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Abstract
Scientific writing in higher education is not only a prerequisite for participation in scientific discourse,
but also forms the basis for the development of one's own thinking. Despite the sometimes extensive
writing tasks in various study programs, the results are often unsatisfactory. The reasons for this could
be many, but one of the most pressing ones is the difficulties learners face when grasping the complex
structure of a scientific paper. Contributing to this might be not only the many components a scientific
paper is composed of, but also their often intricated relationships and dependencies.
The central goal of the work presented in this paper is to develop a set of proven structural parts of
scientific texts that can be assembled into a model language. Patterns are already used in different
contexts to represent typical solutions. Examples can be found in software development and in the
optimization of processes. A pattern language can then support the writing process in its different
phases by linking the patterns (e.g. from the first creation of the main parts of a report to the detailed
argumentation). We suggest mechanisms aimed at both supporting and complementing the creation
of a scientific paper. In this regard, we focus on the importance of an early, concrete planning of how
selected parts of the desired product, i.e. the intended scientific paper, should be considered.
Three major steps are necessary to achieve that goal: First, the required language elements for the
description of texts need to be identified. Typical text patterns can then be formulated with the help of
these elements. In order to support the entire writing process, these patterns must finally be linked in a
suitable way that allows for the planning and creation of the text in ever increasing degrees of detail.
The initial data for determining the language elements as well as the text patterns are provided by the
authors' previous experience in the supervision of approx. 2000 final theses, as well as by a thorough
analysis of best practices from the literature on scientific writing.
This work marks a starting point in the development of a model language, which is open for the
integration of further experiences in the form of new patterns. It also raises the question of how text
patterns can be used appropriately in an initial learning process of scientific writing and working.
Keywords: Academic writing, text patterns, pattern language, writing support process.

1

INTRODUCTION

Both the large number of textbooks for academic writing available on the market and our own
experience in academic settings show that problems often arise for students when writing academic
texts during their studies. On the one hand, the motivation to write a long text is a challenge, on the
other hand, there is a lack of basic knowledge about the requirements that go beyond simple formal
rules. Several courses on scientific writing in tertiary education aim to support students in their work,
but in the concrete writing process most formal requirements for doing so are either too general or no
longer available in practical situations.
Scientific papers are usually extensive texts, which have to meet many formal and content-related
requirements. In our working environment, the volume ranges from ten to fifty pages. The final thesis,
which indicates the end of the studies at a higher education level, for example, almost always contains
the largest number of pages. For the different types of requirements for a scientific work, there are
also various guidebooks: in the formal area for the linguistic design [1], for the research question and
the logical structure [2][3], for the type of presentation [4], and even presentations that summarize all
these topics [5]. A large area is also devoted to advice on how to overcome motivation difficulties
when writing academic texts [6][7].
In the creation of complex systems in areas other than scientific writing, the documentation of best
practices has proven to be useful and is usually presented in a way that is suitable for general use.

When formal models are used for representation, as well as a semi-structured notation for the rough
structure of the documentation, these representations are called patterns. A pattern is described by its
name, the problem addressed, the solution idea, and the consequences of using the pattern [8]. Thus,
a pattern can also be used by users who are not yet familiar with best practices but who have a
corresponding problem to solve. The possible dangers and disadvantages of using patterns may
become clear through the pattern description. Thus, many proven approaches are available in a
compact and clear presentation, which can be searched for depending on the basis of the existing
problem situation.
The aim of the present work is to elaborate on a first set of patterns for scientific texts. A prerequisite
for this is the existence of a description language for the different parts of a scientific text. In addition
to the patterns, however, the question also arises as to how they can be integrated into the creation or
support process in the context of higher education. In so-called pattern languages, there are
references between the patterns, which realize the structure of the object to be created (e.g. the
scientific work) by the continuous application of more concrete detailed practices. The explanations
will then lead to a corresponding text pattern language, which will support the writing process from the
first rough structure to the details of the text.

2

FUNDAMENTALS OF PATTERNS IN LEARNING PROCESSES

For the establishment of solution patterns, it is necessary to clarify which components a pattern should
have and what function these components have in each case. The use of patterns in learning
processes can be divided into two aspects: On the one hand, patterns describe the implementation of
the learning itself (which are called “pedagogical patterns”). On the other hand, they refer especially to
software artifacts, where there has been a rapid development of so-called design patterns since the
late 70s. As concrete support for the writing process, pattern-based approaches can be found in the
literature, which lead to the implementation of supporting software systems.

2.1

Basic Idea of Patterns

The solution of problems in the engineering sciences is not achieved by constantly reinventing
approaches to solutions. In all disciplines there are recognized procedures and approaches that have
proven themselves. Examples of such procedures are:
•

The design of interiors in architecture: The need for seating and proximity to light requires the
creation of seats near windows, e.g. in a bay window ([9], as referred in [10]).

•

The reduction of complexity by hiding implementation details of a software component in
software engineering: A facade forwards the calls of detailed services of a component to the
responsible subcomponents [8].

•

The stable connection of woods in furniture design: Depending on the desired connection
thickness and various other parameters, e.g. the tenon joint is a solution [11].

For the description of patterns, however, it is not sufficient to describe only the structure of the desired
object (for the above examples, the floor plan of the room, the interaction of the classes in a facade or
the appearance of tenon joints). It is also necessary to know e.g. what risks are involved in the
application and what an example of implementation might look like.
Since design patterns in software engineering have been extensively studied and driven by intensive
research, we take a closer look at the parts of a pattern description proposed in this area. In [8] the
components of a pattern description for software products are designed in detail. This description
contains 14 elements (see Table 1).

Table 1: Attributes that describe software design patterns ([8])
Attribute

Meaning

Name

Uniquely describes a pattern

Classification

Defines a certain class of problems the pattern is assigned to

Purpose

Defines the concrete problems the pattern can be used for

Also known as

Shows other designations of the pattern

Applicability

Shows different situations in which the pattern can be used

Motivation

Scenario in which the pattern can be used

Structure

Shows the single parts of the pattern

Participants

Describes who participates in the pattern’s situation

Interactions

Describes the interactions between the participants

Consequences

Shows the advantages and disadvantages when using the pattern

Implementation

Gives hints on how to implement the pattern in source code

Example

Shows some sample code implementing the pattern

Known uses

Shows examples of the implementation in existing software systems

Related patterns Describes other patterns that are dependent or that can be used
alternatively
In addition to the set of patterns, further information is required for their use. In the basic textbooks for
design patterns the patterns are described as a coherent system. Buschmann et al. [10] describe a
pattern system based on the set of individual patterns (this system Alexander calls a pattern language
in [12]):
"A pattern system for software architecture is a collection of patterns for software
architecture, together with guidelines for their implementation, combination and
practical use in software development.”
In order to make use of patterns, it is therefore necessary to provide, in addition to the actual patterns,
information about their combination and use in the respective phase of a development process.
Phase-oriented categories that can be assigned to the respective development stages are useful here.
Buschmann et al. [10] define, for example, the categories architecture patterns, design patterns and
idioms, which refer to the development stages of rough architecture, detailed architecture and
implementation.

2.2

Patterns in Learning

The use of patterns in learning refers first of all to best practices for designing learning processes.
Here, it is not the result of the process that is the aim of the pattern, but the process itself. In [13] and
[14], for example, Köppe describes teaching approaches specifically for the teaching of design
patterns, how this concept can be better understood by students and implemented in practical
exercises. Warren describes active learning techniques for similar learning content in [15].
Many software applications are also being developed to support electronic learning. How such
applications are structured and which learning principles are implemented is part of current research.
For example, Fioravanti and Barbosa present a catalogue of 312 pedagogical patterns for software
applications identified in 51 studies in [16].
Barros et al. propose a software tool that assists students when learning to program by using different
patterns that are stored as sample code. This enables the learner to find quick solutions to minor
implementation issues (such as choosing a suitable loop construction) [17]. Porter and Calder
formalize the solution of programming tasks by a learner by gradually selecting patterns that refine the
program structure and ultimately result in a runnable program [18].

Kolfschoten et al. were even able to show that the use of design patterns in design exercises not only
increases the efficiency of task processing, but also enables more efficient learning of design
knowledge for beginners [19].

3

PATTERN LANGUAGE FOR ACADEMIC WRITING

A modelling language for scientific texts is presented in the sections that follow. The aim is to build a
pattern catalogue to represent texts structures on different content levels before the actual content of
the texts is written. A thorough analysis of different text books, as well as the experience of the
authors of this paper in the supervision of theses, determined both the selection and design of the
patterns that will be introduced next. Finally, the patterns can be put together in such a way that they
can be assigned to the writing phases and, as a pattern language, cover the entire writing process.

3.1

Text Modelling Language

Just as the design language UML (Unified Modelling Language [19]) for software systems describes
different perspectives of a system, it is necessary for texts to allow different levels of description. This
becomes clear from the distinction between the conversion of a report into continuous text and
graphics compared to rough planning based on an outline.
The text model language TML described by Faustmann [20] contains four different perspectives on
scientific texts:
1. The outline perspective describes the well-known division of a text into main and subchapters. The presentation is done by numbering the text with the respective text titles.
2. The function perspective shows the functions of the individual text parts contained in the
text. Functions include descriptive parts (DOCUM), analysing parts (ANALYS), comparative
parts (COMP), hypotheses (HYPOTH), evidence presentation (EVID), evaluations (EVAL) and
summaries (SUMM).
3. The content perspective contains brief descriptions of the content of the respective text
parts.
4. The presentation perspective shows how each part of the text is presented to the reader.
These forms of presentation include texts, enumerations or lists, tables, graphics, program
code and mathematical expressions.
The content of the respective perspectives can be combined into one perspective, but also across
perspectives. The following relationship types are used for this:

3.2

•

Sequence relationships simply show the sequence of parts in the text. They can also be
dropped if the sequence is already clear in the model. Sequence relationships are typically
only modelled within one perspective. They are represented by a line with an open arrowhead.

•

The containment relationship shows which elements are implemented by others. For
example, evidence (EVID) for a hypothesis (HYPOTH) can be realized by a comparison
(COMP). Containment relationships can be used within a perspective, but are generally crossperspective. They are represented by a simple connecting line.

•

The reference relationship clarifies the relationship between text parts. The reference of an
evidence (EVID) to a hypothesis (HYPOTH) previously explained in the text should be
displayed here. Thus, reference relationships often lead back in the text. These references are
shown as dotted lines with an unfilled arrowhead.

Text Patterns

As a result of the analysis of different textbooks about academic writing and our own experiences, ten
patterns for scientific texts were initially identified, which form the basis for the desired pattern
language. Due to space reasons, only three patterns are presented here in detail, followed by an
overview of the remaining seven text patterns. The patterns presented in detail are described by the
attributes shown in Table 2.

Table 2. Attributes that describe text patterns
Attribute

Meaning

Name

According to its use, each pattern contains a meaningful name

Purpose

An explanation of what can be achieved with the pattern in the text, or what a text
would lack without this approach

Motivation

The advantage of using the pattern will be shown by means of an example

Structure

A text model is used to show which perspectives are affected by a text and which
parts of the text have an influence

Consequences Here the advantages and disadvantages from the point of view of both the reader
and the author are pointed out
Implementation Since texts are the target objects, references to concrete formulations or design
aspects are given
Sources

Where do the rules that implement the pattern come from? The information should
be as precise as possible (e.g. with page numbers) to allow for easy reference.

The additional attributes introduced in [8] for the description of software patterns (see Tab. 1) are not
used here, because they partly do not fit the objective "text" (e.g. "known use"). The attributes
“category” and "related patterns" are used in the following section where a text pattern language is
developed. This leaves nine attributes, which are used to describe text patterns in the following
sections (the “Name” attribute is already defined by the respective heading).

3.2.1 Hourglass Pattern
Purpose: The aim is to awake the interest of a broader readership for the issue under consideration.
Without this structure, the text would only be of interest to a few experts.
Motivation: The question examined in the text is introduced by a broad context and developed more
and more closely to the actual question. For example, the question of how to model texts is not very
interesting for most readers. However, if examples of applications that are embedded in a broader
field such as e-learning are shown, then the circle of readers could become considerably larger.
Structure: Figure 1 shows the Hourglass Pattern as a text model. It depicts the beginning and the end
of the text (Introduction and Discussion). Both the narrowing and finally the broadening of the question
takes place.

Figure 1. Structure of Hourglass Pattern
Consequences: For the reader, the question dealt with is better placed in a context that may be more
interesting for him/her. However, this also means that the work only reaches the actual point (the
analyzed question) later. The author of the text has to consider that it depends on the readership how
broadly the context is chosen. In very specific journals, it is not necessary to describe a broad context

and is rather obstructive. The overall structure must be based on the IMRaD concept (Introduction,
Methods, Results, Discussion), which provides for introduction and discussion.
Implementation: The implementation can be carried out as pure continuous text. The differentiation of
the content parts should be done by separate paragraphs.
Sources: Heard, The Scientist’s Guide to Writing, p.77ff [5]; Katz, From Research to Manuscript, p.
13ff [21]; Schimel, Writing Science, p. 33, 45 [22]

3.2.2 Complex Research Argument Pattern
Purpose: A question is first answered by a hypothesis (claim). This claim must be substantiated in a
comprehensible way. This is done by giving reasons and analyzing substantiated statements (e.g.
empirical studies).
Motivation: A scientific text that deals with a question must be based on this argumentation structure.
The assumption that violent films influence the behavior of children in their later life (HYPOTH), as the
boundaries between reality and fantasy become blurred through feature films (DOCUM for reason),
must be secured (e.g. through studies investigating perception after watching a film - ANALYS).
Structure: Figure 2 shows the structure of the Complex Research Argument Pattern. While in the
introduction the hypothesis is developed from the research question, in the discussion arguments for
the hypothesis should be found. These are composed of reasons for the hypothesis and
corresponding proofs that refer to the results of the work.

Figure 2. Structure of Complex Research Argument Pattern
Consequences: For the reader, this structure creates a comprehensible justification of the assertion,
which is at best based on facts. However, the interpretation of these facts still leaves room for
argumentative discussions. These counter-arguments should also be anticipated by the author, which
can lead to a continuous string of reasons and evidence. It is up to the author to decide when an
assertion is sufficiently justified.
Implementation: In empirical studies, evidence can often be presented through statistical analyses
and resulting graphical evaluations (e.g. correlations). Graphical representations are also helpful for
the proof of optimized structures, which e.g. show a better overview and thus a lower complexity of a
system.
Sources: Turabian: A Manual for Writers of Research Papers, Theses, and Dissertations, p. 48ff [23];
Booth et al.: The Craft of Research, p.114ff [2], Toulmin: The Uses of Argument, p. 87ff [3]

3.2.3 Presentation Referencing Pattern
Purpose: For the reader, a text with its additional forms of presentation (such as graphics, tables, etc.)
should offer an understandable reading flow. Presentations in the text that are not pure text should
therefore be appropriately referenced by the written parts.
Motivation: Graphic representations support the reader's understanding of an analysis and generate
interest by changing the media presentation. However, if a graphical data analysis is not directly
related to the text, it can be difficult for the reader to understand the meaning behind the analysis.

Structure: Figure 3 shows the affected perspectives of a text for the Presentation Referencing
Pattern. If the content includes graphics, tables, etc., a connection to the text parts must exist via a
corresponding reference. This connection of content and different forms of presentation can appear in
any part of the text.

Figure 3. Structure of Presentation Reference Pattern
Consequences: This raises the question of how strong the connection between, for example, graphic
representation and text must actually be. The author has to decide when to reference a graphic
(before or after it is displayed in the text) and how exactly the text refers to the graphic. A description
that is too precise can make the graphic itself superfluous, and a reference to the representation that
is unclear in terms of content can be confusing for the reader or interrupt the flow of thoughts and
reading.
Implementation: References in the text can be obtained by directly specifying the figure/table title
including the number. Mathematical expressions can also be numbered and then referenced in the
text.
Sources: Heard, The Scientist’s Guide to Writing, p.102, 116/117 [5]

3.2.4 Further Patterns
This section briefly introduces other kinds of patters that could be present in scientific writing.
•

Story-for-Explanation Pattern: On the one hand, the pattern describes the basic IMRaD
structure (Introduction - Methods - Results - Discussion) and, on the other hand, it specifies
questions of content that are to be clarified in the respective chapters of the outline. Due to the
nature of the questions, the pattern refers in particular to investigations as they occur in the
natural sciences and attempt to explain certain facts.

•

Story-for-Design Pattern: Like the Story-for-Explanation Pattern, the Story-for-Design
Pattern describes the basic structure of a scientific paper, but here the focus is on the
development of a prototype to solve certain problems (e.g. a new software tool). The main
chapters are adapted in their titles and the questions revolve around the application problem,
already known solutions, and the synthesis towards a new prototype solution.

•

Hypothesis Generation Pattern: A scientific paper has to ask a research question and
should come up with a hypothesis to answer this question. Using an example that illustrates
the problem and an analysis of the research area, the question can be worked out and a first
hypothesis developed.

•

Research Argument Pattern: This pattern is a generalization of the Complex Research
Argument Pattern described in the previous chapter. Here, forms of presentation are
considered which support the various reasons in list form, especially for evidence.

•

Unified Paragraph Pattern: The last three patterns refer to the structure of individual
paragraphs. The Unified Paragraph Pattern requires a topic sentence for each paragraph,
which outlines the goal of the paragraph. In the remaining paragraph, details and examples
should be developed for this topic.

•

Distinct Paragraph Pattern: In this pattern it is required that several paragraphs can be
distinguished by their content (i.e. each paragraph describes a separate topic), but also that
they must refer to each other by references. The references can be forward (e.g. as a
conclusion of a paragraph), but also backward (e.g. in relation to a previous topic).

•

3.3

Coherent Paragraph Pattern: This pattern requires a paragraph to arrange its contents
according to a certain organization scheme. This organization can be time oriented (older to
new events) or based on the importance of the arguments (less important to very important).

Text Pattern Language

The patterns described here must now be made available for a writing process. By assigning the
patterns to the basic categories general structure, argumentation structure and text implementation,
one has at the same time achieved an assignment to the phases of a writing process: In the first
phase one will think about the rough structure of a text, which then leads to a first outline. This outline
can already be developed further. At this point, however, it should already be clear what function the
respective outline points will have. This then represents the storyline of the text for the reader. In the
second phase, the arguments for the research hypothesis are determined and appropriately
described. At this point it is therefore a question of the argumentation structure and the interaction with
the previously defined outline. In the last phase the texts are created, which then have to convert the
arguments into continuous text or suitable presentations. This is the implementation of the text. Figure
4 shows the described text patterns with the assigned categories.

Figure 4. Text Pattern Language
The dependencies of the patterns, represented by connecting arrows in Figure 4, describe the
procedure for using the patterns in the respective phases. While the Story-for-Explanation and Storyfor-Design patterns can be chosen alternatively, the Hourglass Pattern is an essential part of the
argumentation structure. In the text implementation, all the mentioned patterns should be used. The
dependencies of the paragraph patterns refer to the integration of the three rules in one paragraph
each.

4
4.1

CONCLUSIONS
Advantages

The proposed methodology for presenting rules for the creation of scientific texts using text models
and sample descriptions leads to a compact and clear type of instructions for scientific writing. This is
particularly positive in view of the fact that the literature on the subject is very extensive and students
are unable to find their way around due to the large amount of advice. The result is often qualitatively
unsatisfactory work.
Such a sample catalogue can significantly improve the process of writing in two ways: On the one
hand, texts can be drafted more quickly, since the basic structures are available almost immediately
and contain instructions on how to continue with the text parts even more detailed regarding the
writer’s own topic. On the other hand, the support process in the preparation of academic theses
becomes more transparent, since students and supervisors can now use further indications for a
thesis that go far beyond the previous outline points. Consequently, communication can also be
adapted to the respective level of resolution of a text (rough structure, argumentation, text design).

4.2

Limitations

There are also disadvantages that the use of a pattern language can bring up. First, it requires a
certain amount of effort to become familiar with the TML notation for text. This is comparable to other
notations like UML for software engineering. Supporting means such as textbooks and tools for using
TML can reduce this effort.
For a practical use of the presented pattern catalogue, a further development of patterns is necessary.
The patterns described in this paper can be regarded as examples of how patterns look like and how
they should be organized in a corresponding catalogue. Therefore, it would also be necessary to
consider how the process of developing new patterns can be improved and made more efficient.

5

FUTURE WORK

From the disadvantages of the concept of a text pattern language described above, for example, it
arises the requirement to specify further patterns and document them in a suitable form. Here, a
textbook form that can be made available to students is a suitable option. This would make patterns
practically applicable and generally documented available to students.
The practicability of the concept also depends on the availability of software tools that support both the
process of creating patterns and their use in real writing processes. The following requirements for tool
support should be mentioned here:
•

Patterns should be available electronically in such a way that, in the case of a large number of
patterns, they can be searched for appropriately (e.g. categories relating to a writing phase).

•

This also includes the creation of new patterns on an appropriate platform (in principle a
development environment for text patterns).

•

For the user of the patterns, the question arises of how they can be integrated into the text
creation process. Text processing systems are used for this purpose, although there are
already more advanced solutions to support the text creation process by providing additional
information (e.g. in the software Scrivener any information can be stored and used later when
writing, www.literautureandlatte.com/scrivener).

•

As already introduced, there are different dependencies of patterns, which can also lead to a
structural combination (e.g. hypothesis generation with research argumentation). A tool should
support the composition of patterns in a text model that is created by the author.

Another theoretical point that can lead to an improvement of the concept is the modelling of antipatterns, which are common mistakes in scientific papers. Examples are:
•

the use of a theory or concepts of a theory, without introducing them properly,

•

the formulation of research questions without scientific background or introduction to a
problem or gap or missing research,

•

the presentation of evidence, data, or supporting information for a problem that has not been
described in advance,

•

drawing conclusions without a previous discussion of the results that were obtained,

•

addressing a problem that needs to be solved without describing it,

•

presenting solutions to a problem without introducing the problem or the theory behind it,

•

not giving supporting evidence to an argument for or against a hypothesis.

As it can be seen from these examples, the dependencies of the text parts are complex and often
cross-perspective. However, models of these errors in the texts could help to avoid them.
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