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Abstract. Maintaining technical documentation is a challenge. Products are be-
coming more complex, product lifecycles are getting shorter, and the number of 
product variants is increasing. Manuals that guide personnel in the use and 
maintenance of products are critical to their efficient and safe operation. Author-
ing system for technical documentation therefore increasingly apply semantic 
models to control the cost of maintaining technical documentation. Working with 
formal semantic structures is challenging for technical writers who usually work 
with plain, written text. This paper presents an intuitive interface for a semantic 
knowledge graph to facilitate the adoption and use of semantic models in tech-
nical documentation. The interface allows working with unstructured text and to 
postpone its semantification. Users can add semantic annotations in an iterative 
and incremental way. The interface was developed using a user-centered design 
process and subjected to an evaluation with technical writers. The results indicate 
that technical writers could use the prototype successfully and enjoyed the un-
derlying concepts. Further iterations will extend the system and, for example, use 
artificial intelligence to suggest semantic links to improve the quality of the 
knowledge graph. 
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1 Challenges in Technical Documentation 

Every product needs comprehensive documentation to describe its operation and 
maintenance. Creating and maintaining technical documentation for complex technical 
systems, such as mining equipment or industrial machinery, is challenging because 
these systems are complex and come in many product variants that require specific 
documentation depending on their features. 

In the past, technical documentation was created using text editors. This approach 
makes technical documentation hard to update and maintain, since the reuse of plain 
text documentation fragments or the updating of such information is hard. Software for 
technical documentation has changed to address these challenges. There has been a 
trend towards 

• increasing semantics of the data models and increasing granularity of those models 
and 

• increasing integration of data from diverse sources (e.g., engineering, logistics). 

The German Standardization Roadmap Industry 4.0 [5] emphasizes the need for se-
mantic unambiguity and interoperability. To meet these requirements, information 



about technical products must be provided in a semantic and machine-readable struc-
ture. Frequently used data structures for semantically annotated data are knowledge 
graphs and knowledge graph-based ontologies [12]. 

Over the past twenty years, STAR AG has developed a comprehensive knowledge 
graph-based meta model and associated tools to capture, manage and distribute seman-
tic information, to support after-sales processes such as maintenance and troubleshoot-
ing. This model and the tools are successfully used by companies such as Daimler, 
Ferrari, Hilti, Liebherr, Vaillant, and Volvo Trucks. 

With current tools, capturing product knowledge in knowledge graphs requires sig-
nificant training. This is an obstacle to scalability to all product information and wider 
market adoption. The research project Smart Knowledge Capture addresses these chal-
lenges and aims to make tools for interacting with knowledge graphs more accessible 
by developing intuitive interfaces and AI-based assistance. Another goal is to give tech-
nical writers a shortcut to information owned by other stakeholders through an intelli-
gent knowledge capturing tool. 

This paper contributes a user interface that simplifies capturing instructions in a se-
mantic knowledge graph. The interface allows working with unstructured text and hides 
the underlying semantic data model. The instructions are incrementally enriched with 
semantic information. In addition to providing intuitive interaction, this interface 
should make more transparent how the information in the knowledge graph will be 
displayed later, for instance in a manual. The interface was developed in an iterative, 
user-centered process based on contextual inquiry and evaluated with technical writers. 

2 Editing of Knowledge Representations 

Semantic data models are being applied in many domains. However, ontology author-
ing tools did not gain traction apart from experts. Ontology engineering tools typically 
lack a user-centered perspective [15]. These tools have improved, but still have usabil-
ity issues. The literature proposes an emphasis on the needs of “normal users” instead 
of “power users” when designing such tools since people with no formal training in 
knowledge representation are increasingly working with ontologies and other 
knowledge representations [6, 7]. The study of Dzobor et al. [7] highlights shortcom-
ings of current editing tools such as unclear error messages or a tendency to display too 
much information at once. 

Successful interaction with ontology editing tools depends on knowledge of the low-
level languages and frameworks [7]. The Protégé editor is a popular editor for the mod-
elling of ontologies [10]. Semantic Wikis use semantic information to express relations 
between information to facilitate reuse and semantic queries [3]. Evaluations indicated 
that the usability of such applications for different stakeholders, especially the ones 
without expertise in knowledge representation, is an issue [1]. 

The design of editing interfaces for people without expertise in semantic data models 
is critical. This is especially true for user-facing applications such as in technical doc-
umentation software. However, subject-matter experts or technical writers without 
training in knowledge representation struggle with existing editing tools. 

Several approaches introduce a user-centered approach in the design of ontology 
authoring tools. Usage patterns in ontology authoring tools such as Protégé are analyzed 
to derive different user types and, for instance, make the tool adaptive to the user type 
[14]. Other approaches use ontology visualization. Their aim is to visualize ontologies 
to facilitate their understanding and editing by users [8]. However, these approaches 



focus on users with knowledge in ontology engineering and not on the integration into 
user-facing applications. 

The gap between concrete objects and the abstract knowledge representation needs 
to be bridged. Oberhauser et al. [11] and Stobbe et al. [13] propose an approach that 
creates description of interactions with software using automated video analysis and 
the analysis of interactions with a focus on legacy systems. Thereby, semantic infor-
mation can be created without having to interact with the knowledge graph directly. 

According to the previous discussions, a user-centered interface for semantic tech-
nical documentation should meet the following requirements: 

• R1: User-Centered Design. The interface will be developed using a user-centered 
approach. This ensures the usability of the tool for different skill levels. 

• R2: Interface for non-experts. The interface should be usable by technical writers 
without knowledge engineering expertise. Evaluations will be conducted with such 
users to validate this requirement. 

• R3: Simple and Application-Oriented Interface. The primary means of interac-
tion is unstructured text. This should make working with the software less abstract. 

This paper contributes an interface that facilitates the creation of a semantic knowledge 
graph for technical documentation. The interface is developed in a user-centered pro-
cess and evaluated with technical editors. 

3 Challenges with Existing Tools 

As discussed in the previous section, interacting with a semantic knowledge represen-
tation is a challenge. Technical writers must follow the constraints of the data model 
and decide which components and tools they need before starting to create documenta-
tion. For example, to create the instruction “Loosen the battery using a screwdriver” 
the objects battery and screwdriver need to be created in the knowledge graph. These 
parts are transformed to text when they are being published for different media. This 
forces writers to follow the structure of the semantic data model and requires a steep 
learning curve. Furthermore, the effects of the edits on the data model are not visible 
immediately. Our interface reverses this approach. The instruction can be entered first 
as unstructured text and the tools can be annotated later. 

Reusing information through semantic linking is critical to realizing the benefits of 
the semantic knowledge graph. For example, tasks may require the preparatory action 
of removing a cover before accessing an engine. If these tasks reference this preparatory 
action, they can be easily adapted. A new model may have a modified cover that is 
removed differently. If these tasks replicate the information, the technical writer must 
adapt the information multiple times. This approach (Copy, paste, and modify) can in-
troduce errors. Therefore, it is critical for an interface for technical documentation to 
facilitate annotating and reusing information. 

4 Contextual Inquiry and Interface Design 

The user-centered design process started with a contextual inquiry study. The goal of 
this study was to understand the tasks of technical writers and their characteristics and 
motivations. From this study, personas were synthesized to guide the development of 
the prototypes. The prototypes were evaluated in usability walkthroughs and refined 



accordingly. The final interface was implemented, backed by the semantic knowledge 
graph, and evaluated with technical writers. 

4.1 Contextual Inquiry Study 

Contextual design considers data from prospective users as the main criterion for de-
ciding on the structure of the system [9]. The goal is to make sense of real-life working 
situations to understand the characteristics and motivations of potential users to better 
empathize with them. This includes the tasks that they perform and the tools they cur-
rently use. Various research methods are used, such as interviews, low-fidelity proto-
types, and scenarios [2]. We also wanted to collect problems with existing tools. Con-
sidering both, their characteristics and problems with existing tools should inform a 
user-centered design process.  
These methods aim to understand the context-of-use. This comprises the human, phys-
ical, organizational, historical and social environment in which a technology is used to 
tailor the application to this context [2]. 

Contextual inquiry usually depends on being present where the work is done. How-
ever, the studies were conducted during the measures to contain the COVID-19 pan-
demic. Therefore, the contextual inquiry had to be conducted remotely and some meth-
ods were not applicable. Instead of a participating observation, we asked participants 
to provide us with video recordings of common tasks. Based on the results of the video 
analysis, we designed semi-structured interviews with the same persons to inquire on 
the tasks in the videos. 

Video Analysis. We asked the participants to record videos of regular work tasks. The 
goal of the video analysis was to understand the tasks of technical writers. We asked 
the participants to provide additional explanations of the tasks. If possible, the partici-
pants provided thinking-aloud information on any issues that they were facing. This 
approach combined the contextual interview with elements of a diary study [2]. 

Personal interviews were conducted based on the results of the video analysis. This 
was done to establish a successful partnership with the people who actually do the work, 
in order to understand their tasks properly [9]. 

Four technical writers with various levels of experience and educational back-
grounds (e.g., academic training in technical writing or career changers) participated in 
the study. The participants maintain technical documentation in various domains, such 
as software or industrial machinery. Each participant recorded about one hour of vid-
eos. The results of the video analysis were synthesized as an affinity diagram that clus-
ters recurrent issues under emerging themes. 

Results of the Video Analysis. A frequent task in technical writing at our project part-
ner is the migration of technical documentation into the semantic knowledge graph. 
This is often done when new customers are onboarded. The main challenge is to map 
the existing documentation to the objects in the semantic knowledge graph. This is 
challenging due to the variety of objects in the knowledge graph that, for instance, can 
be used to model different tasks. 

We observed that technical writers often relied on the layout preview to verify that 
their changes to the knowledge graph had the intended effect. Even experienced tech-
nical writers were unsure whether they chose the correct semantic structures. Step types 
tended to be chosen based on the desired appearance in the final manual and not whether 



they are semantically correct. Later interviews confirmed this observation and sug-
gested that working directly on the abstract structures of the semantic knowledge graph 
is not intuitive. This observation motivated the idea to allow editing the knowledge 
graph in a way that resembles the visual layout of the resulting documentation, thereby 
removing the abstraction of working on the knowledge graph. 

Individual Interviews. The video analysis revealed frequent tasks and issues of tech-
nical writers. Personal interviews were carried out to ensure the correct interpretation 
of the incidents in the videos and to clarify possible misconceptions. The interview 
addressed recurrent themes that were identified in the video analysis. The interview 
consisted of three parts. 

1. Motivation and Background. The first part addressed the motivations of the par-
ticipants with regards to their work as technical writers. It was, for instance, dis-
cussed why they decided to work in this domain, what they find satisfying about 
their job, and what makes good technical documentation. 

2. Processes in Technical Writing. Participants explained how they organize their 
work and how they collaborate with colleagues. This should help understanding 
common work processes. 

3. Working with the Existing Software. The aim of these questions was to understand 
how the existing software is used and how it could be improved. This should lead to 
concrete ideas for features of the interface. Incidents that were observed in the video 
analysis were discussed as well. 

Creation of Personas. Personas represent individual users with distinct motivations 
and characteristics and should be created based on user research [4]. The process for 
deriving personas based on research data was based on Cooper et al. [4]. The main part 
is to create dimensions that describe the characteristics of users. These dimensions were 
created based on the insights gathered by user research. This process was done in a 
more qualitative manner than the quantitative approach suggested by Cooper. Below 
are three example dimensions that characterize our personas. 

• One dimension was whether the participants take pride in well-written and well-set 
text. This aspect varied between technical writers with a background in a technical 
profession and technical writers with specific academic training in technical writing. 

• Another dimension was the extent to which the technical writers were interested in 
the semantic information model and its quality. This aspect was critical since a high 
quality of the information model allows, for instance, to reuse information and work 
more efficiently. 

• Another dimension concerned whether the participants enjoy working with innova-
tive technology. This is independent of the concrete technology, but concerns liking 
a technology for the sake of being a new technology. 

The characteristics of the interview participants were located on these dimensions. 
Clusters of characteristics were identified to create three personas. We developed the 
following personas. 

• Pragmatic. Someone who is interested in getting the job done and has no strong 
preferences with regards to the applied tools, if good text can be produced. 



• Semantic Expert. Someone who is interested in working out the semantic structures 
and filling them in perfectly. Information must be structured properly while avoiding 
redundancies as much as possible. 

• Career Changer. Someone who started working in a technical profession and 
switched to technical writing as a second career. This person is not too interested in 
semantic models and has significant technical knowledge about the tasks. 

4.2 Design of the Interface 

The interface was created based on the results of the contextual inquiry studies that 
were described in the previous section. The design process was iterative and started 
with low-fidelity prototypes that were refined later. 

The main design idea was to allow for incremental semantification. The user should 
be able to work with unstructured text and delay the semantification. This should allow 
use cases such as entering unstructured notes that an editor receives from technicians 
without having to store them in a note-taking application first. This should hide the 
complexity of the underlying semantic model until the user decides to use it, and help 
inexperienced users in getting gradually acquainted with the semantic model. 

 
Fig. 1. Interface of the text-based interface for technical documentation. 

Description of the Interface. The interface (see Figure 1) consists of three panels. The 
left column locates the task in the information model (e.g., by identifying the product, 
the product variant, and the task) and gives an overview of the steps of the task. The 
middle column allows the creation and maintenance of the steps of the task. The right 
column allows editing details for the step that the user has selected in the middle col-
umn, such as linking materials that are needed in the selected step. This is a common 
structure of application interfaces (overview & detail). 

The middle column provides functions to create and edit steps. Most steps instruct 
the user to perform an action, often using a tool. Other steps require checking a value 
and provide information on how to react to different results. Each task consists of a pre-
task a main task and a post-task. The pre-task describes preparatory work before start-
ing the main task. In our case, it is necessary to turn off the engine before checking the 
air pressure. The post-task concerns work after the main task, such as cleaning up. Dif-
ferent main tasks often share pre- and post-tasks. The information model includes more 
complex types that were omitted in the prototype. 



Horizontal lines indicate where the user can add steps. Hovering over the lines dis-
plays a plus-sign that allows adding distinct types of instructions. Instructions can be 
simple instructions, tasks that structure related instructions, or tasks that describe a 
check step and what to do in case of different results. A new instruction can also be 
added by pressing Enter in the previous step. The user can delete, modify, and reorgan-
ize the steps using drag and drop. 

An important task is linking instructions with materials, such as required tools. This 
is handled in the right column. Linking materials is desirable since this allows reuse 
and increases the quality of the knowledge graph. The interface aids the user when 
creating links. It suggests objects that may be linked to the task. A flashing bulb next 
to the label of the step indicates that a suggestion for a link is available. The system 
provides the suggestions using a full text search through the existing data model. 

Technical Implementation. The system consists of a frontend and a backend. Both 
components communicate using REST-interfaces and web sockets. The frontend is im-
plemented using state-of-the-art web technologies. React serves as the frontend frame-
work and MobX for state management. For the design of interface, Ant Design and 
Tailwind CSS were used. The backend communicates with the semantic data storage 
using a REST-interface. 

5 Evaluation 

A qualitative evaluation of the final interface addressed whether technical writers 
would accept such an interface and whether the interface was suitable for interacting 
with a semantic knowledge graph. Therefore, we were interested in suggestions for 
improving the prototype, as well as a comparison of the prototype with the existing tool 
for technical documentation. A quantitative comparison of the prototype with the ex-
isting tool was not performed due to the significant difference in the supported func-
tionality and the complexity of the existing tool. 

5.1 Evaluation Procedure 

Participants in the evaluation performed a realistic documentation task. They were 
given an informal, written description of a maintenance task and instructed to formalize 
this information using our interface. This process is often required when a new product 
variant is introduced or when a manual is reviewed. Such reviews are often conducted 
in the field or in the workshop with technicians. The results of these reviews are usually 
noted on physical printouts of the manuals and later validated and entered into the sys-
tem by dedicated editors. 

Setup and Metrics. The participants received a video introducing the interface prior to 
the evaluation. This was done to familiarize the participants with the prototype and to 
reduce the effects of novelty. The evaluation began with a sample task that the facilita-
tor performed to provide an overview of the prototype and introduce its functions. After 
this introduction, the participants performed the task. Participants completed the eval-
uation tasks independently. However, the facilitator was available to assist and asked 
clarifying questions when encountering potential issues. 



The facilitator asked the participants to think-aloud during the evaluation. In addi-
tion, we used the System Usability Scale (SUS) to evaluate the usability of the interface 
and compare it to the usability of the tool that they use regularly. The participants com-
pleted the SUS after the evaluation. 

The evaluations were conducted remotely via a web conference. Since a VPN con-
nection was required to use the prototype, which was not available to the participants, 
they controlled the prototype using screen sharing software (MS Teams/TeamViewer). 

Participants. Nine people participated in the study. All participants worked as tech-
nical editors and used the same tool. They worked in different domains, mostly focusing 
on the documentation of technical equipment. 

The evaluation sessions were intended to be individual sessions. Two sessions were 
conducted in groups due to time constraints. In this case, one participant controlled the 
system while the other participants observed the interactions and provided comments. 
Five sessions were conducted in total. 

5.2 Results and Discussion 

Participants were able to successfully interact with the prototype in the evaluation after 
only a short training period. All participants could complete the tasks and enjoyed the 
simple interface and the use of modern interaction techniques (e.g. drag and drop). 

Participants mentioned that the interface would be particularly useful for simple 
tasks and tasks performed by infrequent users, such as subject matter experts. Such an 
interface could be provided on a mobile device to support the use of the application in 
the field, for example, when reviewing or updating documentation. In such cases, using 
the desktop software may be too complex and result in users creating paper notes that 
must be manually transferred. 

Results of the System Usability Scale. The results of the SUS questionnaire supported 
the positive results of the evaluation. The participants found the application to be not 
unnecessarily complex (med=3)1 and to be easy to use (med=3.5). They agreed that the 
operation of the application can be learned easily (med=4). Most participants would 
like to use the application on a regular basis (med=3). The resulting SUS score of 65 
indicates the good usability of the interface. 

The scores for the prototype were superior to those for the current software. The 
most visible differences concerned that participants perceived the existing software to 
be harder to learn (med=1 vs. med=4) and that much expertise is required to being able 
to use the software (med=4 vs. med=1.5). However, the comparison of a full-fledged 
software to a prototype should be interpreted with caution. Nevertheless, these results 
indicate that the design ideas were well received. 

Suggested Improvements. The evaluations provided ideas for improving the proto-
type. An important feature is keyboard navigation. It should be possible to create new 
steps and navigate between steps using keyboard shortcuts. Keyboard navigation not 
only improves accessibility, but also helps experienced users working more quickly. 

 
1  Scores range from 0 (fully disagree) to 4 (fully agree). We report median values due to the 

low number of participants. 



Keyboard navigation should use conventions and shortcuts that other applications use. 
Another consideration was to allow users to store tools and tasks that they use fre-
quently. This should allow to create meaningful shortcuts and customize the application 
for different tasks. 

Further suggestions concerned the visual presentation. For instance, splitting the in-
terface into three panels (see Figure 1) was difficult in some cases. Actions in the right 
panel that are triggered in the middle panel tend to be overlooked by the participants. 

Remote Testing. The remote setup for the usability tests worked well. The use of web 
conferencing facilitated the recording of the sessions for later analysis and increased 
the flexibility in scheduling. Participants used the prototype via screen sharing without 
significant problems. Only the facilitator's ability to interact with the prototype to assist 
the participants was limited. A thorough briefing of the participants and an opportunity 
to practice at the beginning is crucial to explain the limitations of the remote testing 
setup to the participants, such as the latency when using the mouse in a screen sharing 
session or possible issues with different keyboard layouts. 

6 Conclusion and Outlook 

This paper described the development of an intuitive interface for the creation and 
maintenance of technical documentation using an iterative, user-centered process. The 
interface was intended to replace or complement directly working with the knowledge 
graph. The interface should facilitate working with semantic structures for users with 
little or no experience. An evaluation validated the design ideas. The evaluation indi-
cate that the interface can facilitate editing tasks while maintaining the benefits of the 
underlying semantic model. 

The evaluation had a qualitative focus. Future evaluations should include a quanti-
tative comparison with existing applications and be conducted over a longer period. 
Performance on longer editing tasks should be evaluated as well. This will provide an 
estimate of the return on investment (ROI) of implementing the interface and introduc-
ing it to the existing software. 

Work is ongoing to extend the existing interface to other technical editing tasks, such 
as the creation of new product variants, for example when introducing a new generation 
of a product. This is a complex operation. It is necessary to decide which information 
can be reused from the existing variant and which information needs to be adapted to 
match the characteristics of the new variant. A wizard that guides technical writers can 
speed up this process and eliminate potential errors. It should also be evaluated whether 
the concept of the interface can be transferred to other editing tasks (e.g., the creation 
of product descriptions) without losing its benefits. 

Another line of work concerns the introduction of AI-based assistance in the author-
ing process. This assistance can suggest tools or tasks that can be linked in a particular 
context of an instruction. The goal is to ease the process of finding and linking re-
sources. By increasing the amount of linked information, the quality of the knowledge 
graph and the documentation improves. The integration of this assistance into the pro-
totype and the evaluation of the suggestions of the assistance is ongoing. This includes 
how the user interface should present the suggestions to the user (i.e., confidence score 
of the suggestion, display of alternatives or explanation of the applied model) and 
whether the suggestions are useful. 
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