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Abstract

Technical documentation has moved from printed booklets to electronic versions that need to be updated
continuously to match product development and user demands. There is an imminent need to ensure the quality
of technical documentation, i.e., information that follows a product.

In order to ensure the quality of technical documentation, it is important to be able to measure it in a constructive
way. In this paper, we approach quality from a software quality perspective and rely on automated measurements
and analyses. It is generally not possible to assess quality attributes such as “ease of understanding” using
automated measurements. To assess such quality attributes, we suggest the use of visualizations as a
communication medium between the machine results and technical writers, and define a visualization-based
quality assessment approach for technical documentation.

In order to test our approach, we use it to assess the quality of 3 real-world documentations from a Swedish
mobile phone manufacture, a Japanese camera manufacturer, and a Swedish warship producer. The study
shows that our approach can be used to identify potential quality defects. For example, we tested an unclassified
subset of the warship’s technical documentation and found that 49% of it was redundant text clones. We
performed the study in collaboration with a Swedish company that is in charge of creating and maintaining the 3
documentations, and they acknowledge that our approach has great potential and that our results proved helpful
to them.

Keywords: Information Quality, Software Analysis, Software Visualization, Technical Documentation, Visual
Analytics

1. Introduction

Technical documentation (user manuals) often constitutes the first line of support when users need
help with a problem or when they seek to advance their use of a product. The documentation is an
important part of the product experience, and the users need to feel confident that it is correct. It does
not matter if the product is a mobile phone or a warship.

Many products are updated or changed over their life span; so keeping the documentation correct and
up to date is a continuous process. A warship has a life span of over 30 years, and will most likely see
many modifications and upgrades. The life span of a warship is in stark contrast to an end-consumer
product, such as a mobile phone. However, the pervasiveness of software in products makes it
feasible to offer modifications and upgrades to products with shorter life spans as well. But no matter
the life span of a product, there is a need to offer documentation that is correct and up to date.

Traditionally, technical documentation was the printed booklets that accompanied products. Currently,
most of the technical documentation is also available electronically, from several different sources.
The same documentation might, for example, be available as HTML and PDF on the company web
site, as online help within the product, and as printed booklets delivered with the product. The
electronic versions make the documentation easier to access for the customers and easier to keep
correct and up to date for the manufacturers. However, the documentation will now exist in more
versions (HTML, PDF, ...) and have a more complex maintenance cycle.

In this paper we investigate how to assess and assure the quality of technical documentation. The
field of information quality defines quality as “fitness for use by information consumers”. Quality is
perceived as subjective, and can vary among users and uses of the information. Stvilia et al. (2005)
point out that one cannot manage quality without first being able to measure it meaningfully. This is a
problem, since the subjective nature of information quality makes it difficult to measure constructively.
Given the highly structured nature of technical documentation and use of markup languages such as
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XML, we view the quality of technical documentation from a software perspective. Software quality is
defined from metrics and attributes that can be measured.

We acknowledge that it is hard or even impossible to define important quality attributes such as “ease
of understanding” based on metrics and attributes alone. We therefore rely on visualizations to serve
as a medium for an efficient cooperation between human (i.e., technical writers) and machines. The
rest of the paper is organized as follows. Section 2 introduces the notion of quality from an information
and a software perspective. Section 3 introduces visual analytics and shows how it incorporates
machine analysis and human expertise and how visualizations serve as a communication medium.
Section 4 presents the results of a study of our visualization-based approach to quality presentation
and assessment of technical documentation, and Section 5 concludes the paper and presents future
directions.

2. The Notion of Quality

Quality can be a confusing and vague concept. It is often used as an intangible trait; something that
cannot be exactly measured or weighed, but rather subjectively felt or judged. It is also a
multidimensional concept that includes an object of interest, a viewpoint, and a number of attributes
that are ascribed to the object.

In order to discuss, assess and improve quality, there is a need to define it better. Juran (1998)
acknowledges the multidimensional nature of quality and defines it as “fitness for use”. His definition
considers the customers, their requirements and expectations, as well as their particular use. Since
different customers may use the product in different ways, it must posses multiple elements of fitness
for use.

Crosby (1979) defines quality as “conformance to requirements”. The definition relies on the existence
of a set of precisely defined requirements, and in order for something to be considered of quality, it
has to conform to these requirements. The requirements are not universal; they are set by an entity or
for a single product.

The two definitions both acknowledge the existence of elements, such as requirements, that are used
to evaluate quality. The rest of this section studies efforts to find and classify these elements in order
to define what quality of software and information, respectively, means.

2.1 Software Quality

An early attempt to define software quality by McCall et al. (1977) present a quality model defining
eleven quality factors that relate to the three stages of a simplified software life-cycle: revision,
operation and transition. McCall et al. further define about 22 metrics that are used to measure the
quality of the eleven factors. Several metrics are weighted and used to determine the quality of each
factor. Many of the metrics are based on checklists and a 0 to 10 scale, which means that they are
subjectively measured. This quality model is standardized in ISO/IEC 9126-1:2001 (ISO, 2001).
Quality models also differentiate perspectives, stages or phases. There are several aspects of quality
and not all of these may be appropriate for all perspectives and phases. McConnell (2004)
differentiate between internal and external quality, i.e., quality that affects the product while produced
versus quality when the product is in use. These aspects are standardized in ISO/IEC 9126, as well.

The model by McCall et al. introduces several important ideas. First, there is not one product quality,
but several factors that affect the product quality. Second, these factors matter during different
periods of the product life cycle. Third, the quality factors should be measurable and metrics should
be defined. The quality factors are examples of the elements discussed previously. While the
definition of software quality is focused on conformance to requirements (factors) that are universally
defined, it also acknowledges the notion of use, i.e., certain factors are relevant at certain stages. This
is similar to Juran’s definition of quality, i.e., that quality is related to the use.

2.2 Information Quality

As stated previously, a common definition of information quality is closely related to Juran’s definition
of quality; “fitness for use by information consumers” (Wang & Strong, 1996). Klein et al. (1997)
argues that this definition of information quality is not always appropriate, as information consumers
can find it difficult to both detect and report defects in the information as well as alter the way they use
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it as a result of the errors. So, placing the full responsibility on the information consumers is not
appropriate. Kahn et al. (2002) suggests that information quality should be extended with a data
perspective that views quality according to “conformance to requirements” (adopted from Crosby
(1979)). This perspective considers information quality from an “all users” point of view, and does not
depend on the actual user. The user and data perspectives complement each other.

Ge and Helfert (2007) rely on the user and data perspective, and further extends the definition of
information quality by introducing another dimension with context dependence/independence
perspectives. This dimension determines whether the quality depends on the actual use or not. They
further classify a number of information quality defects according to the two dimensions. Table 1
depicts the two dimensions and some of the information quality defects, as classified by Ge and
Helfert.

Table 1: Classification of Information Quality Problems — adapted from Ge and Helfert (2007)

User perspective Data perspective

Context The information: is inaccessible, insecure, | Inconsistent data format, spelling errors,

independent hardly retrievable, and difficult to | missing, outdated or duplicate data, incorrect
aggregate; errors in the information | value, incomplete data format, syntax or unique
transformation exist. value violation, violation of integrity constraints,

text formatting.

Context The information: is not based on fact, of | Violation of domain constraint, of organization’s

dependent doubtful credibility, presents an impartial | business rules, of company and government
view, irrelevant to the work, compactly | regulations, of constraints provided by the
represented, hard to manipulate, hard to | database, consists of inconsistent meanings.
understand.

3. Visual Analytics and Quality Assessment

The discussion on information and software quality in Section 2 shows that quality is a confusing
concept that is difficult to define, and consequently, difficult to analyze. Software quality follows a
bottom-up approach, and defines quality based on metrics, methods to measure data, which
approximate quality attributes. While the quality model by McCall et al. (1977) uses metrics that can
be manually assessed, the current research focus on metrics that can be automatically assessed. The
various quality models defined for information shows that there could be a huge gap between an ideal
definition of quality, an approximation by attributes and what can be measured by metrics. For
example, the negative quality attribute “the information is hard to understand” (cf. Table 1) can be
difficult, or even impossible, to approximate by a set of metrics. A quality attribute such as “No spelling
errors” can be supported by metrics, but there is often the need for human intervention, since there
may be false positives, such as technical terms. There is also a risk that as we include more attributes
and metrics, the quality model grows increasingly complex and difficult to understand and use in
practice.

The way we deal with a quality attribute such as “No spelling errors” presents an interesting problem.
For real-world texts, it is not reasonable to rely on either automatic or manual analysis solely. Manual
analysis will be time consuming and error prone, and automatic analysis can produce false positives
(both with respect to correct and incorrect spelling). The solution implemented by any word processor
is to combine the two, and use manual inspection of the results of the automatic analysis.

This relates to Visual analytics, which is the science of analytical reasoning facilitated by interactive
visual interfaces (Thomas & Cook 2005). It can be a helpful way to approach problems that can be
difficult to solve using either machine analysis or human analysis, for example due to size or
complexity. The combination of visualization, machine analysis and human expertise can help to
reduce both size and complexity, for example by applying interactive visualizations and by coupling
human and machine analysis. Visual analytics is more than just visualization and can rather be seen
as an integrated approach combining visualization, human factors and data analysis (Keim et al.
2006).

Thomas and Cook (2005, 2006) describe visual analytics as a multidisciplinary field with the following
focus areas:
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e analytical reasoning techniques to support assessment, planning and decision making;

e visual representations and interaction techniques that allows users to see, explore and
understand large amounts of information;

e data representations and transformations to support visualization; and

e techniques to communicate the analytical results to a variety of audiences.

Visualization serves as a medium for an efficient cooperation between humans and machines. In our
case, the automated quality analyses (that are supported by metrics) provide the data. There is a
need to define transformation functions to support visualization as well as to make both the
visualizations and analyses interactive. This marriage of computation, visual representation, and
interactive thinking supports analytic reasoning.

Further, Cook et al. (2007) mention that the goal of the sense-making process is two fold; detect
unanticipated results and confirm the expected. The value lays in being able to cross reference
several visualizations to gain greater understanding and see surprising anomalies, changes, patterns,
and relationships, which are then presented and assessed to develop new insight about the data. The
visual representations make it easy to perceive salient aspects of the data quickly. Augmenting the
cognitive reasoning process with perceptual reasoning through visual representations permits the
analytical reasoning process to become faster and more focused according to Thomas and Cook
(2005).

4. Study

In order to investigate how visual analytics can help assess the quality of technical documentation, we
performed a study. We extended the software quality analysis tool VizzAnalyzer (Léwe & Panas 2005)
with the ability to read XML documents and implemented 4 quality assessment analyses for technical
documentation. We also implemented 12 different ways to visualize the result of the analyses. We
tested the analyses and visualizations on 3 different real-world technical documentations that we got
access to through a Swedish company responsible for creating and maintaining these. These were
from a Swedish mobile phone manufacturer, a Japanese camera manufacturer, and a Swedish
shipyard. This section presents the analyses and visualizations, the technical documentations, and
the outcome of the analyses.

4.1 Analyses and Visualizations

Clone detection is an analysis done to detect text copies in the technical documentation. Awareness
of text copies is important for quality as it allows fixing errors consistently, guarantees the
unambiguousness of information, and generally leads to low maintenance costs, most notably of all
translation costs.

The text clones detected should be presented to different stakeholders using different views. The
owners of the documentation are interested in the information on a high level of abstraction, and
might prefer a statistical overview. This can be visualized using scientific visualizations suitable for
scalar data, such as pie charts, bar charts, etc. A project manager might be interested in the
information on a lower abstraction level, for example showing which parts of the documentation are
similar, and how similar they are. This can be visualized using information visualizations, where
documents are linked and clustered, based on similarity. A technical writer or information engineer is
interested in where the exact clones are, so they can decide if it is a quality defect or not, and if so, fix
it. This can visualized using views that show the actual text.

Usage profile traces the access behavior of users. It records the access path, access times, and
access frequencies of a user using the technical documentation. During test usage, e.g., manual
proofreading of the documentation, it helps to improve the coverage of testing. During production
usage, it can help to identify which parts are seldom used, hard to find, or confusing. Usage profiles
can be used to improve the relevance, accessibility, and completeness of the technical
documentation.

Usage profiles can be visualized in several different ways. For stakeholders interested in information

on a high level of abstraction, it is visualized using statistical information, such as the percentage of
the documentation that was covered. On a lower level of abstraction, the usage profile can be
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visualized by a graph showing the document structure that is annotated to show access paths and
frequency, for example using color-coding.

Structure analysis is used to analyze the technical documentation is structured, with respect to
chapters, sections, paragraphs, etc. It also analyses the references, such as hyper-links within the
document, citations, footnotes, links to external resources, etc. Structure analysis helps to assess
balance and concinnity of the whole documentation, logic cohesion of its sections and subsections,
and uncovers missing and unnecessary references. It can be used to improve understandability,
accessibility, and suitability of presentation of the technical documentation.

Structure analysis can be visualized on different levels of abstraction, as well as using different
aspects. For example, hyperlinks between different documents or the relative size of each section can
be visualized.

Meta-information analysis detects the structure of meta-information and relates meta-information and
information. Meta-information includes data types, database rules, schemata, conventions, and
search tags etc., which are usually grouped in type hierarchies or classes, which constitutes the
structure of meta-information. They are connected to the documents of technical documentations that
adhere to or could be described by meta-information. The analysis assures the existence of meta-
information and its appropriate structure. Meta-information analysis can be used to assure that
individual documents are (completely) attached to their corresponding meta-information.

Meta-information analysis is general only of interest to technical writers and information engineers, so
visualizations should be at a low level of abstraction. The analysis can be visualized by showing the
structure of the visualization using graphs, or by relating the document structure to meta-information.

4.2 Technical Documentations

We used the technical documentation of three products: (I) a mobile phone from a Swedish mobile
phone manufacturer, (lI) a camera of a Japanese manufacturer, and (lll) a warship of a Swedish
shipyard. All sources in this study are based on real technical documentations. However, in the
warship case we were limited to an unclassified subset of the documentation.

Documentation | is by far the largest and comprises 12,286 XML documents, each containing a topic
of the documentation. Most of them are no larger than 1 KiB (corresponding to 1/2 a page of
description test), none of them is larger than 5 KiB (corresponding to approx. 2 pages of description).
The documentation is explicitly structured by means of an XML file of almost 7 MiB size, containing
references to the actual topics.

Documentation Il is comparably small. It comprises of 143 XML documents and 11 JPEG images. The
documentation is structured by means of an XML file of 133 KiB size with references to the topics.
Documentation 1l is of moderate size comprising altogether 3242 documents: 611 PDF and 1715
PNG documents (technical drawings), 913 XML (technical descriptions) and 3 DTD documents (meta-
data). As opposed to the former two, the documentation is implicitly structured in about 800 directories
and subdirectories. The size of the XML files varies quite a bit: from 500 bytes to up to 800 KiB. We
did not perform a usage analysis on this case.

4.3 Setup

All technical documentation sources used in the study were available in XML format. Documentations
| and Il were produced with DocFactory, a Content Management System (CMS) for technical
documentation supporting, for example, version control, language management, information
presentation using standard Web browsers etc. In order to provide usage analysis, we extended the
CMS to record a time stamp and the source document for each document visited.

We used VizzAnalyzer to perform all the analyses and export data to be visualized. Several external
tools, including Microsoft Excel and the yEd graph viewer were used to visualize the data from
VizzAnalyzer.

We performed all the analyses on all the documentations with the exception of Documentation Ill.
Since it was not produced using DocFactory, we could not perform a usage profile.
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4.4 Results

The main goal of the study was to evaluate the feasibility of the approach, i.e., the efficiency and
effectiveness. In general, the analyses performed well, and found potential quality defects there were
detectable from the visualizations. We present part of the results below.

The clone detection determines the similarity between two documents by first comparing the text on
paragraph level and then the XML structures. The result is a percentage that indicates the relative
size of the two documents that is unique. In Documentation 11l the clone detection found that of the
913 XML documents, only 6 were completely unique. 20 documents were complete clones of another
document, and the remaining documents were clones to some extent. On average, a document was
54% unique.
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Figure 1: Visualizations of clone detection results, from top left to bottom right: (a) statistics view, (b)
pixmap view, (c) cluster overview, (d) detailed cluster view, (e) document comparison view, (f)
document editor view
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Figure 1a depicts the fraction of cloned vs. unique text in Documentation Ill. Figures 1b, 1c, and 1d
present the result of the clone detection using pixmap and clustered views, respectively. The pixmap
view presents a pixel matrix, where each pixel corresponds to a document pair with some degree of
similarity. The color schema is used to encode the degree of similarity; blue represents a low degree,
while red represents a high degree. Figures 1e and f shows how the clones are presented using a tool
to compare texts and finally using the editor of the CMS.

The clone detection analysis is efficient. Running it on the quite large Documentation | takes less than
30 seconds. For smaller documentations, such as Documentation Il the analysis is instantaneous.

@ Visited
W Unvisited

Figure 2: Visualizations of usage analysis results, left to right: (a) statistics view, (b) graph view

The usage profile detects which parts of a documentation a user visits. For Documentation 1ll we
asked a user to take a picture using the camera of the mobile phone and send it as an e-mail to an
existing contact. The user spent 2 minutes browsing the documentation and 22 document visits
recorded. Figure 2a shows the coverage (based on a subset of Documentation | that contains 72 XML
documents). Figure 2b shows the documents visited and the time spent on each document. Each box
is a document, and the color represents how long the user spent on that document. Dark blue
represents not visited and red is the document the user spent the most time on. It is interesting to
note that the red document that the user spent the most time on is unrelated to the task he or she was
performing.

We performed the usage profile on Documentation Il as well. This time the user spent 30 minutes
browsing the documentation and generated 228 document views. In both cases, the analysis is very
fast. For the larger case, it took less than a minute to analyze the output (not including the time the
user spent browsing the documentation).

The structure analysis determines the structure of the document. We applied structure analysis to
Documentations | and Il. Figure 3a shows the hierarchy of Documentation I. Each box is a document;
the color represents which section it belongs to and the height represents the relative document size.
The structure analysis reveals a potential quality defect; two of the sections are much smaller than the
others, containing only 1 and 2 documents, respectively. The documents are not much larger than the
others, so the two sections are significantly shorter than the rest. Figure 3b shows an analysis of the
cross-references in Documentation Ill. Each box is a document, color represents the section and the
distance between boxes represents the amount of cross-references. The top shows all the documents
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and the bottom shows a zoom-in on one of the clusters. One of the clusters has a large amount of
cross-references between different sections. This can sacrifice the cohesion and may make the
document less readable.

Structure analysis is performed as part of the usage profile, and represents the significant part of that
analysis. So, the performance is similar to usage profile analysis.
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Figure 3: Visualizations of structure analysis results, left to right: (a) document hierarchy view, (b)
cross-reference overview (top) and detailed view zoomed in the overview (bottom)

The meta-information analysis analyses the use of meta-information in the documentation. Each
document can have a number of “applicability” tags. These tags can be considered topics, or specific
terms that describe the document. For example, in Documentation | tags are used to describe topics

such as “Call” or “(SIM-) card”. These tags can in turn be categorized, and “call” belongs to the
“Actions” category, for example.

We applied the meta-information analysis to Documentation | and Documentation Ill. The analysis is
instantaneous, even for large documentations. Figure 4a shows the applicability tags of
Documentation | grouped by categories (color coded). The analysis shows that each tag belongs to
exactly one category. Figure 4b shows the applicability tags for each document. The colors still
represent categories. The analysis shows that tags of some categories were concentrated to certain
subsections, while tags of other categories are spread throughout the documentation. For example,
tags in the category “Troubleshooting” were concentrated to the documents related to
troubleshooting, while tags in the category “Actions” were spread throughout the documentation.
While both observations can be considered potential quality defects, the designed confirmed that they
were intentional and part of the design.
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Figure 4: Visualizations of meta-information analysis results, left to right: (a) meta-information
structure view, (b) view of relation meta-information to information

5. Conclusions and Future Directions

This paper investigates methods to present and assess the quality of technical documentation. A
major part of finding such methods is to define what quality actually means, and based on this
definition, find good ways to assess it. Given the structured nature of technical documentation and the
reliance on markup languages such as XML, we start from a software quality perspective with a focus
on metrics that can be automatically assessed. The differences of how quality is approached by
information and software, respectively, makes it hard, or even impossible, to fully rely on metrics that
can be automatically assessed. There is a need for human intervention.

Visual analytics is an approach to data analysis that combines human expertise, automated machine
analysis and visualization. Data is produced, analyzed and transformed to a format suitable for
visualization. The visual representations are interactive, and can be manipulated by human experts.
The human expert can guide the visualizations and find not only that which can be predicted by
models, but also the unexpected.

Inspired by the idea behind visual analytics, we develop an approach to quality assessment that is
based on automated analysis and interactive visualization. We rely on the software quality analysis
tool VizzAnalyzer, and extensions to the DocFactory CMS. We perform 4 analyses on 3 real-world
technical documentations, together consisting of more than 15,000 documents. The results are
visualized using 12 different visualizations.

By combining the visualizations with human expertise, we are able to identify possible quality defects.
For example, an analysis of the cross-reference structure of the documentation of a warship shows
that there are several cross-references between different sections. This can be an indication that the
documentation is hard to read, and that the sections lack cohesion. We were also able to identify a
potential problem with the structure of the documentation related to a mobile phone. An analysis of
usage profiles shows that users visited parts that were completely unrelated to the task they were
performing. This suggests that either the descriptions or references are confusing, or even wrong.

The work presented in this paper is based on an initial study using a limited number of analyses and
visualizations. We are working on including more analyses and visualizations, both by adapting
existing ones defined for software quality assessment and by creating new ones specific to technical
documentation quality assessment. In the latter case, we are particularly interested in automatic
analyses that consider natural language. One particular use case that is highly interesting is to be
able to assess the quality of translations.

Another future direction is to evaluate both the visualizations and how we interact with them. At the
moment, we rely on basic scientific and information visualizations, such as pie charts and graphs,
although interactive down to the data level they were generated from. We need to evaluate the
effectiveness of the existing visualizations and investigate state of the art scientific and information
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visualizations. We currently rely on external tools such as Microsoft Excel and yEd to visualize the
output from VizzAnalyzer. While many of the visualizations are interactive, in the sense that we can
zoom, pan and use links to load other visualizations, there is still room for much improvement. We
need to improve the integration between the CMS, VizzAnalyzer and the visualization tools.

This approach to technical documentation quality assessment suggested in this paper is exploratory,
and based on an understanding of quality as a notion rather than a specific quality model. In effect,
we are currently investigating quality models for technical documentation. In one of our efforts, we
correlate positive and negative quality attributes to properties of the technical documentation. For
example, there is often a correlation between the ease of understanding and the total size. The ease
of understanding decreases, as the size grows either too large or too small. Out work on establishing
quality models and using visual analytics to assess quality benefit from each other. The exploratory
nature of visual analytics can discover correlations, and a quality model can support analyses and
visualizations, as well as the human expert.
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