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Abstract 

There is believe that creating of web sites is the task that can be done only by 
processionals. Thing are developing pretty fast and new generation of online 
visual tools enable end users to create interactive web pages with dynamically 
changing content in visual programming environments. We analyzed and 
compared several most popular tools that allow creation a mashup type of web 
applications by integrating content from several online sources. Comparison 
identified trends and technologies will help in decision making during design 
phase of new interactive multimedia services by concept creator, business 
developers and software developers. 
Study revealed that there are two main directions where end user tools are 
developing: on the fly enriching of browsing experience and creation of new 
situational application. In the latter case the winning formula is to provide 
ready-made blocks for existing popular services and hide data exchange 
formats from the user. We discovered that developed tools provide support for 
normal and advanced type of users. Those tools also involve community for 
creation of blocks that support new services and formats. Technology war is 
not over and Silverlight from Microsoft bring usability and visual appearance 
of web applications to new level. 

1 INTRODUCTION 

Mashup are new sort of interactive WEB applications that combine simple data that 
exposed by already existing services. The result of that combination delivers new values to 
the end user and can be viewed as new type of service as such (Altinel et al, 2007). 

There are different ways of building up mashup site. There is a hard way – that is to use 
some programming language for data extraction from 3rd party services on the server side 
and programmatically combining data together. One has to have software development 
skills and access to running web server in order to achieve that goal. 

Alternative approach would be to use visual tools that would enable achieving the same 
result but in much simpler way (Maximilien et al., 2007; Spoerri, 2007). That is a way that 
does not require knowledge of the programming languages, data formats and hosting 
environment. Environments that allow end user to create mashups tools are analyzed and 
compared in our paper. Design for the end user programming systems has take into 
account that users have neither time nor inclination to study programming languages or 
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hidden aspect of the development system. Such end-user programming environments rely 
on metaphors that are easy to grasp by non professional coders e.g. spreadsheets, flow of 
linked processing blocks, visual selection of GUI actions and binding them together. 

In the second section we will list most important aspect of a mashup creation ecosystem 
and define criteria for comparison of different authoring environments. In the third section 
there is detailed overview of every environment and service that was selected for this study 
with highlight of strong and weak points and core functionality of it. The fourth section 
summarizes results of a study in a concise way. Results table provides an easy way to 
compare environments. The fifth section analyses the key differentiating factors of the 
environments and groups them into several categories. Factors that bear the most 
significance then analyzed in greater details. The conclusions and implications of the 
results are discussed in the final sections. We try to narrow down trends in the mashup 
environments developments and make some projections/recommendations for the future 
development. 

2 APPROACH – MASHUP METHODS 

The approach was to check several web sites that allow to the end user to create mashup 
application and compare them from multiple points of view. Term mashup refers to a 
hybrid web application that integrates widely available services using web technologies to 
perform new tailored task. In this section we are going to define main criteria that we 
apply for analysis of results. 

There are many actively used technologies that are utilized by mashup developers. 
Comparison of technologies that mashup creation environments are relying upon is an 
interesting exercise. Mashups can in general run either on the server or in the client side 
and there are multiple options for implementation of different approaches. For server side 
development we can mention the following technologies enabling retrieving and 
processing data dynamically - PHP, ASP, Java servlets. These technologies require goods 
software development skills and we can not expect that end users are familiar with them. 
There is also set of technologies that are implemented and/or supported in web browsers 
(Java Scripts, AJAX, RSS, HTML, XML, CSS, Flash, and Silverlight). Selection of the 
proper client side technology can guarantees that mashup authoring tool and resulting 
service are cross-platform and cross-browser portable.  

Publishing and syndication formats require special attention since they are the glue that 
links mashed sites together. The most common data publishing formats that are used for 
exporting data are RSS and ATOM (Tatemura, 2007). We have checked how most 
environments worked with them and how they dealt with the situations when data in those 
formats is missing. Publishing formats is something that mashup creator has to understand 
very well in most of the cases. The task of the mashup creation environment is to simplify 
as mush as possible for the end user work with those formats. 

Usability of the environment defines the skill set that user has to have in order to start 
using it. Creating of a usable and friendly web application used to be a challenge for 
developers until recent advances in AJAX. That technology enables interactive services 
running in the browser with the same level of usability and interactivity that is found in 
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desktop applications. AJAX benefits still can be challenged though by competing 
technologies like Flash from Adobe and Silverlight from Microsoft. 

Usable and easy to understand application can not be created without introduction of the 
concepts and abstractions that are clear to the application user and does not require 
additional learning. It is interesting to compare what kind of approaches are in use to 
simplify work with the different content formats and how specification of data processing 
is implemented. Tools and services that we are going to analyze are programming 
environments that are oriented on the non educated WEB user. It is also worth to take a 
look at those services from the programming paradigm point of view and compare the 
paradigms. 

Consideration listed in that section help up to define the set of features that we list in the 
comparison table to archive an integral view to functionality all services. 

3 CASE STUDY - RESULTS 

3.1 Yahoo pipes 

Yahoo! Pipes – visual drag and drop environment for fetching and merging data from 
different sources. It does not require knowledge of programming languages, but still 
requires good understanding of a data formats. 

Composition tool runs in the browser and based on standard web technologies. Mashup 
creation area visually divided into 3 panes – on the left there is a library that lists all 
functional modules that can be pulled onto the canvas. In the bottom there is a debugger 
area that allows checking intermediate outputs. Modules are linked with the connectors or 
“pipes” which define the data flow (see Figure 1). 

 

 

 

 

 

 

 

 

Figure 1 Yahoo Pipes mashup creation environment 

Many different things are possible to do in Pipes. One can combine many feeds into one, 
then sort, filter and translate it; geo code favorite feeds and browse the items on an 
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interactive map; create power widgets/badges and place them on personal web site. Very 
impressive module is location extractor that analyses the feed and adds coordinates to feed 
items. After that feed items can be accessed with the map interface. 

Pipes support variety of output formats such as RSS, JSON, KML and some others. 

3.2 Microsoft Popfly 

Microsoft® Popfly™ is a web site and tool to help people create and share web sites, 
mashups, and other kinds of experiences. It has two parts: the social network, which is 
called "Popfly Space" and the online tool for creating different kinds of experiences, which 
is called "Popfly Creator." We are interested in the latter part of the service. 

Similar to Pipes it has a pane with functional block on the left and canvas for assembly of 
application on the right. Modules are linked with the connectors to each other on the 
canvas. Popfly service relies in the Silverlight technology from Microsoft to deliver 
visually appealing blocks and the composition environment. This is currently a drawback 
since it requires an extra step – installing of Silverlight plug-in before you can use it. It 
feels very simple and fun to use the service (see Figure 2).  

 

 

 

 

 

 

Figure 2 Popfly in the mashup creation mode 

Impressive 3D graphics makes a feeling that you are playing a computer game and not 
doing some boring programming task. Modules provide a recommendation about possible 
links with the other blocks thus directing users in the right direction. User can choose from 
multiple options to visualize results. There are impressive visualization options for image 
sets – albums, carousels, books (see Figure 3). 
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Figure 3 Mashup output – image carousel with pictures of friend from the Facebook 

3.3 Marmite 

The Marmite idea is that mashup structure comprises of sources, processors and sinks. 
Sources enable adding data into Marmite by querying databases, extracting information 
from web pages, and so on. Processors allow to modify, combine or delete existing 
rows/columns (geocoding, filtering). Sinks then redirect the flow the data out of Marmite. 
(showing data on a map, saving it to a file/web page. Since Marmite runs as a part of the 
web browser it provides easy and visual way to specify part of any web page as a “source” 
that can be processed by the tool. 

It is a research project meaning that functionality and implementation quality is far below 
compared to other. Marmite is implemented as a plug-in for a FireFox browser. 

It implements the data flow model, but the papers mention about the plans to support 
spreadsheet model or mixed spreadsheet and dataflow model (Wong; Hong, 2007). 

3.4 Dapper 

Dapper stands for data mapper. The main purpose of the service is to convert any type of 
content into standard form that can be reused (RSS, XML). It also has the set of publishing 
features that turn that content into Google Gadget, Netvibes Module, iCalendar, Flash 
widgets and so on. 

It is a web application that visually runs is a wizard mode asking user to fill-in some field 
at every step in order to create a dapp (data imported). UI is very minimalist, but it gets the 
things done. Dapps can be made public and indeed for popular services like YouTube and 
Flickr there is a huge collection of dapps available. Typically there is no need to create a 
separate dapp. In many cases dapp is good candidate to be tuned into map mashup or 
image loop. User defines the output format or visualization type to use. 

Next level of development is to combine those dapps into aggregator service. The typical 
example is to combine search result from several search engines or video clips from 
alternative video services similar to magg movie aggregator 
(http://www.dapper.net/dapplications/Magg/). 

3.5 Google mashup editor 

Google Mashup Editor (GME) is an AJAX development framework and a set of tools that 
enable developers to quickly and easily create simple web applications and mashups with 
Google services like Google Maps and Google Base. Google Mashup Editor is a great tool 
for grabbing information from feeds and letting users see and manipulate it.  

Creating applications with Google Mashup Editor is “simple” if one has a developer skills 
and familiar with technologies like XML tags, JavaScript, CSS, and HTML. Mashup 
application is described in a form of high level XML based language that is interpreted by 
Google mashup engine. Currently that service is in beta phase and is accessible by invited 
set of people only. 
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GME documentation allows classifying it as software developer tools and not an end user 
mashup environment. 

Google mashup editor will be excluded from the section where we compare different 
mashup environment because it did not quite fit to out purpose. 

3.6 Intel® Mash Maker 

Intel® Mash Maker is an extension to your existing web browser that allows you to easily 
augment the page that you are currently browsing with information from other websites. 
As you browse the web, the Mash Maker toolbar suggests mashups that it can apply to the 
current page in order to make it more useful for you. For example: plot all items on a map, 
or display the leg room for all flights. 

Intel® Mash Maker learns from the wisdom of the community. Any user can teach 
Mashmaker new mashups, using a simple copy and paste interface, and once one user has 
taught Mash Maker a mashup, this mashup will be automatically suggested to other users 
(Ennals and Gay, 2007). Intel® Mash Maker also relies on the community to teach it about 
the structure and semantics of web pages, using a built in structure editor. 

There is no dedicated page on the web where to have to go and construct the mashup 
application. User has to install the toolbar in the browser and start browsing the web. That 
plug-in supports multiple modes that give opportunity either to use existing mashups or to 
define page structure if needed by turning your browser in DOM explorer tool by opening 
new panes along with the main page (see Figure 4). 

 

 

 

 

 

 

 

Figure 4 Mash maker is integrated in the browser and can open extra panes around the 
main page that used visits 

Programming paradigm could be called “annotate and mix while browsing”. The service is 
in beta and not available to wide public at the moment. 
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3.7 IBM QEDWiki 

QEDWiki is a browser-based assembly canvas that is used to create simple mashups. It 
utilizes collaboration idea of wiki so that every change is wiki page is versioned. Mashup 
creation involves 3 steps - assemble, wire, share. QEDWiki uses software components (or 
services) made available by content providers, e.g. QEDWiki easily integrates with 
widgets like EditGrid (http://www.programmableweb.com/api/editgrid). 

It provides both Web users and developers with a single Web application framework for 
hosting and developing a broad range of Web 2.0 

Here is the list of sample applications - web content management for a typical collection of 
Wiki pages, traditional form processing for database-oriented CRUD 
(Create/Read/Update/Delete) applications, document-based collaboration, rich interactive 
applications that bind together disparate services, situational applications (or mashups). 

Mashup creator places different components on the canvas and defines relations between 
them (see Figure 5). It is very close to visual programming model that was supported by 
Visual Basic. User defines the layout of application screen by dragging and dropping data 
widgets and extra services to the canvas. There are functional widgets with no visual 
appearance that hook to widgets that are placed already on the canvas (e.g. send SMS 
module attaches to the address list). 

 

 

 

 

 

 

 

 

 

Figure 5 Composition screen of QEDWiki with list of people and Edit Grid placed on the 
canvas 
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4 RESULTS 

We combined results of a comparison in a summary Table 1 and did in depth analysis in 
next section.  

Table 1 Feature comparison of mashup environment 

 Pipes PopFly Marmite Dapper QEDWiki Mashmaker 

Paradigm Data flow Data flow Flow + 
spreadsheet 

Flow  + 
wizard 

Application 
on canvas 

Browsing 
enrichment 

Maturity Mature Mature(beta) Research 
project 

Mature Mature In beta, 
closed 

Functionality Rich but 
techy 

Rich, integrated 
with services 

Poor Limited Rich Rich 

Easy of use For 
coders, 
not for an 
end users 

Simple and 
friendly, makes 
a suggestion 
about linking 
parts together 

Cryptic Easy, but 
still not 
100% end 
user tool 

Easy, lazy 
developer 
tool 

Simple to 
use if site 
structure 
know 

Technology Standard 
web, YUI 

Silverlight, 
proprietary 

Browser plug-
in, runs in own 
windows, 
allows point at 
the parts of 
web pages to 
scrap 

Standard 
and/or 
popular 
WEB 
technologies 

Standard 
web 

Browser 
plug-in 
(toolbar), 
enabled by 
community 
maintained 
DB of sites 
structure 

Openness 
for 
integration 

Html 
code to 
embed in 
blog, 
RSS, 
JSON 

HTML code to 
embed 

n/a New API 
creator. 
Export to 
Google 
gadget, 
RSS, XML, 
Flash 
Widget 

Can 
embed 
public 
WEB 
services 
and 
widgets 

N/A 

Extensibility Yes Yes, user can 
contribute 

n/a Dapps can 
be reused 
by other 
dapps 

 New sites 
and widgets 
can be 
added 

5 DISCUSSION 

After exploring multiple tools we were able to come up with the ways to classify and sort 
the environments to different categories. 

Programming paradigm or approach to mashup creation 

The most significant difference is the programming paradigm or approach to mashup 
creation. That category actually has very wide interpretation since some of the services 
indeed require programming activity in visual environment (data flow specification or 
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interface creation on the canvas) whereas others like mash maker support on the fly 
mashing by linking to external content while browsing. 

Programming environments with support of a data flow paradigm. There are four 
services that we would group together: Pipes, Popfly, Marmite and Dapper. They all use 
different implementation technologies, but they aim the same type of the mashup author. 
The data flow model is very simple to understand and visualize. It is also very easy to 
debug applications following data flow model.  

Visual coding for data flow. 

There are two major different ways to implement data flow support in the interface for the 
mashup author. The simplest approach is wizard based where user passes through several 
screens and enters data that is needed. Close guidance guarantees absence of error on one 
hand, but limits the functionality on the other. We can speak about the variation of data 
flow paradigm that could be called flow paradigm via wizards. Dapper uses wizard 
approach that is very simple to understand, but its functionality is limited to scrapping 
from the web pages and RSS with output restricted to seven main formats. 

The other popular visual approach to implement data flow paradigm is drag and drop of 
functional modules from the list on the canvas and linking those blocks together with data 
pipes. Yahoo and Popfly provide richer functionality for a user via of big amount 
customizable blocks that mashup creator can tune and connect to each other. That 
variation of a data flow paradigm is a data flow via visually connected modules. 

Marmite project plans to support one more variant for the data flow programming 
paradigm that is called spreadsheet programming. It is well known way to define 
processing flow as is implemented by e.g. Microsoft Excel. The current Marmite 
implementation still runs the visually connected modules mode. 

Visual widget assembly. 

Mash maker is a very different from data flow tools because it does not provide distinct 
mashup authoring environment. It gives user an opportunity to augment currently visited 
page. Mashup developer can say two things “this service can be offered for other pages” 
and “that service can be applied to current page”. Formally speaking, mashup in a Mash 
maker a composition of widgets and website extractor. In order to make our comparison 
on par with the dataflow group of services we have to assume that the mashup developer 
deals with already existing set of widgets, which are similar to processing blocks in e.g. 
pipes and then authoring process is simply selecting widgets and binding them to elements 
of the page. The question that remains open is who defines the structure of the page. Mash 
maker leaves that to community members to define. That means that definition of the page 
structure is the responsibility of the advanced users. Structure definition task is activated 
from the same browser toolbar. That procedure has the same purpose as web scrapping 
definition in pipes of Dapper. That basically means that different paradigms share similar 
steps at the mashup creation. 

QEDWiki also uses widget integration approach similar to Mash maker, so we can define 
that visual widget combining is another programming approach. 
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Technology that is used 

Technology part offers a lot of possibilities to deliver mashup authoring tools. 

AJAX (JavaScript, DOM) is utilized by Yahoo pipes. It uses Yahoo’s widget library YUI 
to interact with the users on top of the AJAX. That approach is good since it is based on 
WEB standards and in theory should run on all major modern browsers. There are no 
visible limitations of that approach. Services like Dapper and QEDWiki also rely on 
AJAX. 

Silverlight is a Microsoft proprietary framework for building rich interactive web 
applications. It is a competitor for Adobe’s Flash. Popfly delivers superb experience using 
heavily 3D graphics in the authoring tools and mashup visualizations. The only problem 
with the Silverlight technology is that it is new and not wide spread yet. User has to install 
a browser plug-in before it can user the service. There are no mobile or Linux versions of 
Silverlight run time at the moment. 

Browser add-on. Approach is implemented by Mash maker and Marmite. Close 
integration to the browser provides extra benefit to the user because there is not need to 
open one more page or application for getting things done. Custom versions for different 
browser have to be created though. 

Richness of functionality 

It makes sense to apply functionality comparison only to tools that are using similar 
approaches for mashup creation. Tools like Mash maker and QEDWiki are quite different 
from the environments that are based on the data flow paradigm. So we make a 
comparison of similar tools first and then we’ll highlight the difference with Mash maker 
and QEDWiki wherever it makes sense. Comparison is done for the following aspects of 
the functionality: variety of data sources, options for data processing, visualizations of 
results and output formats and type of mashup user. 

Sources for mashup of data. Common set of features that is supported by the majority of 
environments is the scrapping of web pages, RSS and ATOM feeds. Those sources can be 
called low level sources because they are very wide spread and work for different WEB 
sites. Dapper and Marmite support only low level data sources. The higher level data 
sources modules allow integration with WEB services. Yahoo Pipes supports integration 
with Flickr, Google Base, Yahoo Local and Yahoo Search. Popfly provides amazingly rich 
set of web sites for mashup building. Popfly groups sources into categories like: images 
and video (Flickr, Picasa, Gallery 2.0 etc.), News & RSS (Digg, Twitter, Upcoming), 
Shops (MSN shopping, Live ads…), Social Networks (Facebook, Live Spaces, Xbox Live) 
and many others. 

Data processing options define operations that can be done with the data from the source. 
Typical example is merging of two RSS or image feeds in one or building new URL from 
parameters. Here Pipes seems to be a leader because it exposes more operations typically 
found in the programming languages – string operations, date processing, array 
manipulation, URL building, simple numeric operations. Popfly deliberately hides 
programming operation from the mashup creator, though most of the things still can be 
located in the Tools category. Marmite has a smaller subset of processing options and it is 
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lacking lower level operations. All three services provide support for geo coding of the 
data since map view considered being very important by all services (Dykes et al., 2007). 
Data processing options category does not apply directly to other analyzed environments 
like Mash maker and QEDWiki. 

Visualization of results and output format. Popfly has definitely has much richer 
functionality and more impressive user interface. Silverlight technology delivers 3D 
visualizations. Having at hand such a powerful visualization technology Microsoft took 
special care of different visualization options. Photo collections can be displayed on the 
screen in a form of rotating carousel, book, slide show, photo sphere. All in all, what 
comes out of the Popfly looks like professionally done small application. Exporting 
options include only HTML code to embed in the external blog, neither RSS nor JSON are 
available. Pipes do not provide way to define visualization and service makes a decision 
on itself which view is more appropriate – map view, image view or list view, though it is 
possible to switch between them. Pipes are more open for the world since it is possible to 
get results in RSS, KML, JSON formats along with the code to embed in the blogs. 
Marmite allows visualizations on Yahoo Maps or on the calendar. Dapper has somewhat 
better output options that include feed formats and integration in external web site (XML, 
RSS, Google Gadget, Flash, Google Map, Image Loop, iCalendar). Thus is it clear that 
Dapper goal is to server as middle man for web site integration and not as an ultimate 
mashup environment.  

Mash maker provides extra content embedded in the web page that is being accessed and 
that extra information can be expanded or collapsed if user wishes so. It does not generate 
any output data because of the different nature of application. In QEDWiki user defines 
layout of the application during assembly phase. 

Type of user. It is possible to define several types of users for the system that we reviewed 
– mashup author and mashup user. Mashup author is the person that uses tools to create a 
mashup. Mashup user in turn is the person that uses mashups created by the author. 
Authoring of a mashup can be very simple task if you have all block that are needed ready 
made for you. Some tools provide also functionality for advanced use. It is something that 
is too difficult to for the average user to do, e.g. adding new functional blocks in Popfly or 
Pipes or defining page structure in Mash maker. Tools that have different modes for 
normal and advance use will definitely have an advantage over the ones without it, since 
they would evolve faster providing support for new services on the web utilizing 
community support (Novak and Voigt,. 2006). 

6 CONCLUSIONS 

After comparison of several mashup end-user programming environments becomes quite 
clear that this is very rapidly developing area with multiple directions (Sabbouh et al., 
2007). The range of available tools addresses different needs in the mashup creation: 
Google mashup editor is a tool that targets hardcore software developers, Dapper is a tools 
that provider a web site integration tools for tech savvy users. Popfly, Pipes, Marmite, 
Mashmaker are visual environments that target non technical users (Ennals& Garofalakis, 
2007). 
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Popfly from Microsoft is the best example of simple and visual tool that enables mashup 
programming by end user. Popfly authors took an effort to embed in the environment 
functional modules for the most popular web services. User does not have to search for the 
feeds or API exposed by services like Flickr or facebook but can start using then straight 
away.  

From technology point of view is preferable to use standard web technologies (Pipes, 
Dapper). Unfortunately those standard technologies do not deliver the same usability level 
as Silverlight. SVG or Flash can be good candidate to achieve better usability. Flash is 
already de-facto standard and runs on millions of computers and mobile devices. 

Interesting direction of a mashups is enhancing browsing experience of end user. There 
was only one such example in the reviewed tools (Mashmaker). We can expect more 
service to emerge in that area. 
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