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ABSTRACT

Even the most routine engineering design projects generate large volumes of formal and informal
information by virtue of an ever-increasing variety of tools and systems. During the design process,
the efficient creation and transformation of this information is critical to the success of the project.
However, at the end of the design process there is a requirement to prepare formal project
documentation necessary to support manufacturers and customers, and conform to legislation. This
includes elements such as CAD models, performance and manufacturing data. In the process of
preparing this documentation, only a small proportion of the information generated can be captured —
if only because of limited resources. It is therefore unclear as to whether potentially valuable design
information could be omitted from this formal record and eventually lost. In order to explore this
issue, a comparative study of documentation from a design project has been undertaken. The study
analyses the difference in information types and content of a complete set of formal and informal
documentation. The results are then discussed with respect to the creation of more complete design
records.

Keywords: design records, engineering logbooks, notebooks, information loss

1 INTRODUCTION

Design documentation represents information and knowledge that cannot be gained from the artifact
alone, such as the design alternatives considered, rationale for decisions, and how to manufacture and
maintain the artifact. However, to document even a small project in a way that is complete and allows
efficient re-use is a considerable challenge for two reasons:

Firstly, it is complex because of the sheer variety of ways the information is stored, with a recent
survey finding 105 electronic file formats in use between just 40 engineers [1]. This multitude of types
and data formats exist partly because each has been developed to support different aspects of the
design process particularly well. For example, CAD tools afford precise representations of very
complex designs to be created and communicated quickly, whilst at the other end of the spectrum,
logbooks (or notebooks as they are sometimes referred to) afford the quick recording of ideas through
notes, sketching and quick calculations. Secondly, this problem is compounded as much of this
information is not formally managed in a way that facilitates re-use or even retrieval. This is
particularly true of the associated ‘informal” or unstructured information (including emails, logbooks,
meeting notes, and presentations which represent the emerging design), which are often inaccessible
or discarded completely at the end of a project.

Of these, logbooks in-particular appear to contain a rich variety of informal design-related information
[2] including sketches, contact information, design ideas/rationale and meeting notes. There is also
evidence of logbooks being used to support design activities considered important, such as ‘self
explanation’ and problem solving [3], sketching [4] and being able to provide evidence of thought
processes and rationale [5]. However, they remain a “largely untapped resource” [6] for engineering
organisations, with little research on them from a design records perspective and in-particular how
they differ from the ‘formal’ record. This relative lack of research into the nature of - and differences
between - informal logbooks and formal project records forms the motivation for this research. This
paper therefore presents a comparative study of the informal information recorded in engineering
design logbooks and the associated formal project record (project reports and CAD drawings). The
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aim is to better understand the nature, content and relationship between formal and informal records so
that lessons may be drawn for making the design record more complete and arguably more useful.
Following a description of the methodology, the results are presented and discussed in detail in section
3. Section 4 builds on the results with a discussion and illustrative example. Section 5 then discusses
these results with respect to their implications for the design record.

2 METHODOLOGY

This section first gives an overview of the methodology. The dataset used is discussed in 2.1, below.
The classification schema created to analyse the dataset covered both the type of information and its
nature, and is discussed in detail in 2.2. How the analysis was performed is then discussed in 2.3.

Figure 1. Overall methodology

2.1 Data set

The documentation used in this study was generated by six trainee engineers studying mechanical
engineering at the University of Bath. It was a three-month project carried out in conjunction with a
large UK-based engineering organisation. The sponsoring organisation’s role was as the customer:
they gave the team a design brief, and provided resources and access to facilitate the project. The brief
was to re-design a module for a large packaging machine in order to reduce changeover times. The six
team members had all previously worked for one year in a variety of engineering organisations. One
team-member was assigned the role of project manager and it was their responsibility to organise the
other team members in terms of tasks, roles etc.

This project was chosen for several reasons: Firstly, the dataset was relatively complete and self-
contained. Whilst there were some associated emails and work on a whiteboard, it represented a large
proportion of the physical record. Secondly, the engineers did not know in advance that the documents
would be analysed, which was essential if meaningful comparisons were to be drawn. Finally, it
represented a ‘real’ industrial problem, with engagement from a range of stakeholders and tasks spread
across various design stages — from defining the problem to relatively detailed design. The authors
therefore believe it was an accurate reflection of a common engineering scenario.

2.2 Classification schema

Following lessons learned from a previous attempt [7], a new information classification schema was
created [8]. In summary, the previous approach used a schema originally developed to illustrate
information loss in design review meetings [9]. The schema had four categories: rationale, lessons
learned, decisions and actions, and was used to produce visual maps centred around topics. However,
whilst it was used very successfully to analyse the discourse in design review meetings and compare it
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to the formal minutes, it was difficult to apply it to logbooks and reports. Fundamentally, the
information in logbooks did not correspond to single parts of the formal documentation, which meant
that comparing the maps (and thus exploring the information loss) was almost impossible.

Therefore, a new information classification schema was created from an extensive review of the
literature on classifying information in various fields, including engineering design, sociology and
organisational behaviour. The categories attempted to comprehensively categorise information,
covering How the information is presented, What it is about (whether it is product or process-related)
and also Why it is being created (in terms of problem solving activities and intent of the
communication). The rationale for the schema terms is discussed in detail in [8] and the full schema is
presented in Table 1, overleaf.

For the purposes of this research, two modifications were made. Firstly, the analysis included the
information classes (such as written notes, meeting notes, calculations, sketches etc) previously
identified in logbooks by the authors [2]. Secondly, the classification schema originally included a
‘communicative acts’ category. This was intended to classify the type of interaction where two-way
communication between people was involved (e.g. meetings or emails) and covered the way in which
language was used in dialogue — for example, if the author of an email used language that agreed or
disagreed with another team member. It was thus not appropriate to include it for this particular
research, where the communication was essentially one-way (team member to logbook or report) and
not expressed in the form of dialogue that could be analysed in that way.

Whilst the exploratory nature of the research means that certainty about the completeness of the
schema cannot be claimed, it has been used extensively to mark-up other design documentation
(primarily emails) covering a variety of types of design project, and has been through several iterations
to ensure reasonable completeness of coverage with respect to the aims of the research. For this study,
virtually all entries were marked-up with at least one term from each top-level category and all entries
could be classified into one of the 13 previously identified information classes.

2.3 Analysis

For the purposes of marking-up the documents, the information was split into appropriate ‘chunks’.
Logbooks were split into entries, which were generally headed with a date or subject and ended with a
terminating line, or the start of a new entry and were very easy to identify. The reports were split
according to their numbered sub-sections. Whilst not perfectly analogous, it was felt that report sub-
sections did correspond to logbook entries, as they both dealt with one aspect of the design or process,
thus making the mark-up more manageable and the analysis meaningful. If, for example, the reports
were analysed by entire sections, or logbooks in week-long chunks, so many terms from the
classification would likely apply as to render any meaningful analysis unlikely.

The inter-coder reliability for the schema was not formally assessed for this research due to time
constraints and because the reliability of the schema had already been assessed when applied to other
documentation [8]. Although this assessment found levels of agreement between coders at the lower-
level terms did vary, there was “near perfectly consistency” between coders at the higher (product,
project, organisation) categories. A further, larger study of an email corpus with the same
classification schema carried out at the University of Bath revealed that the inter-coder reliability for
two coders as measured by the kappa co-efficient, was greater than 0.7.

The analysis included marking up the information types contained in each entry, such as written notes,
meeting notes, calculations, sketches etc overleaf. It was felt that this would allow more insight to be
drawn about the differences in types of information as well as their nature. This was important as some
types of information (such as sketching and calculations) have a special importance in an engineering
context. The actual number of sketches, calculations and CAD drawings (representing discrete
information types that could be compared directly in a meaningful way) were also counted.

The results for the information content categories (product, project, organisation, problem solving and
communication activities) are presented as the percentage of entries that contain each category and
sub-category. For example, if 50 of 100 logbook entries contained some aspects of product
performance, the percentage of entries would be 50%. As entries can (and often did) contain multiple
categories of information content, the graph percentages do not add up to 100%.
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3 RESULTS
This section presents the main results from the study. First, the key characteristics of the documents
are presented, before the other schema categories are examined in detail.

3.1 Information types and top-level categories
Table 2 shows some key characteristics of the documents analysed, along with the number of instances
of sketches, calculations and drawings:

Table 2. Key characteristics

Logbooks Reports
Number 6 11
Total page volume 540 375
Total Entries 372 405
Average length of entry (pages) 1.45 0.93
% of entries with 2+ info types 33% 18%
Average info types per entry 1.45 1.21
Number of Sketches 124 34
Number of Calculations 52 21
Number of CAD drawings 0 30

The differences in the distribution of information classes is illustrated in Figure 2, below. Where the
information class was present in less than 5% of the entries, they have been grouped into ‘all others’

o
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Figure 2. Percentage of entries containing various information classes

It can be seen from the above table and graph that there is a complete absence of meeting notes in the
reports (compared to over 20% of logbook entries being meeting notes). Other significant losses can
be seen in the number of sketches (although arguably many of the sketches will be manifested in the
CAD drawings) and amount of entries containing calculations. It was observed that tables of figures
were used more often in the reports to summarise the results of calculations and this is manifested in
Figure 2, although this of course means the method used and any possible errors are not apparent in
the reports. The ‘richness’ of the entries also differed significantly, with many more logbook entries
containing two or more information classes (33% vs. 18% for reports). This is also evident in the
figure for the average number of information types per entry (1.45 vs. 1.21 for reports).

ICED'09 8-79



However, these statistics alone do not afford a full understanding of the differences between the
logbooks and reports. Starting with the top-level terms from the schema, the percentage of entries that
contain these terms are shown in Figure 3:
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Figure 3. Percentages of entries containing top-level categories

From this, it would appear that the trends between the logbooks and reports are remarkably similar,
with the exception of the relative lack of project-related information in the reports, 55% vs. just 15%
of entries for reports. As can be seen in Table 1, project-related information covers topics such as
managing risk, planning/task allocation, timescales etc. Therefore, it is necessary to drill down into
each of these categories to give additional insight into the reasons behind these trends.

3.1 Sub-categories
Taking each top level category in turn, Figure 4 shows the breakdown of product sub-categories:
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Figure 4. Percentage of entries containing product-related information

The trends across the sub-categories are broadly similar, although proportions of performance and
ergonomics related entries (which are related to performance) are significantly higher in the reports.
This is not counter-intuitive, as the traditional role of formal reports is to describe the final design
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(including its performance), whereas logbooks have a greater role during the emergence of the design.
The product cost information was observed to be present in both logbooks and reports. However
information related to ergonomics was virtually absent from the logbooks, suggesting this was only
considered at the end of the project.

The breakdown of project sub-categories also reveals more detail about the large differences in the
number of project-related entries mentioned above, as illustrated in Figure 5:

Re
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o

Figure 5. Percentage of entries containing project-related information

It can be seen that most of the difference arose from the relative absence of ‘planning’, ‘team’ and

‘time’ entries in the reports, with nearly 50% of logbook entries containing some elements of

planning, compared to only around 7% of report entries. These differences can be attributed to the

following factors:

e A significant amount of planning and task allocation (referring to team members) was recorded in
meeting notes, which were completely absent from the reports (20% vs. 0%).

e Logbooks were all chronological and often resembled a diary. Thus the logbook was effectively a
living document, making planning an integral and natural part of many entries.

e Logbooks were frequently used to track tasks outstanding for the individual in ‘fo-do’ style lists at
the beginning of entries.

Similar trends existed for organisational-related entries. Economic information was present in both

logbooks and reports, as such information was provided by the stakeholders in a relatively clear form

during meetings and simply copied from logbook to report. For example, the target cost of the

machine was communicated to the engineers in the meeting, and was then transferred in to the formal

requirement specification. There is also a clear loss of human resources (HR) related information.

Such information was often very similar in nature to ‘team’ information (i.e. dealing with issues

related to team members and their roles) and was therefore absent for similar reasons - namely that

such issues were often discussed in meetings, records of which are absent from the formal reports:
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Figure 6. Percentage of entries containing various organisational information

Moving to the problem solving sub-categories (Figure 7, below) it can be seen that entries containing
‘goal setting’ and ‘constraining’ activities are at broadly similar levels. However there are significant
differences between the amount of entries containing ‘solving” and ‘evaluating’:
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Figure 7. Percentage of entries containing various problem-solving activities

The majority of ‘goal setting” was observed to be in the requirement specification and scoping section
at the beginning of the logbook, which are also repeated in the reports, hence these percentages are
very similar. The significant differences in the proportions of entries containing elements of solving
and evaluating are probably for a similar reason as the difference in performance-related entries shown
in Figure 4, namely that logbook entries are more likely to contain elements of solving — i.e. search,
gathering and developing solutions in the earlier stages of design, whereas the reports emphasise the
final design, including its evaluation.

The overall percentages for entries containing the top-level ‘communication activity’ (Figure 3, above)
was — unsurprisingly — almost 100%. This is simply because virtually all entries can be classified as
communicating something. However, drilling down into the sub-categories reveals that the nature of
this communication differs significantly between the logbooks and reports (Figure 8):
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Figure 8. Percentage of entries containing various communication activities

Firstly, there is a lack of ‘clarifying’ and ‘managing’ in the reports. In a similar trend to the planning
categories, this may be explained by the observation that clarifying and managing often occur during
collaborative work. Such sessions would be recorded in logbooks as meeting notes, which are absent
from the reports.

The other significant difference is the contrast between entries that are informative in nature (27% for
logbooks vs. 74% for reports) and those which are exploratory, where the trend is almost exactly
reversed (64% for logbooks vs. 24% for reports). ‘Informative’ in this context means that the entry
states one position, and does not consider options, alternatives or the rationale for the statement,
whereas exploratory entries do consider alternatives.

4 COMPARING ENTRIES

There were clear indications of potential ‘information loss’ in terms of information classes, and in-
particular the numbers of sketches, calculations and meeting notes in this dataset. In the case of
meeting notes, much of what was lost is project or organisational-related information (specifically
planning, team/HR and managing activities). Other categories or information classes (‘product’, for
example) did not appear to show much of a ‘loss’. Indeed, some types of information such as those
related to product performance and evaluation, were more prevalent in the formal reports. It is
suggested that the greater proportion of entries related to performance and evaluation could be
attributed to such activities naturally occurring later in the process when reports are being written, and
also that it is the function of a report to concentrate on the final design — and particularly evaluating its
performance. This is further supported by the observation that significant differences still exist in the
nature of these entries, with informal logbook entries containing performance or evaluation aspects
still more likely to be exploratory in nature, or relating to the performance of alternatives and not the
chosen solution. Overall, then, logbooks appeared to show more of the emergence of the design, as
manifested through more logbook entries containing elements of ‘solving’ and ‘exploring’. They were
also richer in terms of the number of types of information, the amount of rationale, and especially the
amount of project and process-related information. In contrast, reports — as one might expect - placed
more emphasis on the evaluation of the performance of the final product/artifact, largely through
factual, textual description, tables summarising information and CAD drawings. These differences are
clearly illustrated with a representative example in Figure 9,overleaf, which show corresponding
entries from the logbook and the report:
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6.2.4 Bearing Specification

The bearings will not experience any significant axial load. The load will be mainly radial. The most
suitable bearings for the task were cylindrical roller bearings. The design chart in appendix section
12.8 shows the relative strengths and weaknesses of the most common types of bearing. It is clear
from the table that cylindrical bearings are the most suitable. All bearings were selected from the
SKF range, and one NU1009ECP (providing radial location of the shaft) and one NJ209 ECJ
(providing radial and axial location) are required for each shaft. Adaptor sleeve HJ209 and locating
ring 2FRB 10.5/90 are also required for each shaft. The housings selected were SNH 510-608.

Figure 9. Example of difference in corresponding entries

Here the interwoven nature of logbook entries can clearly be seen, with text, calculations, cost
information, contact details and sketches all present. In contrast, the corresponding report entry is
purely textual and presented in a factual manner. Whilst it is easier to follow than the relatively
‘messy’ logbook entry, no alternatives are offered, no calculations are shown and the rationale for the
assumptions made for the analysis are not apparent.

It must be noted, however, that this study used data from one project only. Whilst the authors believe
it was representative of a common engineering design scenario, the trends reported here may well be
different for other types of project. For example, a purely conceptual design exercise could well result
in more emphasis on the rationale and design alternatives in the final report. Similarly, the detailed
design of a component in a variant design may move to a CAD representation almost immediately,
again meaning that the importance of any informal record is reduced. Varying organisational practices
(such as procedures or legal requirements relating to documentation in different industries) and also
the nature of the team and their working practices may also affect the outcome. For example, if the
team were distributed (i.e. not co-located as in this study), the use of email or groupware may make it
easier (or even necessary) to share informal representations in an electronic format, making their
inclusion in the formal project record easier. A similar argument could be applied to larger teams
where project management tools such as workflow systems like Product Lifecycle Management
(PLM) or shared calendars may reduce the amount of planning information in logbooks, or at least
provide a source of such information that is easier to access. Extensive use of design rationale capture
tools, together with PLM could mean that the formal project record ceases to exist in the form of linear
discourse in some cases.
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5 [IMPLICATIONS FOR DESIGN RECORDS

Despite the scenarios discussed above that may reduce the disparity (or even blur the boundaries)

between formal and informal records, it is agued that in a significant number of cases, neither the

informal nor the formal records are likely to represent a complete record on their own. Reading the

formal reports alone (the usual scenario) may lead to an over-emphasis of the performance of the

chosen solution, at the expense of rationale about decisions on, for example, the merits of alternatives

and the process by which a solution was arrived. There are two main scenarios where a more complete

record could be useful:

1. Information retrieval from an organisational perspective — for audit or to support other business
processes.

2. Re-use of design information by engineers, either during the project or for another project in the
future.

From an organisational perspective, the more complete records of planning and team/HR information
are clearly useful for audit and intellectual property management purposes, even in its current form.
Such information is particularly significant, as even where meetings are formally minuted, it has been
shown that there is a large loss of information, and specifically actions arising [9]. This means that the
informal records are often the only source of much of this information and could provide vital
evidence of, for example, who was present at meetings, who was responsible for a particular task, or
when a certain method or solution was first discussed. It could also be used to support other more
routine business processes such as project and knowledge management activities. For example, the
project categories presented in Figure 5 shows that information related to ergonomics was largely
absent from the logbooks. Whilst this could just be a consequence of the nature of this particular
project, routinely identifying such differences could be used to pro-actively identify possible
deficiencies in the decision making process.

For the second scenario — re-using design information either during or after a project — being able to
assess its value and relevance is a critical factor, which is in turn made possible by being able to
understand the context in which it was created. It is arguable that logbooks go some way to providing
such additional context - and particularly assumptions and models on which the analysis depends - as
illustrated in Figure 9, above. Therefore, as well as being useful during a project to ensure the reports
are an accurate, balanced reflection of the work done, re-use of information from past projects could
be considerably improved. This is because of the potential for better access to the product context and
rationale contained in informal sources, as well as through learning lessons from the process, which is
impossible with the reports alone.

Linking informal records to their more formal counterparts would then appear to be a sensible way
forward. However, establishing the best way to create such links is not straightforward. These and
other future research issues are now discussed.

6 CONCLUSIONS AND FURTHER WORK

This research was concerned with information contained in informal and formal records. A detailed
comparative study was carried out on complete set of representative documentation from a design
project about reducing changeover time for packaging machinery. It comprised of six logbooks and 11
corresponding formal reports, plus CAD drawings. These documents were classified against a
comprehensive mark-up schema covering information types, product and process-related categories,
problem solving and communication intent.

The results revealed a number of significant differences. There was evidence of both loss of some
specific types of information such as sketches, and virtually all planning, team/HR and task
information. Importantly, there were also significant differences in the nature of the entries: logbooks
were much more exploratory in nature, with an emphasis on ‘solving’ activities, whilst reports were
much more concerned with factual evaluation of the design’s performance.

The clear implication was that access to both sources would produce a more complete - and arguably
more useful - design record for both organisational and individual/project re-use in this case. However,
it is noted that there are a number of factors relating to the nature of the project and organisation that
could affect the usefulness of informal records, as well as other issues that require further
investigation. For example, whilst there is clear evidence of ‘information loss’ and examples of where
such ‘missing’ information may be useful, quantifying the value of the lost information is difficult —
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i.e. is its capture worth the additional effort? It is also acknowledged that whist in this case, the
logbooks, reports and CAD made up the vast majority of the physical record, this may not always be
the case. For example, distributed teams often rely heavily on email or other communication and
recording tools, the analysis of which was outside the scope of this paper. Finally, how such links
between formal and informal records may be established in a manner that is both cost effective and
acceptable to the engineers is also unresolved. The richness of logbook entries, combined with their
very different nature makes the direct linking of one entry to another in a report problematic — as does
the relative inconsistency in the presentation of informal records — and this is an area that requires
significant further work.
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