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Abstract

Frameworks are increasingly employed as a useful way to
enable object-oriented reuse. However, their size and
complexity make understanding how to use them difficult.
Previous work concentrated on different ways to
document frameworks, but it was unclear which ones
actually were better. This paper presents a novel way of
investigating the sequences of three philosophies for new
framework documentation. Step-by-step documentation is
the one traditionally used for software documentation.
This philosophy gives clear and sequential steps so that
people can follow them and learn how to do the task.
Minimalist documentation is random-access so that the
reader can proceed in a self-directed manner, and
promotes using small cards or pages that can be read in
the order the reader desires. Patterns centres upon the idea
of giving the solution to a problem in its context. It also
has the random-access idea of minimalist documentation,
but disagrees with it in that contextual information is not
minimal - it usually contains information other than what
needs to be done. This investigation discovered some
guidelines for effective framework documentation,
particularly in a Rapid Application Development (RAD)
environment. The results suggest that different
documentation sequences are better for different goals.
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1. Motivation

Since the introduction of object oriented frameworks,
the classes that frameworks provide have continuously
become more sophisticated. From presenting a static
frame for texts, applications have evolved to make use of
concrete characterizations in reusable parts, such as
menus and buttons for the user interface (Ul) objects. This
particularly contributes to the importance of rapid
applications development using frameworks like
MacApp, Microsoft Visual Basic (VB), MFC, ACE and
implementations of OMG's CORBA [8]. Frameworks

have a number of reuse problems, e.g. those identified by
Kirk et a [11]. Frameworks have large amounts of
behavioural and structural information. Both designing
and learning to use a framework is difficult because much
of this information is unfamiliar to developers new to a
framework. The real benefits to a framework only come
after one knows how to useit.

The best way to learn a framework is to sit with an
expert. However, handholding by an expert will not be
practical for most framework users. This is a reason why
we need good framework documentation to make mass
learning possible. To achieve good documentation, we
need to find well-established rules for documenting
frameworks. The general problem of how to document
frameworks is large. Thus, we have decided to tackle new
user documentation or tutorials. This is a very important
part because once past the new user stage, one often has
the familiarity to figure the details out.

Doc. Philosophies StepsOrder  Background Information

Traditional Step by Step Chronological Optional

Minimalist Documentation Random access Let user figure out

Patterns Documentation Random access  Give problem context

Table 1. The overview of three documentation (doc.) philosophies

Table 1 summarizes some key points of the three
philosophies being evaluated: traditional step-by-step
instructions, minimalist documentation, and patterns-style
documentation. These are directly competing philosophies
in that some of their guidelines contradict each other. See
[7], [9] and [10] for more details on these philosophies.
Each of these philosophies sounds reasonable from their
description. Each is compatible with the idea of testing
one's documentation on end-users and making changes
based on their reactions. Each is open to the idea of
mixing text, examples, and diagrams.

In previous experiments on documentation [7] [9], the
subjects were exposed to only one documentation style,
and were not exposed to the other existing documentation
styles. If the subjects have the opportunity to try other
styles, they may rate their documentation preferences
differently. Thus, we intend to discover which sequence
arrangement of documentation philosophy would work
better than the others for documenting frameworks for
new users. If we know the right way to structure and



present to users what type of the documentation they
should use first, we could have more effective
documentation. In this paper, we use the VB framework
as the basis of our study on the impact of different
documentation sequences in a Rapid Application
Development (RAD) environment. Many people
recommended implementing a prototype in a RAD tool
such as VB before converting the final product into atrue
object-oriented programming language such as Java. The
RAD environment in this experiment makes use of the
evolutionary approach. Through the four work tasksin the
documentation, the experiment subjects fix mistakes and
expand a prototype into the final implementation solution,
which is checked viaa survey at the end.

We chose Visual Basic (VB) due to its relative
availability and convenience. This investigation was
carried out during tutorials of software engineering course
in February 2004, and VB was the RAD tool taught in this
course. Furthermore, Raadt [17] showed in his census that
VB is the most commonly used language to introduce the
RAD world, rather than other popular RAD tools such as
Delphi and JBase. After giving an overview of the related
work in section 2, section 3 presents a brief overview of
the empirical investigation. Section 4 describes the results
of data and analysis of the investigation. Section 5
discusses threats to validity. Finally, section 6 concludes
the paper and raises questions for future research.

2. Related Work

A number of empirical experiments for documentation
have been proposed over time. However, they mostly
focus on different ways to document frameworks, but not
the impact in exposing different sequences of
documentation [1] [13]. Large RAD software systems are
almost always expressed in free text documentation. The
informal way of expressing user manuals created different
ways to document frameworks in the RAD environment.

The assessment on Pattern Comment Lines (PCL)
presented by Prechelt et a [14] suggests that design
patterns always be documented explicitly in program
source code. PCL in a program may considerably reduce
the time required for a program change or improve the
quality of the change. Another controlled experiment
compares design using patterns versus simpler solutions,
which are dternative straight-forward designs in the
context of program maintenance [15]. Prechelt et al.
conclude that in most of the maintenance tasks, design
patterns help to reduce maintenance time. It is wise to
choose the flexibility provided by the design pattern as
unexpected new requirements often appear.

Douglas Kirk et al in their 2002 report [11] identify the
major problems of reuse and the impact of current
documentation techniques on these problems. They
presented a number of suggestions for improving
developer support during reuse. Table 2 presents a
summary of the identified problem categories and the

documentation techniques that seem to best address them.
Techniques that support more than one category, e.g.
design patterns, often provide differing levels of support
to each category. Pattern languages stand out as the only
technique that is at least partially effective across all
problem categories. From a pattern language, developers
gain knowledge or the range of modification options
available to them.

Problem Category Documentation Techniques

Understanding Functionality Design patterns (DP.), Examples,
JavaDoc, Pattern language, Source code
Understanding Interactions ~ DP., Pattern language, Source code

Mapping Modificationswith  Examples, JavaDoc, Pattern language
Expectations
Understanding Architecture  DP., Examples, Pattern language

Table 2. Framework Problems vs. Documentation Techniques

The two most related experiments so far appears to be
[7] and [9], which empiricaly investigated three
documentation philosophies for new users in Habanero
and VB framework respectively. These reports presented
experimental results on the respective framework, to
determine which documentation styles are better for
various goals. However, we are dtill missing an
investigation on the impact of exposing different
sequences of documentation to the new users. The
experimental design and results presented in this paper are
carried out to address this need. This paper complements
to the earlier findings in Habanero framework [7] and VB
framework [9]. The sample size of data in this
investigation involves more than 80 subjects.

3. Anoverview of our experiment

The study was conducted to investigate two separate
effects of documentation sequences and their interaction.
Does a particular documentation sequence increase the
effectiveness in learning a new framework? We now give
a short description of our experiment design and conduct.
Further details, including the origina experiment
documents, such as the programs, questionnaires, work
tasks, and documentation materials used in this
experiment are available from
http://pesona.mmu.edu.my/~sbho/Writing/.

3.1 Hypotheses

Standard significance testing was used to clearly
specify the effects of the two documentation sequences in
a Rapid Application Development (RAD) environment.
For the sake of brevity, we have supplied only two null
hypotheses, which are stated as follows.

ElH, - There is no difference between documents
sequence, in terms of completion time, ease of
composition, accuracy, workings and numbers of
difficulties faced regardliess to any sequences of the
documentation techniques applied.



E2H, - Documents sequence does not affect the subjects
preference in documentation type.
The interpretations of this experiment are derived from
the rejection or non-rejection of these hypotheses for each
expectation.

3.2 Subjectsand Groups

We divided the subjects into two groups according to
the subjects tutorial sections. Each stage takes
approximately one hour of the tutoriad session. The
subjects are al undergraduates taking a software
engineering course at Multimedia University, Cyberjaya,
Maaysia. The participants of our study were mixture
students of two faculties, i.e. the Faculty of Information
Technology (FIT) and the Faculty of Management
(FOM). On average, they had been studying at
Multimedia University for 2.8 years.

During the lectures, the students were taught basic
software engineering principles as well as being
introduced to the rapid application development
technique. The lectures were supplemented by practical
tutorial sessions where the students had the opportunity to
make use of what they had learned through completion of
various software development exercises using the two
different sequences of on-line documentation. Our data
were collected during the first three tutorials in
introducing the students to Visual Basic framework. The
86 students knew that analysis would be performed on
this data, but were unaware of the experimental
hypotheses that were being tested.

3.3 Setup of our Experiment

To be able to test the hypotheses of our experiment,
two different groups of the RAD system documentation
were required. These system documents were designed
according to the sequence presented in Table 3. The two
sets of on-line programming documents were devel oped
according to the different documentation philosophies.

{Stage i} Documentation Sequence Group A Group B
{Stage 1} Simple Payroll Program Patterns Step By Step
{Stage 2} Enhanced Payroll Program Minimalist Patterns
Step By Step Minimalist
Total subjects undergone this sequence 56 30

{Stage 3} Menu & Text Program

Table 3. Sequence of documentation treated to experiment subjects

The technical setup for this experiment includes
developing the documentation on a workstation using an
html editor such as Dreamweaver. These documents were
subsequently uploaded to a web server so that the users
can access the on-line documentation. Before our
experiment began, a digital clock was displayed on the
projector for the subjects common reference.

Our method of observation consisted of a survey with
two sections. The first section requested the subjects to
record their completion time after each task, while the

second section include 8 questions of various types
including multiple-choice, ratings and free-form
guestions. Questions raised by more than two subjects
were recorded as qualitative findings.

3.4 Experimental materials

Our experimental materials used two sets of
documentation. The full documentation consists of the
Quick Sart Example (Smple Payroll Program), Basic
Topics (Enhanced Payroll Program) and Intermediate
Topics (Menu and Text Program). Figure 1 shows part of
an example in the Intermediate Topics, which was
originaly the traditional step by step instruction. This
base document was further cut into smaller pieces to build
the minimalist documentation. The background
information section is added to the top of each piece in
order to form the patterns documentation.

Writing code for Pop-up Menu

3. For this form, type in the following code. You may
copy and paste only the bold faced code to the
respective object and procedure.

Object: ‘(General)’ - Procedure ‘ (Declaration)’
' Demonstrating pop up menus
Option Explicit ' General Declaration

Object: ‘Form' - Procedure ‘MouseUp’
Private Sub Form_MouseUp(Button As Integer,
Shift AsInteger, X AsSingle, Y As Single)
" When right button is clicked display Pop Up menu
If Button = vbRightButton Then
Call PopupM enu(mnuPopUp)
End If
End Sub

Figure 1. Example of the documentation fragment

This paper focuses on the Intermediate Topics where
the subjects were in the third stage after they had gone
through the different sequences of documentation. To
give a picture of the documentation relative total length,
the documentation size is measured in kilobytes, as
proposed by Beizer [2]. In this manner, we can
guantitatively characterize the documents. Table 4 gives
guantitative information about the character of the
documents used in the Intermediate Topics.

Quantitative Characterization Group A Group B

1. Relative total length (in kilobytes) 101 KB 150 KB

2. Information that isrelatively missing  Overview list  Background
of work tasks information

3. Number of document files 3files 7 files

4, Total sectionsin the documentation 6 sections 8 sections

5. Total paragraphsin the documentation 15 paragraphs 19 paragraphs

Table 4. Characterize documentation quantitatively for this experiment

Since the documentation contains multiple files and
figures, we adjusted each document sets in such that some



subjects may be starved of information, such as the list of
work tasks in minimalist documentation. Meanwhile,
some subjects may find that they were flooded with
irrelevant information, such as background information in
the traditional step by step documentation.

3.5 Experimental Design

Our experimental design uses seven dependent
variables and one independent variable (factor). The
independent variable is the documentation group; while
the dependent variables are the completion time, number
of difficulties faced and semi completion time,
documentation preference, accuracy, workings and
comprehension (understanding of the exercise).

“Documentation Sequence’: We use two different
documentation sequences, each with a similar
purpose: to complete a“‘Menu & Text’ program using
a Rapid Application Development environment.
Dependent variable “completion time’: The time
taken to finish the entire exercise.

Dependent variable “ semi completion time”: Time
taken for the subjectsto do their first compilation.
Dependent variable “number of difficulties
faced”: Instead of giving all the detailed steps, some
parts of the documentation let the learner interact
with the system. The subjects were to record and
accumulate numbers of problems they encountered.
Dependent variable “comprehension”: The
subjects had to identify the method, procedure, line
of the code and constants that perform the given task.
There were four questions to test their understanding
of the code.

Dependent variable “accuracy”: This indicates
whether the participant’'s solutions fulfilled the
requirements of the task or not.

Dependent variable “workings’: Thisis to test how
well the subjects are able to follow the instruction in
assigning default settings to the menu items.
Dependent variable “documentation preference’:
This denotes the preference of the subjects towards a
particular documentation style after going through
the three different documentation styles.

4. Data and Analysis of the Results

We analyzed the data to see if one of the
documentation sets let the subjects compile
(SEMICOMPLETION) and finish the fastest
(COMPLETION) with the number of difficulties
recorded by the subject at these intervals (NUMBER OF
DIFFICULTIES), as wel as understand the most
(COMPREHENSION). We aso checked for the
correlation to the self-tested scores of how well the
documentation taught them to rapidly build an application
(ACCURACY) and test scores on how well their
knowledge in the inner workings of Visual Basic

(WORKINGS). Since we did not want to rely on the
assumption of normal distribution, we tested for the
normality of the dependent variables. From the normality
test, we discovered that all dependent variables except
NUMBER OF DIFFICULTIES are normally distributed
for each subject groups. As such, for this dependent
variable, medians will be used as the expected values,
rather than the means, as shown in Table 5.

Category Mean Std. dev.
(Dependent variable) Group A GroupB  Group A Group B
1. Semicompletion (hh:mm) 0.08 0.15 0.02 0.09
2. Completion (hh:mm) 0.51 0.57 0.10 0.14
3. Comprehension (scale: 0-4)  3.09 3.00 0.88 0.87
4. Accuracy (scae: 0, 1, 2) 1.73 1.37 0.59 0.77
5. Workings (scale: 0, 1, 2) 1.82 0.97 0.47 0.93
Category Median Std. dev.
(Dependent variable) Group A GroupB  Group A Group B

6. Number of difficulties 1.00 2.00 4,04 2.95

Table 5. The means, median & standard deviations of all categories

Table 6 presents a summary of results of the statistical
tests for the first five dependent variables. These values
were obtained via tests of between-subjects effects using
Univariate Analysis of Variance (ANOVA) [12]. Post hoc
tests are not performed for documentation type because
the treatments in this experiment are fewer than three
groups. From these results, we observed that four out of
five independent variables are significant. The symbol ‘*’
indicates there is evidence of differences with p-value <
0.05 significance level.

Category: Semi. Compl. Compr. Accur. Work.

GroupAvs. GroupB  *0.045 *0.000 0.654 *0.020 * 0.000

Table 6. Univariate ANOVA results for Group A versus Group B

In terms  of SEMICOMPLETION and
COMPLETION, when looking for the standard
significance level of 0.05 (i.e. 95% probability) in Table
6, we see that the treatments make a significant
difference. The subjects in group A completed their first
compilation and complete the experiment faster than the
ones using the other documentation sequence. Therefore,
we conclude that there is significant difference between
the two documentation sequences as to how long it takes
for the subjects to compl ete the experiment.

As for COMPREHENSION, there was no significant
difference between how well the subjects understand the
materials. This might be because the students still able to
understand the code in the end, irrespective to the
document sequences. Their learning might reach a
maturation effect [5] after going through the three stages
of documentation. The subjects learned enough from the
prior stages to bias their performance in the third stage of
the experimental run.

Regarding ACCURACY and WORKINGS, the
subjects in group A exhibited significantly higher
accuracy scores than group B documentation sequence. In



this particular sample, the subjects in group A aso on
average rated workings higher than those who used group
B seguence. Interestingly, there are significant differences
in these two factors, which mean that the E1H, hypothesis
in section 3.1 is rejected. These rejections show that the
two documentation sequences are not the same in
teaching the subjects about the inner workings of Visual
Basic, aswell as completing the work tasks correctly.

Sample Sum of Removal of
Group size,n Ranks invalid cases
Group A (Pat-Min-SBS.) 55 222550 1 not valid case
Group B (SBS-Pat-Min.) 27 1177.50  3not valid cases

Mann-  Wilcoxon Asymptotic
Test Statistics Whitney U w Sig. (2-tailed)
Number of difficulties 685.500  2225.500 0.563

Table 7. Mann-Whitney test results on the Number of Difficulties

Since NUMBER OF DIFFICULTIES was not
normally distributed with comparison of two groups, we
use the Mann-Whitney test [3]. With the two-sided
asymptotic significant value in Table 7 more than 0.05,
the number of difficulties faced by the subjects has no
significant difference between the two groups. With the
minimalist documentation in the final stage of Group B,
users need not read background information that may not
be relevant in reducing their number of difficulties. The
traditional step by step documentation in the final stage of
Group A provides this background information.

Documentation (doc.) type Mean Std. dev.

Group A GroupB  Group A Group B
1. Patterns Documentation 221 1.87 0.77 0.95
2. Minimalist Documentation ~ 2.21 1.65 0.70 1.08
3. Traditional Step by Step 1.58 1.68 0.81 1.02

Table 8. Preference of documentation type, according to group

In this study, the DOCUMENTATION
PREFERENCE of the subjects is generally categorized
into scale ‘1’ for most preferred style, ‘2’ for average and
‘3 for least preferred style. From Table 8, it is obvious
that the subjects prefer the most recent documentation
presented to them. This violates the dependency
requirement since both the groups are influenced by the
documentation type presented to them in the third stage.
Hence we performed independent sample test on each of
the documentation type to seek for further evidence.

Documentation Type: tvalue df p-value (2 tailed)
1. Patterns documentation ~ 1.788 84 0.077

2. Minimalist doc. -0.477 49.074 0.635

3. Step by Step Doc. 2.504 42.479 *0.013

Table 9. Independent sample test results on documentation preference

Table 9 reports results for two-tailed paired t-test on
preference among the three documentation types. The
statistical significance indicates a relationship exists,
irrespective to the means in Table 8 [12]. At the standard

significance level of 0.05, there is a statistical difference
between the two groups in the rating of traditional step by
step documentation. As such, this poses the rejection of
E1H, hypothesis in section 3.1 in particular for step by
step documentation. Subjects in Group B are especialy of
interest in disliking step by step documentation, since
they were using minimalist documentation at the final
stage of the sequence. They may prefer to the availability
of navigation link to the particular work task. In this
situation, the approach of breaking the documentation into
pieces attracts subjectsin Group B.

Another possible reason is looking at the order of step
by step documentation in the both group sequences. From
the Table 3 in section 3.3, step by step documentation was
placed at the first stage in the sequence of Group A, while
it appeared as the third stage in Group B. This could
contribute to such significant difference in the preference
for step by step documentation.

5. Threatsto Validity

This section discusses the various threats to validity of
our investigation. It is important to point out that
weaknesses imposed by these threats of one empirical
study can be addressed by the strengths of another.

5.1 Construct validity

Congtruct validity is the degree to which the
independent and dependent variables accurately measure
the concepts they purport to measure. To converge
towards credible answers, a series of experiments and
studies with different designs are usualy necessary [4].
One of the possible threats has been identified is
COMPREHENSION (understandability), which is a
difficult concept to measure. In a single controlled
experiment, it is unlikely that different dimensions of a
concept can be captured. The researchers must focus on
what can be redlistically achieved. Furthermore, sinceit is
more reliable to use several different measures to capture
a concept, we defined four measures for the concept of
comprehension. However, comparing the significance
level of comprehension with the other four dependent
variables, comprehension shows there was no significant
difference between the groups. Thus, we cannot be sure
whether the 4 measures used to capture comprehension is
adequate, so we can only state that we are unsure about
the seriousness of this threat.

5.2 Internal validity

Internal validity isthe degree to which conclusions can
be drawn about the casual effect of independent variables
on the dependent variable. The documentation preference
effect may result from the most recent material employed.
The threat to this study was that possible differences
between the two documentation sequences. A serious
attempt was made to control for such athreat by ensuring



that the same subjects to go through al the three
documentation styles and the tasks in each stage required
similar amounts of time to complete.

5.3 External validity

External validity is the degree to which the results of
the research can be generalised to the population under
study and other research settings. We have identified two
possible external threats. Firstly, the subjects who
participated in this experiment may be not the full
representative of software learners. Due to the constraint
in tutorial sections arrangement, all the subjects in Group
A were FIT undergraduates, while the mgjority of Group
B subjects were from FOM. FOM students may be
weaker in their programming skills.

Another threat was the sequence settings. Three
different documentation styles actually imply six different
sequences in such that each style only appears once.
Rather than conducting all the six sequences, we
investigated two of them to analyticaly show that
different sequences affect learning effectiveness.
Laboratory settings such as the one we used allow an
investigation of RAD tool at a lower cost than the full
scale studies. An examination of our two sequences for
constructing framework documentation reveals a good
chance of discovering important and interesting findings.

6. Conclusions and Future Research

We have presented an evolutionary approach for
investigating framework documentation in Rapid
Application Development. The results not only point out
that it is useful to show background information in the
earliest stage, but also indicate the difference in
organizing documentation styles. Just as good software
requires testing, we found that good documentation
requires testing. A good piece of documentation goes
through much iteration of testing and revision.

These experiments answered some questions, but also
raised many more. If we increase the resolution of the
scale of COMPREHENSION, say, from four to nine, will
our observation still hold? Perhaps, with many more
guestions in the exercise, there will be a more accurate
reckoning of how much knowledge the users gain from
the different documentation sequences. Another area that
future experiments can explore is which kind of diagrams,
e.g. UML [16] and Use Case Maps [6], work better in
helping application programmers understand the
framework in order to use it? Finaly, we are striving to
gain more empirical experience from other frameworks.
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