
HAL Id: hal-01557608
https://inria.hal.science/hal-01557608

Submitted on 6 Jul 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Mining Domain-Specific Design Patterns
Vassiliki Gkantouna, Giannis Tzimas, Basil Tampakas, John Tsaknakis

To cite this version:
Vassiliki Gkantouna, Giannis Tzimas, Basil Tampakas, John Tsaknakis. Mining Domain-Specific
Design Patterns. 12th IFIP International Conference on Artificial Intelligence Applications and In-
novations (AIAI), Sep 2016, Thessaloniki, Greece. pp.540-551, �10.1007/978-3-319-44944-9_48�. �hal-
01557608�

https://inria.hal.science/hal-01557608
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


adfa, p. 1, 2011. 

© Springer-Verlag Berlin Heidelberg 2011 

Mining Domain-Specific Design Patterns 

Vassiliki Gkantouna1, Giannis Tzimas2, Basil Tampakas2, and John Tsaknakis2 

1 Department of Computer Engineering and Informatics, University of Patras, Patras, Greece 

gkantoun@ceid.upatras.gr 
2 Computer and Informatics Engineering Department, Technological Educational Institute of 

Western Greece, Patras, Greece 

{tzimas, tampakas, jtsaknakis}@teiwest.gr 

Abstract. Most catalogues of web design patterns contain patterns of general 

purpose, making it difficult for developers to properly apply them. This has led 

to the advent of domain-specific design patterns, encapsulating design experience 

which is in alignment with the natural constraints of a particular domain. Towards 

this end, we have developed a methodology which when applied on a collection 

of websites in a particular domain, leads to the automated identification of do-

main-specific design patterns. At the level of a single website, the methodology 

analyzes its conceptual model in terms of the incorporated recurrent patterns and 

evaluates their consistent use. The identified design patterns are stored in a cen-

tral repository. By applying the methodology on a set of websites of the same 

application domain, we can populate a repository containing all the design pat-

terns identified within the various websites designs, categorized towards various 

aspects such as the domain functionalities they perform. In this work, we focus 

on the domain of educational websites and present our preliminary results. 

Keywords: Domain-specific, Design Pattern, Web application, CMS, Design 

Quality, Web Design 

1 Introduction 

Web design patterns support developers facing the intrinsic complexity of web ap-

plication development by providing them with proven solutions to recurring design 

problems that can be reused in different contexts where the correspondence problem 

arises. However, due to the fact that most design patterns are of general purpose (i.e., 

too abstract and divorced from the context in which sites are being developed), devel-

opers often find it difficult to properly use them. This fact has led to the advent of 

domain-specific design patterns, encapsulating design experience which is in alignment 

with the natural constraints of a particular application domain. They offer developers 

solutions to common design problems that arise particularly in a specific application 

domain, enabling them to produce quality designs. 

Towards this end, we have developed a methodology which when applied on a col-

lection of websites in a particular domain facilitates the automated identification of do-

main-specific design patterns. In the case of a single website, the methodology analyzes 



and inspects its conceptual model in terms of the incorporated design fragments that 

are used repeatedly for supporting the various functionalities within the application’s 

context. At the conceptual level, we consider these fragments as recurrent patterns oc-

curring in the application model, consisting of a configuration of front-end interface 

components that interrelate each other and interact with the end-user to achieve certain 

behavior or functionality. To be able to inspect the consistent use of these patterns, we 

also consider pattern variants. More specifically, we consider that a pattern consists of 

a core specification, i.e., an invariant composition of front-end design elements that 

characterizes the pattern and by a number of pattern variants which extend the core 

specification with all the valid modalities in which the pattern composition can start 

(starting variants) or terminate (termination variants). The proposed methodology au-

tomatically extracts the conceptual model of a web application and subsequently per-

forms a pattern-based analysis of it in order to identify the occurrences of all the incor-

porated recurrent patterns. Then, to verify that the identified patterns actually perform 

certain functionality, we additionally inspect their occurrences to examine whether the 

recurrence of the design elements at the hypertext design goes with a recurrence at the 

data level, i.e. the content they deliver to the end-users. This is done by utilizing a se-

mantic similarity measurement technique. Finally, we calculate evaluation metrics on 

them, revealing whether these patterns are used consistently throughout the entire ap-

plication design and store them on a central patterns repository. 

To be able to mine domain-specific design patterns, the methodology must be ap-

plied on a collection of websites that belong to the same application domain. By apply-

ing the methodology on the websites, we can detect and store the design patterns used 

in the various websites designs in one single central repository. This way, we can iden-

tify the most typical design patterns that are commonly used by developers in this spe-

cific application domain for achieving certain application behavior or communication 

effects such as the checkout process in e-commerce applications. Furthermore, we can 

also categorize the identified patterns towards various aspect such as the application 

functionality they perform. In the context of this work, we focus on the domain of ed-

ucational websites and present a number of design patterns that we have identified for 

this domain. These patterns can assist developers produce more consistent and predict-

able educational website designs, meeting users’ expectations about the system and im-

proving the ease of use of the application.  

In order to automate the process of analyzing the design of a web application, we 

have to narrow down the methodology’s scope to the domain of Content Management 

Systems (CMSs), since they provide a common base of source code which can be sys-

tematically processed. The remaining of this paper is organized as follows: Section 2 

provides an overview of the related work. Section 3 presents in detail the methodology 

for analyzing and evaluating the conceptual model of a Web application, while section 

4 presents some examples of domain-specific design patterns for educational websites. 

Finally, section 5 discusses conclusions and future work. 



2 Related Work 

Research in the field of domain-specific design patterns is not mature. In [7], authors 

present an ontology-based approach that allows designers and domain experts to enrich 

their domain-specific patterns with semantic annotations using their domain concepts 

and terms. The representation framework keeps the pattern template and the domain 

specific knowledge separate, since each domain depending on its needs uses more or 

less fields to describe its patterns and the later ontology changes according to the do-

main knowledge that the pattern captures. In [8], authors present an approach of using 

design patterns at PIM (platform independent model) level, which combines the bene-

fits of model-driven software engineering and design patterns directly for the domain 

expert. In [9] and [10], authors present an integrated pattern definition process that sup-

ports both the top-down and bottom-up design approaches. It is distinguished from ex-

isting methods in two ways: (i) it is based on UML-profile language that visually dis-

tinguishes between the fundamental and variable elements of a pattern, and (ii) it de-

fines the different steps that must be taken to obtain a domain-specific design pattern 

as well as a precise set of unification rules that identifies the commonalities and differ-

ences between applications in the domain. In all the aforementioned works, the domain-

specific design patterns are manually devised by human experts after analyzing the de-

signs of successful applications. The key difference of our approach is that we provide 

a methodology for the automated identification of the recurrent design patterns lying in 

the designs of the websites in a specific application domain. We can detect even pat-

terns which may be hidden in a particular instantiation of a design problem in a specific 

website design, making it hard even for experienced designers to recognize them and 

come up with reusable design examples. By applying the methodology on their web-

sites, developers can compare their designs, the design patterns they have used for sup-

porting certain application functionalities, and see how their design choices differenti-

ate from the most common design patterns used in an application domain. 

3 Methodology Overview 

In this section, before presenting the design patterns that we have identified for the 

educational websites domain, we present a brief overview of the methodology that we 

have used to detect them. At the level of a single website, the application of the meth-

odology results in the automated identification and evaluation (towards consistency) of 

all the recurrent design patterns lying within its conceptual model. It is comprised by 

three main phases (Fig. 1). First, we extract the conceptual model of the website, at 

hypertext level, which is then submitted to a pattern-based analysis with the aim of (i) 

identifying the occurrences of all the recurrent patterns lying within it, (ii) verifying 

which of them can actually be considered as design patterns (i.e. support the realization 

of a certain functionality). Then, we calculate a set of evaluation metrics to assess if 

they are used consistently throughout the application model. Finally, the identified de-

sign patterns are stored in a repository available at [1]. A detailed description of the 

methodology can be found in [2]. 



3.1 Phase 1: Extracting the Conceptual Model 

At the hypertext level, the conceptual model of a web application specifies its com-

position and navigation, i.e. the organization of its front-end interfaces in terms of 

pages, made of design elements which are linked to support the user’s navigation and 

interaction. Thus, the main task for automatically extracting the conceptual model of a 

website is to identify the organization of the front-end design elements that compose 

the hypertext of its HTML pages.  

In the context of a Joomla!-based website, the hypertext of its pages is composed by 

assembling a number of predefined structural and navigational design elements which 

are called components and modules. A page is composed by one component, specifying 

the organization of content in its main part, and by a set of modules, specifying the 

organization of content in the peripheral positions. There is a variety of categories for 

components and modules, each one providing various types for interacting with the 

system (such as forms, confirmation buttons, etc.) and supporting alternative ways of 

arranging the content delivered to the end-users (e.g., blogs, lists, etc.). The content that 

they publish is extracted from the tables of the website’s underlying database. To spec-

ify the hypertext organization for all the pages of a website, we have developed a set of 

tools as depicted in the first phase of Fig. 1. 

Fig. 1. The tree main phases of the methodology. 

Given the URL of a Joomla!-based website, the Web Crawler crawls its pages which 

are then parsed by the Conceptual Model Extractor to identify their organization as a 

set of components and modules. In the HTML code of a page, components and modules 

can be found as <div> elements having an HTML class attribute value (i.e. <div 

class="value">) which characterizes them and specifies the exact type of the compo-

nent-module they represent (the complete list with these values is available in [1]). 

Thus, by parsing the HTML code of a page and locating the occurrences of these char-

acteristic values within it, we can recover the page’s organization as a set of Joomla! 

design elements. For example, Fig. 2(a) presents the Joomla! design elements identified 



within a page of the MMLAB1 educational website. As we can see, the page consists 

of the "Article" component and a set of modules such as menus, footer, etc. Once this 

is done for all the pages of the website, we manage to capture its composition and nav-

igation, i.e. its conceptual model. Then, we employ the Graph Translator for represent-

ing the recovered model as a directed graph (Fig. 2(b)), which is going to be the input 

for the graph mining algorithm of the next phase. 

Fig. 2. (a) The organization of a page in terms of Joomla! design elements (component and 

modules). (b) The equivalent graph representation of the page’s hypertext. 

3.2 Phase 2: Identification of the Recurrent Design Patterns 

After the extraction of the application’s conceptual model, the next step is to inspect 

and analyze it in terms of the recurrent patterns (i.e., design fragments) that support the 

various application’s functionalities for achieving certain purposes. These patterns are 

configurations of Joomla! components and modules which when located in a particular 

layout, they may serve a certain application purpose. To this end, we perform a pattern-

based analysis of the recovered model to identify and evaluate the occurrences of all 

the incorporated recurrent patterns (Fig. 1, Phase 2). 

Mining the Recurrent Patterns.  

To identify the recurrent patterns (their core specifications along with their starting 

and termination variants), we have used an approach which is based on the subgraph 

isomorphism problem, synopsized into finding whether the isomorphic image of a sub-

graph exists in a larger graph. As presented in detail in [2], the identification of the 

isomorphic subgraphs within a graph is an alternative way to obtain the identification 

of the incorporated recurrent patterns. Based on this, we applied the gSpan algorithm 

[4] on the conceptual model graph G, which identifies the occurrences of all the recur-

rent patterns lying in the conceptual model, by locating all the isomorphic subgraphs 

images within it. In this way, the graph G is analyzed in terms of its frequent subgraphs 

                                                           
1  Available at http://mmlab.ceid.upatras.gr/en/graphicsmultimedia/  

http://mmlab.ceid.upatras.gr/en/graphicsmultimedia/


(representing recurrent patterns). In this way, we manage to identify the core specifica-

tions as well as the starting and ending variants of the recurrent subgraph-pattern. 

Design Patterns Selection. 

In order to verify that the identified recurrent patterns can actually specify design 

patterns, i.e. they perform a certain functionality, we additionally inspect their occur-

rences on the website to examine whether the recurrence of the design elements occur-

ring at the hypertext design goes with a recurrence at the data level, i.e., the content 

they deliver to the end-users. To achieve this, we have used a semantic similarity meas-

urement technique [5] among the patterns occurrences. The content published by the 

various components and modules is extracted from the tables of the website’s database. 

Thus, to examine for a given recurrent pattern whether there is a coexisting recurrence 

at the data level, we have to examine from which database tables the corresponding 

Joomla! components and modules (that make up the pattern) among its occurrences 

extract content. If they publish content from the same tables, then there is a high possi-

bility of identifying a reusable design pattern for implementing a certain task. However, 

in this work we assume that we do not have access to the database of a website, since 

this is the common scenario in real-life websites. Based on this, we attempt to examine 

if there is a recurrence at the data level, by computing the semantic closeness of the 

content published by the pattern’s corresponding Joomla! design elements among its 

occurrences. The rationale behind this is that the contents of the pages that come from 

the same database’s table usually have a very close semantic relation. So, if the pattern’s 

occurrences are semantically close, we can assume that they could probably derive con-

tent from the same database tables, and infer that the pattern is used for certain purpose, 

i.e., to provide certain information object to end-users. 

 To compute the semantic closeness of the published content between two occur-

rences of a pattern, we have defined two metrics, the "SemSimScore" and the "Aver-

ageSemSimScore". On the grounds that the main content of a page, published by com-

ponents, is indicative of the page’s semantics, the "SemSimScore" metric addresses the 

semantic similarity measurement of the content published by the Joomla! components 

occurring in a pattern. This is why there are empty cells for the "SemSimScore" com-

putations in Table 1, when it comes to measure semantic similarity among content pub-

lished by modules. Given two contents, the "SemSimScore" metric determines how 

similar the meaning of two contents is. The higher the score, the more similar the mean-

ing of the two contents is, increasing the possibility that there is also a recurrence at the 

content displayed by the components of a pattern between its occurrences. Then, the 

"AverageSemSimScore" computes the average value of the individual "SemSimScore" 

values between the pattern occurrences. In Table 1, we can see an example of a pattern 

occurring on the MMLAB website. To verify that this pattern is actually used in the 

website for supporting a functionality, we inspect its occurrences to examine if there is 

also a recurrence at the content that the pattern’s components deliver to the end-users. 

In Table 1, we can see three occurrences of the pattern Occ.1, Occ.2 and Occ.3. By 

comparing the semantic similarity of the content published by the pattern’s correspond-

ing components for Occ.1 and Occ.2, they have an AverageSemSimScore of 85% 



which means that they are semantically very close. Similarly, the AverageSemSim-

Score for Occ.1 and Occ.3 is 0.04% implying that the content published in these two 

occurrences is irrelevant. As a result, we can assume that the pattern in Table 1 is used 

for supporting the user’s navigation among the various categories of a specific infor-

mation object, i.e., the various fellowships categories. In this way, we can obtain a safe 

estimation about the recurrence at the data level among the occurrences of the identified 

patterns. We compute the AverageSemSimScore metric for all the occurrences of the 

identified patterns (core specification and variants) and we select and store in a "Can-

didate Patterns Repository" only the ones having an AverageSemSiScore over 70%. 

 

PATTERN 
MENU 
 
[Module]     

CATEGORY 
LIST 
      [Component]         

          ARTICLE 
 

         [Component] 

Occ.1 Top 
Menu 

Postgraduate 
Fellowships List 

Fellowship 
Description 

Occ.2 Top 
Menu 

Undergraduate 
Fellowships List 

Fellowship 
Description 

SemSimScore Occ.1-2  90% 80% 

AverageSemSimScore Occ1.-Occ.2 85% 

Occ.3 TopMenu R&D Projects Project Description 

SemSimScore Occ.1-3  5% 2% 

AverageSemSimScore Occ1.-Occ.3 0.04% 

Table 1. Measuring semantic similarity among pattern’s occurrences. 

3.3 Evaluation of Pattern Variants Consistent Use 

In this final step, we focus on evaluating the consistent use of the identified patterns 

for determining their impact on the overall application’s quality. Patterns which are 

used consistently throughout the conceptual model of an application result in high de-

sign quality, facilitating end-users identify typical sequences of interactions with the 

system for performing common tasks. This results in foreseeable navigation behavior, 

and thus high design quality. On the other hand, patterns which are not used consistently 

may cause serious design inconsistencies. To this end, we calculate some metrics to 

evaluate whether the patterns stored in the "Candidate Patterns Repository" are used 

consistently throughout the conceptual model. These metrics are called Start-Point Met-

ric (SPM) and End-Point Metric (EPM) and intuitively they compute the statistical var-

iance of the occurrences of the starting and termination variants of a pattern throughout 

the application model. SPM is defined as (EPM is defined in an analogous way): 

 

𝑆𝑃𝑀 = 𝜎2 𝜎𝐵𝐶
2⁄                 (1) 

 

𝜎2 is the statistical variance of the N starting variants occurrences which is calculated 

according to the formula (2): 



𝜎2 =  
1

𝑁 
 ∑ (𝑝𝑖 − 

1

𝑁
)

2

      

𝑁

𝑖=0

(2) 

where 𝑝𝑖  is the percentage of occurrences for the i-th pattern variant. 𝜎𝐵𝐶
2  is instead the 

best case variance and it is calculated by the formula (2) assuming that only one variant 

has been coherently used throughout the application. More details about the metrics 

definition can be found in [2]. We have also specified a measurement scale which de-

fines a mapping between the numerical results obtained through the calculus method of 

the SPM-EPM metrics and a set of (predefined) meaningful and discrete values, ex-

pressing different consistency levels (Table 2).  

 

EPM-SPM range Measurement scale value 

    0 ≤ SPM < 0.2 Insufficient 

0.2  ≤ SPM < 0.4 Weak 

0.4  ≤ SPM < 0.6 Discrete 

0.6  ≤ SPM < 0.8 Good 

    0.8  ≤ SPM ≤ 1 Optimum 

Table 2. The measurement scale for the EPM and SPM metrics. 

We compute these metrics for all the occurrences of all the patterns’ starting and ending 

variants and store the results in the "Design Patterns Repository", which are also pro-

vided in a TXT file ("Results"). By applying the methodology on a website, developers 

can gain important information regarding its design quality and particularly about the 

various design fragments that they have chosen to use for realizing the various tasks in 

the application’s context. On one side, the methodology can detect effective reusable 

design solutions consistently used throughout the application for supporting certain 

functionality. Such reusable solutions facilitate the discovery of new interaction design 

patterns for the CMS domain. On the other side, the methodology can also detect re-

current design constructs indicating design inconsistencies lowering the application’s 

quality. 

4 Domain-Specific Design Patterns - A case study: the 

educational websites domain 

In the context of this work, we focused on the domain of educational web-sites and 

we applied the previously described methodology on a collection of such type of web-

sites. This way, we have identified a set of design patterns for this specific domain, 

stored in a central repository available at [1], a number of which are presented in the 

current section. Our dataset is composed by a number of educational websites that have 

been developed by our team, such as the MMLAB website, and a set of websites from 

educational websites category of the official Joomla! Community Showcase website 

catalogue [6]. In the following sections, we provide a short description of this domain 

and a number of the design patterns we have identified for this area. 



4.1 Domain description 

College and university websites are part of institutions’ identity, having an important 

role in their marketing practices. They provide useful information to prospective stu-

dents and they have a strong impact on forming user’s opinion during the college search 

process. Thus, educational websites must be designed in such a way, that it enables end-

users to recognize typical interaction patterns with the system in order to quickly find 

the information that they are looking for. In the context of educational websites, the 

common types of end-users are the prospective students, the current undergraduate and 

postgraduate students, and the alumni. Furthermore, the common types of information 

objects that can be found in such websites include: courses catalogues, degree programs 

for graduate diplomas, master and doctoral degrees, research and publications, admis-

sions and financial aid, faculty, students’ life, news and events, etc. 

4.2 Design patterns for educational websites 

In this section, we present some of the design patterns that we have identified within 

the various website designs. We have classified these patterns into three main catego-

ries, as listed below.  

 

Layout: this category includes patterns that provide developers with solutions for 

standard page types within the context of educational websites, in terms of the design 

components that specify the page’s layout. These page types include: 

Homepage: specifies a template for the design of the website’s homepage. For example, 

Fig. 3 depicts one of the most prevalent design patterns for the design of the homepage 

that we found in our websites dataset. It consists of a welcome message based on the 

single article component (usually having a link to the About us page) and a number of 

modules such as banners which provide quick links usually to undergraduate and post-

graduate information pages. Additionally, they use the most read module for direct ac-

cess to the available educational programs pages and the latest articles module for pub-

lishing their news. 

Fig. 3. Design patterns for the design of the Homepage. 



Browsing Information Object’s Categories Hierarchy: specifies a template for support-

ing the user’s navigation among the various categories and subcategories of a specific 

information object. In, Fig. 4, we can see two of the most common patterns for brows-

ing the categories hierarchy of typical object information types.  

 

Fig. 4. The patterns for browsing the categories hierarchy of an information object type. 

The top pattern is mostly used to browse the categories hierarchy of the courses whereas 

the other pattern is mainly used for browsing the educational programs, since the mod-

ule Article Categories component provides a short description of each published list 

item (i.e. for each educational program). Similarly, we have also identify additional 

layout patterns such as the Search Results Page, the About Institution Page, the Infor-

mation Object List Page, the Information Object Details Page, etc. The description of 

these patterns is available in [1]. Generally, these patterns support the consistent use of 

standard page structures, composed by a specific combination of Joomla! components 

and modules, used as templates for assisting designers in the predictability of user nav-

igation. After all, consistency across pages and page design elements enforces a coher-

ent design style improving the ease of use of a website while at the same time the users 

can enjoy a more pleasant user experience by reducing the number of unexpected vari-

ations in the page layout. 

Navigation: this category includes patterns (such as navigation bars, menus, pagina-

tion, module tabs) for supporting user’s navigation for locating content or accomplish-

ing certain task. An example can be the use of a "fat" footer (Fig. 5) for providing users 

with a mechanism for quick access to specific sections of the website, bypassing the 

navigational structure. An example can be found on the website of the Graduate School 

of Arts and Sciences2 (GSAS) in which the footer contains links to pages frequently 

used by users. 

 

                                                           
2  Available at https://www.gsas.harvard.edu/ 



Fig. 5. An example of a fat footer. 

Domain functionality: this category includes patterns that we identified to be used for 

supporting basic activities within the context of educational websites domain. For ex-

ample, in Fig. 6, we can see two of the prevalent recurrent patterns that we identified 

for supporting the presentation of the degree programs to the users. In Fig. 6(a), there 

is a blog page displaying an overview of the various degree programs categories from 

which the user can navigate to another blog page providing information about the se-

lected degree program category which includes a menu with links to article pages, cor-

responding to its subcategories, presenting the individual degree programs belonging 

to this specific category. In the other case Fig. 6(b), the second blog page with the menu 

has been replaced by two other pages, an article categories page providing information 

about the selected degree program category from which the user can navigate to article 

category list page enlisting all the subcategories of the selected degree program cate-

gory. These are two pat-terns for supporting the user navigation to the hierarchy of 

categories and subcategories of the various degree programs. 

Fig. 6. An example of a domain functionality design pattern. 

 Miscellaneous: this category includes patterns that we have not found their main cat-

egory yet. In this case, we have detected certain configurations of Joomla! component 

and modules occurring frequently in the hypertext design of educational websites but 

we can-not find a clear semantic connection with the domain’s concepts. 

The benefits of using the above domain-specific design patterns will be increased 

reuse in future designs. Furthermore, in this way, we can derive website design prac-

tices and design guidelines (i.e., the prevalent design patterns) for the domain of edu-

cational websites, and also identify commonalities and differences in the design of such 

kind of applications. 



5 Conclusion and Future Work 

In this paper, we have illustrated a model-driven approach for mining domain-spe-

cific design patterns. We focus on the domain of educational websites and present our 

preliminary results, i.e. the design patterns which we identified for this particular do-

main. Most of the work presented here can be applied also to web applications built by 

using other CMSs with slight straightforward modifications. By applying the method-

ology on a website, developers can gain important information regarding its design 

quality and submit the patterns identified in their designs to the central repository. In 

the future, we plan to explore other application domains and thus, come up with useful 

design guidelines for building successful Joomla!-based websites. 
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