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Abstract—Online teaching in 2020 forced many educators to adopt new 
teaching methods. Instead of working in the classroom with handout and oral 
presentations, online teaching requires new teaching materials and documents. 
These are usually created in different formats with different software and is 
often redundant. The present paper proposes a research on workflows and 
practical applications to streamline the publishing process by proposing 
authoring in a meta data format and publication of convergent teaching material 
from a single document. The purpose of this research is to improve the quality 
of education by reduction of redundant workflows in the creation process of 
teaching materials. 
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1 Introduction 

2020 brought big changes in education. The fear of contamination due to the pan-
demic forced many educational institutions to change curricula fundamentally and 
move teaching as well as communication and assessment online [1]. As a conse-
quence, not only teaching practices changed, but the whole communication with stu-
dents, printouts and publications as well. Multiple recommendations have been pub-
lished with examples from mostly commercial software services [2]. While many 
services have discovered educators as a new target group, the present research pro-
poses free and open-source tools and workflows that can be achieved without sub-
scription fees. Some teachers use textbooks, others often create their own new teach-
ing materials [3]. These materials can have different kinds and shapes. Some exam-
ples are: handouts, keynote slides, presentation backgrounds, textbooks. They often 
have very similar content in a slightly different layout. The following section gives a 
brief overview of some of the most popular publication targets. 
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1.1 Keynote presentations 

Keynote presentations are very often used in teaching. In many cases they have re-
placed traditional teaching based on the use of chalkboards [4]. The presentation usu-
ally consists of multiple slides showing keywords and topics of the current lesson. In 
addition, these presentations may contain images, videos and sound. 

Educators often use dedicated software for the creation of keynote presentations. 
This kind of software is usually part of a so-called office package. Popular examples 
are Microsoft PowerPoint, or LibreOffice Impress [5]. Also popular among Apple 
users is the software Keynote. The software Latex can also be powerful tool for creat-
ing PDF presentations especially when programming and linking inside documents is 
required. 

1.2 Student handouts 

Student handout designs can be very similar to keynote presentations. They can 
have reduced sizes. Some educators print the slides of their presentation. Others pre-
fer to downsize the slides and print multiple slides on one page. They usually also 
contain space where students can add notes. Figure 1 shows different types of 
handouts. Handouts are usually a subtype of the keynote presentations. The above-
mentioned software for keynote presentation has in all cases the special future for 
printing out handouts. 

  

Fig. 1. Student handout with notes (left), multipage handout (right) 

1.3 Textbook 

The textbook is an important publication target. Some textbooks can serve as a re-
placement for a class. They contain in written form the introduction and text teacher 
would usually explain orally in the classroom. Textbooks are also created to study 
alone. Therefore, text and explanations are not only limited to keywords but contain 
more elaborate descriptions.  Descriptions in the textbook are very similar to the 
speech presented in front of the class. They are also very similar to the lecture dia-
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logues in an online web cast. Large parts of textbooks can serve as the transcript for a 
class [6]. 

1.4 Web casts 

Online seminars and web casts usually contain some graphical elements in front 
and behind the presenter and special multimedia software for authoring can be neces-
sary [7]. In certain cases, teachers can use the same keynote presentation as they 
would use in the classroom. However, there are also many cases, where it is inappro-
priate. When the teacher is in the same picture as the presentation, overlappings can 
occur and important keywords can be unreadable for the viewer. Especially when 
multiple cameras are used and the size of the presenter changes constantly. Figure 2 
shows a keynote publication as web cast background. 

 
Fig. 2. Keynote as web cast background 

1.5 Exams 

Exams and quizzes can often have similarities with examples or exercises present-
ed in class. In this case producing an example for a textbook or creating an exercise in 
the workbook is very similar to creating part of a quiz or an exam. In case of learning 
management systems (LMS) often multiple-choice questions are used. These offer a 
great potential for reusability with only very slight modifications. Software for online 
exams is usually integrated in learning management systems. The students’ results 
and performance are stored in learning record stores (LRS). This allows the educators 
to follow the students’ progress and results in real-time. Many other systems exist to 
create exams and quizzes off-line [8]. 

The above-mentioned publishing targets are examples. There are more documents 
that can be used for teaching and exposing all would go beyond the scope of an arti-
cle. Since using existing textbooks is not always possible, teachers often rely on their 
own materials and are facing increasing challenges in preparation. 
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2 Problem 

When educators create their own teaching materials, they have to target different 
publishing outputs and often use different software for each. An attempt to classify 
some of the existing tools during the Covid-19 pandemic has been achieved in the 
survey by Tawafak et al. [2].  Most modern publishing tools provide solutions for a 
particular publishing target. However, in many cases the layout is so closely connect-
ed to the content that it can become difficult to reuse teaching materials made for one 
publishing target for another. For example: explanatory texts and descriptions for a 
textbook are often composed using text processor. The text processor is generally 
made for documents in vertical format. All text, image, paragraph formats and layouts 
are adapted to this vertical page format. It is not easy to change the layout and content 
to match the design of the horizontal format of a keynote presentation. In many cases 
content has to be rewritten or copied from one software to another. Common prob-
lems of this process are: 

• Difficulty keeping track of changes 
• Impossibility to reuse content 
• Difficulty to adapt content for new publishing targets 
• Heavy workload for creating new classes 

When authoring teaching materials, it becomes a complex issue to keep track of 
changes: a modification in one teaching document will not automatically be reflected 
in another. A lot of time is spent to recreate similar documents in different layouts.  
Almost every document represents a dead end because in most cases this document 
has only one single application and cannot be used in another target. It is very diffi-
cult to reuse content elements. Adding new publishing targets such as a HTML5 e-
learning platform or video online classes in the workflow represent additional chal-
lenges. For many new classes a large amount of time is dedicated to authoring and 
design of new course materials. Education quality could improve if more time could 
be spent in work on the content of the class instead of  redundant time-consuming 
creation of teaching materials. 

The following section shows a brief overview and evaluation of present technolo-
gies for document conversion and multiple target publishing. The fourth section of 
this article will propose a workflow method based on the selected tools. The final 
section of this paper draws the conclusion about the presented workflow and indicates 
fields for further research. 

3 Present Technologies 

Document formatting and conversion are important topics in publishing. Multiple 
solutions exist already for specific applications. This section focuses on a selection of 
application examples and describes their specificity and evaluates possible advantages 
and disadvantages for the creation of online course materials. 
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3.1 Office automation (Databases) 

Publication of data from separate layout can often be achieved with office automa-
tion. Prominent examples are serial letters and mail merge [9]. The procedure consists 
usually of creating two different files: one is a database, the other one is a publishing 
target template. The database can regroup a multitude of fields in records. The text 
document is generally a letter or catalogue. Every time a new page is created place-
holder values are updated with matching values of the database. Different publishing 
targets can be achieved by using a variety of letter templates [10]. The advantage of 
this procedure is that it is very easy to use, most office software has this kind of pub-
lishing feature already built in. However, the disadvantage is that the database or table 
is mostly made of very similar data. Complex documents with more detailed struc-
tures are difficult to achieve with this method. 

3.2 Shareable Content Object Reference Model (SCORM) 

The SCORM model is a set of specifications and rules specifically targeted for e-
learning. It is a result of the advanced distributed learning initiative initiated by the 
office of the United States secretary of defense [11]. Created in 2004, SCORM de-
fines sequences and rules for learning content and interaction between user and the 
software[12]. The specifications describe how an application should behave. The 
teaching material is stored in XML files. This universal file format makes it easy to 
share the educational content among different LMS. SCORM is a standard in e-
learning. It assures that learners can have the same learning experience within differ-
ent learning applications. The advantage of SCORM is the standard for interoperabil-
ity and reusability of educational content. However, the standard does not define 
exactly output to the user. This has to be implemented by each software individually. 
The complexity of the standard can be an obstacle for quick content creation. The 
following XML code shows the manifest definition in SCORM. 

<manifest xml:base="Course/">  
 <organizations> 
  <organization> 
   </item identifier="ID1" identifierref="R_ID1"> 
  </organization>  
</organizations> 
... 
</manifest> 

3.3 Pandoc (Markup conversion) 

The conversion between different file formats is the purpose of pandoc. It is a 
software tool specially designed to convert markup languages [13]. Markup formats 
are very popular. They can be used to easily create documentations, slideshows, 
HTML, XML, office documents or e-books. In principle certain tags or characters 
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structure the content. This allows software to create the appropriate formatting. Pan-
doc translates a markup language created by one software to another markup language 
used by another software. The advantage of this tool is that many conversion filters 
already exist. However, as markup languages can become very complex sometimes. 
Consequently, not all features are supported. It also does not create multiple different 
documents from one single source. 

3.4 Latex (Document classes) 

Latex is a very versatile tool for typesetting. It is one of the oldest programs for 
publishing. Markups are used to structure documents [14]. Document classes describe 
features and layout documents. Latex makes it possible to create different publishing 
targets from the same content by switching document classes [15]. The article class 
aims at scientific publications, the beamer class aims at the creation of keynote 
presentations. Many additional packages allow users to extend features of the soft-
ware. The advantage of Latex is that is possible to create almost any type of printed 
document. It can also be used to create multiple publication targets from one docu-
ment. This makes it very useful for the creation of various teaching materials. How-
ever, handling the software has a steep learning curve and document creation can 
seem not as intuitive for authors accustomed to live previews and graphical user inter-
faces. 

3.5 HTML + CSS (Style sheets) 

HTML and CSS are the basis of most content on the Internet [16]. While HTML 
uses a markup language to structure a document, design and layout of the document 
structure are usually stored apart in a stylesheet. Stylesheets allow to design the doc-
uments to best match the proportions of the devices on which they are displayed: e.g., 
a computer screen, a tablet or a mobile device [17]. Despite this flexibility, they are 
not specifically designed to create multiple publishing targets from the same docu-
ment. 

3.6 XML stylesheet transformations (XSLT processor) 

In context of content creation, the XML stylesheet transformation processor can 
play an important role. The processor is an engine that takes two inputs: one is a data 
file in XML format [18]. The other one is a style sheet file also written in XML for-
mat. The stylesheet contains a set of instructions in the form of templates. These are 
applied to the tags in the input XML document. XML stylesheet transformation lan-
guage (XSLT) allows very complex structures, it can include conditional logic and 
branching [19]. The XML stylesheet can be used to create a new XML document on 
the basis of XML data. It can also be used to produce any kind of text file. This makes 
it a very interesting candidate for creating multiple types of documents in very differ-
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ent markup language formats. The advantage of XML stylesheet transformation is its 
very wide field of application. This is why this tool can be a very good option to 
achieve the role of multiple target publication. Table 1 summarizes the previously 
discussed technologies. 

Table 1.  Overview of publishing methods 

Method Specialty 
Publishing targets 

Keynote Handouts Quiz Webcast Textbook 

Office Document creation x x   x 

SCORM E-learning exchange   x   

PANDOC Markup conversion x    x 

LATEX Print document creation x x x  x 

HTML+CSS Web document creation   x x  

XML+XSLT Text generator x x x x x 

4 Proposed Method 

This section focuses on two main topics of a workflow solution: the first one is the 
proposition of a metadata structure in XML. This format is robust and humanly read-
able as well as readable by computers. XML is an established format and many tools 
exist to create and validate documents. Examples will demonstrate how a simple 
structure can be created. As the demand for additional options grows, more features 
can be added to the format in in the future. 

The second topic in this section will demonstrate how stylesheets can be applied 
using XSLT and template matching. A practical example will show how two different 
stylesheets are used to create a textbook as well as a keynote presentation that can be 
used in background for online teaching. These documents will be derived from the 
same metadata file. 

4.1 Creation of the meta format 

Creation of the meta format follows the identification of recurring structures in a 
course: a course can be compared to a book. It can run over a full semester. The se-
mester usually has 15 weeks. And every week can consist of one or more units. This 
can correspond to the chapters of a book. A chapter can contain different sections. 
These sections also contain recurring elements in the lesson: introduction, example, 
exercise, theory, etc. The names of these sections depend on the class subject. Each 
section can contain different tasks adapted to the subject of the class. The meta format 
should be easy to create and to maintain. The structure should be simple and support 
future development. As example the following program code represents the structure 
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of an English language book. The proposed meta format allows creating a textbook, 
keynote presentation and student handouts at the same time. 

<chapter id="1"> 
 <chaptertitle>English for IT</chaptertitle> 
 <chaptergoals> 
  <goal>introducing yourself and others</goal> 
  ... 
 </chaptergoals> 

The code shows the description of the first lesson of the English course. The lesson 
is enclosed with a chapter tag. Directly at the top of the chapter additional tags give 
more information about the lesson: the chaptertitle describes the title of the lesson. 
The tag chaptergoals is a placeholder for different goal elements that can describe the 
lesson’s objective. 

Tasks with modules: Below the chapter information, the lesson contains different 
sections. There can be as many sections as units are needed in the chapter. Each sec-
tion starts with a section name. In this case the first lesson of the English class is the 
introduction starting with a speaking exercise called “meeting coworkers”. The sec-
tion consists of a number of tasks. The attribute module allows to specify the kind of 
task that is part of the section. Each module refers to a certain style that is used along 
the textbook or in keynote presentations. In this example a small image gallery should 
give inspiration for the speaking exercise. The illustration tag contains a list of assets 
to be inserted when needed in the targeted output. The subsequent code shows how 
the gallery module can be implemented: 

<sectionname>Meeting Coworkers</sectionname> 
     <task module="gallery"> 
 <taskname>Speaking</taskname> 
 <taskdescription>How do you greet your 

friends?</taskdescription> 
  <illustration><image><file>ch01f01a.png</file>... 

Match the Blanks: Match the blanks is an exercise where students have to fill up 
empty spaces in dialogue. This type of exercise is used in many different lessons. It 
can be part of the workbook; it can be displayed in the keynote in front of the class 
and it can also become part of an examination. In this case also multiple publishing 
targets can be prepared: one part will be the exercise with empty spaces, another part 
will display the solution with the correct answers. 
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<task module="matchblanks"> 
 <taskname>Reading</taskname> 
 <taskdescription>Complete these dialogues with the  

          words in the box.</taskdescription> 
  <dialog> 
   <dialogline> 
    <actor>Natasha</actor> 
    <text>Hi, my <blank>name</blank> 
       is Natasha.</text> 
   </dialogline> 

The program code shows how this module can be implemented to display a dia-
logue with different lines and blanks. 

4.2 XSLT Stylesheet 

The transformation of the metadata input file into a publishing output, can be 
achieved by using a stylesheet. The stylesheet consists of templates matching the 
various XML tags and attributes of in the XML input file [19]. One stylesheet is used 
for each publishing target. In order to keep better track of changes, to increase the 
readability and maintaining the stylesheet is constructed with a principal main docu-
ment and importing constant and modules from separate library files. These separate 
library files contain particular layout of the modules: one module can describe the 
output in a keynote presentation, while another module describes how the same con-
tent is to be presented inside a text book. Recurring variables can be achieved using 
constants for global data such as course title and author as shown in the following 
code example: 

<xsl:stylesheet 
xmlns:xsl="http://www.w3.org/1999/XSL/Transform"   ver-
sion="1.0"> 
 <xsl:variable name="title" select="'English for Com-

puter Technology'"/> 
 <xsl:variable name="subtitle" select="'Practical Ex-

ercise Book'"/> 
 <xsl:variable name="author" select="'Alaric 

Hamacher'"/> 
 ... 
</xsl:stylesheet> 

Module-Gallery: The first template matching example demonstrates the gallery 
module with image display. For this the template matches the task element in the 
XML input file containing the attribute gallery. The following code creates Latex 
code for a new document: 
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<xsl:template match="task[@module='gallery']"> 
  <xsl:variable name="imagecount"> 
  <xsl:value-of select="count(illustration/image)"/> 
 </xsl:variable> 
 <xsl:variable name="imagefraction"> 
  <xsl:value-of select="round(1 div $imagecount * 

100) div 100"/> 
 </xsl:variable> 
 <xsl:text>\begin{figure}[ht]&#10;</xsl:text> 
 <xsl:text>\captionsetup[subfigure]{labelformat=empty}

&#10;</xsl:text> 
 <xsl:text>\centering&#10;</xsl:text><xsl:text>\hfill 

&#10;</xsl:text> 
 <xsl:for-each select="illustration/image"> 
 

 <xsl:text>\begin{subfigure}[b]{</xsl:text><xsl:value-of 
    select="$imagefraction"/> 
  <xsl:text>\linewidth}&#10;</xsl:text> 
 

 <xsl:text>\centering\includegraphics[height=4cm]{</xsl:
text> 
  <xsl:value-of se-

lect="file"/><xsl:text>}&#10;</xsl:text> 
  <xsl:text>\caption{</xsl:text><xsl:value-of se-

lect="caption"/> 
  <xsl:text>}\end{subfigure}%&#10;</xsl:text> 
 </xsl:for-each> 
 <xsl:text>\end{figure}&#10;</xsl:text> 
</xsl:template> 

The purpose of this module is to align a random number of images evenly in the 
presentation target: First the available space for each illustration is calculated from the 
page width. Then, the template creates a Latex markup with a caption environment to 
display the images. Figure 3 shows the output of this code in two different document 
classes: 
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Fig. 3. Proposed gallery module in Latex beamer class (left) and book class (right) 

4.3 Module: Match the blanks 

Similar to the gallery module, the match in the blanks module creates the layout 
for an exercise in the class or for the textbook. The correct answers of this exercise 
need to be omitted. Instead, the valid answers are regrouped in the grey box on top of 
the dialogue. In order to achieve this, the matching template performs two iterations: a 
first one to extract the correct answers from the dialogue. And a second one to create 
a dialogue with blank spaces. An additional template can be used at the end of the 
book to display the correct solutions. Figure 4 shows how the exercise is rendered as a 
two-column dialogue in the keynote presentation, and in single-column layout in the 
book: 

  

Fig. 4. Match the blanks module in Latex beamer class (left) and book class (right) 

4.4 Module: Instructions 

The example in Figure 5 shows different display methods of the lesson goals in a 
keynote and in a textbook. While the keynote presentation uses bullet points and 
slides, the textbook can use text decorations, highlighted boxes and different colors. 
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Fig. 5. Display of chapter goals in Latex beamer class (left) and book class (right) 

All individual display modules are created in separated files and imported in a 
master stylesheet. One master stylesheet is created for each intended target output 
(keynote, textbook, web cast background). 

4.5 Running the transformation 

In order to perform the transformation from the input XML file containing the 
teaching content with a stylesheet an XSLT processor is required. Commercial and 
open source solutions are available. Figure 6 shows how the complete transformation 
process can be monitored using the XSLT debugger software xngr [20]. The window 
on the top side contains the stylesheet transformation file and the XML input file. On 
the lower left side, the generated latex output content is visible. The global variables 
are visible on the right side. The transformation can be executed in single-run or line-
by-line during development to verify and adapt the output. 

 
Fig. 6. XSLT processor xngr with debugger view 
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As result of these transformation new documents containing Latex source code for 
beamer and book document classes are produced. Compiling of these documents in 
Latex produces the desired output as textbook in pdf or graphical background for web 
casting and online courses. 

5 Future Research 

As proof of principle content production from a single metadata file was demon-
strated. The versatility of XML stylesheet transformation bears a lot of more potential 
for economy of scale in content production: Further research could demonstrate how 
more different output targets can be achieved, such as interactive HTML quiz mod-
ules or graphical elements inside video presentations by creating shell scripts instead 
of Latex markup. 

6 Conclusion 

For many educators the additional work due to online courses in response to the 
Covid-19 pandemic has created the demand for new and efficient workflows. This 
paper presented an overview of various existing methods for creating teaching course 
contents.  The research proposed a new workflow for authoring content on the basis 
of a single metafile. It demonstrated the principle how multiple publishing targets can 
be created from one single source and the potential for economies of scale. 

Reducing the amount of work due to redundant authoring in incompatible software 
can give educators more time to focus on the teaching content. A multiple target pub-
lishing workflow as proposed in this research can help improving the quality of teach-
ing from which teachers and students benefit. 
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