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Abstract

In this paper, we present the first evaluation of
Elucidative Programming, in an educational context.
Elucidative Programming, is a practical variation of
Literate programming, and is aimed at maintenance of
documentation of program understanding. By maintaining
program understanding in documentation, we can retain
thoughts and rationales behind a program from
disappearing over time. Maintenance of these thoughts
and rationales is important if the program is to be
maintained or reused.

We have followed a group of 7 students working on a
software project at Aalborg University. The result is a
documented software system and interviews with the
students that helped us answer a number of questions
concerning the usefulness of Elucidative Programming.
We have found that it is difficult to persuade students to
not only use Elucidative Programming but also use
Elucidative Programming consequently. However, we
have found that Elucidative Programming is useful, for
example, in review situations and in order to give the
students confidence in the software under production. In
general we have found that Elucidative Programming can
be useful in student projects.

1. Introduction

Throughout the life cycle of a program, understating of
the program is needed. Different kinds of understanding
of the program is present in the minds of the different
people involved in various phases in this lifecycle, for
example programmers, domain specialist, designers,
testers. In this paper, we address the understanding of a
program at “code level” (e.g. maintenance documentation
or internal documentation). This kind of understanding of
software will disappear if it is not preserved in some way.
Unfortunately, the program understanding at “code level”
is often not preserved, making for example maintenance
activates difficult. We therefore advocate for preserving
this knowledge of the software in documentation. We
term this: documentation of program understanding.

The focus of this paper is documentation of program
understanding in an educational context. As argued by

Sametinger [5] we need to train students in writing good
quality documentation. Furthermore, Sametinger argues
that if education is to profit from the documentation, we
need concepts like Literate programming, hypertext,
object oriented documentation and corresponding tools, in
order to provide examples of well-documented systems.

Program documentation in form of documents written
in natural writing, for example like Literate programming,
is often considered an idealistic approach to
documentation of program understanding. However, we
envision that if the rationales and thoughts behind a
program are maintained the quality of the software will be
enhanced [6]. Several tools supporting the developer
when producing such documentation has been build. One
of the newest tools is from a family of tools supporting
Elucidative Programming [10,11,12] and is called The
Java Elucidator [14].

In FElucidative Programming, documentation and
program exist as separate entities. Documentation and
program are presented as hypertext and typed links are
used to provide navigation between documentation and
program. Hence, explanations in the documentation can
address relevant pieces of the program. The
documentation consists of nodes addressing specific
topics. For example, a node can explain how a task is
implemented, explain the rationales behind some decision
or explain how some decision is realised in the source
code. Elucidative Programming is, in contrast to Literate
programming [6], better suited for modern software
development because it allows programmers to work
collaborative on the fragmented documentation and
program. Elucidative Programming and The Java
Elucidator is discussed in further detail in section 2.

Elucidative Programming embraces two of the
concepts mentioned before, namely Literate programming
and hypertext (see section 2 and 5.1). The concept of
object-oriented documentation is not directly embraced in
Elucidative Programming, but similar properties can be
achieved through typed links (see section 2.1) and
document templates (see section 2.2). Hence, we believe
that Elucidative Programming is promising as a
documentation concept for use in education.

To this date, no realistic experiments have been
performed in order to support the usefulness of



Elucidative Programming (and the Elucidator) during
software development in an educational context. As
mentioned in section 5.3, Elucidative Programming has
been evaluated in an industrial context. In this paper, we
present the results of our first experiments with the use of
Elucidative Programming in education. In section 3, a
number of questions about the usefulness of Elucidative
Programming that were raised before the evaluation are
discussed. In section 4, we present the software project
that the students have developed and documented, and
how we have observed and interacted with the students in
order to get some answers to the questions listed in
section 3. Section 5 presents our findings and in section 6
we relate our work to that of others. Finally, in section 7
we conclude on the work done and outline future work.

2. Elucidative Programming

Elucidative Programming is a practical variation of
Literate programming [6] [9] [18], and is aimed at
maintenance of documentation of program understanding.
A tool supporting Elucidative Programming and the
programming language Java has been build and is named
The Java Elucidator [14]. Java is often used in education
in introductory object oriented programming courses. This
is also the case at the Computer Science Department at
Aalborg University.

‘We here present The Java Elucidator as we did for the
students. Details on the practical workings of the tool can
be found in [13] and [14]. First, we give a general
overview of the Java Elucidator (section 2.1) and then we
describe the editor support (section 2.2).

As mentioned in section 1, documentation and
program exist as separate entities in an Elucidative
Program. The documentation consists of different nodes
explaining different aspects of the software. Typed links
are used to provide navigation between explanations in
the documentation and relevant places in the program.
Furthermore, navigation is provided from the program to
places in the documentation that address a specific part of
the program.

As note, the Java Elucidator can be categorised as a
software exploration tool, aimed at reducing the
documentation reader’s (a programmer or a reviewer)
cognitive overhead when studying the program and
documentation [19].

2.1. Working with the Java Elucidator

Both the documentation and the program are presented
as online documents in an ordinary web-browser. The
documentation and the program are not in physical
proximity as in Literate programming, but typed links are
used to provide navigational proximity [14]. The typed
links are presented as anchored hyperlinks based on the

abstractions in the program and the documentation.
Program abstractions are classes, methods, attributes,
parameters, local variables and source markers. Source
markers are placed in the source code when programmers
wish to address other parts of the source code than the
mentioned abstractions. Documentation abstractions are
documents, sections, figures, and paragraphs.

As mentioned, hyperlinks also provide navigation from
anchors in program abstractions to places in the
documentation that directly address a specific program
abstraction. Activation of a program abstraction link
results in a list of links addressing that specific program
abstraction. The list includes the types of the links, which
is useful when selecting a link to follow. The types used
by the students in our experiment were “mentions” and
“describes”. The first type was used when a program
abstraction was just mentioned, and the latter was used
when the program abstraction was actually described in
detail.

Furthermore, in the presentation of the source code
navigation is also provided between occurrences of
identifiers and their declaration. For example, when a
method call is encountered in the source code it is linked
to its corresponding declaration.

Documents in the Java Elucidator are written in an
XML based language, called Edoc. The Edoc language
provides a number of elements (or tags), including source
links, documentation links and external links. Edoc also
allows inclusion of ordinary HTML elements.

In Figure 1, an example of the online presentation can
be seen. The left frame contains some documentation
addressing the source code shown in the right frame. The
colour of a link indicates the link type. For example, links
from the documentation to the source code are red (e.g.
CalculateAd and AdShown in the left frame), links from
documentation to documentation are blue (e.g. active and
requirements in the left frame). Links from the source
code to the documentation are black if the particular
program abstraction is not documented (e.g. poscounter
and RequestString in the right frame), and orange if it is
documented (e.g. CalculateAd in the right frame). Links
from identifiers to their declaration are underlined.

2.2. Editor support

Editor support for link- and node- creation is provided
for the Emacs text editor. Through the editor, the
programmer can initiate an abstraction of both source
code and documentation. An abstraction extracts the
program- and documentation- abstraction mentioned in
section 2.1 and store information about these in a
database. This information is used to provide navigation
in the online presentation and when creating links
between documentation and program in the editor.
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2 Retrieving Ads From The Database

“When the client requests an ad from the server it needs two things, an ad i form of a picture
and an URL to the advertiser that pays for the ad. To take care of this precess we have 4
seperate methods. The first method matches the request with the ads currently in the database
and returns a filename to the thread. Secondly the AdlRL iz called to return the URL to the
advertiser. When this 13 done the thread calls the GelSire method that retrieves the filesize of
the ad. Based on this size the AdF Il Transfer method mstantiates a new FileInputStream
whe's data 1z put in a byte array. This array 15 then sent back to the thread.

3 The Userprofile-Ad Matching Algorithm

The userprofile-ad matchmg algortm 15 contaned withn the Calculzie Ad method. The
algorithm currently mplemented m the system is farrly simple and pays no respect to parameters
such as category prionty and ad size. Instead as i can be seen fom the SQL select statement, it
bases it's selection on the following walues:

Wanted

Unwanted

HEWanted

HPUnwanted

A4 Prionty

Mo of times clicked

TWhether the time 1z within the ads timeperiod

The CalculateAd as it looks at the moment can be split mto three parts. The first and also the
largest part is the Darsing of the RequestStnng to a number of arrays and mnteger variables that
are easter to work with. The reason why we have used arrays for the different prefered and
unwanted parts, mstead of more dynamic datastructures such as vectors shall be seenm
reference to one of our mitial requirements. The CalculateAd method is called every time a
clent connects to the server, and ff this method is slow because of a lot of internal resizing
opeations m the vector it could turn out to become a serious bottleneck. Instead we mitialize a
numnber of arrays that schould be large enough to do the job.

The s2cond part is the actual userprofile-ad matching algorithm. The request that is sent to the
database 1s built from a number of "for" loops, that concatenates the different parameters from
the arrays mto a valid SQL statement. As it can be seen, the current algorithm places a logical
OF. between the different prefered categories. The unwanted categones are connected with
logical AMDs to ensure that none of the unwanted ads are in can be shown. Finally we specify
that the current time must be within the ads tmepenod and that the priority must be of the

lovilated b the randorm o Tt wronild he ideal Fue canld aloave find an ad nmﬂ]; } ﬂ
Pt e e e | [E——— |

Project Iro_c2207e0
Server

" Picks an ad from the database based upon the request fromthe client */

public String[] Calculate/Ad(String F
{
String[] returnArray = new String[2];
String rSTRING = "";
String(] Prefered = new String[10];
String[] Unwanted = new String[50];
String[] HPPrefered = new String[50];
String[] HPUnwanted
String R
String R

int VCode;

int Measurements;

int PreferedSize;

int UnwantedSize;

int HPPreferedSize;

int HPUnwantedSize;
int rINT =0;

Date seed = new Date();

int poscounter = ;

int loopcounter =0;

int tempvalue = [,

int nextnumber;

int exceptionCounter = [,

while (ReguestString. charAt(poscounter) 1= 7 f<eip

nextnumber = ({{int) BequestString charAt(poscounter)) - 48);
tempwalue = tempralue * 10 + nexthurmber,

poscounter = poscounter +1;

fiSystern. out.printin{"™Code: " + tempvalue);
WCaode = tempualus;
tempyalue =10;
poscounter = poscounter +1;
while (RequestString. charAt(poscounter) 1= 1)
{
while (ReguestString. charAt(poscounter) = %' &8 RequestString. charAt(poscounter) 1= 4%

ISTRING = rSTRING + ({char) RequestStting charAt{poscounter));
poscounter = poscounter + 1;

Figure 1, an example of the online presentation from the experiment.

Links are created in two ways. The programmer can
mark where the source-anchor should be in the
documentation and then select one of the program
abstractions in the database. The selected program
abstraction then becomes the destination-anchor.
Alternatively, the programmer can mark where the
destination-anchor should be in the source code or the
documentation and afterwards indicate in the
documentation where the source-anchor should be
inserted.

If changes are made to the source code or files are
moved some links may become invalid. Invalid links are
reported after an abstraction, and the programmer can
easily navigate to the locating of the links in the
documentation by mouse clicking or using Emacs shout-
cuts.

The editor also supports a variety of node templates.
All templates include a standard header with tags defining
fields author of the node, status of the node, date of

creation, and an abstract of the node. In addition,
templates include a number of titled sections depending
on the purpose of the template. However, in order to keep
things simple the students were advised to only use a
template called "essay", which only includes the standard
header.

3. Questions about the usefulness of
Elucidative Programming

The experiment reported in this paper involves a
student project at Aalborg University (explained in further
detail in section 4). The project involved 7 students and
ran for a period of 4 months, and the actual programming
was done in 3 of these months. The result of the student
project is a documented and running software system. The
students were at beginners' level, meaning that they had
no real experience in system development and only little
programming experience.



In extreme programming [4] automated tests are
considered to give the programmers confidence in the
correctness of the program. Whenever the program is
changed, the programmer can run prewritten tests in order
to ensure that everything still works. We use the term
confidence in a similarly way about the effect of
documenting software. Due to the lack of programming
experience, students are often uneasy about the actual
programming done in for example a student project.
However, if the students write documentation addressing
the actual source code, we expect them to gain confidence
in the source code (and consequently the selected
solutions).

Through the process of explaining the source code in
natural writing the programmer is prone to consider the
source code more thoroughly, as opposed to "just coding
away". Through these considerations and possible
revisions, the programmer gains confidence in the
selected solution. Subsequently, when other programmers
read the documentation and study the corresponding code
they will quickly gain confidence in the correctness of the
source code (or perhaps gain confidence in the
incorrectness of the source code). We expect that this
confidence can be further enhanced if both tests and their
results are included in the documentation.

The considerations above have been summarised in six
questions about the usefulness of Elucidative
Programming. We have followed the student project,
mentioned earlier in this section, in order to get some
answers to these questions:

Is Elucidative Programming a suitable means for
presenting and evaluating software during reviews?
Instead of just reviewing the actual code we hypothesise
that program development can benefit from reviews of the
documentation as well. The documentation includes the
rationales behind the written code and direct access is
provided to program details from these explanations.
Hence, reviews allow a kind of quality control of the
rationales and consequently the source code. For example,
experts can review the work of novices in order to suggest
improvements, evaluating the soundness of rationales, or
simply to educate [16].

Can Elucidative Programming give the developers
confidence in their knowledge about the software? If
rationales and thoughts behind the program are
maintained in the documentation, the documentation can
provide the programmers with confidence in their
understanding of the software.

Is maintenance of Elucidative Programs manageable
during development? As software often evolves rapidly,
the documentation needs constant maintenance. We wish

to investigate the feasibility of this maintenance when
using Elucidative Programming and the Elucidator.

Can documentation of tests included in Elucidative
Programs provide further confidence in the software?
By consulting the documentation, the developers can gain
confidence in the "correctness" of the program or find
information on what has been tested and what has not.

Do programs become less error prone when the
developer is forced to write Elucidative Programs? As
Knuth [6] argues, we can expect an improvement in the
quality of the programs by using Literate programming.
Elucidative Programming is closely related to Literate
programming and we would expect a similar experience
of quality improvement.

Does Elucidative Programming ease maintenance? The
value of the documentation during maintenance is
investigated although the software projects that we are
observing are not likely to be maintained. We believe that
if program understanding is captured in the
documentation, other programmers (such as newcomers
or re-users) can gain understanding of the program by
reading the documentation.

In general, we have observed the students in order to
identify how the Elucidator is (and can be) used during
their work. As presented in section 2, Elucidative
Programming is quite flexible and can be used in many
ways and for many purposes.

4. The experiment

Aalborg University has 25 years of experience in
running project-organised studies, where all students are
involved in a new project each semester. The approach to
problem based learning through project organisation used
at Aalborg University has proven to be an effective
educational system. The approach is even considered a
novel project centred higher education method [15]. The 7
students that took part in our experiment formed a project
group in this tradition.

The semester that the 7 students attended consisted of
15 project groups. All these project groups were asked if
they would participate in our experiments, but only one
group was interested. This is interesting, as we did
advocate/advertise for Elucidative Programming and most
of the students actually thought that they could benefit
from using Elucidative Programming. The reason may
have been that the students were already introduced to a
lot of new subjects, such as object oriented analysis and
design (and system development), object oriented
programming in Java, algorithms and data structures and



so on. Elucidative Programming was simply another
overhead.

The project members, of the project group that did use
Elucidative Programming, were all beginners, as both
programmers and system developers. The development
method used was the object oriented analysis- and design-
method presented in [8].

The project resulted in a personalised web advertising
system. The system is a client-server application. The
server will be run at the individual advertising company
and its main task is to provide the client with ads based on
requests coming from the individual client. The client’s
job is to monitor the browser and extract information
about the homepages that the web surfer visits and the ads
he/she clicks. Furthermore, based on the user profile the
client can request ads from the advertising server
whenever the web surfer visits a homepage that contains
ads that use the system. Hence, it is possible to present
personalized advertising to the web surfer without any
form of central registration. This is because all
information concerning the web surfer is only stored on
the web surfers own computer. This only leaves the
advertising server with the task of selecting what ads to
display on a site. The entire system consists of about 37
classes of varying complexity.

Each project member participated in the programming-
and test- activities. The software was broken into different
logical parts and the responsibility of the different parts
was distributed among the students. Each student was
typically responsible for his/her part(s) of the software
throughout the entire project. However, the responsibility
of a part of the software was sometimes shared among
two or more project members, and sometimes the
responsibility was reassigned.

At the beginning of the project, the students were
introduced to Elucidative Programming. Emphasis was
put on using Elucidative Programming to maintaining
thoughts and rationales behind the software in order to
share this information amongst the project members.
Furthermore, the usage of Elucidative Programming in
forthcoming code-reviews was encouraged.

The students were not given any specific
documentation model to follow, as we expected the
introduction of further complexity beyond the absolute
essential would scare of the students. Instead, the students
were provided with a documentation consultant (the
author of this paper). The students were given free hands
on how to organise and write documentation, but
whenever they were stuck, they could call for the
consultant, who would then supply advise on how to
attack the problem at hand. We anticipated that it would
be difficult getting the students to use the Java Elucidator
tool because they would find it hard to figure out how to
document. The students were therefore strongly
encouraged to contact the consultant whenever they

thought they had a problem. This was to ensure that the
students would not give up on using Elucidative
Programming.

The frequency of consultations was steady throughout
the project, at lest once a week. Furthermore, the
consultant kept prompting the students in order to ensure
that they really did not have any problems, and were still
using the Elucidator.

Semi-structured interviews were performed every time
the consultant was talking with the students about their
experiences with using the Elucidator (In general,
inspiration on how to do and plan the interviews was
found in [3]). The interviews consisted of simple
guidelines for the consultant, such as questions on:

*  What the students where doing, and how they used

elucidative programming.

*  How the documentation was used.

e The amount of time wused on
documentation.

e How the students felt about using elucidative
programming and the elucidator (also compared to
the last time they were asked).

* How the students felt about writing and reading
the documentation.

writing

After each interview, the consultant reflected on the
interview and the result of the interview, and if necessary
revised the guidelines. The questions listed in section 1
were kept in mind before, during and after each interview.

In order to collect experiences from all project
members the consultant made an effort to talk to each
student on several occasions throughout the project.

5. Findings

In this section, the observations of the student project
are presented. The observations are based on the
interviews, described in section 3, and a study of the
documentation produced during the project. The produced
documentation consists of 37 nodes of various lengths,
151 documentation-to-documentation links, and 137
documentation-to-source-code links. The average word
count in the 37 nodes is 674 words, which is a very high
word count compared to the traditional amount of
program documentation written in this kind of projects at
Aalborg University.

Below we present our findings concerning each of the
questions presented in section 1:

Is Elucidative Programming a suitable means for
presenting and evaluating software during reviews?
The students chose to structure the documentation very
carefully from the beginning. Hence, first a document
containing an overall description of the software, then
documents describing the main parts of the system (e.g.



the client and server part, see section 3) and then several
documents explaining even smaller parts of the software
(e.g. classes). In addition, links where used to "bind" the
documentation together and relate the documentation to
actual source code. This structure and the actual substance
of the documentation give a good overview of the
software, and make it possible to go further and further
into detail. In a review situation, this can be very useful.
The reviewers can become acquainted with the entire
structure of the software by first reading the overall
descriptions, and then go further and further into the
details of the software by studying the more detailed
documents. A disadvantage with the current Java
Elucidator is that a reviewer cannot make annotations in
the online presentation of an Elucidative Program, or
create bookmarks in order to return to a specific point of
interest.

However, a more serious problem was encountered
during reviews. The reviewers of the students software
had problems with finding their way through the
Elucidative Program. A kind of introduction on paper
aong with a map of the available documents was
requested.

Can Elucidative Programming give the developers
confidence in their knowledge about the software? The
students were at the beginning of the implementation
phase very confident in the way they had structured the
software because of thorough analysis- and design-phases.
However, as they started documenting the structure of the
software, they became even more confident in the
structure of software. Two things contributed to this:
First, the students found that the structure of the
documentation actually reflected the structure of the
design. Hence, as source code and documentation was
written, the students could see the same overall structure
of the system as they did when they designed it. Second,
they found confidence in the software because they could
consult the documentation in order to be reminded of both
details as well as the overall structure of the system. The
students could study documentation explaining source
code written by another student, for example, in order to
make use of or continue work on that particular part of the
program. Hence, the Elucidative Program made the
students confident that they were doing things correctly
when communicating using parts of the software written
by others or continuing work started by others.

Furthermore, a few parts of the software were more
complicated than the rest of the software. The students
found it useful to document these parts of the system
before the actual code was written. By documenting
ahead, the students felt more confident when writing the
code because they knew exactly what had to be done and
in what order.

Is maintenance of Elucidative Programs manageable
during development? The student project consisted of 37
classes and counting 9000 lines of Java code. Hence, the
project is relatively small and the students have not
experienced real problems with management and
maintenance of the documentation. The documentation in
the Java Elucidator is placed in different catalogues (i.e.
directories). For example, in the student project
documentation of the client- and server-side (see section
3) is placed in two different catalogues. In each of these
catalogues, there are documents concerning the client-
and server-side respectively along with other catalogues
containing documentation of different aspects or details of
the particular side. The catalogues helped the students in
physically  organising the different documents.
Furthermore, the students found it useful that the Java
Elucidator notified them of invalid links (see section 2.2)
when things were moved around or the program was
changed. All in all the students found it easy to logically
organise their documents as well as reorganise their
documents.

Furthermore, the students found navigational
proximity quite useful. When changes were made to
documentation or source code, navigational proximity
was used in order to navigate to all fragments containing
links to the part of documentation or source code being
changed. Hence, documentation addressing the part of the
source code or the documentation being changed was
found and correspondingly changed.

Can documentation of tests included in Elucidative
Programs provide further confidence in the software?
The students have included descriptions of the results of
different tests of software in the documentation. However,
the tests were not thoroughly described. The descriptions
lack explanations addressing both the test code and only a
few places the parts of the software that is affected by the
test in pointed out. Furthermore, the descriptions lack
information on when the tests were performed, what input
was used and the resulting output.

Although the students did not describe their test
thoroughly, we found that even sparse documentation of
tests does give the reader more confidence in the
correctness of the software. Hence, if tests are more
thoroughly documented we expect them to be quite useful
in an Elucidative Program.

Do programs become less error prone when the
developer is forced to write Elucidative Programs?
Our observation of the students did not give any concrete
answers to this question. However, the process of writing
about a program, in human writing, before actually
writing the program is likely to improve the quality of the
program. Through the documentation, the programmer
must essentially explain why things were done as they



were to another programmer. Another programmer, or the
original programmer, will challenge the explanations in
the documentation and consequently challenge the
selected solution. Explanations in documentation are often
(ideally) easier to understand compared to understanding
actual source code. Hence, the process of writing about
the selected solutions will force the programmer to think
more thoroughly about a selected solution.

The students we observed did, at times, write thorough
documentation as described above, but it is difficult to
conclude anything as we have no way of comparing or
measuring the "correctness" of the program. This would
demand more carefully planned tests, if at all practically
possible. However, the students felt that in the situations
where they wrote the documentation before the source
code they got a more clear perspective of the problem at
hand.

Does Elucidative Programming ease maintenance? As
both structure and details of the software are documented,
we believe that the documentation can ease maintenance.
Future programmers can go through the documentation
accompanied by the source code in order to gain an
understanding of the program. However, the student
project is never to be maintained so we have no real
evidence of the ease of maintenance, but we expect that
the documentation produced in the project is quite useful
in maintenance situations.

It could be interesting to evaluate the usefulness of
documentation in maintenance situations. For example,
students could be handed a documented software system
and be asked to make some changes to the software, or
student projects could collaborate on building a larger
software system. However, it will be difficult to run such
experiments in student projects because of current
structure and themes of the different semesters at Aalborg
University.

General use of the tool: The students quickly learned
how to use the tool and were from the beginning
producing documentation. However, although they
structured their documentation well, it seamed as if they
could have used more help in doing this. The
documentation consultant could have helped the students
more, but the students were reluctant to either contact or
tell the consultant when they experienced problems. The
students suggested that written guidelines or examples of
a "good" Elucidative Program could have been useful.
Another suggestion from the students was having more
templates. Such as, templates for classes or test cases,
containing a number of suggested topics to be covered.
The students mainly used Elucidative Programming to
document the structure of the software, but some details
of the software were also documented. A number of
methods and algorithms (including the essential algorithm

in the software) were documented. However, all methods
were documented using JavaDoc [17]. The students found
interface documentation useful, as they often needed
interface descriptions of the different parts of the
software. The students knew that the software was not
going to be maintained, and therefore found no reason to
consequently make thorough maintenance documentation
of all methods.

In general, the students found Elucidative
Programming useful. Their main argument is that
Elucidative Programming provides freedom to structure
the documentation as one likes. In addition, the students
found it appealing that when working on a part of the
software the respective documentation could be written
without having to “fit” the documentation in a specific
context. Instead, links to relevant places in the
documentation can be created and a reader demanding
more detail can follow these links.

6. Related work

In this section, we will relate our work to that of
others. First, our work is related to Literate programming
and some experiments with the wuse of Literate
programming in education. Second, we look at an
experiment with the introduction of elucidative
programming in an industrial context.

6.1. Literate programming and education

Shum and Cook have performed an experiment that
shows that students like using Literate programming and
that the use of Literate programming results in more
thorough documentation of programs in student
assignments [2]. The experiment included two types of
student assignments: assignments solved using traditional
programming and assignments solved using Literate
programming. In the traditional  programming
assignments, the program (including code comments) was
supplemented by external documentation such as design
diagrams and pseudo code. Shum and Cook found that the
documentation produced in assignments that used Literate
programming had fewer inconsistencies than the
assignments using traditional programming. This is due to
the proximity property of Literate programming; it is
simply difficult to ignore the documentation when it is
present right beside the program code. However, the
assignments used in [2] are assumed smaller than the
student project in our experiment, and the assignments are
not collaborative. The students in our experiment were
carefully about keeping documentation and source code
consistent, because they often used the documentation in
order to be reminded of details. Furthermore, the
navigational  proximity  property of Elucidative
Programming makes it easy to quickly check whether the



documentation addressing some part of the program is up
to date.

Cockbrun and Churcher have proposed and designed a
prototype of a Literate programming environment for
introductory programming [1]. The tool supports students
when making assignments and assessors (e.g. the teacher
or teaching assistants) can use the environment when
evaluating the students work. An assessor can load a
student project into the environment and view the overall
structure of the Literate program (i.e. the chunks in the
Literate program), the program and the documentation.
Hence, poor structure and missing documentation can
quickly be identified. We have found that the
documentation produced by the Java Elucidator can be
used not only by an assessor, but also in review situations.
Reviewers can browse through both documentation and
program, using the various facilities explained in section 2
and identify poor structure and missing documentation.

6.2. Elucidative Programming in the industry

The experiment described in this paper involves a
student project, but similar experiments are also being
carried out in an industrial context. Recently, an
experiment involving three programmers was performed
in a small software company [7]. The experiment ran for
two month and based on interview with the programmers
it was concluded that Elucidative Programming was
useful in the particular experiment. Andersen and
Christensen [7] speculate that Elucidative Programming
the experiment indicate that Elucidative Programming can
be generally useful in industrial contexts, although their
experiments do not give direct evidence for this.

The interviews with three programmers also gave rise
to five lessons learned. These lessons summarise the
usefulness of and how to implement Elucidative
Programming in an industrial setting. For example, how
change agents could be applied in order to create
awareness of Elucidative Programming, or Writers
Workshop could be held in order to improve the
programmers documentation skills.

Surprisingly, the results of the interviews presented in
[7], are generally similar to the experiences gained
through the experiment presented in this paper.

7. Conclusion and further work

The work presented in this paper can be seen as a
preliminary evaluation of Elucidative Programming, and
as a first attempt to introduce Elucidative Programming in
education. We have followed a student project, consisting
of 7 students, at Aalborg University, using Elucidative
Programming in their project work. The result is a
documented software system and interviews with the

students that helped us to answer a number of questions
about Elucidative Programming.

In general, we found that it is very difficult to persuade
students to use Elucidative Programming. The main
reason is that the students felt that Elucidative
Programming was just another overhead in their already
busy schedule. Furthermore, this kind of documentation is
not a traditional part of the education, in the same way,
that documentation of object oriented analysis and design
is.

The students we did persuade to use Elucidative
Programming used it to document the structure of their
software and essential methods and algorithms. The
Elucidative Programming ideal is to thoroughly document
and discus the actual source code, but the students had a
tendency to omit this and resort to interface
documentation instead.

However, we did find that Elucidative Programming is
a suitable means for presenting and evaluating software
during reviews if the reviewer is proper introduced to the
Elucidative Program.

Elucidative Programming did give the students
confidence in their knowledge about the software under
development. This confidence was attained mainly
because the individual student could find support in the
documentation when either continuing work started by
another or when communicating with parts of the
software written by others.

The Java Elucidator provides good tool support that
makes maintenance of Elucidative Programs manageable
during development. Furthermore, the students we
observed were careful about keeping the documentation
and program consistent as they used the documentation
actively.

We have found that if documentation of tests is
included in the Elucidative Program, there is a potential of
providing the programmers with further confidence in the
correctness of the software. Furthermore, the tests will
become a natural and active part of the documentation.

Our observations and interviews do not give any
answer to whether Elucidative Programming eases
maintenance or whether programs become less error
prone. However, the documentation produced in the
experiment does, in our opinion, eases maintenance of the
produced software, and the process has lead to more
thorough thoughts and rationales behind the program.

Generally, we find Elucidative Programming useful in
student projects and the students are satisfied with the
Java Elucidator (but they have suggested some
improvements). However, further experimentation with
Elucidative Programming in student projects is needed to
backup the results presented here.

The next step is to run more experiments as the one
presented in this paper. We will use the experiences



gained during the experiment when planning and running
the new experiments. The Elucidative Program produced
by the students in the project presented in this paper can
be used to demonstrate the usefulness of Elucidative
Programming to other students. A concrete example of the
use of Elucidative Programming can persuade other
students to start using Elucidative Programming as well.

We also intend to design further enhancements of the
Java Elucidator: tool support for more automatic
generation of documents by using knowledge of the
software, integration of interface documentation in
Elucidative Programs and tools for annotating
documentation while reading. Furthermore, we believe
that it is possible to produce documentation guidelines in
form of documentation patterns. We expect these patterns
to be useful for programmers who need some help in
getting started on documenting their software, such as
students at beginners level.
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