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Abstract. Proper application testing leads to higher quality code on the
long term. Thus, development environments encouraging and supporting
programmers in software testing clearly benefit the quality of the pro-
duced code. This paper investigates the capabilities of web-based IDEs in
terms of software testing support and integration. An example IDE has
been explored by an prototype application written in CoffeeScript using
the TDD methodology. Furthermore, the shortcomings discovered have
been countered by proper tool support, integrated in the IDE. The tools
and their benefits described in this paper contribute to a more encour-
aging web-based IDE that could serve as a replacement for traditional
development environments in the near future.

1 Introduction

Applications that used to be on desktops only can now be found in browsers
with all their former functionality at hand. What is more, the capabilities of the
world wide web are used to enrich these systems even more.
Software development environments are likely to follow this trend as well. In this
paper, we investigated the Cloud9 Online IDE [1] and its functionality. We chose
this specific web-based IDE because it already had a good reputation among dif-
ferent development communities and was recommended by Trevor Burnham [20].
To explore the capabilities of the IDE, we implemented an example application
with the help of the IDE.
The Cloud9 IDE is mainly directed at JavaScript developers. Thus, JavaScript
could be the choice of language for implementing the prototype application.
However, we chose CoffeeScript [4] for the implementation, as it compiles into
JavaScript, provides syntactic simplification over JavaScript. It also enabled us
to investigate the flexibility of the IDE when it comes to using relatively new
languages.
Furthermore, the investigation focused on the support for the Test-Driven De-
velopment (TDD) [2] work flow1 by the IDE. As described by Jeff Langr [3],
writing tests in TDD methodology most often results in tests of higher quality
and a cleaner code base. This is why we favor writing our applications in TDD

1 TDD is based on the thought that the tests should be written first, e.g. before the
implementation. This way every line of code written in a TDD project should be
tested.
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methodology where applicable. We therefore regard the support of the TDD cy-
cle as a quality measure of an IDE.
The insights gained by the research are discussed in this paper. As a our main
contribution, we added tool support for the IDE based on the shortcomings
found in this investigation. We described the new tools and displayed their ben-
efits. This was done by comparing the work flows used before and after the tools
were plugged into the Cloud9 IDE.
This paper first gives an overview of work related to ours in the following section.
Afterwards, Section 3 describes the insights gained by investigating the Cloud9
IDE with the help of an example application. After presenting the new tool
support in Section 4, this paper concludes with a brief summary in Section 5.

2 Related Work

Web-based software development environments are getting increasingly popular,
which can be depicted from their sheer number [1], [6], [7]. This trend most likely
has its roots in the fact that more and more desktop applications are migrated to
the web. Many of these IDEs work just like desktop applications, however there
are other IDEs like Lively Kernel [5] leveraging the web-based concept more.
These are more unlike regular desktop IDEs.
However the development environments tend to become in-browser application.
Thus they need to compete with traditional desktop-based IDEs.
All of the online IDEs have in common that they are accessible from everywhere
with nothing but a browser. They do not have to be set up and can be used
from whatever computer while providing basically the same user experience.
Depending on the concept of the IDE they even take load of the pc that is used
for development, as the programs are executed on servers and not on the local
machine. Collaboration features can also often be found in web-based IDEs.
There are also downsides compared to classic IDEs. Web-based IDEs need to be
constantly connected to the Internet which is a well-known handicap. Another
common drawback is that online IDEs are often not as feature rich as traditional
desktop-based IDEs. This might be due to technological limitations and the fact
that they are not as mature as their desktop siblings.
The support for the language of our choice, CoffeeScript [4], differs greatly be-
tween different IDEs and editors. There are plug-ins for nearly every commonly
used programming environment [8]. Syntax highlighting is supported by nearly
all of them. However automatic compilation is not a feature of most of them.
To the knowledge of the authors no IDE provides an approximate line mapping
between JavaScript and CoffeeScript as of now, since this is a hotly debated
topic in the community2.
Good support for testing applications is also an important topic for conven-
tional IDEs - most of them include a test-runner or test-runners can easily be
downloaded as a plug-in. For instance this is the case for RubyMine [9] and

2 Issue at the CoffeeScript repository discussing the need for line mappings https:

//github.com/jashkenas/coffee-script/issues/558
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Eclipse [10]. The need for good JavaScript testing testing support has also re-
cently been addressed by JetBrains [11].

3 Working with the Cloud9 IDE

The Cloud9 IDE [1] is an online development environment, designed to support a
wide range of programming languages including Ruby and Python. However, the
execution and support of JavaScript applications with the help of Node.js [12]
is its main purpose so far. Since the IDE is relatively new and in steady de-
velopment, the number of features and supported languages is continuously
evolving. The features include live collaboration, code deployment to services
like Heroku [13], in-browser code execution and code completion. Furthermore,
there also is an offline version of the IDE which can be installed and used locally
without internet connection.
To investigate the potential of the Cloud9 IDE we developed an example appli-
cation in CoffeeScript with the help of the IDE. The goal of this application was
to recommend a set of articles that could interest the reader of a given article.
The functionality of the application is further described in the following section.

3.1 Example Application

The example application CoffeeRecommender [27] is a recommendation engine
based on the Plista contest[14]. We used it to investigate the features of the
Cloud9 IDE. Based on the information provided by a given web article3, this
application finds related articles in a set of given articles4. The goal is to find
the ones that appear most interesting to the reader of the given article. Figure 1
show the application, embedded in the work flow of its environment.
The application, written in CoffeeScript in the Cloud9 IDE, has been developed
in TDD methodology. Therefore, we used the Jasmine[15] testing framework.
Consequently, every new feature was first manifested in a set of tests that de-
scribed the way it is used and the expected results. The work flow we went
through for implementing a new feature is illustrated and discussed in the next
section.

3.2 Work Flow

Following a Test-Driven Development work flow when implementing the example
application, we went through the development work flow shown in Figure 2 most
of the time. It describes the steps we had to go through when a code change led
to failing tests. All of the steps shown in this figure are an abstraction of all the
actions the Cloud9 user has to go through.
The 5 phases consist of the following actions:

3 this article contains information such as: title, subtitle, category, first paragraph of
the content and further more

4 These articles are provided by the Plista team in a training step.
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Fig. 1. The CoffeeRecommender embedded in its environment. This figure is an ab-
straction of the environment and leaves out intermediary entities. a) When a user
chooses an article on a website the Plista server is asked to provide articles that can
be recommended for the reader based on the requested article. b) The recommenda-
tion request is forwarded to the CoffeeRecommender. c) The application finds the best
known matches for the given article and returns them to the Plista Server. d) The
Plista server returns the recommendations that are then embedded in the website of
the requested article.

write code The programmer writes tests and the feature code that should make
these tests pass and saves the changes.

type ’npm test’ in console The programmer runs the tests by switching to
the console, typing this command and running all the tests present due to
missing possibilities of only passing on single tests for execution.

find error in console log In the console output of the test results the pro-
grammer has to look for the error she produced with the code she wrote.
Figure 7 in the Appendix shows an example of such an output. The time
needed to find the corresponding line in that mass of lines can become a
major barrier for testing the code at all.

map JavaScript error to CoffeeScript Since CoffeeScript is translated to
JavaScript and then executed, the output deals with compiled JavaScript
code. When the corresponding line is found in the console output it has to
be mapped back to the written CoffeeScript code. Due to missing context
and sparse information on the error in the console, the line has to be mapped
manually by the programmer.

find line in CoffeeScript file Often, the two lines the programmer is inter-
ested in tell which file of the own project fails highest in the stacktrace and
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Fig. 2. Work Flow in Cloud9 IDE when following TDD with CoffeeScript and Jasmine
framework

what the error is. The programmer then navigates to the failing file. Unfor-
tunately, the lines given in the console output correspond to the lines in the
translated JavaScript file. Identifying the corresponding line in the Coffee-
Script file with the help of the given error message can take a lot of time
with a growing code base. This again increases the risk of creating a barrier
to testing the code base at all.

Ideally, the work flow to implement a new feature would be highly supported by
an IDE to enable fast enrichment of the developed application. Unfortunately,
when following TDD and using CoffeeScript in the Cloud9 IDE the programmer
does not get the support needed for rapid development. How this has been
improved by proper tool support by us is shown in Section 4.

3.3 Benefits

Despite the shortcomings in the testing work flow, an online IDE like the Cloud9
IDE provides a series of benefits. First of all, an online development environment
allows access to the project independent from a specific computer. Provided with
a computer and an internet connection, a programmer can instantly work on
the code base from basically everywhere. What is more, collaborative work on
the code in real-time becomes possible. Since the newest update of the Cloud9
IDE, programmers can share their code with others, grant write access and code
collaborative in real-time. Although this feature is neither yet stable nor working
precisely, it underlines the high potential online IDEs have. Furthermore, the IDE
already supports the execution of code written in Python, Ruby and JavaScript.
Regarding the steady development of the IDE in the past, it will presumably
support even more languages for instant execution in the future. Finally, Cloud9
is an open source application [16] hosted on GitHub [17]. Programmers can
develop plug-ins to extend the functionality, change existing code and contribute
to the enhancement of the IDE.
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3.4 Drawbacks

Apart from the benefits, there are also drawbacks to the online IDE. Defects in
usage mainly correspond to the missing functionality mentioned in Section 3.2.
To sum these up, there was no support for testing our files with the Jasmine test
framework, CoffeeScript was not supported and had to be integrated based on
a workaround [18]. Furthermore, developers have to switch frequently between
the code editor and the console to identify the errors in the code. The missing
CoffeeScript support also leads to a missing access to the compiled JavaScript.
This would be helpful for identifying the line in the CoffeeScript file where the
error occurred. Apart from these defects, it is not possible to use external plug-ins
in the hosted online version of the Cloud9 IDE. Only the functionality provided
can be used, external plug-ins are only available in the offline version. Thus, the
user is limited to the provided functionality when using the online version.
Besides these shortcomings in the usage of the IDE itself and in the support of
the testing work flow, there are drawbacks to the plug-in development for the
Cloud9 IDE as well. These are presented in Section 4.4, after the implementation
of new tool support was displayed in the following section.

4 Enhancing the Cloud9 IDE

We wanted to mitigate the problems of our work flow with the Cloud9 IDE as
described in section 3.2. Mainly we focused on the following problems:

– insufficient support for the TDD cycle
– lack of support for CoffeeScript

One of the biggest inconveniences for us was the disconnection between the
error displayed in the error log and the actual error in the CoffeeScript file. The
error references the compiled JavaScript code and not the original CoffeeScript
code. It is time-consuming to guess where an error might have originated in the
CoffeeScript file, search it and fix it. Such an error log is displayed in figure 7.
Therefore we had to make the compiled JavaScript available. Furthermore we
wanted to provide a mapping between the CoffeeScript and the JavaScript code.
Our approach for this problem is described in section 4.1. Moreover we aimed
at providing a better support for testing with the framework of our choice,
Jasmine [15]. The implementation and functionality is described in section 4.2.
The result of our work can be best seen in the new work flow resultant from our
plug-ins, which is explained in section 4.3. Finally our experiences when working
on a plug-in for the Cloud9 IDE are summarized in section 4.4.

4.1 The Livecoffee Plug-In

One of the widely mentioned concerns about CoffeeScript is that it compiles to
JavaScript and runs as JavaScript. This problem is most apparent with devel-
opment tools such as a debugger, as you write your code in one language and
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debug it in another language. One of our gravest problems during the develop-
ment of the CoffeeRecommender was that errors occurring during execution or
testing only mentioned the JavaScript line number. Without direct access to the
compiled JavaScript we could only guess where the error originated. So simple
access to the compiled JavaScript would be a plus. The more complete solution
however is an approximate line mapping between JavaScript and CoffeeScript.
We solved these problems by extending an already existing plug-in.

The old livecoffee plug-in The ”livecoffee” plug-in by Tane Piper[19] is rec-
ommended in the CoffeeScript book [20]. It is open source and shows the com-
piled JavaScript output and provides an approximate line matching as its core
features. Unfortunately the plug-in is unmaintained, as it has not been updated
in nearly a year. We had to make some adjustments in order for it to work with
the new version of Cloud9.
The livecoffee plug-in works entirely on the client-side. It compiles the current
CoffeeScript file using the CoffeeScript compiler. As this is part of our plug-in
it is also a potential source of errors. This way it could happen that the code
is compiled with a different version when executed than the one that we use to
show the JavaScript. Furthermore it is possible that new constructs will be intro-
duced in future CoffeeScript versions. If the CoffeeScript library in our plug-in
is not kept up to date, then this would result in errors.

Enhancing the functionality We extended the existing functionality with our
fork of the plug-in [25] in three different ways. We improved the approximate
line matching, provided a visual aid for the line matching and enabled other
plug-ins to use part of the functionality of this plug-in through loose coupling.
The approximate line matching was really approximate as it just took the cur-
rent line and jumped to the same line in the JavaScript file. Unfortunately line
matching is a broader but important problem. Due to the lack of viable alterna-
tives at this point a new CoffeeScript compiler is being built, which will provide
source mappings [21]. As this project is not yet ready to be used we decided to
leverage the rich open source ecosystem a bit more.
We incorporated the CoffeeScriptLineMatcher library [22] written by Steve How-
ell. This library matches blocks of CoffeeScript code to the corresponding blocks
of JavaScript code. It does so by going through the code looking for statements,
which can be determined to definitely be the same, like if statements or assign-
ments.
The visual aid works by coloring the matching block of lines of both the Coffee-
Script and the JavaScript red as it can be seen in figure 3. Moreover the plug-in
provides instant feedback, when the approximate line matching is enabled. Ev-
ery time the position of the cursor in one of the windows is changed the current
line in the other window is adjusted appropriately and the blocks are highlighted
again. Refer to the screen cast [28] for more information.
Also we enabled other plug-ins to use the functionality of the livecoffee plug-in.
The coupling is very loose since you can not expect the plug-in to be loaded
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as it is not a default plug-in of Cloud9. We introduced the livecoffee show file
event, which has to contain a line property. If the livecoffee plug-in is loaded,
then it will open its window and go to the specified line in the JavaScript out-
put window, highlight the block and also go to the same line in the matching
CoffeeScript file. Other plug-in authors may use this functionality to enhance
their support for CoffeeScript. We used it in our Jasmine test panel in order to
go to the block in the CoffeeScript file which matches an error in the compiled
JavaScript.

Fig. 3. The livecoffee plug-in in use with the itemStorage class of the CoffeeRecom-
mender project

4.2 The Jasmine Plug-In

The goal for our Jasmine plug-in [26] is to make Test-Driven-Development with
the Jasmine testing framework and CoffeeScript as comfortable as possible.
Therefore we have integrated a panel into Cloud9, whose structure is similar
to the one of the new test panel in Cloud9.

The panel The panel is one of the common panels on the left hand side in the
IDE. Here all recognized testing files are shown. In order to do this we rely on a
convention: All test files are assumed to be in the spec folder of the project or in
a sub-folder of the spec folder. In addition they should end in .spec.coffee, which
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is a convention introduced by Jasmine itself.
Whenever tests have been executed then this panel can be used to see every
single test case, with its description, and whether it passed or failed. Figure 4 is
a screen shot of the panel with some failing tests.

Fig. 4. The Jasmine panel after tests with 2 failures ran

Executing Tests We provide many different ways to execute tests. The dis-
tinct means are all present as they are more fitting for particular situations or
developers. However the granularity with which you can execute tests is capped
at the file they are defined in. So you can only execute test files separately not
individual test cases. Following is a description of all the different ways you can
execute tests with our plug-in at the moment:

Automatically after file save Tests are executed automatically when a file
is saved according to naming conventions. So whenever a file called imple-
mentation.coffee is modified the plug-in will look for a file called implemen-
tation.spec.coffee and execute it if present. Similarly if you modify a test file
itself, then after you save it the very same file will be executed. This behavior
heavily favors Test-Driven-Development which relies on frequent feedback.

Manually execute all tests via short-cut You can press the Ctrl + J short-
cut in order to execute all tests.

Manually execute a test by double clicking As it can be seen in figure 4
the different test files are shown in the Jasmine panel. Double clicking on
any of those files will execute it.

9



Manually execute a selection of tests with the Run-Button You can se-
lect a sub-set of test files to run by clicking them while holding the Ctrl key.
Afterwards you can click on the Run Tests button in order to execute this
sub selection of tests.

Locating the error in the CoffeeScript file We provide an aid for the
programmer to find the line of code in the CoffeeScript files that caused the
error. Often when trying to locate an error programmers tend to look at the
stack trace and search for the first line that is from their project. Then they go
there in order to investigate the problem further. The Jasmine plug-in basically
does the same. It parses the stack trace and looks for the first occurrence of a
file belonging to the current project, e.g. not a library. Then the loose coupling
with the livecoffee plug-in is used to map the so found line of the compiled
JavaScript to the matching block of the CoffeeScript. The file is opened and the
cursor already placed in the right line, so the programmer can get right back to
work. Of course this functionality is only accessible when the livecoffee plug-in
is loaded.
Developers may access this feature by right clicking on the specific test case
that failed and select Show Error in Coffee. The error message is displayed
in our panel as well (see figure 4). If the programmer should need additional
information, then he can still check out the complete error log including all
stack traces on the Cloud9 console.

How the plug-in works The plug-in itself is client-side, which means that it
is executed in the environment of the browser. This is how the user interface and
the communication with the livecoffee plug-in works.
However in order to execute tests we need to execute code on the server-side.

This process is more complicated and a simplified version is described in figure 5.
On the server side the tests are executed with the version of jasmine-node [23]
that the given project has installed. It is assumed that npm [24] was used to
install jasmine-node. This was a conscious choice as we do not want to introduce
additional dependencies to the Cloud9 IDE. Moreover we do not want to force
users to use a specific version of jasmine-node.
With the execution of tests being as it is right now, the only way to get a hold
of the test results is parsing the console output generated by jasmine-node on
the server-side. This results in some conventions and liabilities of the plug-in. It
is a convention that the first describe block of a spec-file should begin with the
name of the spec file. Otherwise there is no way for us to determine which tests
belong to which file. Moreover the parsing can be considered rather brittle, if
the jasmine-node plug-in ever significantly changes the format of their verbose
output, then our plug-in will likely break.
It would be a better solution to accompany the client-side jasmine plug-in with
a server-side plug-in. That way the server-side plug-in could run the tests and
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run(jasmine, tests)
Jasmine Plugin Noderunner

a)

b)

IDE

send(command)
dispatchEvent
(socketMessage)

f)

IDE

Client c)

Server
e)

Server

d)Jasmine

Fig. 5. A simplified version of the work flow needed to execute tests. At a.) the noderun-
ner is instructed to execute the tests with Jasmine, he forwards this call to the IDE
at b.). The IDE issues the command to the server at c.). Then the server executes
jasmine with the specified test files at d.). The console output of this is sent back to
the IDE via socket messages at e.). The IDE emits events with these messages which
our plug-in registers a listener on in order to reassemble the console output at f.)
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gather the results using a custom reporter5. The results gathered by the reporter
could then be sent to the client-side plug-in as JSON objects. Due to the given
limitations concerning time, man power and lack of documentation for Cloud9
server-side plug-ins and Jasmine reporters we chose to work with what we knew
worked, although it might be a bit frail.

4.3 New Work Flow

write code

type ‘npm test’ 
in console

find line in 
CoffeeScript file

see failing test in 
panel

be guided to 
CoffeeScript line

fi d imap JavaScript  find error in 
console log

p p
error to 

CoffeeScript

Fig. 6. The new work flow for testing with a failing test with the livecoffee plug-in and
the jasmine plug-in in place - the old work flow can still be seen in gray

The usual Test-Driven-Development cycle with failing tests in Cloud9, as
described in section 3.2, has been significantly shortened and thereby improved
by our two plug-ins. The new work flow is depicted in figure 6. There are basically
just the following three steps in the development cycle:

write code Write your code and then save it, this step remains unchanged.
see failing test in panel As soon as you save a file ideally the corresponding

test-file is executed automatically, alternatively it is possible to run tests as
described in section 4.2. Now the left hand panel shows whether all tests
pass or if some failed. For failing tests the error message is displayed.

be guided to CoffeeScript line The user can right click on any failing test
and select Show Error in Coffee. This results in the file of the project, where
the error originated, being opened and the cursor to be placed in the line
were the error occurred. Because of that the programmer is directly able to
continue to write code to fix the bug.

5 Jasmine offers the possibility to run with different reporters, to which the results are
reported in detail.
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When no error occurs during the testing cycle the circle is also shortened.
The programmer just sees that all the tests pass and can continue to write code
right away. This is opposed to switching to the console and typing npm test to
run tests.

4.4 Extending the Cloud9 IDE with plug-ins

Our experience when extending the Cloud9 IDE has been mixed. We were able
to provide our functionality solely through plug-ins, without modifying any code
that we have not written ourselves. This is a sign of a very good plug-in system.
However we found the documentation of the plug-in system and the IDE itself
lacking. There is documentation for the Ajax.org Platform [29] and the Ace
Editor [30], but documentation for plug-ins and other functionality is missing.
Documentation for writing plug-ins is seemingly being worked on right now [31].
However, plug-in authors can only look at the already existing plug-ins and try to
figure out what they do and how they do it so far. There are many undocumented
assumptions about properties of plug-ins that have to be fulfilled in order for
the plug-in to work correctly. Moreover, the IDE is constantly being developed
and evolving, which is good. Unfortunately even core APIs, like opening a file,
seem to be changed. This results in big compatibility issues with newer and older
Cloud9 versions. It is also discouraging, that third-party plug-ins can not be used
in the hosted Cloud9 edition. However the developers seem to be eager to include
plug-ins in the official Cloud9 repository, which is very pleasant. Especially the
missing documentation hinders the development of plug-ins for the Cloud9 IDE,
so we hope that the maintainers will provide appropriate documentation soon.
We hope that this will result in more plug-ins being written for Cloud9 extending
its functionality even further.

5 Conclusion

Testing your application, preferably with TDD, can increase the quality of the
code basis tremendously. Thus, development environments that encourage TDD
and support the programmer in the steps through the testing cycle can be of great
benefit. In this paper we showed how insufficiently a programmer is supported
in the testing cycle when using CoffeeScript and the Jasmine testing framework
in the Cloud9 IDE. However, when providing proper tool support, the developer
can intuitively work on his application and is steadily supported in the testing
process. Since there are already good responses to the tools [28], [32], [33], [34],
we believe the tools will soon be part of the default Cloud9 experience in the near
future. With the tools presented in this paper and the steady development the
Cloud9 IDE is going through, we suggest this IDE has a great chance to serve as
a replacement for some of today’s desktop IDEs in the near future. Developers
should begin to think about a shift from classic desktop development environ-
ments to web-based IDEs and exploit the benefits of real-time collaboration and
global team based development.
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Fig. 7. Error Log of the Cloud9 IDE when tests fail
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