formalisation to semantically and structurally comply
with PN’s verification requirements before the execution and analysis functions can be maximised.

The strengths of this literature review include the establishment of a rigid search query that used key-
word combinations highly-relevant to the research problem, and all search databases were finalised
before any search procedures were made. By having the same search query applied across different
databases, most of the retrieved academic publications included modelling techniques that were used
and implemented in different IS. The four-stage review methodology of evaluating the academic pub-
lications ensured that all the papers assessed in the study have used several models and diagrams to
design and analyse a complex IS. Publication types were also highly regarded where only academic
references such as journal articles and conference proceedings were considered, and further, the publi-
cation date range used also warranted that the problems found are current and relevant. By presenting
the results in a concept matrix, it easily reflected the modelling problems identified in each academic
paper that was analysed.
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One of the limitations of this study is the heavy reliance on pre-existing research studies where some
of these issues may or may not have already been solved in real practice. Also, due to time constraints,
109 academic publications rated as relevant were read and evaluated in full text. For instance, with the
problems related to tool support, there may be other papers apart from the 109 identified may have
also presented more useful and reliable new tools and frameworks. In addition, this study did not as-
sess in detail how every problem relates and deeply affects each of the challenges identified. As a fu-
ture research, we will study the correlation between identified problems and challenges, and we will
analyse potential positive or negative relationships between them.

The results of this study provide contributions to practitioners and academics. Professional practition-
ers that are heavily exposed to systems modelling and analysis can use the problems identified in this
study to anticipate the challenges they may encounter, and as a result, will make their design and anal-
ysis activities more efficient and accurate. Additionally, it gives them further insight on which model-
ling techniques are compatible to use in terms of the complexity of integration, language, dependen-
cies, and comprehension. By knowing which problems affect the different phases of using multiple
models, it allows them to evaluate what tools or plug-ins are further needed to address the modelling
deficiencies and constraints in terms of grammar, syntax, semantics, and viewpoints analysis. For the
academic researchers, the findings will serve as their initial guideline in understanding the possible
implications and challenges with multiple models. For those further studies that require the analysis of
existing modelling techniques and development of new modelling grammars, the problems identified
in this study serve as their baseline considerations in coming up with new and improved construct and
rules and methods.

Conducting the structured literature review to assess the current state of research done with the im-
pacts of using multiple models in complex information systems is just the first step of understanding
the research problem. It is recommended to further conduct studies in applying how each problem re-
late to each modelling language and what possible solutions and workarounds are available. To further
validate the theoretical examinations of the problems, it will be best to conduct surveys, interviews, or
action research with real-world industry practitioners that are exposed to systems modelling and use
the problems presented in this research paper as baseline criteria. It is important to know if these prob-
lems are frequently encountered in real life and note the different solutions each practitioner did to
solve the modelling problems they came across.

6 Conclusion

This research study conducted a structured literature review to determine the different problems, chal-
lenges, and issues when using multiple models and diagrams during the design and analysis of infor-
mation systems. Models have been used to represent the state and process behaviours of a system and
the more complex the system becomes, the more it demands for multiple models to be simultaneously
utilised and integrated among each other. A single model cannot fully suffice system representations
as they often only represent either the structure, behaviour, or executory aspects of a system. To
achieve consistency and rigor in identifying the academic publications included in this study, search
queries were first finalised, and all information systems related search databases were exhausted be-
fore any review and analysis are made.

There were different modelling problems identified, and they were categorised according to the com-
mon characteristics they reflected. As a result, seven main challenges and problems are identified, in-
cluding overlap and redundancy, inconsistencies, dependency, complexity, maintainability and tracea-
bility, language variations and tools support and users’ comprehension. These results may serve as a
baseline information for researchers in further under-standing different modelling approaches and how
multiple models can be used in harmony and reduce risks and issues. Also, the list of problems gath-
ered may give insights to professionals on which issues they may possibly encounter when inter-
relating various models.
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