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ABSTRACT

A system documentation process maturity model and assessment procedure were devel oped
and used to assess 91 projects at 41 different companies over a seven year period. During
this time the original version evolved into atotal of four versions based on feedback from
industry and the experience gained from the assessments. This paper reports the overall
results obtained from the assessments which strongly suggest that the practice of
documentation is not getting a passing grade in the software industry. The results show a
clear maturity gap between documentation practices concerned with defining policy and
practices concerned with adherence to those policies. The results further illustrate the need
to recognize the importance of improving the documentation process, and to transform the
good intentions into explicit policies and actions.

Keywords. system documentation processes, maturity model, key practices, degree of
satisfaction, assessment results

1. INTRODUCTION

The purpose of this paper is to report the results after using a system documentation process
maturity model and assessment procedure to assess 41 companies involving 91 projects and
over 370 software professionals in a period of seven years. The essence of the model
remained unchanged throughout its first three versions, but industry feedback as well as the
experience gained during the assessments led to modifications of key practices and question
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scoring scheme which are explained elsewhere [11]. Then, a fourth version changed the
model structure to one without the maturity levels as an indicator of process maturity that
focused on the key practices. This evolution led to the formulation of a process maturity
meta-model, further explained in [13].

In this paper we describe the general state of the practice of the system documentation
process based on the assessments results. To facilitate comparisons between the results
from the different assessments using the distinct versions, only the key practice profiles are
used. The maturity levels computed for the first three versions are shown for illustration
purposes only. Maturity levels were not part of the fourth version.

The idea behind the Documentation Process Maturity Model is very simple: most defects
discovered during software testing are documentation defects (requirements and design
defects - defects in documentation that were introduced before any code was written).
Empirical studies have shown that poor quality, out of date, or missing documentation is a
major cause of defects in software development and maintenance [1,2,8,9]. Thus,
documentation is a key component in software quality and improving the documentation
process will have considerable impact on improving the quality of software. Our solution
scheme has been to design a maturity model that provides the basis for the assessment of
current documentation process and guides the identification of key practices and challenges
to improve the process [10]. The focus is on the documentation used in software
development and maintenance and does not consider end-user documentation. Our
approach has been influenced by the Capability Maturity Model (CMM®") developed by
Carnegie Mellon University’ s Software Engineering Institute (SEI) [4,6,7].

This paper is organized as follows: next section presents the Documentation Process
Maturity Model and discusses its foundations and related research that led to its
formulation. The following section highlights the major changes performed from the first
three versions to the fourth in terms of model structure, and gives a summary of the model
evolution. Then, the results obtained from the assessments conducted with each version are
shown. The final section discusses the state of the practice of software documentation based
on the assessment results, and gives our conclusions and projections for further research
work.

2. DOCUMENTATION PROCESS MATURITY MODEL — FRAMEWORK AND
EVOLUTION

The Documentation Process Maturity Model (DPMM) is a description of process maturity,
capability and practices that characterize an organization that generates high quality
documentation. (Recall that documentation refers to the system documentation generated
as part of the software development process. It does not include end-user documentation.)
A four level software system documentation process maturity model and assessment
procedure have been developed. The model represents an ideal process and the assessment
determines where the organization stands relative to the model. The model and assessment
procedure were influenced by CMM in that key practices, indicators, and challenges are
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defined for each of the four levels of the model; for the assessment procedure a
guestionnaire, that takes only 30 minutes to complete, is administered to each member of
the project team. The tabulated questionnaire responses are used to generate an assessment
report that gives the maturity level and a documentation process profile that indicates what
practices the organization is doing well, what practices need improvement, and challenges
to move to the next higher maturity level. More information about the context framework
that was the supporting basis to develop the maturity model and related assessment
procedureisgiven in [10]. The model’s overall structureis presented in Table 1.

Table 1. Documentation Process Maturity Model - Summary

Level 1 Level 2 Level 3 Level 4
Ad-hoc Inconsistent Defined Controlled
Keywords || Chaos, Standards Product assessment || Process assessment
Variability Check-off list Process definition Measurement
Inconsistency Control
Feedback
Improvement
Succinct || Documentation not a | Documentation Documentation Documentation
Description || high priority recognized as recognized as recognized as
important and must || important and must || important and must
be done. be done well. be done well
consistently
Key Ad-hoc process Inconsistent Documentation Process quality
Practices | Not important application of quality assessment assessment and
standards Documentation measures

usefulness assurance
Process definition

Key Documentation Standards SQA-like practices | Dataanalysis and
Indicators | missing or out of established and use improvement
date of check-off list mechanisms
Key Establish Exercise quality Establish process Automate data
Challenges || documentation control over content || measurement collection and
standards Assess Incorporate control || analysis
documentation over process Continualy striving
usefulness for optimization
Specify process

A key to understanding DPMM s the succinct description of each of the four levels in the
model, as shown in Table 1. The four succinct descriptions are: Level 1 - all the required
documentation may not be done; Level 2 - all the required documentation is done; Level 3 -
all the required documentation is done well and attention is paid to the usefulness of the
documentation; and Level 4 - an optimizing loop where measurement of the process and
usability provide feedback to continually improve the process.

It is important to notice that for the fourth and last version of the model we have dropped
the maturity level idea and have only concentrated on key practices. The reason is that in
our experience maturity levels seemed to draw attention away from what is realy the key
issue in software process improvement: the key practices. We have extended this idea and
have proposed a metamodel to identify key practices that aso considers a product
dimension (in terms of quality assurance and usability) when assessing a particular process



during the diagnosis phase. This shows to be especialy important when the process
produces tangible deliverables, as is the case of the documentation process. Further details
areavailablein [13].

DPMM has evolved over four versions. In the first three versions, each of the four levels
has a number of key practices associated with it. Version 4 of DPMM only has a set of
associated key practices and no maturity levels. In versions 3 and 4, a number of
subpractices were associated with each key practice. Table 2 shows a summary to illustrate
the evolution the model has undergone over the four versions. These changes are the result
of documentation process assessments performed in the industry, assessing over 90 projects
at more than 40 organizations. Full details of the evolution over the first three versions are
availablein[11].

Table 2. Summary - Evolution of DPMM

Version Maturity Key Sub Questions | Assessed | Assessed
Levels Practices | Practices Companies| Projects

1 4 18 n/a 56 7 26

2 4 19 n/a 68 13 34

3 4 9 26 67 9 19

4 n/a 11 32 75 12 12

Table 3 shows alist of all key practices identified for each version, indicating which ones
have remained unmodified, which have been dropped and which have been added. It is
important to note that in Table 3 akey practice that was rewritten or modified appears as a
dropped key practice and later as an added key practice. For example the key practice Use
of a check-off list of required documents in version 1 was modified to Mechanism to check
that required documentation is done in versions 2 and 3. In other cases, some dropped key
practices became subpractices of later versions, so they were not actually dropped either.
Subpractices are not shown in Table 3. Only one key practice remained unmodified for all
four versions: Process improvement feedback |oop.

To carry out the assessments we have used an assessment questionnaire, whose purpose is
to determine where an organization’'s documentation process stands relative to the model.
The assessment questions are derived directly from the model and its key practices. There
are one or more questions for each key practice. The process maturity level (for the first
three versions) and the degree of key practice satisfaction are determined from the
questionnaire responses. For version 1 the key practices were rated as Not Satisfied,
Partially Satisfied, or Fully Satisfied. This rating system seemed ambiguous and too coarse
as there was a wide latitude in the degree of key practice satisfaction especialy when a
practice was classified as Partially Satisfied. For example, does Partially Satisfied mean
the key practice is satisfied seldom or often or half of the time? Not Satisfied and Fully
Satisfied were also ambiguous. Does Not Satisfied mean never or most of the time it is not
satisfied? Does Fully Satisfied mean aways or most of the time? To eiminate these
ambiguities, from version 2 on there was a change from three to five degrees of satisfaction
asfollows: Very High, High, Medium, Low and Very Low.



Each person on a project team completed the assessment questionnaire. The degree of
satisfaction of a key practice was generally determined by the average of the responses to
the questions associated with that key practice.

Table 3. Summary — Evolution of Key Practices of DPMM

Key Practices of DPMM Versonl | Verson2 | Version3 | Version4

Consistent creation of basic software development documents X X

Creation of basic software documents X

Documentation generally recognized as important X X

Written statement or policy about importance of documentation X X

Management recognition of importance of documentation X

Adequate time and resources for documentation X

Adequate time for documentation X

Existence of documentation policy or standards X X X

Monitor implementation of policy or standards X

Adherence to documentation standards X

x
x

Adherence to documentation policy or standards

Use of check-off list of required documentation X

M echanism to check that required documentation is done

Use of simple documentation tools

XXX [ >

X
Accuracy and reliability of documentation X
M echanisms to update documentation X

Existence of a defined process for creation of documents X X

x
x

M echanisms to monitor quality of documentation X

Methods to assure quality of documentation X

x

Methods to assess usefulness of documentation X

Assessment of usefulness of documentation X

Assessment of usability of documentation X

Use of common sets of documentation tools

Use of advanced documentation tools

XXX

Documentation-related technology and training

XXX [ >

Documentation is traceable to previous documents

Definition of software documentation quality and usability measures X

x

M easures of documentation process quality X

M easures of documentation process quality and usefulness X

Collection and analysis of documentation quality measures X

Analysis of documentation usage and usefulness X X

Analysis of documentation process quality and usefulness X

Collection and analysis of documentation usability measures X

Process improvement feedback |oop X X X X

Integrate CASE and documentation tools X

Finally, an assessment report is generated from the questionnaire responses. The report
contains an executive summary with the maturity level (only for the first three versions), a
documentation process maturity profile and an improvement action plan. Besides the
maturity level, the executive summary lists the key practices that were not satisfied, those
that need improvement, and those that were missing. The process maturity profile indicates
the degree of satisfaction of each key practice. Specific actions to improve existing key
practices or to address missing key practices to move to the next higher level are described
in the improvement action plan. See [10] for an example of an assessment report. See [12]



for a proposed framework to face the action planning required to move on after conducting
the assessments.

3. ASSESSMENT RESULTS

This section reports, for each version, the degree of key practice satisfaction from the
assessments conducted for that version.

Using Version 1

The first version was released in March 1993. It was used to assess 26 projects at 7
companies in the time period March 1993 - September 1995, and Tables 4 and 5 show the
results in terms of degree of satisfaction for each key practice and the overal results in
terms of maturity levels.

Table 4. Key Practices and Degrees of Satisfaction —DPMM Version 1

Level [ Key Practices Not Partial Fully
1 1. Consistent creation of basic software devel opment documents 4% 7% 19%
2. Documentation generally recognized as important 12% 8% 81%
2 3. Written statement or policy about importance of documentation 38% 12% 50%
4. Adequate time and resources for documentation 27% 54% 19%
5. Adherence to documentation standards 19% 69% 12%
6. Use of check-off list of required documentation 31% 27% 42%
7. Use of simple documentation tools 4% 8% 88%
3 8. Accuracy and reliability of documentation 0% 62% 38%
9. Mechanismsto update documentation 65% 31% 4%
10. Mechanisms to monitor quality of documentation 65% 27% 8%
11. Methods to assess usefulness of documentation 77% 15% 8%
12. Use of common sets of documentation tools 35% 23% 42%
13. Use of advanced documentation tools 65% 23% 15%
14. Documentation-related technology and training 100% 0% 0%
4 15. Measures of documentation process quality 100% 0% 0%
16. Analysis of documentation usage and usefulness 96% 1% 0%
17. Process improvement feedback loop 69% 23% 8%
18. Integrate CASE and documentation tools 73% 12% 15%

Verson 1 was used to assess 26 projects. Although only four out of the 26 projects
classified defect data by development phase, there was one promising data point that
supported the model. Three of the four projects were from the same organization. Two
projects were assessed as alevel 2 and one alevel 1. The defect data indicated that for the
one project at level 1, 41% of the defects found during integration testing were design and
requirements defects whereas for the two projects at level 2 only 25% of the defects found
were design and requirements defects [2]. This strongly suggests that defects are indeed
detected earlier in projects with a higher documentation maturity level.



Table5. Breakdown by Maturity Level - DPMM Version 1

Level %
1 62%
2 38%
3 0%
4 0%

The results from Table 4 show that most organizations are at level 1. The higher the
maturity level the lower the degree of satisfaction for the key practices in that level. It's
important to contrast degree of satisfaction of practice 2 (Documentation generally
recognized as important) with that of practice 4 (Adequate time and resources for
documentation), or between practices 3 (Written statement or policy about importance of
documentation) and 5 (Adherence to documentation standards). Both cases stress the need
to move from good intentions to concrete actions.

Using Version 2
The second version was released in September 1995. It was used to assess 34 projects at 13
companies in 3 countries in the time period September 1995 - September 1996. Tables 6

and 7 show the results in terms of degree of satisfaction for each key practice and the
overal resultsin terms of maturity levels.

Table 6. Key Practices and Degrees of Satisfaction - DPMM Version 2

Level Key Practices VL L M H VH
1 1. Consistent creation of basic software devel opment documents 0% | 24% || 53% || 15% || 9%
2. Documentation generally recognized as important 29% | 6% | 3% | 12% || 50%

2 3. Written statement or policy about importance of documentation 26% || 12% [ 12% || 9% | 41%
4. Adequate time for documentation 18% || 24% || 26% || 32% || 0%

5. Existence of documentation policy or standards 21% || 21% | 32% || 18% | 9%

6. Adherence to documentation policy or standards 65% || 26% [ 3% 6% | 0%

7.  Mechanism to check that required documentation is done 15% || 26% | 24% || 15% | 21%

8. Useof simple documentation tools 0% 0% 9% [ 32% || 59%

3 9. Accuracy and reliability of documentation 0% | 18% | 56% || 26% || 0%
10. Mechanismsto update documentation 65% || 26% [ 9% 0% [ 0%

11. Methods to monitor quality of documentation 59% || 32% [ 6% 3% 0%

12. Methods to assess usefulness of documentation 85% [ 12% || 0% || 3% || 0%

13. Use of common sets of documentation tools 9% || 12% || 21% | 24% | 35%

14. Use of advanced documentation tools 53% (| 41% || 3% || 3% |[ 0%

15. Documentation-related technology and training 65% || 26% | 6% 3% 0%

16. Documentation is traceable to previous documents 53% (| 29% |[ 15% || 3% 0%

4 17. Measures of documentation process quality 71% (| 26% || 3% || 0% |[ 0%
18. Analysis of documentation usage and usefulness 85% | 12% || 3% 0% 0%

19. Process improvement feedback loop 56% || 41% [ 0% 3% || 0%




Table 7. Breakdown by Maturity Level - DPMM Version 2

Level %
1 68%
2 29%
3 3%
4 0%

The results from using this version of the model are not substantially different from those
obtained with the previous one. As the maturity levels increases the satisfaction of related
key practices gets lower; the apparent contradiction between intentions and actions remains,
evidenced by the decreasing degrees of satisfaction of practices 2 (Documentation generally
recognized as important) and 4 (Adequate time for documentation), and 3 (Written
statement or policy about importance of documentation), 5 (Existence of documentation

policy or standards) and 6 (Adherence to documentation policy or standards).

Using Version 3

The third version was released in September 1996. It was used to assess 19 projects at 9
companies in 2 countries in the time period September 1996 — December 1998. See Tables

8and9.

Table 8. Key Practices and Degrees of Satisfaction - DPMM Version 3

Level Key Practices VL L M H VH
1 No key practices—in this level thereis only a set of basic practices 0% 6% | 28% || 50% | 17%
2 2.1. Existence of documentation policy or standards 6% | 11% || 33% | 17% | 33%
2.2. Mechanism to check that required documentation is done 0% | 22% || 17% | 39% | 22%
2.3. Adherence to documentation policy or standards 33% (| 39% || 0% | 17% | 11%
3 3.1 Existence of adefined process for creation of documents 17% || 39% || 17% || 28% || 0%
3.2 Methodsto assure quality of documentation 6% || 56% || 22% || 17% || 0%
3.3 Assessment of usefulness of documentation 0% | 33% || 50% | 17% || 0%
4 4.1. Measures of documentation process quality and usefulness 39% || 44% || 11% || 6% 0%

4.2. Anaysis of documentation process quality and usefulness
4.3. Processimprovement feedback |oop

67%
50%

28%
22%

6%
22%

0%
6%

0%
0%




Table 9. Breakdown by Maturity Level - DPMM Version 3

Level %
1 2%
2 28%
3 0%
4 0%

Again, the results from this version are very similar to those of the previous versions. The
degrees of satisfaction of practices 2.1 and 2.3 illustrate the big gap between the existence
of the policy and the adherenceto it.

Using Version 4
The fourth version was released in December 1998. It has been used to assess 12 projectsin
the time period December 1998 — present. Table 10 shows the results in terms of degree of

satisfaction for each key practice. No maturity levels are computed for this version.

Table 10. Key Practices and Degrees of Satisfaction - DPMM Version 4

Key Practices VL L M H || VH
1. Creation of basic software documents 0% 8% | 25% || 17% | 50%
2. Management recognition of importance of documentation 0% 8% | 25% || 0% || 67%
3. Existence of documentation policy or standards 17% | 8% | 25% || 0% | 67%
4. Monitor implementation of policy or standards 8% 8% | 42% | 25% || 17%
5. Existence of a defined process for creation of documents 25% || 0% | 33% || 33% || 8%
6. Methods to assure quality of documentation 8% || 25% || 42% || 25% || 0%
7. Assessments of usability of documentation 8% [ 67% | 17% || 18% | 0%
8. Definition of software documentation quality and usability measures 67% | 17% | 8% | 8% | 0%
9. Collection and analysis of documentation quality measures 42% || 42% || 17% | 0% [ 0%
10.Collection and analysis of documentation usability measures 100% (| 0% (| 0% [ 0% [ 0%
11. Process improvement feedback |oop 42% || 33% || 17% || 0% | 8%

The results are not very different from the results provided by the assessments using the
previous three versions. Once again there is a considerable gap between the intentions and
the actions, as clearly illustrated by the degrees of satisfaction of practices 2 (Management
recognition of importance of documentation), 3 (Existence of documentation policy or
standards) and 4 (Monitor implementation of policy or standards).




4. SUMMARY AND CONCLUSIONS

Software process maturity models are conceptual frameworks to improve software
development and maintenance processes. They do not guarantee success in obtaining higher
guality products or more efficient processes. To achieve these goals, there has to be a real
commitment and actions to fulfill that commitment from the whole organization.

This paper has presented the results obtained from the assessments of 91 projects at 41
companies using a documentation process maturity model. Its purpose is to profile the key
components of the system documentation process, and an assessment procedure whose goal
is to determine how well an organization's documentation process matches that of the
model. We developed a simple assessment questionnaire that takes a short time to
complete and whose responses provide information for an assessment report that describes
how the organization’s process stands relative to the model and suggests changes to
improve the process.

Our results show a clear picture of process immaturity and general software documentation
process practice non-satisfaction. Not surprisingly, this is reflected in a steady decrease in
key practice satisfaction expected in less mature organizations. The key practices are listed
in a natural maturity order (e.g. practices of more mature organizations appear later in the
list) that clearly show the trend. Assessed organizations mostly satisfy key practices linked
to assuring the existence of policies or standards, but they fail for higher maturity key
practices related to assuring the actual monitoring of compliance to these policies or
standards. There is an acknowledgement of the problem but little action to back it up. The
results also highlight the low satisfaction for key practices related to assuring the quality
and usability of the actual documents produced. The main challenge is to make a serious
effort to enhance the software documentation process, by adopting and carrying out explicit
policies aimed at process improvement.

One cruciad point that our experience has made very clear is the importance and
fundamental role of the key practices. They drive the generation of the assessment
guestionnaire. When an organization’s process is assessed relative to the model, the
assessment is actually measuring the organization’s degree of satisfaction of the key
practices. That is, how well is the organization carrying out the key practices. In spite of
this, the maturity level has been the most commonly used indicator of the organization’s
process maturity. The maturity level is such abroad indicator that it is of limited value as it
provides incomplete information about which key practices are satisfied and which are not.

The results and analysis reported in this paper are part of a broad on-going research effort
aimed at improving the whole software process.
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