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(ABSTRACT) 

Since humans first put pen to paper, people have critically assessed written work; thus, 

the assessment of documents per se is not new. Only recently, however, has the issue of 

formalized document quality assessment become feasible. Enabled by the rapid progress 

in computing technology, the prospect of an automated, formalized system of quality 

assessment, based on the presence of certain attributes deemed essential to the quality of 

a document, is feasible. 

The existing Objectives/Principles/Attributes Framework, previously applied to code 

assessment, is modified to allow application to documentation quality assessment. An 

automated procedure for the assessment of software documentation quality assessment 

and the development of a prototype documentation analyzer are described. A major 

shortcoming of the many quality metrics that are proposed in computer science is their 

lack of empirical validation. In pursuit of such necessary validation for the measures 

proposed within this thesis, a study is performed to determine the agreement of the 

measures rendered by Docalyze with those of human evaluators. 

  

+ This research was partially funded by the JLC/CRM through the Systems Research Center under Contract 
#N60921-89-D-A239.



This thesis demonstrates the applicability of a quality assessment framework to the 

documentation component of a software product. Further, the validity of a subset of the 

proposed metrics is demonstrated.
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1 Introduction 

1.1 Problem Statement 

Since humans first put pen to paper, people have critically assessed written work; thus, 

the assessment of documents per se is not new. Only recently, however, has the issue of 

formalized document quality assessment become feasible. Enabled by the rapid progress 

in computing technology, the prospect of an automated, formalized system of quality 

assessment, based on the presence of certain attributes deemed essential to the quality of 

a document, is feasible. The following sections address the automation of formalized 

methods of quality assessment. 

The fact that current technology allows the development of an automated documentation 

assessment procedure does not answer the question, “Why assess software documentation 

  

quality?” According to Sommerville, “As well as programs, software includes all 

documentation which is necessary to install, use, develop and maintain these programs,” 

[SOMM89, p. 3]. Therefore, determination of software quality mandates the ability to 

assess the quality of documentation as well as programs. 

The goal of this research is to establish the capability for automated documentation 

assessment. This thesis describes a procedure by which important elements of the 

documentation component of computer software can be quantitatively evaluated for the 

Chapter 1: Introduction 1



presence of desirable characteristics. Further, these quantitative measures are interpreted 

through the use of a framework associating document characteristics with indicators of 

software documentation quality. 

1.2 Organization of Thesis 

This thesis is organized into five chapters, each describing a different component of the 

research performed in the pursuit of a procedure for the assessment of documentation 

quality. A description of the content of these chapters follows. 

Chapter 2 is a review of the literature concerning documentation quality and the means by 

which such quality can be assessed. Each of the disciplines contributing to this research 

is reviewed. 

Chapter 3 is a description of the Objectives/Principles/Attributes (OPA) Framework, the 

theoretical foundation of the documentation assessment procedure proposed by this 

thesis. The framework is described in detail, including definition of its components, and 

substantiation of the linkages applied within the framework. 

Chapter 4 is a description of the automation of the assessment procedure, by way of 

describing the prototype documentation analyzer developed as a part of this research. 

Each of the components is described relative to its function and operation. 

Chapter 5 is a description of the validation of the measures automated by the 

aforementioned documentation analyzer. The test data, validation method, and results are 

discussed. 
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Chapter 6 is a discussion of the conclusions drawn as a result of this research and the 

identification of areas for future research. 
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2 Background 

Several disciplines are employed in the development of this assessment procedure. The 

following areas of research provide insight and motivation for this research: 

(1) software engineering, 

(2) technical writing and editing, and 

(3) information retrieval. 

The contributions of each of the above research areas towards this research effort are 

described below. 

2.1 Software Engineering 

Software engineering contributes to the research described in this thesis from several 

perspectives; these perspectives are described below as the following sub-areas of 

software engineering: 

(1) objectives, principles, and attributes, 

(2) documentation quality assessment procedures, 

(3) documentation standards and guidelines, 

(4) configuration management, and 
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(5) documentation management systems. 

2.1.1 Objectives, Principles, and Attributes 

Software engineering has many definitions; therefore the definition of “software 

engineering” is a necessary first step in this work. For the purposes of this research, 

software engineering is a disciplined approach to the realization of quality objectives in a 

software product through the use of established software development principles, 

evidenced by the presence of certain associated attributes in the product. This definition 

is based upon the Objectives/Principles/Attributes (OPA) approach to software 

development methodology evaluation, as developed by Arthur and Nance [ARTH87]. 

Like the evaluation procedure of [ARTH87], the documentation quality assessment 

procedure developed here is founded upon objectives, principles, and attributes, which 

are linked together using a framework to form a set of software quality indicators. A 

software quality indicator is "a variable whose value can be determined through direct 

analysis of product characteristics and whose evidential relationship to one or more 

attributes is undeniable,” [ARTH87, p. 25]. The concept of software quality indicators is 

discussed in greater detail in a subsequent section. The objectives, principles, and 

attributes employed by this procedure are provided to a great extent by the software 

engineering literature; thus the discipline of software engineering is responsible for much 

of the foundation upon which this research is based. 
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2.1.2 Documentation Quality Assessment Procedures 

A metric is a quantitative measure that is reflective of an attribute of a product. Software 

engineering currently applies the use of metrics to code evaluation. It is reasonable to 

conclude that a viable approach to documentation quality assessment is the development 

of a set of metrics by which software documentation can be evaluated. Such is the 

approach employed in this research. 

In pursuit of quality assessment, several procedures for the evaluation of software product 

quality have been developed, employing various criteria for quality. Many source code 

metrics have been developed, e.g., [HALS77], [HENR84], [BUND90], but of greater 

interest in this research is the measurement of documentation quality. 

Procedures for assessing the quality of computer documentation include: 

e AFOTEC Pamphlet 800-2: Software Maintainability - Evaluation Guide 

[USAF87] 

* RADC Software Quality Measurement Manual [MCCA80] 

Pamphlet 800-2: Software Maintainability - Evaluation Guide, produced by the Air Force 

Operational Test and Evaluation Center (AFOTEC), contains a section dealing 

exclusively with the evaluation of software documentation with respect to 

maintainability. The evaluation process is based on a collection of ninety-six "statements 

describing a particularly desirable attribute of computer software documentation," 

[USAF87, p.16], referred to in the assessment procedure and hereafter as "questions". 
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The attributes noted by the AFOTEC evaluation guide, and the number of questions 

pertaining to each attribute are listed in Table 2.1. 

These questions are employed by "an evaluator team consisting of at least five evaluators 

knowledgeable in software maintenance," [USAF87, p.7] in order to assess the presence 

of the targeted documentation attributes. The evaluators respond to each statement with 

one of the following: 

(1) Completely Agree 

(2) Strongly Agree 

(3) Generally Agree 

(4) Generally Disagree 

(5) Strongly Disagree 

(6) Completely Disagree 

The responses for each statement are averaged to give the value of system 

maintainability. 

The Software Quality Measurement Manual [MCCA80], developed by McCall and 

Matsumoto at General Electric Company under the Rome Air Development Center 

(RADC) develops procedures for: 

(1) identification of software quality requirements, 

(2) application of measures, and 

(3) assessment of the quality of the software product. 

Chapter 2: Background q



Table 2.1, Documentation Ch ristics in AFOTEC Evaluation Gui 

tation 
Characteristic 
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Like the AFOTEC assessment procedure, the system of quality assessment presented in 

[MCCA80] is questionnaire-driven. Inspectors respond to questions posed in several 

“worksheets”, each oriented towards a specific life cycle phase, and subdivided according 

to the different software quality characteristics to which the questions apply. As opposed 

to having a standard scale of answers, however, the procedures in [MCCA80] require raw 

data in many cases (e.g. number of major data references), and “yes/no” responses in 

others. Metrics are calculated from the data supplied through these worksheets. 

An important difference between the procedures presented in [MCCA80] and [USAF87], 

is that [MCCA80] presents a framework through which raw metrics are related to 

software quality “attributes”, which are in turn related to management-oriented “factors” 

of product quality. This provides a cohesiveness not present in [USAF87], and bears 

similarity to the approach presented in this thesis. Table 2.2 provides data on the nature 

of the worksheets comprising the procedure in [MCCA80]. 

Both assessment procedures above describe characteristics desirable in a documentation 

product, including, but not limited to: modularity, consistency, testability, expandability, 

correctness, reliability and maintainability. While the information provided by such 
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questionnaire-driven methods is useful, the processes themselves are labor intensive, 

which can lead to erroneous conclusions. The often lengthy surveys (the entire AFOTEC 

questionnaire contains over 150 questions; the worksheets of [MCCA80] contain over 

200) are likely to be viewed as burdensome by evaluators, and the length (number of 

questions) can lead to fatigue, potentially contributing to inconsistent and inaccurate 

evaluations. Also, the evaluators’ objectivity is at issue. Opinions concerning the product 

being reviewed are likely to vary among evaluators. 

Table 2.2. Documentation Characteristics in RADC Evaluation Guide 

ntation umber 0 
Characteristic estions” 

correctness 
relia 
efficien 
inte 

usa 
tes 
maintaina 

exl 
ili 

reu 

intero 

  

* Some questions apply to more than one characteristic. 

Unfortunately, direct application of these methods in an automatic manner, without 

subjective human input, is difficult. Therefore, a process must be used which, not only 

addresses the essential issues of documentation quality, but which also is automatable. 

[STEV88] presents a taxonomy for the assessment of computer documentation quality. A 

hierarchy is developed, describing documentation qualities, factors, and quantifiers. 

Qualities are decomposed into their constituent factors, which are in turn broken into the 
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directly measurable quantifiers which indicate the presence of a quality when viewed 

through the quality-factor-quantifier triples described in [STEV88]. The information 

contained in the documentation assessment hierarchy presented by Stevens is used 

extensively in the framework presented in this thesis. 

2.1.3 Documentation Standards and Guidelines 

Many standards for documentation generation are in existence, with the objective of 

insuring document quality through mandated requirements. These standards provide a set 

of criteria by which documentation can be evaluated, incorporating both client needs and 

software engineering principles. By defining the form and content of software 

documentation, standards make the automated assessment of documentation more 

feasible, negating some of the constraints posed by natural language recognition and 

formatting variations caused by style, preference, and presentation. 

An indication of the perceived importance of a product is the number of attempts made 

by concerned parties to standardize product generation. A standard is “an approved, 

documented, and available set of criteria used to determine the adequacy of an action 

(process standard) or object (product standard),” [DORF90, p. 1]. A guideline is similar 

to a standard, except that a guideline is not binding, i.e. conformance is not necessary. In 

this research, both standards and guidelines are considered together without distinction. 

In the case of software documentation, several standards and guidelines have been 

published, including: 

¢ IEEE Guide to System Requirements Specification 
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¢ The British Standard Guide to Specifying User Requirements for a Computer- 

Based System 

¢ Federal Information Process Standards Publication 38: Guidelines for the 

Documentation of Computer Programs and Automated Data Systems 

¢ ISO Standard 6592: Guidelines for the Documentation of Computer-Based 

Applications Systems 

¢ Military Standard: Defense System Software Development, DoD-STD-2167A 

The IEEE Guide to System Requirements Specification is “probably the most 

comprehensive software engineering standard on software requirements specifications 

available today,” [DORF90, p. 2]. This document is very thorough, providing references, 

definitions, background information on writing a good system requirements specification 

(SRS), software requirements, and a prototype SRS outline. 

“The British Standard Guide to Specifying User Requirements for a Computer-Based 

System,” published by the British Standards Institute, is a document covering material 

similar to that in the IEEE Guide. 

The U.S. National Bureau of Standards (now the National Institute of Standards and 

Technology) has published a series of documents called the Federal Information Process 

Standards (FIPS), aimed at improving the utilization and management of computerized 

systems within the Federal Government. FIPS publication 38, “Guidelines for the 

Documentation of Computer Programs and Automated Data Systems,” describes the 

documentation which should accompany a software product. In addition, FIPS 38 

defines a software life cycle which gives perspective to the process creating the 

documentation described. 
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The U.S. Department of Defense (DoD) contracts for more software than any other single 

organization, and is therefore given considerable respect concerning software related 

topics. The DoD has developed a set of guidelines for the development of software 

products, including documentation. Military Standard: Defense System Software 

Development, DoD-STD-2167A (2167A) is a set of guidelines which “establishes 

uniform requirements for software development that are applicable throughout the system 

life cycle” [DoD88, p. 1]. Accompanying 2167A is a set of Data Item Descriptions 

(DIDs), describing the set of documents for recording the information prescribed by 

2167A. Knowledge of document format is necessary to perform analysis for some 

characteristics of computer documentation. Since 2167A is the most widely employed 

standard presently, 2167A is used as the guide for the purposes of this research, when 

assumptions regarding format need to be made. 

2.1.4 Configuration Management 

Configuration management is "the art of identifying, organizing, and controlling 

modifications to the software [product] being built by a programming team," [BABI, p. 

86]. Documentation is a crucial part of the software product, and systems have been 

developed to ensure that modifications to documentation occur under controlled 

circumstances to promote documentation quality. SODOS is one such system, and is 

described below. The existence of a procedure by which software documentation quality 

can be evaluated complements the goals of configuration management, by helping to 

assure that the quality level of documentation remains high throughout the product 

lifetime. 
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2.1.5 Documentation Management Systems 

In pursuit of quality documentation, computerized systems assist in the creation and 

maintenance of software documents, including requirements, design, and even code. The 

SODOS (Software Documentation Support) system, developed by Horowitz and 

Williamson [HORO86a, HORO86b], is such a system. SODOS employs a database 

management system and an object-driven model of the documentation produced 

throughout the software life cycle to assist personnel in the creation and maintenance of 

documents produced from a software project. Such assistance is beneficial to the 

maintenance of document content and the relationships among documents. 

Another contribution to the quality of documentation comes from the use of program 

design languages (PDLs). A PDL is a formalized, structured set of constructs, enabling 

unambiguous and rigorous specification of software product design. 

2.2 Technical Writing and Editing 

Assessment requires that the key characteristics of a document be known, including the 

expected standards for such characteristics. Studies have been performed within the 

discipline of technical writing and editing, identifying many of these key characteristics. 

In developing a documentation assessment system, clarity, consistency, and accuracy are 

considered desirable attributes of software documentation. 

A valuable contribution of the writing discipline to this research is the development of 

measurement criteria for document characteristics involving writing style and formatting. 

Of particular value is the development of readability formulae to enable limited document 

Chapter 2: Background 13



readability assessment. The nature of such readability formulae and their applicability to 

this research are discussed below. 

2.2.1 Readability Formulae 

Many attempts have been made at the assessment of English prose for readability, 

resulting in a plethora of “readability formulae” used to quantify the degree of difficulty 

experienced by a reader of a document. The purpose of a readability formula is “to 

produce a number or number range which approximates the achievement level required of 

a reader in order to comprehend a written passage,” [MUIR78, p. 285]. The readability 

formulae and other readability quantification methods include: 

(1) Flesch Reading Ease Formula [FLES48] 

(2) Dale - Chall Formula [DALE48] 

(3) Readability Graph [FR YE68] 

(4) Fog Readability Index [GUNN68] 

(5S) SMOG Grade [MCLA69] 

(6) Kincaid Readability Formula [KINC75] 

(7) Cloze Procedure [TAYL53] 

These readability measures both directly and indirectly indicate the data used to compute 

the readability value of a textual passage. For instance, (1), (3), (4), (5), and (6) above 

incorporate the number of syllables present in a passage of text, a data item which has 

proved to be very difficult to assess accurately by computer. A calculation within a 

reasonable margin of error can be achieved automatically, however. The number of 

words per sentence/passage is also incorporated into all of the measures above except (7), 
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the cloze procedure. The cloze procedure involves presenting readers with passages 

having every fifth word replaced by a blank. The ease with which readers can determine 

the missing words (i.e., how well can they fill in the blanks) is the basis for this measure. 

The implementation of several readability formulae using a computer is addressed in 

[BARR80]. The paper addresses some of the problems involved in computerized 

implementation of readability formulae (e.g., recognition of sentences, syllable counting), 

resulting from the fact that many of these formulae were designed without thought to 

computerization. Some benefits of computerized assessment (e.g., automation of topic- 

specific vocabulary lists) are also noted. 

The above readability measures have been evaluated and compared to one another in 

several studies, including [MCCL87], [VERV80], [BARR80], [MUIR78], and 

[DRUR85]. Overall, these measures are considered experimental, useful as a “quick and 

dirty” method of readability determination for draft documents. Several of these studies 

also note that, in general, readability measures are not amenable to the assessment of 

technical documents. Specifically: 

...Dale-Chall type formulas are not applicable to technical or scientific 
material, [BARR80, p. 90], and 

[technical] writing's complicated, multisyllable jargon, [technical 
professionals] claim, runs up the score [on the Fog Index]. The point is 
well taken. [VER V80, p. 88] 

[DRUR85] notes specific document attributes affecting readability that are not accounted 

for by readability formulae, such as sentence structure and textual layout. The cloze 

procedure should perform well for technical documents, but it is not automatable, 
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removing it from contention as a contributor to automated documentation analysis. The 

other measures, although limited as noted above, offer potential for document 

assessment. 

2.3 Information Retrieval 

The discipline of information retrieval (IR) contributes practical and substantial methods 

of capturing specific information contained within a document. Most importantly, the 

methods provided are implementable in an automated manner, enabling the generation of 

computer software that captures the needed information. IR defines methods by which 

several document characteristics can be determined, including: 

¢ the key terms of a document, 

¢ document organization, 

¢ location of terms within a document, and 

¢ relationships among terms. 

As an example, a method by which the key terms (or keywords) of a document can be 

determined is discussed in the following section. 

2.3.1 Keyword Determination 

Several of the measures collected by the documentation assessment procedure described 

in this thesis rely upon knowledge of the terms possessing special meaning within the 

context of the documentation, or keywords. [SALT89] provides many methods 

applicable to the assessment of computer documentation, including a method of 
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determining the keywords of a document. Salton states, "the frequency of occurrence of 

nonfunction words may actually be used to indicate term importance for content 

representation," [SALT89, p.279]. With this in mind, the algorithm for determination of 

keywords, as described in [SALT89], is employed in the assessment of software 

documentation quality. 

2.4 Summary 

In summary, the goal of this research is to describe and develop a procedure for the 

automated assessment of computer software documentation adequacy (quality). The 

foundation for this procedure -- the Objectives/Principles/Attributes (OPA) framework 

and the method of assessment, the use of metrics to quantify results, come from the 

discipline of software engineering. Motivation for the development of such a system is 

provided by configuration management and the necessity for applying quality assessment 

to all software components. Thus, software engineering represents the locus of the ideas 

developed during this research. 

In considering what criteria should be applied to documentation to yield an assessment, 

this research borrows from the discipline of technical writing and editing. Many of the 

. criteria upon which documentation is assessed, including completeness of index and table 

of contents, propriety of format, readability of text, and propriety of references, are 

supplied by the technical writing and editing literature. The characteristics measured by 

the assessment procedure are largely determined by these criteria. 

Practical considerations dictate that a documentation assessment system be automated, 

because the volume and detail of software system documentation is beyond that of 
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practical manual assessment. For methods to automate the assessment procedure, the 

discipline of information retrieval is consulted. The yield of such consultation is a 

collection of methods by which documentation data can be acquired automatically, 

including the determination of document keywords and the associations among words 

within a document. 
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3 The Objectives/Principles/Attributes Framework 

3.1 Background 

In order to assess the quality of a product, important characteristics of the product must 

be measured. An assessment framework gives meaning to the measurement of product 

characteristics, defining the relationship between product characteristic and product 

quality for each quality sought. [ARTH87] describes a framework applied to the 

assessment of software development methodologies which relates objectives of software 

development to software engineering principles, the use of which is evidenced by the 

presence of attributes in the resulting product. [DAND87] and [BUND90] extend the 

application of this Objectives/Principles/Attributes (OPA) Framework to include the 

assessment of code components”. The application of the OPA Framework to 

documentation is reasonable, since: 

¢ the development of documentation is motivated by certain software engineering 
objectives, 

* to achieve these objectives, specific principles must be applied in the generation 
of documentation, and 

¢ the application of these principles results in the presence of definable 
documentation attributes, whose presence is determined through direct measure 
of documentation properties. 

  

* Note that the term software is used consistently throughout to refer to entities that can be either 
documentation or code. 
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By linking objectives, principles, and attributes, the determination of the presence of 

software attributes can be used to ascertain the achievement of desired objectives within 

the product. At the base of each OPA triple is an attribute-property pair which forms an 

indicator of software product quality. According to [ARTH87, p. 25]: 

A software quality indicator is a variable whose value can be determined through 
direct analysis of product characteristics and whose evidential relationship to 
one or more attributes is undeniable. 

For example, a property of software documentation is the support of the requirements 

specifications by the design (.e., does the design fulfill the specified requirements?). 

This property is indicative of the accuracy of the documentation, or, how well the 

documentation represents the current status of the software product. Through the 

application of the principle currency, accuracy is instilled in the documentation. 

Currency contributes to the documentation objective correctness. The attribute-property 

pair formed by the property requirements supported by design and the attribute accuracy 

serve as a documentation quality indicator (DQI), which when applied within the OPA 

Framework results in the following assessment structure: 

Correctness is induced through the application of currency resulting in accuracy 
of the documentation, as evidenced by the presence of requirements supported 
by design. 

Note that only one DQI is shown in the example above, and only one property is shown 

to be evidential of the attribute involved. In actuality, several properties may be related 

to a single attribute and many DQIs may be applied to assess the presence of a given 

documentation objective. These linkages are discussed later in this chapter. 

Chapter 3: Objectives/Principles/Attributes Framework 20



3.2 The Objectives, Principles, and Attributes of Software Documentation 

3.2.1 Objectives of Documentation 

In succeeding paragraphs, the objectives of documentation production applied in the OPA 

Framework for documentation quality assessment are discussed. The definition of each 

objective is stated, and each objective is related to its constituent principles. The set of 

objectives, principles, and attributes described should not be considered exhaustive; 

however, the collection of documentation objectives presented within this thesis is 

sufficient to found an assessment procedure. 

When referring to a software product, one often considers only the final, run-time version 

of the product, i.e., the computer-readable code executed by the computer system. In 

reality, the term “software”, and the software product, must include more than just code if 

the objectives associated with high quality are to be achieved. Software documentation is 

the by-product of the specification process; thus, requirements and design documents 

entail the code requirements. Since requirements analysis and design specification 

precede implementation software development, logic dictates that the results of these two 

activities be considered in the assessment of software product quality. Certainly, the 

large quantity of paper and hours of labor spent on requirements specifications, design 

documents, and testing procedures must be controlled at least as rigorously as the 

executable version of a software product, for the documents produced by these activities 

generate the executable code and the behavior produced by the run-time version of the 

software. 
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The above reasoning motivates the need for the assessment of documentation quality. 

When assessing the run-time version (i.e., code components) of a software product, the 

product is evaluated to determine the achievement of desired objectives. From the 

perspective of documentation assessment, the goal is not only to assess the 

documentation in and of itself, but to determine the effect of the documentation on the 

final product, relative to the objectives espoused in the OPA Framework, described 

below. This goal comes from the issue stated above: documentation provides the 

foundation from which the run-time version of a software product is created. With this 

perspective in mind, a documentation objective has the following definition: 

ea documentation objective is a goal of software generation, the manifestation of 
which has a distinct and positive effect upon the documentation component of a 
software product. 

The objectives of software generation, applicable to the documentation component of a 

software product in the OPA Framework are: 

* maintainability, 

* portability, 

¢ reusability, 

* correctness, 

¢ testability, 

¢ adaptability, and 

¢ reliability. 

It should be noted that the objectives of documentation do not differ in meaning from 

those of software development in general, as presented in [ARTH86] and [DAND87]. 
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The perspective from which the objectives are viewed, however, may differ in some 

cases. To elucidate the contribution of documentation to the realization of software 

development objectives, a short description of each objective, from a documentation 

perspective, is included below. 

In reading the following definitions of well-accepted software engineering objectives, one 

may notice that some definitions are absolute (e.g., the definition of portability in section 

3.2.1.2), while others are in terms of a scale, i.e., they contain qualifying phrases such as 

“the degree to which...”. A review of the software engineering literature reveals that both 

perspectives are taken, depending upon the source consulted. In formulating the 

following definitions, the most appropriate perspective relative to the assessment of 

documentation is utilized. Note that this thesis recognizes the validity of other 

perspectives. 

3.2.1.1 Maintainability 

With respect to software products in general, maintainability is “the ease with which 

[changes/modifications] can be made to respond to recognized inadequacies,” [DAND87, 

p. 30]. From the perspective of documentation quality assessment, documentation 

achieves the objective of maintainability to the extent that it enhances the maintainability 

of the overall product. Note that the ease with which the documentation itself is 

maintained is also at issue, since documentation is a crucial component of a software 

product. Thus, with respect to documentation assessment: 

maintainability is the degree to which the documentation facilitates corrections to 
the software product, including the documentation. 
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3.2.1.2 Portability 

Portability is the ease with which a software system can be transported to a different run- 

time environment (i.e., operating system and underlying hardware) and retain its original 

functionality. When system characteristics must be altered to conform the software 

system with a different environment, the system documentation is consulted to determine 

where changes are needed and the nature of the changes required. With respect to 

documentation assessment: 

portability is the facilitation of rendering the equivalent software functionality in a 
different run-time environment by the product documentation. 

3.2.1.3 Reusability 

A recently emerging goal of software engineering is the promotion of software 

component reuse. The design of a software product plays an important role in its 

reusability. Components must be designed with reuse in mind if reusability is to be 

realized. Noteworthy is that while reuse is often thought of in terms of code alone, 

component design should be considered for reuse as well. For example, if a code 

component is a candidate for reuse due to its functionality, but is not in the required 

programming language, reference to the design for that component should be useful in 

the reconstruction of a functionally similar code component in the required language. 

Design should be reused as a result of code component reuse, since the documentation 

associated with a code component should accompany it whenever it is reused. With 

respect to documentation assessment: 
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reusability is the facilitation of component reuse for a purpose other than its 
originally intended application through the tempering of desired product 
functionality with consideration of the granularity of system components. 

3.2.1.4 Correctness 

Correctness is an objective of any software product - if the resulting program is not 

correct, then what is its value? This prompts the question, “if the documentation is not 

correct, can the code be?” As discussed previously, the run-time version of a software 

product is entailed by the requirements and design specifications preceding it. Thus, 

correctness is an objective of documentation. Software correctness is the "strict 

adherence to specified requirements,” [ARTH86, p.8]. Although the documentation 

portion of a software product defines the code requirements, the documents are also 

placed under constraints by requirements with respect to format and content. With 

respect to documentation assessment: 

correctness is the adherence of documentation format and content to established 
guidelines, and the expression of content in a manner that enables accurate 
interpretation and realization of product function. 

3.2.1.5 Testability 

Before a software product is delivered, it must be tested. In an endeavor to push activities 

back in the software development life cycle, test cases are often developed far before a 

code implementation exists. Therefore, the documentation must assist in the generation 

of test cases as early in the software life cycle as possible. With respect to documentation 

assessment: 
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testability is the specification of requirements and the description of consequent 
design so that test criteria can be readily identified. 

[BOEH84] notes testability as one of the basic criteria for software documentation 

verification and validation. 

3.2.1.6 Adaptability 

Adaptability is the ease with which software can accommodate to change [ARTH86]. In 

order to make changes to a software product, the documentation should provide sufficient 

information in appropriate forms to facilitate adaptation(s). With respect to 

documentation assessment: 

adaptability is the provision of appropriate information in a form which facilitates 
adaptation of the software product. 

3.2.1.7 Reliability 

“The source of failures in software is design faults,” [MUSA87, p. 7]. Thus, the 

documentation portion of a software product plays a crucial role in the reliability of the 

product. In the report of their study of program error detection, Takahashi and 

Kamayachi concluded that the volume of program design documents “has a linear 

relationship with the [program] error rate,” [TAKA85, p. 335]. With respect to 

documentation assessment: 

reliability is the degree to which software exhibits error-free performance of the 
task specified by its requirements. 
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3.2.1.8 What About Usability? 

It would seem that the usability of documentation is paramount among objectives; indeed, 

the concern for documentation usability is so great that much research has focused solely 

upon usability ([BORL91] and [RAMS89] are issues of professional journals dedicated 

solely to document usability). Unfortunately, such a proliferation of study on usability 

has resulted in a research community that has no consensus on the exact definition of the 

topic. For this reason, usability is not cited explicitly within the OPA Framework; 

however, the issue of usability is not ignored. Each of the documentation attributes found 

within the OPA Framework embraces the issue of usability implicitly: accuracy, 

completeness, consistency, traceability, accessibility, and readability. Stevens, et al. 

relates traceability, intra-document completeness, readability and accessibility as factors 

of usability [STEV88, p. 6]. 

3.2.2 Documentation Principles 

Following are descriptions of the principles of computer software documentation. The 

principles described here do not represent an exhaustive set, but are the principles 

identified as supportive of the objectives espoused in the OPA Framework. The use of 

these principles in the process of software generation results in documents possessing 

attributes which can be measured in a straightforward manner. 

Of the original set of software engineering principles espoused by the OPA Framework 

developed by Arthur and Nance, only two are applicable to documentation quality: (1) 

concurrent documentation, and (2) abstraction. For the purposes of documentation 

assessment, however, concurrent documentation is an encompassing principle that can be 

Chapter 3: Objectives/Principles/Attributes Framework 27



decomposed into two sub-principles: (1) currency and (2) controlled augmentation, when 

used in specific terms of documentation quality assessment. In addition, the principle of 

applying formal organization to document production is applied in the assessment of 

software documentation. 

The principles of software documentation as applied in the OPA Framework for 

documentation quality assessment are: 

*concurrent documentation, composed of the sub-principles 

* currency and 

* controlled augmentation, 

¢ formal organization, and 

¢ abstraction. 

3.2.2.1 Concurrent Documentation 

[ARTH87] identifies concurrent documentation as a principle employed in software 

product development. This principle is also applicable to the development of the 

documentation of a software product; therefore, it is included in the OPA Framework 

specific to documentation assessment. In [ARTH87], concurrent documentation is 

considered the management of documentation throughout the software development life 

cycle, so that at any time during product development, the documentation provides a 

faithful representation of the current product status. 
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3.2.2.1.1 Currency 

Currency as a development principle refers to the updating of documentation to insure 

that changes incurred during product development are reflected in the documentation as 

they occur. Processes such as logging of software changes, resolution of postponed 

specifications, and notation of traceability references are involved in the application of 

this principle. 

3.2.2.1.2 Controlled Augmentation 

A procedure crucial to a successful software quality assurance program is "that 

documentation is controlled and cannot be modified without proper controls” [DHIL87, 

p.170]. Controlled augmentation as a documentation principle refers to the exercise of 

strict control over document modification. The implementation of formal change request 

reviews is crucial to this principle, as such reviews maintain tight control over the state of 

the documentation as well as the executable product. A further control over 

documentation change is the implementation and enforcement of specific access 

privileges to developmental personnel. 

3.2.2.2 Formal Organization 

Standards are developed by many organizations to control the form and content of the 

documentation produced by their in-house development teams as well as any contractors 

enlisted by the organization. A standard is “an approved, documented, and available set 

of criteria used to determine the adequacy of an action (process standard) or object 

(product standard),” [DORF90, p.1]. An example of a standard for documentation 
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development is DoD-STD-2167A. Another tool used to influence the shape 

documentation assumes 1s a guideline. A guideline is “a well-defined and documented 

set of standards and definitions that guide an activity or task. Guidelines are usually not 

rules or procedures, but allow for judgement and flexibility,” [DORF90, p.1]. The 

application of a standard or guideline to the development of documentation is referred to 

in the OPA Framework as the principle of formal organization. 

3.2.2.3 Abstraction 

The specification of a software product can be viewed as a series of resolutions (or 

refinements), the initial requirements specification defining the product in a much more 

abstract manner than the design, which in turn is more abstract than the final executable 

code. The refinement of specifications by adding detail through successive levels of 

specification is called abstraction resolution. Put another way, abstraction resolution is 

the development of the documentation so that abstraction in high-level documents is 

resolved in a progressive manner as development proceeds. 

The principle of abstraction can be employed in reverse engineering in a contrary fashion. 

By attempting to extract from code the specification (at a more abstract level) of the 

intended behavior, abstraction expansion is used. 

3.2.3 Documentation Attributes 

At the terminus of each OPA triple is an attribute. Attributes are characteristics of 

documentation that are indicative of the degree to which principles defined previously are 

applied in the generation of the document. The attributes defined in this section are 
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widely recognized in the literature as desirable characteristics of technical documents and 

software documentation. Several are adapted from [ARTH87] and [STEV88], two 

foundational works on the assessment of documentation quality using the OPA 

Framework. 

3.2.3.1 Accuracy 

Documentation is dynamic in nature. Updates, refinements, and other changes occur to 

the documentation of a software product throughout the life cycle, including the 

maintenance phase. At any given time, the specifications of a software product must 

reflect the current state of that product to avoid erroneous actions made on premises 

supported by outdated information. With respect to the OPA assessment procedure: 

accuracy is the faithful representation of the current status of the software product 
by the documentation. 

3.2.3.2 Completeness 

Completeness is “one of the four basic V&V (verification and validation) criteria for 

requirements and design specifications" [BOEH84, p. 76], and is an attribute of software 

requirements specifications which "often [is] the difference between success and failure 

of a large software product" [ROYC75, p.57]. When proceeding to the next level of 

refinement in the development of a software product, reference to the prior level(s) of 

specification for guidance is mandatory. For example, in creating the low-level design 

for a software component, pertinent high-level designs (and possibly the requirements 

specifications) must be consulted. If these documents are incomplete, then assumptions 

regarding the specifications are necessitated, resulting in an increased chance of error at 
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the current level of specification. Unresolved references and missing document sections 

contribute to incompleteness, and must be eliminated expediently. With respect to the 

OPA assessment procedure: 

completeness is the inclusion of all required, fully developed document sections, 
and the proper resolution of references within the documentation wherever 
possible. 

3.2.3.3 Consistency 

[BOEH84] and [ROYC75] both identify consistency as a vital attribute of software 

documentation. Among the objectives of software documentation is the definition of 

objects (e.g., variables, constants, parameters) associated with the product and the 

corresponding ranges of values such objects may assume. The specification of such 

values occurs at many places throughout the documentation, and sometimes in several 

different forms. It is vital to the correctness of the final product that objects are given 

consistent meanings and values throughout the documentation. Otherwise, different 

documents may supply conflicting descriptions of the same object, resulting in errors in 

the product. With respect to the OPA assessment procedure: 

consistency is the invariant application of definitions, values and concepts within 
the documentation. 

3.2.3.4 Recognizability 

A moderately large software project produces reams of documents, including 

requirements specifications, design specifications, test plans, test cases, testing 

procedures and results. While a single person rarely (if ever) reads the entire set of 
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documents, project personnel must consult extensive subsets of the documentation to 

perform their specific task(s). If a document is not presented in a manner facilitating 

reading, personnel are hindered by eye fatigue and possibly confusion. Thus, the 

physical layout of the documentation is important to its quality. With respect to the OPA 

assessment procedure: 

recognizability is the presence of physical characteristics which facilitate reading 
(and understanding) the documentation. 

3.2.3.5 Traceability 

When personnel use documentation, parts of several documents must often be employed 

to garner the needed information on a single subject. A topic may be elaborated in a 

different paragraph, section, or even a totally different document. For this reason, 

documentation must be traceable; 1.e., sections must be referenced where appropriate so 

that the reader is aware of the presence of further information in other areas. With 

respect to the OPA assessment procedure: 

traceability is the presence of explicit references within the product specifications 
(including code) which clearly denote the relationships among specification 
components, both within the same level and at different levels of abstraction in 
the specifications. 

3.2.3.6 Accessibility 

Related to the need for references to other areas within the documentation is the need for 

the reader to be able to access specific information quickly in a non-sequential manner. 

Document access aids such as indices and tables of contents are examples of ways in 

which such access is achieved. With respect to the OPA assessment procedure: 
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accessibility is the ability to determine the location of specific information within 
the documentation through the use of document access aids such as an index, a 
table of contents, and references. 

3.2.3.7 Comprehensibility 

The attribute recognizability pertains to the physical format of the documentation, but 

more important is the content and comprehensibility of the documentation. If personnel 

cannot comprehend what they read in a document, due to poor structure, poorly defined 

terms, and cryptic use of acronyms and abbreviations, then the documentation is 

inadequate. Within the OPA Framework, this facet of readability is referred to as 

comprehensibility. With respect to the OPA assessment procedure: 

comprehensibility is the ability to comprehend the information contained in the 
documentation through the use of standards, definitions, and terminology. 

3.2.4 Linkages 

The goals of the documentation generation process are defined by the objectives of 

software product development (section 3.2.1). The principles of documentation (section 

3.2.2) define the means to achieving the goals defined by the objectives. The attributes 

(section 3.2.3) define desirable characteristics of the documentation which can be 

assessed by some established criteria. In assessing the presence of product attributes, 

directly measurable properties related to each attribute are identified. Each attribute- 

property pair is used as an indication of the presence of a specific aspect of a 

documentation characteristic. Thus, a documentation quality indicator (DQI) is defined 

as follows: 
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A documentation quality indicator (DQT) is a variable whose value can be 
determined through direct analysis of documentation characteristics and whose 
evidential relationship to one or more documentation attributes is undeniable. 

DQIs are incapable of providing a meaningful assessment in terms of attributes alone, but 

with the identification of the linkages among objectives, principles, and attributes, the 

significance of DQIs expands from a primarily technical to a more managerial level of 

information. 

The foundational works in the definition of software quality indicators (SQIs) are 

[ARTH86] and [DAND87]. The linkages identified in these sources contribute 

substantially to the assessment procedure described in this thesis. Table 3.1 from 

[DAND87, p.80] contains the original set of objective-principle linkages as related to the 

assessment of software development methodologies. Table 3.2 contains the 

objective/principle linkages applied in the assessment of documentation quality. 
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l Linkag ween Objectives and Principl f Methodol [ 
(from [DAND$87, p.80]) 

  

  

Objective Principle 
Maintainability | Abstraction! 

Documentation 
Hierarchical Decomposition 
Functional Decomposition 
Information Hiding 
Structured Programming 

Adaptability Abstraction! 
Documentation 
Hierarchical Decomposition 
Functional Decomposition 
Information Hiding 
Structured Programming 

Reusabulity Documentation 
Hierarchical Decomposition 
Functional Decomposition 
Information Hiding 

  

  

  

  

Portability Functional Decomposition 
Documentation 

Testability Life-cycle Verification 
Hierarchical Decomposition 
Functional Decomposition 
Information Hiding 

Abstraction! 
Structured Programming 

Reliability Hierarchical Decomposition 
Information Hiding 

Abstraction! 
Structured Programming 

Correctness Hierarchical Decomposition 
Life-cycle Verification 

Abstraction! 
Structured Programming 

1 This Principle was originally termed stepwise refinement in [DAND87], but has since 
been renamed abstraction upon reconsideration by the research group continuing the 
development of the OPA Framework. 

  

          

Chapter 3: Objectives/Principles/Attributes Framework



le 3.2, Linkages Between Objectives and Principles Forming DOT 

  

  

  

  

  

  

  

      

Objective Principle 

Maintainability [Currency 
Controlled Augmentation 
Formal Organization 
Abstraction 

Correctness Currency 
Controlled Augmentation 

Portability Currency 
Formal Organization 

Reusability Formal Organization 
Abstraction 

Reliability Abstraction! 

Testability Formal Organization 

Abstraction2 
Adaptability Formal Organization 

Abstraction3     
1 See [DAND87, pp. 222-223] for support of this linkage. 

2 See [DAND87, pp. 219-220] for support of this linkage. 

3 See [DAND87, pp. 208-209] for support of this linkage. 

3.2.4.1 Maintainability - Currency 

In the course of maintenance activities, changes to the code are made. Documentation 

must reflect the current state of the product if it is to be useful in future maintenance 

efforts; Parikh supports this assertion with the statement “An accurate [program 

maintenance] log analyzed periodically gives valuable information about the maintenance 

activity,” [PARI86, p. 116]. 

Dunn sums up the importance of maintaining currency in the following statement: “What 

a pity, then, to have piles of documentation that do not reflect the current status of the 

program... such documentation is of little use to the maintenance programmer who is 
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attempting to understand the structure of the program and it may actually mislead him or 

her - eventually resulting in hours of lost labor due to rework,” [DUNN90, p. 23]. 

3.2.4.2 Maintainability - Controlled Augmentation 

To be dependable for maintenance purposes, the documentation of a software product 

must faithfully represent the product. Faithful representation requires that changes to 

documents are made in a controlled manner, limiting the opportunity for the occurrence 

of unwarranted or improper alterations. According to Bersoff, "changes to software must 

be controlled and managed in order to produce and maintain successful software 

products,” [BERS91]. Through control and inonitoring of personnel access to the 

documentation, erroneous alterations are minimized, enhancing the contribution of 

documentation to product maintainability. 

3.2.4.3 Maintainability - Formal Organization 

Knowledge of the structure and format of the documents is useful, if not necessary, when 

consulting documentation for the purpose of product maintenance. Knowledge of 

structure enables the maintenance personnel to use documentation efficiently, wasting 

little time and effort in the navigation of the numerous documents comprising software 

system documentation. Employment of formal organization, through the application of a 

documentation standard or guideline, has an impact on the ease with which the developer 

can develop and maintain the product [WESS90}. 
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3.2.4.4 Maintainability - Abstraction 

In maintaining a software product, the existence of several levels of detail proves useful 

in the detection and correction of errors. The application of abstraction (e.g., top-down 

development) results in documentation which “makes maintenance tasks easy,” [PARI86 ? 

p. 85]. 

3.2.4.5 Portability - Formal Organization 

Environment-dependent characteristics of a software product are paramount in the 

transportation of the product to a new environment. According to Lecarme et al, “The 

adapter’s manual ... must outline the critical design points, give the meaning of all 

parameters, and suggest likely modifications or extensions,” [LECA86, p. 21]. 

Utilization of a documentation standard or guideline that determines where such 

dependencies should be located within the specifications helps to ensure the presence of 

such information within the documentation, and enables personnel to find environmental 

dependencies of the system easily. Furthermore, through referencing the standard used in 

producing the documentation, one can be assured that all dependencies are located in the 

specified section(s) of the documentation, removing the need for a thorough search of 

inappropriate sections of the documentation. 

3.2.4.6 Correctness - Currency 

Continuous updating and refinement of software documentation helps to assure software 

correctness in two ways. Firstly, continuous refinement of the documentation ensures 

current, accurate representation of the product. Secondly, through the editing process, if 
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a document is updated, previously undetected errors can be discovered and amended. 

[BABI86] notes that correctness of software is dependent upon maintenance of currency 

among the components of the product. 

3.2.4.7 Correctness - Controlled Augmentation 

Control over which personnel can make alterations to the specifications of a software 

product must be enforced for the achievement of correctness in the resulting 

implementation. Changes in documentation "points out the need for some form of 

document control mechanism... otherwise different individuals may be working with 

inconsistent documents, which will inevitably result in disaster" [WASS77, p. 355]. 

3.2.4.8 Reusability - Formal Organization 

In determining the reusability of a software system component, functional characteristics 

must be accessible and readily understood. The use of a standard in producing product 

documentation results in documents that are more easily navigated, yielding access to 

important characteristics of the system component. Also, once personnel are accustomed 

to the structure of document information induced by a certain standard, details of a 

system component are more readily understood. Hooper and Chester note several 

guidelines for reusability related to the application of a formal organization, including the 

development of a standard for library components and the application of effective 

configuration management to the software library [HOOP91, p.94]. 
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3.2.4.9 Reusability - Abstraction 

“Reuse at higher abstraction levels has greater potential for productivity gains than reuse 

at the source code level,” [LEWI91, p.6]. Through the application of abstraction to the 

requirements and design specifications, software components are described at varying 

levels of abstraction. The description of software components at varying levels of 

abstraction enables the achievement of the most beneficial reuse of software components. 

Hooper and Chester suggest several guidelines for software reuse applicable to the 

principle of abstraction, including the following: 

Generalize a reusable component to the extent practical during its 
preparation, [HOOP91, p. 69], and 

Represent relationships between a component and its more (and less) 
abstract representations (as to life-cycle phase), [HOOP91, p. 100]. 

3.2.4.10 Testability - Formal Organization 

Utilization of a documentation standard results in documents that clearly define system 

variables, including the corresponding types and ranges of values each variable can 

assume. Such information enhances the creation of test suites for a software system. 

3.2.4.11 Adaptability - Formal Organization 

Through the application of a documentation standard, the resulting documents provide 

information in a consistent, understandable, and consequently useful, form. Guidelines 

also specify the type of information to be contained within a document, as well as the 

organization of such information, making it possible to determine the location of 
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information pertinent to product adaptation. Thus, the use of formal organization in 

producing software documentation enhances the adaptability of such a system. 

3.3 Methods of Quality Assessment Framework Development 

The development of a framework for quality assessment similar in form to the OPA 

Framework (i.e., a framework arranged so that relationships exist from the top level 

through the bottom level), may proceed along three basic paths: (1) top-down, (2) 

bottom-up, or (3) hybridization. Each of these methods has benefits and drawbacks, 

described below. 

3.3.1 Top-Down 

When developing in a top down manner, one proceeds from the top of the framework 

(i.e., the software engineering objectives) and works in a downward direction (1.e., 

towards the attributes) in the development of quality indicators. This method has the 

benefit of starting at the most abstract level, enabling the developer to state the general 

qualities espoused by the framework without great concern for detail. The drawback to 

the top-down method is that it may become difficult later to decompose the abstract 

components of the top level into entities pragmatically measured at the bottom level. 

3.3.2 Bottom-Up 

The bottom-up method is the approach of the pragmatist. The product to be assessed is 

analyzed to determine which data can be acquired that relate to the product's quality. 

From this set of data items, a theoretical framework is constructed, using only those data 
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items known to be directly measurable at present. The obvious drawback to the bottom- 

up method is that many important aspects of product quality may be neglected simply 

because the present technology does not provide a means to measure them. A quality 

assessment framework must be thorough if it is to be effective and reliable. 

3.3.3 Hybridization 

In actually developing the set of measures applied to documentation quality assessment 

through the OPA Framework, a hybridization of the top-down and bottom-up methods is 

employed. The abstract levels of quality (i.e., the objectives) are decided upon first, 

followed by the principles by which these objectives could be achieved. This is an 

example of an application of the top-down approach. From the other direction, the 

documentation is assessed to determine what data items can be extracted from the 

documentation, preferably in an automated fashion. Since an automated analyzer is one 

of the goals of this research, the ability to define data items admitting automatic analysis 

applicable to OPA-based measures is an important consideration. Somewhere in the 

"middle", the two approaches meet, and with some compromises, an assessment 

framework is yielded. 

3.4 Evaluation of the Documentation Assessment Procedure 

3.4.1 The Importance of Measurement Validation 

The last decade has seen prodigious development of assessment techniques for the many 

different aspects of the computer software product. Programs have been the principal 

object of assessment procedures, since the strict syntax of code readily lends itself to 
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automated evaluation. Recent endeavors attempt to automate the evaluation of other 

components of software production, including documentation and the process by which 

software is produced [BOEH84], [HORO86a], [HORO86b], [ROMB90], and [STUA84]. 

An overniding problem exists among this recent outpouring of code metrics - validation. 

[KEAR86, p. 1044] states, “researchers have sought meaningful applications [of metrics] 

through experimentation. The results of these explorations are difficult to interpret and 

provide only weak support for the use of [software quality] measures.” [KEAR86, p. 

1044] also notes that ‘“‘considerable criticism has been directed at the methodology of the 

experiments that support the measures.” 

3.4.2 Validation of DQIs 

A formal method is applied in developing the set of measures comprising the DQIs used 

to assess the quality of computer software documentation, with each DQI having the 

following criteria as goals: 

* objectivity, 

* automatability, and 

+ validity. 

The need for each of these criteria and how each is achieved by the documentation 

assessment procedure defined by this thesis is discussed in the following sections. 
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3.4.2.1 Objectivity 

To distinguish a formalized system of quality assessment from inspection-based 

evaluative methods, measures must be made in an objective manner, unaffected by 

fatigue, mood, opinion, and other factors affecting human evaluators. While certain 

aspects of the measures used in the indicator-driven approach to quality assessment are 

subject to decisions made by the measurement development personnel, these decisions 

are applied consistently each time the assessment procedure is applied. This consistency 

prevents undue subjectivity from affecting the results rendered by the indicator-driven 

assessment procedure. 

3.4.2.2 Automatability 

The practicality of a software product measurement procedure relies upon the capability 

of the measures to be implemented in an automated fashion. This is an especially 

important factor for the assessment of software documentation, as thousands of pages of 

specification may exist at a single level of design for a large software project. The 

automation of measurement also supports the objectivity criterion, as automatic 

assessment ensures consistent application of the proposed measures. Because the 

indicator-driven procedure relies on the measurement of directly measurable product 

properties, automation is possible. However, total automation is very difficult, if even 

possible, and this work underscores the degree of difficulty. 
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3.4.2.3 Validity 

The third criteria for a documentation assessment procedure is validity -- do the proposed 

measures reflect the actual conditions present in the product being assessed? In order to 

determine the validity of the measures proposed in this thesis, a validation study is 

included. The analyzer developed to conduct this validation and the selection process 

determining the measures to be validated are described in Chapter 4. The results of this 

study are reported in Chapter 5. 
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4 Docalyze 

A frequently noted shortcoming of software metrics is the lack of empirical validation 

performed to support the capability of such metrics to measure that which is claimed. A 

prototype documentation analyzer has been developed to automate the measurement of a 

subset of the proposed DQIs. These measures are compared against the assessments of a 

panel of software engineering experts on the same documentation sample. Statistical 

analysis is performed to determine similarity of the results generated by Docalyze to 

those of experts. The results of this comparison are used to assess the validity of this 

procedure using the OPA approach for assessing documentation quality. 

4.1 Criteria for Inclusion of a DQI into the Implementation Set 

Acceptance of a DQI in the set of indicators automated by the Docalyze prototype is 

determined using three criteria: 

1. Tractability of automation, 

2. Verifiability through manual procedures, and 

3. Coverage of the OPA Framework. 

In considering the first of these issues, tractability, the concern is more precisely 
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Is a procedure known that can be applied to assess this characteristic of document 
quality within the OPA Framework? 

The project requirements include that the analysis tool be constructed using Ada; 

however, the stipulation of Ada is not viewed as a constraint. Nevertheless, the use of 

several state-of-the-art tools and techniques from other disciplines (e.g., thesauri from 

information retrieval) could both simplify and enhance the analyzer, particularly by 

adding existing software tools implemented in the C programming language or Al-based 

functional languages (e.g., Prolog). 

The second consideration, manual accessibility, addresses the need for manual tracing 

and verification of measures rendered by Docalyze. Without the ability to manually 

determine the values of the implemented DQIs, no sure way exists to test the correctness 

of the prototype analyzer. Validation of the DQIs implemented is at issue as well, since 

the technique employed to determine the validity of the measures implemented involves 

comparison of the automated results to the results obtained by a panel of objective 

software engineering experts. 

The last criterion, coverage of the OPA Framework, addresses the issue of covering the 

OPA Framework as thoroughly as possible when selecting DQIs for implementation in 

the documentation analyzer. Figure 4.1 displays in bold lines those linkages covered by 

the validation set of DQIs. 
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4.2 Implementation Subset 

Of the full set of DQIs, ten are implemented in Docalyze. These measures are: 

¢ Locational Accuracy of Index 

e Order of Glossary 

¢ Glossary Completeness 

¢ Missing/Incorrect References 

¢ Appropriateness of References 

¢ Locational Accuracy of Table of Contents 

¢ Correctness of Table of Contents Nomenclature 

¢ Completeness of Table of Contents 

¢ TBD/TBS (To be defined/To be specified) 

« Acronym Usage 

¢ Keyword Context Consistency 

Each of these DQIs is described in a detailed manner in Appendix A of this thesis. When 

applied to the OPA Framework, these DQIs provide a broad coverage of the software 

engineering objectives espoused within the Framework, as shown in Figure 4.1. 

4.3 The Docalyze Prototype 

Currently, a prototype of Docalyze exists. The prototype has five main components: 

1. document preprocessor, 

2. document parser, 
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3. intermediate representation of document, 

4. document analyzer, and 

5. report generator. 

Each of these components is described in the following sections, and Figure 4.2 displays 

the structural composition and data flow for Docalyze. The prototype analyzer is capable 

of successfully analyzing documents in differing forms, with relatively lenient formatting 

constraints. If a document has features previously unseen, Docalyze is adaptable, and can 

be modified to accommodate new formats through modification of the document 

preprocessor. For a description of the preprocessor and its contribution to Docalyze 

adaptability, see section 4.3.1. 

4.3.1 Document Preprocessor 

The key to the adaptability of Docalyze is the preprocessor. This component of Docalyze 

is actually composed of several smaller components, each performing specific tasks. The 

tasks accomplished by the preprocessor include: (1) creation of information repositories 

for the index and glossary of the documentation (if applicable), (2) creation of a keyword 

information repository, and (3) preprocessing of the document body so that it can be 

effectively parsed. 
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The most vital function relative to prototype adaptability is (3) above. By substituting 

certain idiosyncratic formatting symbology with unambiguous parser-recognizable 

symbols, the preprocessor enables Docalyze to be applied to a potentially wide variety of 

document formats. Instead of rewriting the large and complex analysis component, only 

the preprocessor need be adapted to new formats. 

4.3.2 Document Parser 

The portion of the analyzer that reads the actual text representation of the document to be 

analyzed, the parser, is generated by a lexical analyzer/parser generator application pair, 

aflex and ayacc. The reader familiar with UNIX utilities is likely to note a similarity in 

the naming of these two applications to the lex and yacc utilities provided under the 

UNIX operating system, and indeed, aflex and ayacc are identical in function to their 

more familiar namesakes, with the exception that the code in which the lexical analyzer 

and parser are generated is Ada, as opposed to C. 

The main purpose of the lexical analyzer/parser front end is to interpret the preprocessed 

representation of the document to be analyzed. As a document is parsed, important 

characteristics are captured and used to augment the existing information repositories 

created by the preprocessor. Other data are communicated to the analyzer component of 

Docalyze, for "on-the-fly" computations. A further function of the document parser is the 

creation of the table of contents (TOC) information repository. 

The disadvantages of using a lexical analyzer/parser generation facility (i.e., aflex/ayacc) 

are efficiency and portability. The code generated by such facilities is generally less 

efficient than a customized parser. If a software producer uses Docalyze on a frequent © 
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basis with format-identical documents, a customized front end may be advisable; 

however, Docalyze is currently a prototype, and the need for adaptability far outweighs 

that of efficiency or portability. 

4.3.3 Intermediate Representations 

In order to collect the necessary data for the evaluation of documentation quality, 

Docalyze must extract essential items from the original document and transform this data 

into a form that facilitates calculation of measures. Docalyze uses information 

repositories to this end. Several repositories are utilized, representing the following 

documentation components: 

¢ document keywords 

¢ table of contents 

¢ glossary 

¢ index 

These repositories are described below. 

4.3.3.1 Keyword Repository 

In formulating the measurement of several documentation properties, certain data must be 

acquired before the document is parsed; an example is the set of document keywords. A 

term is considered a keyword if its frequency relative to other terms or the role it serves 

within the document (e.g., is a term an acronym) indicates considerable importance to the 

document content. The keyword repository produced by the preprocessor contains 
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information on the frequency of occurrence of each keyword, and is filtered through a 

“stop-word” list which excludes frequently occurring low-significance words from the 

repository. The document parser augments the keyword repository with information 

pertaining to the context in which the keyword occurs within the document. These data 

and others are employed in the calculation of several documentation properties. 

4.3.3.2 Table of Contents (TOC) Repository 

The table of contents (TOC) of a document is examined for completeness and accuracy 

by Docalyze. To do this, the following data must be gathered: 

* the section number of each TOC entry, 

¢ the section title of each TOC entry, 

¢ the starting page of each TOC entry, and 

¢ the number of entries in the TOC. 

These data are gathered by the parser, and are stored in the TOC repository. As each new 

section is encountered by the parser in the document body, “on-the-fly” comparisons are 

made between the document body and the representation of the TOC in the TOC 

repository to determine the completeness and accuracy of the table of contents. 

4.3.3.3 Glossary and Index Repositories 

The characteristics of the intermediate representations of the glossary and index are 

fundamentally identical, suggesting a combined description. These repositories are 

generated by the preprocessor and contain information on the terms present as entries 
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within each reference aid, including frequency of occurrence of each entry. These entries 

are used to evaluate the completeness and format (order) of the index and glossary. The 

locational accuracy of the index is also assessed using locational data contained within 

the index repository. 

4.3.4 Document Analyzer 

The analyzer component of Docalyze is primarily responsible for the computation of 

various documentation properties, using data collected and compiled in the information 

repositories by the preprocessor and parser. Using the metrics associated with each of the 

DQIs in the implementation subset (see section 4.2), the analyzer derives quantitative 

measurements of the document quality. These data are then stored in a format understood 

by the report generator. 

4.3.5 Report Generator 

At the current time, the document analyzer component of Docalyze generates a report of 

the analysis results. An already recognized future goal is to integrate the documentation, 

code and process indicators, through the use of a report generator. An Ada code analyzer, 

Adalyzer, currently exists, and process indicators are being developed. The overall 

structure of this software analyzer is shown in Figure 4.3. The report generator reads the 

data stored by Docalyze, Adalyzer, and a process analyzer. The report generator 

compiles this information and produces a report on the overall quality of the product 

analyzed, suitable for managerial support. 
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4.4 Docalyze Inadequacies 

Docalyze, as a prototype, lacks several capabilities desirable in an automated document 

analysis. These inadequacies are discussed below. 

4.4.1 Cross-Document Measures 

Currently, Docalyze can only analyze one document at a time. This means that any 

cross-document properties, such as requirements traceability (see Appendix A), cannot 

currently be derived. 
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4.4.2 Integration with the Report Generator 

As Docalyze is refined, changes in measurements occur due to the discovery of 

previously unanticipated documentation characteristics. This dynamic nature of the 

prototype development has prevented the integration of the metrics derived by Docalyze 

with the existing report generator. But the metrics are derived and displayed in a 

temporary form by an extension of the analyzer component of Docalyze. While all the 

measures generated are currently displayed, Docalyze should integrate its documentation 

assessments with the code assessments rendered by the existing OPA-oriented code 

analyzer, Adalyzer. 

4.5 Proposed Solutions to Inadequacies 

The inadequacies of Docalyze are not irreparable; the time constraints placed on its 

development, coupled with issues of compatibility with existing analysis tools (i.e., 

Adalyzer), do not support removal at the current time. Potential approaches to the 

removal of the inadequacies posed in the previous sections are discussed below. 

4.5.1 Intermediate Document Representations 

The current prototype analyzer is not designed to implement cross-document measures. 

Future analyzer versions may use intermediate document representations to accomplish 

cross-document analysis, as such intermediate representations provide a means to 

compare the characteristics existing among several documents. 
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4.5.2 Integration of Docalyze with Report Generator 

Since Docalyze currently reports the metrics it derives in a comprehensible format, the 

integration of Docalyze and the existing report generator is not urgent. Before integration 

can occur, however, decisions relative to the integration of code and documentation 

measures within the OPA Framework must be made. 
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5 Validation of Docalyze 

As noted by [KEAR86, p. 1044], a major shortcoming of the many quality metrics that 

are proposed in computer science is their lack of empirical validation. In pursuit of such 

necessary validation for the measures proposed within this thesis, a study is performed to 

determine the agreement of the measures rendered by Docalyze with those of human 

evaluators. 

This study is described in this chapter, as noted below: 

(1) validation approach, 

(2) preparation of test documents, 

(3) selection of evaluation panel, 

(4) method of human evauation, and 

(5) analysis of results. 

5.1 Validation Approach 

The following is a description of the approach applied to assess the agreement of 

measures rendered by Docalyze to those of human evaluators. A collection of three 

versions of a requirements specification is submitted for evaluation to the Docalyze 

prototype. The result is three quality reports, one for each version of the specifications. 
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The same three specifications are submitted to each member of a panel of six human 

evaluators, chosen for their expertise in software engineering (The criteria for panel 

selection is detailed in section 5.3). Each member of the panel evaluates each of the 

documents, rendering assessments of specified documentation properties comparable to 

the evaluations produced by Docalyze. The relative rankings of the documents by 

Docalyze and by the human evaluators are compared to determine the degree to which the 

analyzer represents manual assessment. The design of the validation study is shown in 

Figure 5.1. 

5.2 Preparation of Test Documents 

Three versions of a document compose the evaluation data for both the human evaluators 

and Docalyze. The original document is an excerpt from a requirements specification for 

a large software system. This original document is modified until it is as close to 

“perfect” as possible, according to the quality report rendered by Docalyze on the ten 

target properties of the study. The properties are those implemented by Docalyze (see 

section 4.2), with the exception of the property Keyword Context Consistency, due to 

problems in implementation. The ten properties are: 

1. TBD/TBS (“To Be Defined’/’To Be Specified”’) 

2. Missing/Incorrect References 

3. Completeness of Table of Contents (TOC) 

4. Correctness of TOC Nomenclature 

5. Locational Accuracy of TOC 

6. Reference Appropriateness 

7. Locational Accuracy of Index 

8. Glossary Completeness 

9. Order of Glossary 
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10. Acronym Usage 
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Once the “perfect” document exists, three versions of the document are created. Each 

version is degraded to various degrees in selected properties, until a significant difference 

in each property exists among the three versions (e.g., changing the page numbers in 

several table of contents (TOC) entries of a particular document version to lower the 

quality with respect to Locational Accuracy of TOC). Table 5.1 displays the scores 

rendered by Docalyze for each of the test documents; the number in parentheses 

following each measurement represents the relative ranking by Docalyze of the 

document for that particular property. A description of the changes made to each of the 

documents and the property affected by each change is contained in Appendix B. 

5.3 Selection of Human Evaluators 

The second part of the study requires that the same three document versions analyzed by 

Docalyze be analyzed by a panel of human software engineering experts, so comparisons 

can be made. In selecting the panel of evaluators, the following criteria are considered: 

(a) pursuit of a graduate degree in computer science, 

(b) practical software life cycle experience (i.e., industrial experience), 

(c) concentrated study in the area of software engineering, and 

(d) disassociation with the OPA project 

The degree to which of these criteria are met by the selected panel is displayed in Table 

3.2 
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Table 5.1, Ranking of Test Documen Docalyz 

eteness 0 

oO omenciature 

CcCuracy 0 

eteness 

cron sa 

Reference A lateness 

ccuracy o 

sing/Incorrect References 

  

“ This property is largely subject to side effects from changes to other properties; the 
variation in evaluative measures for this property are attributed to this sensitivity. 

Table 5.2. Qualifications of Software Engineering Experts for Validation 

valuator ntly ustri pecific S.E. on 
Pursuing! Experience? Knowledge? with Project? 

es es es 
es es es 
es es Yes 

oO es es 
es es es 
es es es 

  

1 All degrees listed are in computer science -- M.S. = Master of Science, Ph. D. = Doctor 
of Philosophy. 

2 This evaluator participated in a weakly related area of the research project over 18 
months prior to participation in this study. 

Chapter 5: Validation of the Documentation Analysis Tool 66



5.4 Method of Human Evaluation 

5.4.1 Submission of Documents to Experts 

Once the documents are prepared as described in 5.2, they are ready for submission to the 

panel of human software engineering experts for evaluation. The panel of six evaluators 

is assembled and provided with the following materials: 

* one set of instructions for evaluation of documents, 

* one worksheet for the description of ideal document components, 

¢ three evaluation envelopes, each containing, 

* one of either document version 1, 2, or 3, 

* one evaluation form, and 

* one envelope containing an evaluation consistency form. 

Each of these items is described in the following sections. The instructions and 

worksheets are presented in their entirety in Appendix C and Appendix D, respectively. 

The evaluators inspect the instructions and the worksheets provided to them, writing 

down any questions/concerns they have concerning these materials. Inquiries are 

answered in the presence of all evaluators. By allowing anonymous questions, the risk of 

questions going unanswered due to subject apprehension about the validity of a question 

is eliminated. Answering the questions in the presence of all subjects involved insures 

that all information distributed is identical. 
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5.4.2 Instructions for the Evaluation of Documents 

While it may seem contrived to supply instructions with such a validation study as this, 

the instructions supplied are simply guidelines explaining which document property is 

under scrutiny for each of the fields provided in the evaluation form accompanying each 

document. The only explicit instructions dealing with the evaluation supplied pertain to: 

(1) the use of a 0..10 rating scale, 

(2) the order in which documents are to be evaluated, and 

(3) the disassociation of documents. 

The instructions pertaining to the rating scale to be used are for comparison purposes; 

Docalyze renders evaluative ratings in the range 0..10, and in order to conduct accurate 

and meaningful comparisons between the Docalyze ratings and those of the human 

evaluators, a common frame of reference must be established. The instructions supplied 

are shown below. 

The 0..10 Ratin I 

For fields requiring a rating in the range 0..10, a minimum precision to the tenths (e.g., 7.3) is 

desired. For each evaluative measure recorded, space is provided for justification of the score; 

please feel free to note any factors involved in your decision, since such information is vital to 

interpreting the results for future metric development. 

When rendering a 0..10 rating, please follow the following convention, which differs slightly from 

the usual 0..10 scale: 
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Rating is in the range... | Indicates... 

4.6 no conclusive evidence of the presence/absence of 
the property in question, or the evidence is 
conflicting. 

0.4 evidence of the absence of the property, or the 
degree of detrimental effect incurred. 

6..10 evidence of the presence of the property, or the 
degree of positive effect incurred. 
  

Note that these are merely guidelines to aid in the consistency of your evaluations. Please attempt 
to maintain consistency in your evaluations throughout ali documents. 

The instructions on order of document evaluation are to insure the statistical validity of 

the study; each evaluator is supplied with a unique permutation of the documents to 

ensure that evaluations are not affected by the order in which the documents are 

considered. Since three documents are employed, each of the six possible permutations is 

employed, balancing this aspect of the study. 

Instruction (3) is also to insure statistical validity; since the three documents are 

significant alterations of the same content, the order of comparisons among documents 

could possibly affect evaluations. 

5.4.3 Worksheet for the Description of Ideal Document Components 

Not all of the data rendered from the expert evaluations is used for the statistical 

validation of the measures implemented by Docalyze; some of the information is for 

improvement of the analyzer prototype in future implementations through comparison of 

the measurement descriptions given by human evaluators with those programmed in 

Docalyze. Each member of the expert panel provides a description of the ideal form that 

a selected document component (e.g., table of contents) should assume. The information 
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provided is compared against the ideal expected by Docalyze; the results are used to 

improve future versions of the analyzer. 

5.4.4 Evaluation Envelopes 

As explained above, each evaluator is instructed to analyze the documents in a specific 

sequence. To help insure that this order is observed, each document is placed in an 

envelope which bears the pre-assigned sequence number for evaluation. For example, 

Evaluator A may receive three envelopes, E), E2, and E3, each bearing its subscript. 

Evaluator A is to evaluate the document in E] first, seal the results (and the document) in 

E; when completed, then proceed to E2 and then E3, performing identical actions for the 

contents of each of these envelopes in turn. This method of separate evaluation has the 

effect of curtailing the occurrence of two undesired activities: 

(1) comparison among documents and their respective evaluations in toto, and 

(2) specific comparisons of DQIs among documents. 

5.4.5 Evaluation Consistency Form 

As mentioned earlier, one of the problems associated with manual evaluation is lack of 

consistency, not only between two different evaluators, but also among evaluations 

rendered by the same person. In an endeavor to monitor the second type of consistency, a 

form is distributed to each member of the panel for the description of how consistently 

each felt his evaluations were throughout the study. This form is concealed within an 

envelope labeled “#4’’; the panelists are not informed of its presence prior to the opening 

of this last envelope. 
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5.5 Evaluation of Validation Study Results 

5.5.1 Goal of the Validation Study 

The goal of this validation study is to determine whether Docalyze evaluates documents 

in a manner indistinguishable from that of human evaluators. Due to inherent differences 

in precision and cognizance between human and computer assessments, it is not 

reasonable to expect high agreement in the numerical values rendered by Docalyze and 

the experts. Consequently agreement is examined between the rankings of the documents 

relative to one another, as determined by examination of measures rendered by Docalyze, 

and rankings produced by the average human expert (e.g., if Docalyze rated Document) 

highest of the three for a given property, did the experts rate Document highest as 

well?). To determine the ranking of the experts, the average measurement across the six 

experts for each document for each property is calculated. 

The validity of using the average measurement rendered by six experts is dubious when 

sample size alone is considered. However, selection of study subjects with specific 

criteria in mind alleviates much of the need for a large sample size before drawing 

conclusions based upon averages. Since such criteria are applied in this study (see 

section 5.3) homogeneity exists among the experts with respect to qualifications (see 

Table 5.2); thus it is valid to expect the average measure to be representative of the 

population sample. 
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5.5.2 Interpretation of the Validation Study Results 

In interpreting the results of the study, the evaluation of each documentation property can 

be considered either a success or failure. Tables 5.3a-j display the results of the 

validation study per documentation property, showing the average expert measurement, 

the measurement rendered by Docalyze and the resulting document rankings. If the 

document rankings rendered by Docalyze concur with those of the experts, then the trial 

(i.e., the assessment of the particular documentation property) is considered a success 

(see Table 5.3b). If the rankings rendered by the two samples differs, as shown in Table 

5.3a, then the trial is considered a failure. 

To reach a conclusion regarding the agreement between Docalyze and human evaluators, 

the direct application of a binomial distribution is utilized. [MILT86, p. 59] identifies the 

following underlying assumptions for a binomial distribution: 

(1) The experiment consists of a fixed number, n, of Bernoulli trials, 1.e., 
independent trials each of which can result in a either “success” (s) or a 
“failure” (f). 

(2) P(s) + PG) = 1. 

(3) The random variable X denotes the number of successes obtained in the n 
trials. 

The validation study conforms to all of these assumptions, as described below: 

(1) The validation study consists of a fixed number of trials, the ten 
documentation properties considered in the study. These trials can result in 
either a success or a failure, as described previously. Further, each of the 
evaluations conducted by Docalyze and the experts is independent and 
performed identically to all other related evaluations. 

(2) Since the outcome of any trial can only be either a success or a failure, P(s) + 
P(f) = 1. 
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(3) X is the number of matched rankings (i.e., successes) occurring in the study. 

Since the validation study fulfills all of the conditions placed upon a binomial 

distribution, it is reasonable to consider the rankings derived from this study as binomial 

in nature, and therefore subject to statistical analysis as such. 
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Table 5.3c. Correctness of Table of Contents Nomenclature Measures 

  

  

            

Document Avg. Expert Docalyze Expert Ranking Docalyze 
Measure Measure Ranking 

Docl 9.42 10.00 1 1 
Doc2 6.87 6.54 2 2 
Doc3 3.57 3.91 3 3     

Table 5.3d. Locational Accuracy of Table of Contents Measures 

vg. Expert 
Measure 

yze 

Measure 

xpert 

  

Table 5.3e. Glossary Completeness Measures 

vg. expert 
Measure 

yze 

Measure 

xpert 
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Table 5.3f. Order of Gl Measur 

vg. Expert yze xpert 
Measure Measure 

  

Table 5.3¢. Acron Measur 

  

Table 5.3h. Reference Appropriateness Measures 

vg. rt yze xpert 
Measure Measure 

71 7 

  

Table 5.31. Locational Accuracy of Index Measures 

vg. rt yze xpert 
Measure Measure 

  

Table 5.3j. Missing/Incorrect References Measures 

vg. rt yze xpert 
Measure Measure 
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In order to statistically evaluate the validation study results, the probability of an 

agreement in rankings occurring by chance must be determined. To do this, the number 

of permutations (i.e., rankings) is considered. Since there are three documents under 

evaluation, there are a total of six rankings that can result. Thus, it would be reasonable 

to assume that an agreement in ranking occurs by chance with a probability of .167. 

However, this probability assumes that the three documents are independent in nature, an 

incorrect assumption, as the documents are related to one another; thus, the probability of 

a random success is used, i.e., po = .5, for the purposes of formulating a null hypothesis. 

In other words, for the document rankings rendered by Docalyze to be considered 

indistinguishable from those rendered by humans, significantly more than 50 percent of 

the rankings by Docalyze must agree with human rankings of the same documents for the 

same properties. Ten properties are considered in the study, thus n = 10. 

The hypotheses under evaluation are: 

Ho: pS pol ps.s5 

Hi: p>polp>.5 

Hp is tested by comparing the expected value of X, the number of successes, to the actual 

number of successes [MILT86, p. 231]. Table 5.3 displays the rankings of the documents 

per property for both the experts and Docalyze. Examination of these results reveals that 

8 of the 10 properties involved in the study result in success. Thus X assumes the value 

8. The expected value, E(X), is defined by the following: 

E(X) = npo = 10(.5) =5 
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Since X = 8 > 5, we reject Ho in favor of accepting H}. Because the difference between 

X and E(X) is small, the significance level, a, is examined to determine the probability of 

committing a Type [ error (i.e., falsely rejecting Hg): 

a = P[Type I error] 

= P[reject Ho! p = po] 

= P[X 2 81 p=.5] 

=1-P[X<8Ip=.5] 

=1-P[X<8lp=.5] 

= 1- 9893 

= .0107 

Thus Hg can be rejected with a 0.0107 level of significance, a more than sufficient level 

for the purposes of this study. 
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Table 5.4. Document Rankings Derived from Property Measures, 

  

Property Evaluator Document, Document? Document3 
  

TBD/TBS Docalyze 

Experts 
  

Completeness of TOC Docalyze 

Experts 
  

Correctness of TOC Nomenclature Docalyze 

Experts 
  

Locational Accuracy of TOC Docalyze 

Experts 
  

Glossary Completeness Docalyze 

Experts 
  

Order of Glossary Docalyze 
Experts 
  

Acronym Usage Docalyze 
Experts 
  

Reference Appropriateness Docalyze 
Experts 
  

Locational Accuracy of Index Docalyze 

Experts 
    Missing/Incorrect References   Docalyze 
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N
O
R
 R
P
h
 

G
o
h
 
R
e
e
 

e
f
 D
N
 

DO
 

O
o
 
G
o
f
 

  W
 
G
E
N
 
D
F
G
 

D
O
P
 

b
o
l
 G
o 

G
P
G
 

Go
l 
Go
 
Go

lb
ho

 
b
o
p
 
e
G
 

b
o
 

  m
b
t
 

OD
) 

O
P
 

P
O
O
 
W
P
 

bh 
D
O
P
 
e
e
 
R
e
 

1
G
 

G
o
t
h
 
D
O
F
 
U
o
 

  

5.5.3 Evaluation of Failed Trials 

It is enlightening to examine further the two properties which result in failed trials 

(denoted in Table 5.4 by bold outline), TBD/TBS (“To Be Defined’/’To Be Specified”) 

and Reference Appropriateness. Inspection of the measures and the rationale provided by 

the experts, compared to the measurement approach applied by Docalyze for these 

properties, proves useful in determining the reason for these failures. 
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5.5.3.1 TBD/TBS 

In the case of the property TBD/TBS, the disagreement in measurement is attributable to 

differences in measurement approach and precision. The approach taken by Docalyze is 

to measure the frequency of TBD/TBS statements within the document; the TBD/TBS 

statement per section rate is calculated, and a measure is rendered based upon comparison 

of this rate to a predefined “acceptable” TBD/TBS rate. Thus Docalyze calculates the 

TBD/TBS property measure with regard to frequency only, without consideration of the 

significance of each individual TBD/TBS statement. 

Humans, on the other hand, are capable of factoring the significance of each individual 

TBD/TBS statement into the calculation of their measure of this property. This 

consideration for individual statement significance is evidenced by the following remarks 

provided by two of the study participants: 

This [TBD/TBS statement] seems like something important - so leaving it out for 
now is bad. 

Effect [of TBD/TBS statements] on quality seems light since TBD’s are relatively 
“well-contained”’, i.e., [they] don’t influence existing sections a great deal. 

A further difference in evaluative approach is revealed in the measures given for a 

document with no TBD/TBS statements. Docalyze renders a measure of 10.00 for such a 

document, while 4 of the 6 experts rendered a measurement of 5.00, indicating that there 

was no conclusive evidence upon which to assess the presence of this documentation 

property, as defined by the scale employed (see 5.4.2). Also, in documents containing one 

or more TBD/TBS statements, experts tended to render measures less than 5.00, 

indicating a negative impact of the property on the quality of the document. This 
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observation indicates that as far as humans are concerned, no positively-valued 

“acceptable” rate of TBD/TBS statements exists (per document section), whereas 

Docalyze applies such an acceptable rate in its measurement approach. 

5.5.3.2 Reference Appropriateness 

The other documentation property resulting in a failure to match document rankings is 

Reference Appropriateness. Examination of the average measures used to generate the 

rankings of the documents with respect to this property reveals that the difference 

between the measures of the second and third ranked documents (the positions resulting 

in the failure of this trial), is not large. Such an observation prompts testing the statistical 

significance of the difference between the two values (the second and third). Since the 

measures used to derive the rankings are the averages of the measures rendered by the six 

experts, testing to determine if the measures are significantly different is equivalent to 

testing the following hypothesis: 

Ho: Hi = 2 

Hy: W1 #2 

where [1 and [1 are the average measures for the second and third ranked documents, 

respectively. To do this, a t-test is followed, as described in [MILT86, pp. 295-307]. 

The first requirement of this procedure is to determine whether the two variances, o and 

G5 are significantly different, as the result determines which t-test is appropriate. Since 

the population variances are unknown, the sample variances, 7 and 5 are substituted 

and the following calculations made, as described in [MILT86 pp. 299-300]: 
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Critical Points are defined using the F distribution: 

f.o25 (nj - 1, n2- 1, df) = f.925 (5, 5, df) =7.15 

fo25 (n2- 1, nj - 1, df)=1/fo5 (ni - 1, no - 1, df) = 1/7.15 ~ 0.1398 

Next, the ratio of the sample variances is calculated, and compared to the critical region 

defined above: 

2 
S; 1.617 
2 = 39867 0.4948 

Since the test statistic falls within the critical region (0.1398 < 0.4948 < 7.15), there is not 

sufficient cause to reject Ho. Thus, the variances are considered equal, and a pooled t-test 

is used to test the difference of the means. From [MILT86, p.303] comes the following 

formula for calculating the pooled sample variance, S. 

2 _ (ni - Vs; +(n2- 1s} _ 51.617) + 5(3.268) 
Sp nj) +n2-2 10 = 2.4425 
  

Using the sample means, x, and x2, in place of 11 and Wa, the confidence interval on yj; 

and |12 is calculated, as described in [MILT86, p. 304]: 
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1 
(x1 - x2) + tovs [s5 +=)? 

L 

(7.71 - 6.84) + tors [2.4425 G+ 5]? 

87 £ t.925 (0.9023) 

87+ 2.010 

(-1.140, 2.880) 

Since zero is within the interval above, Hg cannot be rejected at significance level a = 

OS. Therefore the tendency is to accept the null hypothesis that the two means (i.e., the 

measures used in deriving the expert rankings of the documents causing the failure of this 

trial) are not significantly different. If this is the case, then the rankings of these two 

document are effectively interchangeable, resulting in a successful trial in the case of the 

documentation property Reference Appropriateness. Counting Reference 

Appropriateness as a success, X increases from 8 to 9 total successes. Performing a 

significance test yields: 

a =P(Type I error] 

= P[reject Hg! p = pol 

=P[X29|p=.5] 

=1-P[X<9Ilp=.5] 

=1-P[X<9lp=.5] 

=1- .9990 

= .0001 

Thus, when counting Reference Appropriateness as a successful trial, we can reject 
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Ho: p< pol p<.s5 

with a significance level « = .0001, a much stronger assertion than stated in 5.5.2. 

Thus we may conclude with a significance level of .0001 that Docalyze is capable of 

rendering quality assessments of documentation indistinguishable from those of human 

experts. 
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6 Conclusion 

6.1 Summary 

This thesis presents a procedure for the automated assessment of several characteristics of 

computer software documentation quality. Chapter 1 introduces the problem of 

documentation quality assessment, and describes the steps taken in this research to solve 

the problem. Chapter 2 presents a review of the pertinent literature, discussing the 

several disciplines which contribute to the problem solution. Chapter 3 describes the 

Objectives/Principles/Attributes Framework, the foundation of the documentation 

assessment procedure. Chapter 4 describes the structure and function of Docalyze, a 

prototype analysis tool which implements a subset of the measures defined in Chapter 3. 

Chapter 5 describes the study used in validating the assertion that Docalyze renders 

assessments comparable to those of human experts. 

The premise of this thesis is that an approach exists that is capable of software 

documentation quality assessment in an automated manner. To support this assertion, a 

procedure by which the OPA Framework is applied to documentation quality assessment 

is described. This procedure is then partially automated, in the form of a prototype 

documentation analysis tool. 

Chapter 6: Conclusion 84



The validation study described in Chapter 5 is designed to determine whether the results 

rendered by Docalyze are distinguishable from those of human experts in software 

engineering. The results of the study showed that in 90 percent (9 of 10) of the properties 

assessed, Docalyze rendered results indistinguishable from the average human expert. In 

addition, Docalyze produces evaluative measures far more consistent than those of 

humans, since it is not subject to physical or mental anomalies. The speed with which 

Docalyze performs is another advantage in its application to the assessment of 

documentation. 

The validation applied to the assessment procedure presented in this thesis is significant, 

for it applies a scientifically based approach; the evaluative measures rendered by 

Docalyze are not compared to existing proposed metrics (there are currently none to do 

such a comparison), rather, the results are compared to the assessments of experts. This 

method yields information upon which much stronger assertions can be made than “our 

metrics correlate with everyone else’s,” a common (and dubious) practice within the 

software engineering community. 

6.2 Future Research 

While the research described in this thesis demonstrates that automatic assessment of 

several characteristics of documentation quality can produce results comparable with that 

of humans, much development in the area of applying the OPA Framework to the 

assessment of software documentation quality remains. The areas of particular note are 

the following: 

¢ refinement of automated DQI measurement 
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* continued automation of DQI measures 

¢ integration of documentation, process, and code assessment 

6.2.1 Refinement of Automated DQI Measurement 

The data provided by the validation study includes not only numerical measures of 

documentation properties, but the rationale applied by the experts in rendering each 

measure. This information can be applied towards improving the measurement 

approaches currently employed by Docalyze to create a more reliable and accurate 

analyzer. Of particular concern is the method by which Docalyze determines the 

keywords of a document, since this approach is currently rather crude compared to 

potential approaches. Since several of the measures currently undertaken by Docalyze 

employ the document keywords, improvement in this area can render significant 

improvement in several areas. 

6.2.2 Continued Automation of DQI Measures 

Currently, Docalyze renders measures relating to only 11 of the 38 currently defined 

DQIs. Obviously, an increase in the number of automated DQIs is a goal. Now that a 

foundation has been laid, expansions and additions should be possible to create a more 

comprehensive quality analysis tool for documentation. 

6.2.3 Integration of Documentation, Process, and Code Assessment 

The original hierarchy for documentation quality assessment, as described in [STEV88], 

did not apply the indicator approach to quality assessment in a manner congruent with the 
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existing OPA Framework research. The contents of this thesis bridge the gap between 

the existing OPA Framework and that foundational work, by describing documentation 

quality assessment in terms of software engineering objectives, principles, and attributes. 

The next logical step is to integrate the assessment of software documentation with the 

assessment of the software process and code. Work is currently under way in each of 

these separate areas, but there is a need to tie these three components together to render 

an assessment of the complete product, through analysis of its components and the 

activities creating them. 
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This appendix defines each of the existing Documentation Quality Indicators by the 

property measured. For readability and ease of understanding, each DQI is defined using 

the following format: 

Property: The name assigned to the property in question. 

Attribute: The attribute in the OPA Framework which paired with the above 

property forms a documentation quality indicator (DQD) 

What is measured: A brief description of what directly measurable characteristic of 

documentation is measured. 

Rationale: This section contains the rationale for inclusion of the property in 

question in the assessment of documentation quality. 

Measure: The approach applied in rendering an assessment of the property in 

question. This section includes any intermediate data collected and 

methods of representation where appropriate. 

Metric: The mathematical formula(e) used in calculating the numerical 

value assigned to represent the assessment of the property in 

question. 
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A.2.1 Property: Acronym Usage 

Attribute: Comprehensibility 

What is measured: The degree to which acronyms are used in a well-defined and 

consistent manner. 

Rationale: Acronym usage is helpful to the user of a document only if the 

acronyms are defined in a readily accessible manner and are used 

consistently. 

Measure: Each acronym used in a document is checked for the following: 

¢ definition at initial usage OR 

¢ definition in the glossary or acronym list accompanying 

the documentation, with reference to such a list on initial 

use 

¢ similar contexts among occurrences of an acronym 

(referred to below as a “proper use’”’) 

The meaning of an acronym in this case is simply its verbose form. 

For example, SRC “means” Systems Research Center. Once it has 

been used in this context, SRC should not appear anywhere in the 

same document(s) meaning State Regulatory Commission. This 

would be an instance of inconsistent usage of an acronym. 
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Metric: N = the number of keywords in the document 

N 
K= > Frequency; 

i=1 

Significance; = Frequency 

Definition; = 0.5, if the acronym is defined at initial use or in a 

list 

0, otherwise 

, # of Prevalent Occurrences of Acronym; 
Frequencyj 
  Usage; = 0.5 

N 
Acronym Usage = 10 * ¥& {(Definitionj + Usage;) * Significance;} 

i=] 
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A.2.2 Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Adequacy of Print 

Recognizability 

The adequacy of the display techniques used in the documentation. 

The readability of a document is affected by its physical attributes 

as well as the way in which the content is presented. Line length, 

character size, highlighting and use of white space are all 

influential in the physical readability of a document. 

For each of the categories mentioned in the rationale, a measure is 

taken as appropriate. Each of these measurements is compared 

against accepted standards from the literature and ranked 

accordingly. These measures will remain separate, so that the 

nature of a deficiency can be readily identified. 

Optimal character size has been deemed to be 8-10 point, 

depending upon the font used. A judgement as to where in this 

range the employed font lies can be made on a per document basis 

with little loss of objectivity. 

Highlighting techniques, such as bold typeface, italics, and 

underlining will be noted, but a means to determine the appropriate 

use of such techniques has yet to be developed. 

Character Size (CS) = 0, if CS < 8 point 

10, if 8 <CS < 10 

MAX[10 - (CS - 10)], if CS > 10 

Highlighting could be evaluated against some standard # of 

highlighted terms per page, perhaps. 

Appendix A: Documentation Quality Indicator Definitions 99



A.2.3 Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Adherence to Standards = 10 * 

Adherence to Standards 

Comprehensibility 

The degree to which the documentation is in accordance with the 

specified documentation standards. This measure is similar to 

Documentation Coverage, but the emphasis is more focused on 

format than content. 

Consistent use of standardized methods enhances the ability of the 

documentation user(s) to comprehend the information presented. 

A list of required items (e.g. TOC, index, acronym list) is compiled 

by referencing the particular documentation standard in use. The 

documentation is then examined to determine the extent to which 

each item is present. By using a weighting scheme to assign 

relative importance to each item being considered, an overall score 

is Calculated. 

Item presence = 1, if the item is present 

0, otherwise 

(alternative: a numerical assessment of the extent to which an item 

is present within the documentation.) 

Item importance = a numerical assessment of the importance of the 

item relative to the other required items. The sum of all values of 

item importance equals 1.0. 

# items 
> (tem presence; * Item importancej) 
i=1 
  

# Items 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Bottom-Up Traceability 

Traceability 

The extent to which the claimed functionality of a code component 

is designated by successively higher levels of specifications 

through design to requirements. 

From any level, a path of designated components at successively 

higher levels of specification should be defined to promote ease-of- 

change. This applies particularly to the objective of 

maintainability, since in order to update/correct/change a code 

module, the maintainer may need to reference the design 

specification which motivates creation of the code module. 

Further, reference to the requirements specification may also be 

necessary. 

This approach uses three sets as its domain. These sets are: 

Base sets (determined from raw data): 

r = requirements (r;,) set forth in system specification 

d = design specifications (dsj) from design doc. 

c = code modules (cm;) used to implement design 

Derived sets (calculated from Base sets): 

cd = code modules that support some design specification. 

Sets of (cm;, dsj) pairs 

dr = design specifications that support some requirement 

specification. Sets of (dsj, Ty.) pairs. 

cdr = cd JOINcg ds=dr.ds dr, OR 
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(cm;, dsj, Tx) triples, where (cm; ds,) € cd, (dsy, T) € rd, 

and dsj =ds, = dsy, where x = y. Code modules 

instantiating both design and requirements. 

  
Relationship between bottom-up traceability sets. 

  

Further information-yielding calculations: 

  

(cd - cdr) 

ds 

has no motivating requirement specification. 

= code that instantiates some design specification, but 

ee = % of all code modules traceable to design 

ldr| . . 
1a 7 2 of all design specs. traceable to requirements 

Icdrl . Ted = % of all code modules traceable from code to design 

specifications to requirements specifications (fully traceable code 

modules) 

To determine if a requirement is fully traceable (i.e, traceable from 

code to design to requirements), it is sufficient to note whether it is 

a member of the set cdr, as this set contains those code modules 
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Metric: 

that were traceable from code to design and from design to 

requirements. 

As with Top-Down Traceability, this set-based method enables a 

more precise determination of where a problem exists, either in 

the requirements, design or code phases, as the sets can be 

compared in different ways with relative ease. 

C>cd5D cdr 

Scope of bottom-up traceability sets. 

There are three metrics involved in assessing Bottom-Up Traceability: 

Code --> Design Traceability 

\cd\ 
Ta 10 

where \cd\ denotes the number of unique cm,’s in cd. 

Code --> Design --> Requirements Traceability 

\cdr\ 

Icl 
  * 10 

where \cdr\ denotes the number of unique cm;,’s in cdr. 

Design --> Requirements Traceability 

\dr\ 
ia 10 

where \dr\ denotes the number of unique dsj’s in dr. 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Code Utilization 

Accuracy 

The degree to which the existing code modules are necessary to 

fulfill the design specifications set forth in the design 

documentation. 

Code which supports no design specification is superfluous, 

possibly the remnant of a previous design specification which has 

since been deleted or a ‘utility’ module constructed in advance and 

never used. Such code may actually be useful, however, appearing 

to be superfluous as a result of insufficient documentation. Poorly 

documented code modules can create difficulties during 

maintenance. Also, new errors may appear as a result of repairs 

made to a code module which has undocumented influence on 

another portion of the product. For these reasons, unused code 

modules should be removed and those retained adequately 

documented. 

A set-based approach is used to assess this property. First, a set of 

all code modules, C,o14] is constructed. Next, a subset of Cyt), 

C 

which support the implementation of some design specification(s) 

q is constructed. C,.eg contains only those code modules 
use use 

(i.e., a code module must support a valid design module to be a 

member of C,,..q). Perhaps Dy ceg (see Design Utility) could be 
use use 

used as the set of valid design modules. 

The cardinalities of these two sets are used to calculate the 

proportion of necessary code modules relative to all extant code 

modules. Note that a low value could indicate either poorly 

documented code, or the existence of unnecessary code modules. 

| Cused ! 

[Crom 12 
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Property: 

Attribute: 

Completeness of Table of Contents 

Accessibility 

What is measured:The degree to which all important topics contained in the 

Rationale: 

Measure: 

Metric: 

documentation are included in the table of contents. 

If a table of contents is to be of assistance to the user of a 

document, it must be complete. This means that the table of 

contents should include all topics that are of sufficient importance 

that a section of the documentation has been dedicated to them. If 

important topics are not included, then the table of contents loses 

effectiveness as a reference aid. 

Completeness is measured by evaluating the extent to which all 

sections are contained within the table of contents. The reasoning 

behind this is that if a topic is important enough to warrant a 

separate section within the documentation, then an entry in the 

table of contents is warranted as well. 

The sections can be counted by parsing the document set and 

counting each section heading, as these headings should have a 

distinct format. 

2 * # Missing TOC Entries 
  Completeness of TOC = MAX(0, 10 - (10 * # TOC Entries )] 

Appendix A: Documentation Quality Indicator Definitions 105



Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Locational Accuracy of TOC = MAX[(0, 10 - (10 * 

Locational Accuracy of Table of Contents (TOC) 

Accessibility 

The accuracy with which the TOC cites the section locations and 

titles. 

If a table of contents is to be of assistance to the user of a 

document, it must correctly guide the user to the location of the 

desired section. Inaccuracies of this nature cause wasted time and 

effort, and thereby diminish the effectiveness of the TOC as a 

reference tool. 

As each section is encountered within the document body, the 

location (i.e., page number) in which the section begins is checked 

against the location stated by the corresponding TOC entry for 

accuracy. The ratio of inaccurate TOC entries to the total number 

of TOC entries is used as the basis for this measure, with the 

number of inaccurate entries doubled for emphasis. 

2 * # Inaccurate Entries), 

# TOC Entries 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Correctness of TOC Nomenclature = MAX[0, 10 - (10 * 

Correctness of Table of Contents (TOC) Nomenclature 

Accessibility 

The accuracy with which the TOC cites the section titles. 

If a table of contents is to be of assistance to the user of a 

document, it must be accurate, including the citation of section 

titles. Inaccuracies of this nature diminish the effectiveness of the 

TOC as a reference tool. 

As each section is encountered within the document body, the title 

of the section is checked against the title stated by the 

corresponding TOC entry for accuracy. The ratio of incorrect TOC 

entries to the total number of TOC entries is used as the basis for 

this measure, with the number of incorrect entries doubled for 

emphasis. 

2 * # Incorrect Headings ; 
#TOC Entries? 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Design Supported by Code 

Accuracy 

The degree to which the design specifications are realized by the 

code (1.e., implementation). 

In order to accurately reflect the product it describes, each design 

specification must be realized by some code module(s). This 

property can affect the objective of correctness in both a positive or 

a negative direction. If the design is inaccurately represented by 

the code, then the requirements that the design represents are not 

met, thereby negatively affecting product correctness. In the 

reverse direction, if all of the design specifications are realized by 

the code, then the code will be as correct ‘as the design. 

The following sets are constructed in order to measure the 

existence of design support present in the code: 

Dges = the set of design specifications which support some 

requirement(s), extracted from the design documentation 

(see D,.¢q in the description of the Design Utility 

indicator). 

D = the set of design specifications found to be supported by 

the code. 

code 

These two sets are intersected to determine the extent to which the 

code accurately represents the design. Only utilized design 

specifications are considered for Dg,,, since no credit should be 

given for code in support of superfluous design. 
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Metric: The metric will be based on the proportion of design specifications 

represented within the code: 

IDenDel)', , 
I Dal j=1, 2, 3,..., n 

Where j increases with the progression of the software 

development life cycle, so that a greater emphasis is placed upon 

code accuracy the further the process advances (i.e., a 50% degree 

of support during stage 1 yields a metric value of .5! * 10 =5, 

where the same degree of support during stage 2 yields a metric 

value of .52 * 10 = 2.5). 
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Property: 

Attribute: 

Design Utility 

Accuracy 

What is measuredThe number of design specifications which fulfill some 

Rationale: 

Measure: 

Metric: 

requirement specification. 

In the course of project development, requirements are changed, 

added, and deleted from the original set of requirements 

specifications. If a requirement is removed or changed, then the 

corresponding design specification(s) should be removed or 

changed to accommodate this action. Design specifications which 

are not updated properly become a catalyst for confusion during 

both the implementation and maintenance stages of software 

development. 

A set-based approach is used to assess this property. First, a set of 

all design specifications, D,,,,; 1s constructed. Next, Di.eg, a 

subset of Dot), 18 constructed. D,..q contains only those design 

specifications which support the development of some requirement 

specification(s) (i.e., the requirement supported must currently be 

valid). 

The cardinalities of these two sets are used to calculate the 

proportion of the existing design specifications which have utility 

with respect to fulfilling requirements. 

The metric is the ratio of necessary design to extant design: 

| Dused | * 
mo * 10 
| Deotal | 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Documentation Coverage 

Completeness 

The degree to which the items required by the documentation 

standard (i.e., sections, modules, documents) are present within the 

documentation. 

Standards are defined with a specific purpose in mind: to insure 

that those items deemed “necessary” are present in a product. 

Such items are necessary to insure that the product can be utilized 

in a Straightforward manner, and that all needed information is 

present. Therefore, all items required by the documentation 

standard should be present if the product is to be considered 

complete. 

Given a standard (e.g. DoD-STD-2167A), evaluate the 

documentation set for completeness of coverage relative to the 

items required by the standard. 

For each item required, formulate a list of components for the item. 

Evaluate the documentation for: 

1. presence of required items 

2. if item present, presence of components within the item 

Compute total domain coverage by taking the sum of the 

completeness of each item over all items relative to the total 

amount of items required. 
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Metric: 

n 

# Components present; 
Actual Component Presence = el weicht: 

P sence by components required; weight; 
i=1 

  

n 
Possible Component Presence = > weight; 

i=1 

Actual Component Presence 
Possible Component Presence 
  Documentation Coverage = 10 * 

Where n is the total number of required items and weight, is the 

relative importance of item;. 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Factual Consistency 

Consistency 

The degree of consistency across documents with respect to “facts” 

(i.e., file names, enumerations of items, etc.).Webster’s defines a 

fact as: 

* an assertion, statement, or information containing or 

proporting to contain something having objective reality 

For purposes of this indicator, a “fact” is a definitive or specific 

statement/term that has a specific value associated with it. 

Differing values across documents causes a document to be 

inaccurate, and hence, misleading to the user. Conflicting values 

across documents could lead to confusion, poor assumptions, and 

lack of faith in other documents. 

For each document section, create a table of “facts”, representing a 

fact as a <variable, value> pair. 

By comparison of the tables of related sections of the 

documentation (i.e., sections pertaining to the same requirement), 

calculate the following: 

Facts In Common (FIC) = the set of facts shared across related 

sections. 

Consistent Meaning (CM) = the set of all facts in FIC which 

have the same value. 

Factual Consistency = cardinality of CM divided by the 

cardinality of FIC 

“Relatedness” of sections is determined by traceability links 

calculated by the Top_Down Traceability indicator. 
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Metric: 

1|CM | 
| FIC | 

S 
10*F of Comparisons 

Where S is the set of all "related" sections (see Measure above) 

Note: probabilistically, one would expect a certain percentage of 

the significant “facts” to be carried down from a higher level 

document to a lower level one. Given such a (standard) probability, 

a metric could be devised which evaluated the sufficiency of the 

factual consistency relative to the threshold probability value. 

Appendix A: Documentation Quality Indicator Definitions 114



Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Format Appropriateness 

Comprehensibility 

The suitability of the presentation style or /ayout, i.e., are the best 

methods followed with respect to the use of charts, graphs, tables, 

and other graphic presentation formats. 

The methods used to convey information have a direct effect on the 

comprehension level of the user. Selection of the best (worse) 

method to display information can enhance (hinder) document user 

comprehension. 

The appropriateness of tables, graphs, and charts is difficult to 

determine, but one method is to note situations in conventional text 

(i.e., prose) which could better be represented in a graphic format. 

For instance: 

List - long sequence of <phrase, phrase, phrase,...> 

Table - list of <phrase,...value, phrase,...value,...> 

Graph - multiple occurrences of phrases of the form 

<FROM x TO y> within a passage, where x and y are 

numerical in nature. 

The text is examined for the presence of such situations, and the 

ratio of inappropriate representations to all such representations is 

calculated. 

Other components of format appropriateness involve line length, 

margin size, and consistent placement of graphics titles (e.g., 

figures and tables). Each of these components comprises a 

separate evaluative measure with respect to format appropriateness. 
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Metric: The four component metrics of this property are: 

# lines of length < 70 chars 
Line Length = 10 * total # lines 
  

# pages with margins in ideal range 
  1 ; _ * Margin Size = 10 total # pages 

# consistently placed titles 
total # titles 
  Graphics Titles = 10 * 

_ # appr. format Format Appropriateness = 10 - (#2 oo 10) 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Format Consistency 

Consistency 

The application of a consistent format throughout items within the 

same class (e.g. an index is in the class of indices) within a 

document set, and within a single document, where appropriate. 

Usability is enhanced by the consistent use of a format, as once an 

item format has been observed, the reader has a priori knowledge 

of what to expect in further related items. Conversely, 

inconsistency in formatting can lead to reader confusion and time 

wasted in familiarizing with each item of a document, even after 

having encountered several items of the same type previously. 

Key re-occurring items of software documentation are sampled and 

an intra-class comparison made. The proportion of those items 

with consistent format is calculated per class, and each class is 

weighted by its overall contribution to document usability. These 

figures are then summed to determine the overall consistency 

measure with respect to formatting. 

#format characteristics present 
total # of characteristics 
  Consistency = 

#Consistent = Dall items in class Consistencyjtem 

#Consistent 
Class Consistency = Ftems in class 

0 < Weight,,,.. < 1.0 class 

Format Consistency = » (Class Consistency,),.. * Weight jacg) 
all classes 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Format of Table of Contents (TOC) 

Accessibility 

The application of a formatting scheme to the TOC which assists in 

the maximum amount of information about the document 

comprehension, while supporting ease of use. 

The user of a document should be able to determine the content, 

hierarchical organization, and component length(s) of a document, 

simply by perusing the TOC. The format used in presenting the 

information contained within a TOC directly affects the user’s 

ability to perform the above actions. 

The TOC is evaluated for the presence of the following attributes: 

¢ use of keywords in section titles 

* use of meaningful indentation 

¢ use of different typefaces (incl. sizes) to convey hierarchical 

organization of sections | 

* use of section numbers in TOC entries 

¢ use of a single column for page numbers 

Each of the above attributes is assigned a significance value, 

reflecting the relative importance of the presence of the attribute in 

the TOC. If an attribute is deemed present, its significance value 

contributes to the Format of TOC metric value. 

Keyword Use = (0 or 1) Keyword Significance = 0.5 

Indentation Use = (0 or 1) Indentation Significance = 0.20 

Typeface Use = (0 or 1) Typeface Significance = 0.20 

Section Number Use = (Oor1) Section # Significance = 0.05 

Single Column Use = (Oorl1) Single Col. Significance = 0.05 

Format of TOC = 10 * » (Presence;rem * Significance:tem) 

all items 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Glossary Completeness 

Accessibility 

The degree to which the glossary contains entries for terms which 

should be in the glossary. 

A useful glossary enables the user to find definitions of terms 

specific to the project quickly and easily. This enables selective 

reading without having to worry about missing the definition of a 

term/acronym at its first usage. A useful glossary contains all 

terms for which target users of a document may need explicit 

definition (project specific terms, acronyms, abbreviations). 

Completeness of the glossary is assessed by checking whether all 

project-specific terms and acronyms are defined in the glossary. 

Deductions are made for each omitted entry, augmented by a term 

frequency weighting scheme. 

Set: 

freq(term,) 

) ~ # terms ? 

y freq(term;) 
i=l 

Keyword Signifigance; (KS; 

Glossary Presence; (GPj) = 1 if term; is an entry in the glossary, 

0 otherwise. 

K 

Glossary Completeness = 10 * §° KS; * GP; 
i=1 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Index Format 

Accessibility 

The use of an effective organization of the index. 

A good index enables the user to selectively read sections or 

segments of a document that address specific topics of interest. 

The format of an index should contribute to document usability by 

providing efficient and convenient access to important terms/topics 

within a document. The organization of an index determines the 

effectiveness with which this contribution is achieved. 

The order of the index is typically alphabetical, and a known (i.e., 

familiar) 

ordering greatly enhances the searching process. The use of an 

organization is evaluated, including the possibility of nested lists 

under broad topics contained within the index. Other effective 

orderings, if encountered, will be subjectively evaluated for their 

utility. 

Grouped by heading/subheading (alphabetical) = 10 

Grouped by heading/subheading (non-alphabetical) = 7 

Alphabetical, separate entries = 5 

Non-alphabetical, but some ordering scheme used = 3 

Other = 0 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Invariance of Concept 

Consistency 

The extent to which the idea/meaning of each requirement is 

preserved in the intermediate specifications, from design to code. 

Variations in meaning among documents denote a transition in 

interpretation of a requirement. This in turn may mean that a 

requirement is unsupported, even though the documentation states 

otherwise. 

Check "related" sections of documents (1.e., sections related across 

requirements, design, and code ) to determine if the central idea of 

the requirement is preserved at successively less abstract levels of 

specification. 

> ISIM(x,y) > threshold 

  

. _ * Invariance of Concept = 10 # of Comparisons 

Where S is the set of all "related" sections (see Measure above) 

NOTE: the assessment of this quantifier is in conjunction with the 

two “Realization” measures - those requirements found to be 

supported in the design/code documentation are checked to insure 

that the spirit of the requirement was actually supported. 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Keyword Context Consistency 

Comprehensibility 

The degree to which keywords are used consistently across all 

portions of a document set. A keyword is any symbol string 

deemed to the project (acronyms and abbreviations excluded). 

The use of keywords in a documentation set should be consistent 

with respect to meaning throughout the documentation. Usability 

is greatly diminished if this is not the case, because the user may 

easily become confused by conflicting use of a keyword within the 

documentation. 

A list of keywords is constructed. Associated with each keyword 

is a collection of the contexts in which the keyword is used 

throughout the documentation text. Each context is compared with 

the other contexts in which the keyword is used for consistency of 

meaning. 

These comparisons are effected through the use of a table, as 

shown below. This table is analyzed for consistent usage of 

keywords, by comparing each instance of a keyword with every 

other instance. 

  

ontext 

Keywor nsistency Tabl 
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Metric: W = the number of keywords in the document 

Ww 
K= 2 Frequencyx 

x= 

Keyword Signifigancex = “Tequencys 

# of Prevalent Occurrences of Keyword, = 

MAXoOver all contexts y(Occurrences of Keyword, within Contexty) 

# of Prevalent Occurrences of Keyword, 
Frequency, 
  Consistency; = 

WwW 
Keyword Consistency = 10 * (Consistency, * Signifigance, ) 

x= 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Locational Accuracy of Index 

Accessibility 

The accuracy with which the index cites locations of terms. 

A good index enables the user to selectively read sections or 

segments of a document that address specific topics of interest. If 

an index misleads a user with respect to the locations of a term 

within the text of a document, the user suffers losses of both time 

and confidence in the documentation. 

Correctness is an assessment of the accuracy of the entries (1.e., if 

the index says missile warning system appears on page 22, does 

it?). Deductions are made for erroneous entries, perhaps 

accounting for the degree of error committed in each case. 

A more important facet of correctness is the degree to which a term 

is represented at the location(s) specified by the index (i.e., is the 

term actually discussed, or does it just make a cameo appearance?). 

This might be assessed by determining whether the object term is 

used as the subject of a sentence on the page noted within the 

index. 
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Metric: LOC, = 0, if location of instance x of a word is incorrectly 

specified in index 

1, if location of instance x of a word is correctly specified 

in index 

nj = number of instances of word i in a document 

E = # of entries in index 

E 
N = > nj = sum of all word instances 

1 

nj 
¥ LOC, 

Locations; = * ny 

E 
>» Locations; 

Locational Accuracy of Index = 10 * —y-- 
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Property: 

Attribute: 

Missing/Incorrect References 

Completeness 

What is measured: The proportion of missing references to the total number of 

Rationale: 

Measure: 

Metric: 

existing references in the documentation. A “missing” reference is 

defined as: 

¢ a referenced section that doesn’t contain the subject 

referenced 

¢ the lack of a reference where one would be appropriate 

This measure shall take into account only the first type of missing 

reference, as objectively determining where a reference should be 

is difficult if at all possible at the present time. 

Documentation which does not explicitly link related sections 

together for the user is not only less useful, but less complete than 

documentation which is linked textually as well as 

organizationally. 

A table of references is constructed, including the referenced 

locations. Each cited location is checked to determine if the topic 

it is purported to cover is actually present at the location. 

2 * # Missing References) } ] - * 
MAX [ 0, 10 { 10 Total # References 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Module Appropriateness (Module Apparentness) 

Comprehensibility 

The suitability of the physical division of text modules at several 

levels of magnitude (1.e., sections, documents, chapters) within the 

documentation. 

Usability of the documentation is enhanced if the reader can garner 

information about the structure/content of a document through 

simple perusal, as opposed to searching for every necessary detail. 

Documents should begin on a new page, paragraphs and sections 

should be delimited by a consistent number of blank lines, 

indentation and possibly typefaces. The measure shall account for 

the most important of these, spacing. A general rule is as module 

level increases, so should spacing. This is reflected in the 

evaluation criteria below. 

Text: double-spaced 

Paragraphs: 2 * Text = 4-spaced 

Sections: Paragraphs, plus distinctive headers 

Documents, Large Sections: New page 

# appropriate divisions 
total # divisions 
  Module Appropriateness = * 10 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Order of Glossary 

Accessibility 

The use of an alphabetical ordering format in the glossary. 

A good glossary enables the user to find definitions to terms 

specific to the project quickly and easily. This enables a reader to 

read selectively without having to worry about missing the 

definition of a term/acronym at its first usage. The order of the 

glossary should be alphabetical, as this is the universally accepted 

format, and due to the fact that an alphabetical format greatly 

enhances the search process by paralleling the intuition of users. 

The glossary is examined to determine if alphabetical ordering is 

employed. Deductions are incurred for each unordered entry, 

relative to the size of the glossary. 

# of Ordered Glossary Entries 
# of Glossary Entries 
  Ordering of Glossary = 10 * 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Reference Appropriateness 

Accessibility 

The proportion of references made within the documentation 

which are deemed appropriate or proper. 

Unnecessary references are a waste of the user’s time, as time 

spent tracking down an irrelevant or insignificant reference could 

be better spent pursuing important information. A low score in this 

indicator could be indicative of: 

¢ a “jumbled” or disorganized documentation process 

¢ overkill on the part of the development team (how much 

is too much?) 

The references made throughout the documentation are collected in 

a table containing the subject and the location referenced. The 

referenced locations are then assessed for appropriateness, by 

determining the amount of relevant information present at the 

referenced location. To this end, a similarity measure is calculated, 

representing the similarity of the referenced section to the context 

in which the reference is made. A threshold value is used to 

discern appropriate references from inappropriate ones (see the 

Property Missing/Incorrect References). The similarity values of 

all appropriate references are averaged as the basis for this 

measure. 
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2X Similarity (x,y) 
App. Refs. 

# Appropriate References 
  Metric: Reference Appropriateness = 10 * 

Where: 

¢ x and y represent the context of the referenced and the 

content of the referenced section, and 

¢ Similarity (x,y) 2 appropriateness_threshold 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Requirements Supported by Design 

Accuracy 

The degree to which the requirements set forth in the system 

specification document are present in the design documentation. 

In order for a document to accurately reflect the product it 

describes, all requirements must be represented in the design 

documentation. A design that does not include all requirements 

increases the probability of product defects, as these inaccurate 

design documents are later used to implement the product in the 

form of code. 

The following sets are constructed in order to measure the 

existence of requirements support present in the design: 

Rreq = the set of all specified requirements, extracted from 

the requirements documentation. 

Rages = the set of specified requirements found to be 
supported by the design documentation. 

These two sets are intersected to determine the extent to which the 

design accurately supports the requirements. 

The metric will be based on the proportion of requirements 

specifications represented within the design: 

ees #10 j=1,2,3...n 

Where j increases with the progression of the software 

development life cycle, so that a greater emphasis is placed upon 

design accuracy the further the process advances (i.e., a 50% 

degree of support during stage 1 yields a metric value of .5! * 10 = 

5, where the same degree of support during stage 2 yields a metric 

value of .52 * 10 = 2.5). 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Simplicity/Modularity 

Comprehensibility 

The appropriate division of modules in the documentation should 

promote expressions of a single theme by each section/subsection 

of a document. This division should adhere to a concept of 

bottom-up or synthesis of information, i.e., the theme of a section 

is aggregated from its subordinate sections. 

Document comprehension is enhanced by the reader having to 

consider only a limited number of related topics. Ease of reading 

is enhanced, and reading time is shortened (decreased). 

Each section is ranked by its hierarchical level, as determined by 

the number of periods in its section number (i.e., section 5 has 

level 0, while section 5.1.4 has level 2). The sections occupying 

the least abstract (i.e., the highest numbered) level(s) are analyzed 

for simplicity by evaluating the number of topics covered. (High 

level sections (HLS) containing more than one theme should be 

reevaluated for partitioning into separate sections.) The next 

highest level sections should be composed only of topics that can 

be constructed by the topics of their subordinate sections, and the 

modularity evaluation determines whether all information in a 

module can be attributed to topics in its subordinate modules. 

HLS, = number of high level sections containing x themes 

. ae S1 * 2) + CHLS> * 2 
Simplicity = 10+ [Sah ee , 

NTS = a non-terminal section, i.e., a section that is not the least 

abstract in a document 

# of themes introduced in NTSs 

total # of themes 
  Modularity = 10 * 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

TBD/TBS (To Be Defined/To Be Specified) Frequency 

Completeness 

The frequency of references to a later point in the development 

epoch for items in project development (e.g. “to be defined ...”, “to 

be specified ...”) that occur within the documentation. 

The existence of references of the above form inhibits a user’s 

garnering of needed information from the documentation. These 

references leave gaps in the documents where they exist. 

In order to assess this quantifier, phrases of the “TBD/TBS” form 

must be counted. These phrases can be counted by searching for 

the literal phrases denoting such references (e.g. “to be defined ...”, 

“to be specified ...”, etc.) 

The frequency of TBD/TBS phrases is compared to a pre-defined 

threshold noting the "acceptable" rate of TBD/TBS phrases per 

document section. 

  

# TBD/TBS Phrases )] _5* 
MAX [o, 10-5 ( # Sections * Acceptance Rate 

Where 0 < Acceptance Rate < 1.0 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

TBD/TBS (To Be Defined/To Be Specified) Persistence 

Completeness 

The frequency of references to a later point in the development 

epoch for items in project development (e.g. “to be defined ...”, “to 

be specified ...”) that occur within the documentation. 

The existence of references of the above form inhibits a user’s 

garnering of needed information from the documentation. These 

references leave gaps in the documents where they exist. 

In order to assess this quantifier, phrases of the “TBD/TBS” form 

must be counted. These phrases can be counted by searching for 

the literal phrases denoting such references (e.g. “to be defined ...”, 

“to be specified ...”, etc.) 

TBD/TBS statements are appropriate at many times during the 

development of software documentation, but those statements that 

remain unresolved over time detract from the accuracy, 

completeness, and usability of the documentation. The persistence 

of TBD/TBS phrases from one development epoch to the next is an 

indicator of the inability to resolve the (underlying issues to 

eliminate) (issues underlying the elimination of) these phrases. 

# Phrases in Baseline at Time t 

# Phrases in Baseline at Time t-1 
all baselines 

Total # of Baselines 

  

  TBD/TBS = 10 * 
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Property: Top-Down Traceability 

Attribute: Traceability 

What is measured: The degree to which requirements are designated in successively 

lower levels of specification from design through code. 

Rationale: If the requirements cannot be followed through design to 

implementation, the usability of the documentation is diminished. 

Measure: This approach uses three sets as its basis. These sets are: 

Base sets (determined from raw data): 

r = requirements (rj) set forth in system specification 

d = design specifications (dsj) from design doc. 

c = code modules (cmj,) used to implement design 

Derived sets (calculated from Base sets): 

rd = requirements supported by design documentation. (r;, 

dsj) pairs 

dc = design specifications supported by code 

documentation. (dsj, cmy,) pairs 

tde = rd JOIN; ds=de.ds 4 

OR (;, ds;, cm ,) triples, where i, ds,) € rd, (dsy, cm,) € 

dc, and ds; =ds, = dsy, where x = y. Requirements 

represented by both design and code documentation. 
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Relationship between top-down traceability sets. 

(rd - rdc) 
ds. = requirements represented by design documentation, but 

not code documentation. 

Trl = % of all requirements traceable from requirements spec. to 
I rd | 

| 

design 

I rdc | . . 
Trl = % of all requirements traceable from requirements spec. to 

both design and code (fully traceable requirements) 

rDrdDrdc 

Scope of top-down traceability sets. 

To determine if a requirement is fully traceable (i.e, traceable from 

requirements to design to code), it is sufficient to note whether it is 

a member of the set rdc, as this set contains those req’s that were 

traceable from requirements to design AND from design to code. 

Also, this set-based method enables a more precise determination 

of where a problem exists, either in the requirements, design or 
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code phases, as the sets can be compared in different ways with 

relative ease. 

This property has a direct effect on the objective of testability, as 

in order to determine how well a specific requirement is met, one 

must be able to locate the design specification/code module 

instantiating that particular requirement. 

Metric: There are two metrics involved in assessing Top-Down Traceability: 

Requirements --> Design Traceability 

Wah 
in 19 

where \rd\ represents the number of unique r’s in rd 

Requirements --> Design --> Code Traceability 

\rdc\ 

Ir] 
  * 10 

where \rdc\ represents the number of unique r’s in rdc 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Term Usage Consistency (Uniqueness) 

Consistency 

The extent to which (significant) terms in a document are used 

with a single meaning within similar contexts. 

The association of multiple meanings with a term used in similar 

contexts confuses the reader, particularly when the term is used in 

an atypical (i.e., project specific) or unfamiliar manner. 

Each instance of a term is recorded, along with its meaning and a 

representation of its context (context here applies in a general 

sense, perhaps encompassing an entire section of a document in 

some cases). Comparisons across term instances to determine 

uniqueness of meaning within a context are made, and a 

calculation is derived. These calculations are then combined to 

render an overall assessment, based on the consistency with which 

a term was used in a particular context. 

Unique = 1, if only one meaning per context 

0, if more than one meaning per context 

SY Unique (erm, context) 
Unique __ all contexts 

queterm #occurrences 
  

(#occurrences = # occurrences of a term w/in a context) 

Term Uniqueness =10 * > Uniqueterm 
all terms 
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Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Text Conciseness (Succinctness) 

Comprehensibility 

The succinctness of the documentation text. Or, “does the author 

use just enough text to completely cover the topic at hand, and no 

more?”’ 

The documentation should cover the necessary information as 

succinctly as possible, so that the effort required to garner 

information from the documentation is minimized. Verbosity 

hinders this process, as the user must “cut through the fat” in order 

to comprehend the meaning of the passage. 

A succinct passage of text is characteristically dense in terms rich 

in meaning, or, contrarily, sparce in terms devoid of meaning. 

Such terms are usually keywords of a document. Thus, the 

proportion of keywords to “noise” words indicates the succinctness 

of a passage. 

A further indication of succinctness (or lack thereof) is the 

frequency with which passive voice is used. Passivity in a 

document detracts from succinctness, and should be avoided. 

Enumeration of the number of passive verbs used in a document 

indicates the magnitude of the contribution passive voice makes to 

the document. 

# of keywords 

# of noise words 
  Keyword Usage = 

Keyword Usage 
Average Normal Keyword Usage 
  Term Richness = (< 1) 

# passive verb phrases 
Average # Verb Phrases 
  (<1) Passivity = 

Text Conciseness = (7.5 * Term Richness) + (2.5 * Passivity) 

Appendix A: Documentation Quality Indicator Definitions 139



Property: 

Attribute: 

What is measured: 

Rationale: 

Measure: 

Metric: 

Textual Clarity 

Comprehensibility 

The ease with which a document is comprehended by personnel. 

If documentation is to be used effectively, it must be 

comprehensible to the using personnel. 

The reading grade level, a measure of the amount of education 

necessary to acquire an understanding of the documentation, is 

calculated through the use of an established readability evaluation 

formula or combination of formulas. This readability level is then 

compared with the reading level of the targeted using personnel. 

Since the reading level of the targeted using personnel is unknown 

at this time, a generic scale is used: 

If document reading grade level > audience ideal level, then 

Textual Clarity = 10 - MAX((document lvl - audience ideal lvl), 0) 
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Appendix B: 

Creation of Documents for Validation 
Study 

The following tables document the alterations made to an original document to render the 

three documents used in the validation project described in Chapter 5 of this thesis. The 

Property column lists the properties of concern in the study. Alterations made to the 

particular document are noted in the Changes Made column, and the resulting 

measurement for each property is in the Modified column. The Original column lists the 

measures for the original document before changes were introduced to the document; this 

column is included so that direct comparisons can be made. 

Appendix B: Creation of Documents for Validation Study 141



  

  

  

  

  

  

  

  

  

  

          
  

Table B.1, Document #1 

Property Changes Made Original | Modified 

TBD/TBS No changes made _ 10.00 10.00 
Completeness of TOC 18 we 52) TOC entries omitted (34% of 10.00 3.85 

tot 

Correctness of TOC No changes made 10.00 10.00 
Nomenclature 
Locational Accuracy of Page numbers in 6 (of 34) TOC entnes 10.00 6.67 
TOC altered (17% of total) 
Glossary Completeness Removed 11 (of 31) glossary entries 10.00 5.83 
Order of Glossary No changes made 10.00 10.00 
Acronym Usage No changes made 7.58 7.58 
Reference Appropriateness | No directed changes made - change in 8.03 7.25 

measure value attributed to alterations 
made in other areas (e.g., deletion of 
certain keywords, etc.) 

Locational Accuracy of No changes made 10.00 10.00 
Index 
Missing/Incorrect Changed several references so that 10.00 3.75 
References inappropriate or missing sections were 

referenced. 
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Table B.2, Document #2 

  

  
  

  

  

  

  

  

  

  

  

            

Property Changes Made Original | Modified 
TBD/TBS Inserted 3 TBS statements 10.00 | 7.65 
Completeness of TOC No changes made 10.00 10.00 

Correctness of TOC Altered section titles in 12 (of 52) TOC 10.00 6.54 
Nomenclature entries (23% of total) 
Locational Accuracy of Page numbers in 14 (of 52) TOC entries 10.00 4,23 
TOC altered (27% of total) 

Glossary Completeness Omitted entire glossary 10.00 0.00 
Order of Glossary Omitted entire glossary 10.00 0.00 
Acronym Usage Removed the initial use definitions of two 7.58 5.66 

very significant acronyms, SO and CPA. 
Reference Appropriateness | No directed changes made - change in 8.03 7.60 

measure value attributed to alterations 
made in other areas (e.g., deletion of 
certain keywords, etc.) __ _ 

Locational Accuracy of Altered the page listings in 7 (of 15) index | 10.00 7.73 
Index entries (46% of total) 

Missing/Incorrect Changed several references so that 10.00 0.67 
References inappropriate or missing sections were 

referenced. 
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Table B.3. Document # 

Property Changes Made Original | Modified 

TBD/TBS Inserted 7 TBS statements 10.00 4.62 
Completeness of TOC 6 (of 52) TOC entries omitted (11% of 10.00 7.69 

total) 

Correctness of TOC Altered section titles in 17 (of 46) TOC 10.00 3.91 
Nomenclature entries (37% of total) 

Locational Accuracy of No changes made 10.00 10.00 
TOC 
Glossary Completeness No changes made 10.00 10.00 
Order of Glossary Rearranged several glossary entries, 10.00 8.06 

attempting to make the changes subtle 
(e.g., placing the first word in a string of 
words beginning with the same letter last) 

Acronym Usage Removed all initial use definitions. 7.58 2.63 
Reference Appropriateness | No directed changes made - change in 8.03 8.30 

measure value attributed to alterations 
made in other areas (e.g., deletion of 
certain keywords, etc.) 

Locational Accuracy of Omitted entire index 10.00 0.00 
Index 
Missing/Incorrect No changes made 10.00 10.00 
References 
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Appendix C: 

Validation Study Instructions 

This appendix contains the instructions supplied to the experts participating in the 

validation project described in Chapter 5. 
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Instructions for Performing Document Evaluation Procedure 

Following are directions for completing the evaluation of the documents you have been 

supplied. For each field on the evaluation form, a corresponding set of instructions for 

completing that field are supplied below. 

Th 10 Rating Scal 

For fields requiring a rating in the range 0..10, a minimum precision to the tenths (e.g., 

7.3) is desired. For each evaluative measure recorded, space is provided for justification 

of the score; please feel free to note any factors involved in your decision, since such 

information is vital to interpreting the results for future metric development. 

When rendering a 0..10 rating, please follow the following convention, which differs 

slightly from the usual 0..10 scale: 
  

Rating is in the range... Indicates that... 
  

4..6 there is no conclusive evidence of the 

presence/absence of the property in 

question, or the evidence is conflicting. 
  

0..4 there is evidence of the absence of the 

property, or the degree of detrimental 

affect incurred. 
  

  6..10 there is evidence of the presence of the 

property, or the degree of positive affect 

incurred.       

Note that these are merely guidelines to aid in the consistency of your evaluations. 

Please attempt to maintain consistency in your evaluations throughout all documents. 

Disassociation of Documents 

When evaluating a document, please evaluate one document completely and put it away 

permanently. Cross-referencing between sample documents is to be avoided; direct 

comparisons between documents are not desirable. 
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nter- ional References Evaluation 

This section deals with the evaluation of the use of references from one section of a 

document to another. As such inter-sectional references are encountered, please record 

the information specified on the Inter-Sectional References Log provided. A description 

of the data items recorded in the log follow: 

FROM: The number of the section making the reference to another section. 

TO: The section being referenced by the section in the FROM field. 

APPROPRIATENESS: This field requires an integer from 0 (low) to 10 (high) 

designating the degree to which you feel the reference in question is 

appropriate. 

RATIONALE: This field is for explaining your rationale for the assigned rating in 

the APPROPRIATENESS field (e.g., the TO section did not contain 

relevant information, the TO section doesn’t exist). If you find a reference 

to be inappropriate, or the referenced section is missing altogether, please 

note this specifically in the RATIONALE field with the terms 

inappropriate and missing, respectively. Please be sure to give some 

rationale for the ratings in the APPROPRIATENESS field. 

OVERALL USEFULNESS: There is also a field specifying the OVERALL 

USEFULNESS of the inter-sectional references contained within the document. Please 

provide a 0..10 rating here, and feel free to provide any general comments in the 

RATIONALE section immediately following the OVERALL USEFULNESS field. 

Table of Conten Evaluation 

TOC COMPLETENESS: This field requires a 0..10 rating reflective of the degree to 

which the TOC contains a sufficient quantity of entries to permit adequate access to the 

document. Please include comments describing the reasoning behind your rating in the 

RATIONALE field immediately following this field. 
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CORRECTNESS OF TOC NOMENCLATURE; This field requires a 0..10 rating 

reflective of the degree to which the TOC entries accurately report the names of sections 

within the document. Please include comments describing the reasoning behind your 

rating in the RATIONALE field immediately following this field. 

LOCATIONAL ACCURACY OF TOC: This field requires a 0..10 rating reflective of the 

degree to which the TOC entries accurately report the starting locations of sections within 

the document. Please include comments describing the reasoning behind your rating in 

the RATIONALE field immediately following this field. 

OVERALL TOC USEFULNESS: This field requires a 0..10 rating reflective of the 

degree of overall usefulness of the TOC in aiding access to the document. Please include 

comments describing the reasoning behind your rating in the RATIONALE field 

immediately following this field. Comments regarding important TOC properties not 

covered above (if any) should be mentioned here. 

"To Be Defined"/"To B ecified” (TBD tatement Evaluation 

Sometimes critical information is not available in a document during the initial draft(s). 

When such an event occurs, a "to be defined" or "to be specified" statement may be used 

in place of the critical information. Depending upon the circumstance under which a 

TBD or TBS statement is employed, the effect upon the documentation differs. For each 

TBD/TBS statement encountered, make an entry in the TBD/TBS log provided. The 

fields of the log are : 

SECTION #: This field requires the number of the section in which the TBD/TBS 

statement is used (e.g., 3.2.4.1). 

EFFECT: This field contains a number from 1-5 indicating your impression of the 

effect the TBD/TBS statement has on the documentation, with 1 indicating 

little or no effect and 5 indicating extremely deleterious effect. 

RATIONALE: This field is for explaining your reasoning behind the rating given 

in the EFFECT field. 
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OVERALL TBD/TBS EVALUATION; Using the data from the TBD/TBS table 

described above, render a 0..10 rating reflective of the effect of TBD/TBS statements on 

the quality of the document. Refer to the description of the 0..10 rating scale on page 1 of 

these instructions if necessary. 

Acronym Usage Evaluation 

CONSISTENCY OF ACRONYM USAGE: This field requires a 0..10 rating of the 

consistency with which acronyms are used. That is to say, "Does an acronym represent 

the same phrase throughout the document?” Please include comments describing the 

reasoning behind your rating in the RATIONALE field immediately following this field. 

APPROPRIATE USE OF ACRONYMS: This field requires a 0..10 rating of the 

application of proper methods in using acronyms (e.g., defining them upon their first 

usage).Please include comments describing the reasoning behind your rating in the 

RATIONALE field immediately following this field. 

EASE OF ACRONYM UNDERSTANDING: This field requires a 0..10 rating of how 

well you thought the use of acronyms within the document was applied. Did the use of 

acronyms aid in understanding the document, or hinder it? Please include comments 

describing the reasoning behind your rating in the RATIONALE field immediately 

following this field. 

OVERALL ACRONYM USAGE: Using the three measures described above, render a 

0..10 rating of the overall usage of acronyms in the document. Please comment on your 

evaluative reasoning in the RATIONALE field. 
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l Evaluation 

COMPLETENESS OF GLOSSARY: This field requires a 0..10 rating of the degree to 

which the glossary defines all the terms of the document that you feel should be in the 

glossary. Please include comments describing the reasoning behind your rating in the 

RATIONALE field immediately following this field. 

ORDERING OF GLOSSARY: This field requires a 0..10 rating of the usability of the 

ordering scheme employed in the glossary. Please include comments describing the 

reasoning behind your rating in the RATIONALE field immediately following this field. 

OVERALL RATING OF GLOSSARY : This field requires a 0..10 rating of the overall 

effectiveness of the glossary as a reference aid. Include here any properties of the 

glossary (if any) not covered in the above measures. Please include comments describing 

the reasoning behind your rating in the RATIONALE field immediately following this 

field. 

Index Evaluation 

COMPLETENESS OF INDEX; This field requires a 0..10 rating of the degree to which 

the index sufficiently covers the important topics of the document. Please include 

comments in the RATIONALE field, e.g., what topics should have been included that 

were not. 

ATIONALA RACY OF INDEX; This field requires a 0..10 rating of the 

accuracy with which the index reports the locations of the topics it contains. Please use 

the RATIONALE field to describe erroneous entries (e.g., “alarm mechanism not on pg. 
3”), 
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OVERALL RATING OF INDEX : This field requires a 0..10 rating of the overall 

effectiveness of the index as a reference aid. Include here any properties of the index you 

feel are important to the effectiveness of an index (e.g., completeness, ordering, 

accuracy). Please include comments describing the reasoning behind your rating in the 

RATIONALE field immediately following this field. 
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Appendix D: 

Validation Study Evaluation Form 

This appendix contains the evaluation form supplied to the experts participating in the 

validation project described in Chapter 5. A separate evaluation form is used for each 

document evaluated. 
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Evaluator Name: 
  

Date of Evaluation: 

NTER-SECTIONAL REFERENCE 

  

  

FROM TO 

Start Time: 

Inter-Sectional Reference Log 
APPROPRI- 
ATENESS 

Finish Time: 

  

RATIONALE 
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FROM TO 
APPROPRI- 
ATENESS RATIONALE 
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OVERALL USEFULNESS (0..10): 

RATIONALE: 

  

  

  

TABLE OF CONTENTS (TOC) 

TOC COMPLETENESS (0..10): 

RATIONALE: 

  

  

  

CORRECTNESS OF TOC NOMENCLATURE (0..10): 

RATIONALE: 

  

  

  

LOCATIONAL ACCURACY OF TOC (0..10): 

RATIONALE: 
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TOC OVERALL USEFULNESS (0..10): 

RATIONALE: 

  

  

  

“TO BE DEFINED"/"TO BE SPECIFIED" (TBD/TBS) STATEMENTS 

  

SECTION # 
  

EFFECT RATIONALE 
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OVERALL TBD/TBS EVALUATION (0..10): 

RATIONALE: 
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ACRONYM USAGE 

CONSISTENCY OF ACRONYM USAGE (0..10): 

RATIONALE: 

  

  

  

APPROPRIATE USE OF ACRONYMS (0..10): 

RATIONALE: 

  

  

  

EASE OF ACRONYM UNDERSTANDING (0..10): 

RATIONALE: 

  

  

  

OVERALL ACRONYM USAGE (0..10): 

RATIONALE: 
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LOSSARY 

COMPLETENESS OF GLOSSARY (0..10): 

RATIONALE: 

  

  

  

ORDERING OF GLOSSARY (0..10): 

RATIONALE: 

  

  

  

OVERALL RATING OF GLOSSARY (0..10): 

RATIONALE: 
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INDEX 

COMPLETENESS OF INDEX (0..10): 

RATIONALE: 

  

  

  

LOCATIONAL ACCURACY OF INDEX (0..10): 

RATIONALE: 

  

  

  

OVERALL RATING OF INDEX (0..10): 

RATIONALE: 
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Vita 

Edward V. Dorsey IV was born in Cheverly, Maryland (a state named after Mary, Queen 

of Scots) on May 17, 1967, the son of Penelope Burton Dorsey and Edward Vernon 

Dorsey Jr. Ed attended Northern High School, in Chaneyville Maryland, where he held 

an office in the local chapter of the National Honor Society and was named All- 

Conference in the Southern Maryland Athletic Conference for his excellence in soccer. 

He was awarded a Maryland State High School Diploma in 1985. 

Ed continued his education through attendance at Virginia Polytechnic Institute & State 

University, where he pursued a Bachelor’s Degree in computer science. In his quest to 

become a modern-day renaissance man, Ed also achieved a minor in Biology, and 

pursued concentrated studies in the areas of mathematics and sociology. The degree of 

Bachelor of Science in Computer Science was conferred upon him in May, 1989. 

Still yearning for intellectual fulfillment, Ed entered the graduate program at VPI&SU, in 

pursuit of a Master’s Degree in computer science. During his time in pursuit of this 

degree, Ed held the office of President of the Virginia Tech Student Chapter of the 

Association of Computing Machinery, where he began a new tradition at Virginia Tech, 

the ACM Fall Picnic. The degree of Master of Science in Computer Science was 

conferred upon Ed in October, 1992. 

  

Vita 161


