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Abstract. This paper discusses how user participation and co-location, leaning on established work patterns, might impact on developing user-interface abstractions that is immediately comprehendable. This research has followed a project regarding the development of a client/server software for stowing chemical tankers, which is, not only, a complex, but also critical process that must abide by strict international regulations governing the complexity of storing and transporting chemical solubles to and from a multitude of ports. So far, there are signs that extensive and early user participation combined with longitudinal co-location could help define a precise user-interface abstraction level, leading to a positive impact on the user-experience of adopting to new software, which comprises the practical contribution of the paper. Theoretically the paper contributes by situating elements from participatory design in an activity theoretical HCI framework. 
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Introduction
This paper reports on findings from an ongoing research project, and discusses some theoretical viewpoints of activity theory in relation to human computer-interaction(HCI)-research as it is, as mentioned, part of an ongoing phd-project. In activity theory, human intentions and subsequent actions with the help of tools - mediation, are the most important aspects of the entire activity system. 

To comprehend human agency and the contexts and character of which this agency can and do lead to socio-technical activity, have become more and more important in modern software development, also increasing the amount of action and work processes conducted through screen based user interfaces. We see more and more data-, information- and functionality-dense screen properties, which has lead to increasingly complex user interfaces [1-4]. Thus the focus on user-centered system development based on actual human action on real artefacts, has become increasingly significant. 

Research work within the HCI field in general, and the development of the graphical user interface (GUI) specifically, and its historical significance in the socio-technical field plays an important part on the subject of bringing technology to its users [2, 4-12] This is an important perspective in all technological development. Leaning on such a diverse group of theoreticians and practioners like Engelbart, Kay, Raskin, Carroll, Nielsen, Norman, Shneiderman, Garrett, Tidwell and Löwgren [2, 4, 7, 8, 12-17] to name but a few, we might conclude that the development of web-interfaces and its subsequent simplicity have led more people to use computers in hitherto unknown patterns and in unfamiliar contexts than ever before. The ubiquitousness of computer technology in societal life is mirrored in the business sector, but the alleged importance of self-explanatory design patterns we find in systems open to all, like ie. the web, is not evident in the same manner in large business systems. Although user acceptance is crucial in the web realm, where users can just leave if their user experience is sub-optimal, it should not be a less important element when it comes to large systems within an organisation operated by employees. Perhaps they can't leave when frustrated, as web users can - and do, but a recurring sub-optimal task flow must necessarily lead to a corresponding negative impact on the user experience and subsequent daily productivity in a significant period of time.

1.1 Research objective

The research objective is to determine whether it is possible or even desirable to transfer some of the usability thinking that revolves around self-explanatory and intuitive interfaces, that has been done for years within the web development community, to large and dedicated information systems in the form of customer relationship management systems (CRMs) and enterprise resource planning systems (ERPs). 

Our research question is: What kind of impact could user participation and co-location have in developing intuitive user-interfaces with corresponding medial affordances in determining a precise user-interface abstraction level with the subsequent immediate understanding of the user-interface in software development?
The remainder of this paper is set out as follows: chapter 2 provides a brief literature review, identifying some relevant elements of activity theoretical HCI.  Chapter 3 outlines the research design approach, while chapter 4 presents the case. Chapter 5 outlines empirical material and discussion, followed by some concluding remarks in chapter 6.

Brief review – theoretical approach
In our view, the junction where technology meets human agency is a most significant issue within the IS field, and also the most interesting field to study. Technology in itself could be slightly boring. It is in the space when technology empowers humans, help us connect, communicate and collaborate, I find the most interesting sides of technological development. One important, and supporting, perspective of this interaction is the human-computer interaction discourse including usability theory and interaction design [4, 5, 10-12, 15]. Activity theory describes and aimes at making this unity of conciousness and activity comprehendable. 

1.1 Activity theory

I employ the theoretical approach of activity theory as the foundation for the analysis of my empirical work. The case that I am following is the development and implementation of a software for stowing chemical tankers, ORCA, which is a task of great complexity, managed through computer mediation and abstracted representations in a graphical user interface.

Nardi states that activity theory "focuses on practice, which obviates the need to distinguish 'applied' from 'pure' science—understanding everyday practice in the real world is the very objective of scientific practice. […] The object of activity theory is to understand the unity of consciousness and activity.” Also activity takes place within a context of the group and the group’s goal[18]. 

Kuuti, Engeström and also Miettinen shows that activity is primarily goal-directed, and mediated by artefacts in addition to being contextual and social. On an individual level the relationship between subject and object is mediated through tools [19, 20]. In an HCI context where the concept of activity is one of the most fundamental ones, activity theory is particularly employable as it “seeks to understand the unity of consciousness and activity. Therefore activity theory will serve as the foundational theoretical framework for this research project. 

I concur with Engeström [21] who states that the unit of analysis when studying human mediated activity, is the community of actors/subjects who shares the goal of the activity, and also Kaptelinin et al. who argues that activity theory in itself is “built upon the concept of mediation”, which makes it particularly suitable for HCI “exploration” [22].  It might be rather self evident to say that because of this, activity theory is especially suitable as an analytical tool, since the case of study is an information system and they are by definition always mediated. But then again, everything is mediated these days, and this argument would render all analytical frameworks where mediation and remediation were included, rather useless.

My perspective on this is that the character of abstraction through mediation should provide for  an immediate understanding of the possible features of activity. Also mediation might determine or even predict how, for instance, plans become situated actions, and possibly drift from original intentions [23]. Activity-theoretical HCI, mainly conceptualized by Bødker[24], Kuuti[25], Bannon[26], Grudin[27], Kaptelinin[28] and Nardi[18], distances itself from the traditional cognitive science perspective on HCI, and instead focuses on analysis (and design) in a specific work/activity practice in a multi-user setting, which also includes user participation in the development process and addresses actual use as a part of the design and development phase, in addition to seeing the importance of  an interface artefact as  a mediator for human action. 

In the case presented here, I study the activity of designing a control system, a client/server software, for securely stowing hazardous chemicals for sea transport. 

General approach / research design

The research is characterized by a mixed methods approach. The software studied is part of a substantial infrastructure that, to a large extent is influenced by a heterogenous array of decisions on a higher, more abstract level. This opens up for a broad set of methods, including interviews with developers and users, observation of users working, maintaining their daily operations, in addition to surveys based on quantitative methods. This combination of qualitative and quantitative methods would hopefully reveal trends in a broad perspective while interviews could reveal underlying in-depth information.

Data collection has so far been, and will continue to be, of a mainly qualitative nature [29]. It will consist of semi-structured interviews with stakeholders, developers, project management, participant users and regular users. Also, field observations of regular users during testing period and after implementation has been and will continue to be undertaken, recognizing the fact that different perspectives including users of varying experience and competence, technical artefacts and corresponding user perception and acceptance are needed in order to adequately cover the research area.

Field observations have been targeted towards developer teams, SCRUM sessions, communication between developers and project management, communication between developers and participant and regular users, as well as observations of user-experiences in the user-system interaction.

Semi-structured interviews have lasted for of period of 45 min-1,5 hours. A digital recorder has been used. Targeted observation sessions of regular users lasted for appr. 2-3 hours, and involved observing the employee’s work tasks. Untargeted observations, have been continuous while  the researcher has been present in the field.

Data has also been gathered through surveys directed towards personnel on board and on land, mainly centered arround user-experience encompassing system and process support for regular work tasks and user perception of user-interface. The findings are presented in ch. 5
Empirical material
This project follows the activity of designing a control system, a client/server software, for securely stowing hazardous chemicals for sea transport. The development process started in January 2012 and will be concluded by the end of January 2013, when the implementation period starts. The case of Odfjell Tankers’ new stowage planning tool is chosen because it is possible to follow the development of the new system during development, following SCRUM teams, project management, and participant and regular users during a longitudinal development period. This makes it possible to follow a software project that so closely concurs with the thesis’ research motivation. 
4.1
The company

Odfjell Tankers is headquartered in Bergen and is represented through overseas offices in 16 countries. The company is regarded, in its field, as a world leading shipping company, and is among the biggest entities in the field of transportation and storing chemicals and bulk liquids. The company owns and operates a large fleet of chemical tankers, both globally and regionally. Odfjell Tankers also cooperates eleven terminals in South America and one in Canada through associated companies. 

The company’s major trade streams cover the United States, Europe, Asia, India, the Middle East and South America.

Summing up, the company’s main business thus includes transporting and storing organic and inorganic bulk liquid chemicals, acids, animal fats, edible oils, drinkable alcohols and clean petroleum products, and the company also operates four modern distillation coloumns. Some of the cargoes represent hazards as they may be flammable, toxic or corrosive.  Examples of cargo would be: alcohols, aromatics (benzene, toluene, xylene), Hydrocarbon solvents, Naphtha, Gasoline components, Gasoil and fuel oil components, Petroleum distillates, and so on. (Odfjell Annual Report 2012)
The fleet of approximately 100 chemical tankers; owned, time chartered, commercially managed, and additionally managed on a pool basis, ranges in carrying capacities from 4,000 to almost 50,000 DWT, and of a variety of tank configuration and coating.  Most of the ships are equipped with stainless steel tanks, while some have zinc or epoxy coated cargo tanks.  The total capacity of the current fleet is around 2.75 million DWT, and transports 18.5 million tons of cargo to and from almost 500 different ports worldwide, with almost 5000 port calls. The process of loading and discharging more than 600 different types of products can be extremely complex. (Odfjell Quarterly march 2012)

The operators on land are very much involved in various tasks related to vessel performance, including stowage, coordination of port calls, trans-shipments, bunkering and bunkering purchases, supervision of tank cleaning, performance monitoring, weather routing, freight and demurrage collection, and supervising the adherence to rules and regulations related to cargo and cargo handling.

Table 1. The six elements or roles active in the process of stowing a chemical tanker.

	Ship Operator
	Primary user of stowage tool ashore

	Vessel, shipboard
	Primary user of stowage tool onboard

	Ship Management-internal
	Responsible for vessels, crew, ICT systems installed onboard

	Ship Management-external
	Responsible for T/C vessels, crew, ICT systems installed onboard 

	ICT operations 
	Responsible for operations and support of ICT tools used within the company

	OT Shipping project 
	Responsible for new OT application portfolio, incl. onboard solution 


The main responsibility the safe stowage of the ship lies within the role of The Master, the highest ranking officer at the shipboard, normally the captain of the ship. In the «Odfjell Tankers Requirements and Guidelines Manual» it is stated that:

«When new cargoes are added to the Cargo / Voyage Order, and new stowage or changes in stowage are required, the Master shall send an updated stowage plan to the Ship Operator. 

The Ship Operator may comment on the Master’s stowage, or himself suggest stowage (many Ship Operators are former Chief Officers or Masters), but it remains the Master’s responsibility to safely and efficiently stow the ship.    

If more cargo is available for a voyage than the ship can carry, the Master shall seek advice from the Ship Operator to optimize the cargo intake and the voyage result. The Ship Operator may take commercial considerations unavailable for the Master into such planning.»

1.2 The software

From the company’s annual report from 2011 I are informed that «Fleet composition, fleet scheduling and optimal vessel utilisation are thus critical success factors. Flexibility and interchangeability of ships between geographical areas and trade lanes are an integral part of Odfjell’s business model, and are facilitated by our large and diversified fleet.» (Odfjell Tankers Annual Report 2011)

The company decided in early 2011 to develop a new ICT platform in order to provide one common software solution to support Odfjell’s commercial shipping activities onshore as well as on board the vessels. The new stowage software, named ORCA, that makes up this case, will be a part of that platform.

During the last eleven years they have based their daily stowage operations on one specific application, Othello, that, even although sophisticated, contained features that were rarely used, and in principle just made it more complex and slow to work with. In addition, it was intended for both vessels and operators on land, but was never implemented on ships, which in turn added even more to the logistical complexity of managing the stowage processes, as they had to run various stowage simulator systems on board, thus needing parallel systems, not directly communicating with each other, in order to complete regular stowage processes. This has meant that the Othello software has not been utlized as intended. 

The new stowage tool should support a new workflow, allowing the operator on land and the shipboard officer to work on the same stowage plan with the same software. This software has been under development from late 2011. From the very beginning, the company vision has been to fascilitate for a high degree user-centeredness.

The Vision Scope document developed for the project, and describing the requirements and features of the future stowage software says that the new software, apart from assisting the personnel in obtaining the highest possible vessel utilization, and ensure high quality stowage, it shall be flexible and user-friendly and adapt to organisational changes. Also the system shall enhance proper communication and contribute to better collaboration in regards to stowage related issues. It shall be flexible in regards to both existing and upcoming limitations and opportunities that will influence the stowage of vessels, and finally assist users in developing skills and knowledge of stowing chemical tankers. (Alvær, L. G., 2011 ORCA Vision Scope document, unpublished)

Functional requirement of the system includes:

· Importing information from IMOS voyage plans, including:

· Voyage Itinerary

· Cargo information (Volumes, options, etc.)

· Making stowage plans, including alternatives

· Checking stowage restrictions and the possibility to overrule violated restrictions

· Trim, list and draft calculations

· Generating suggestions for tank selection for cargoes

· Transfer of stowage plans between office and vessel

· Stowage tool to be available on both Odfjell owned and T/C vessels

· Maintaining all basic data to be able to operate independently from other systems

(Alvær, L. G., 2011, ORCA Vision Scope document, unpublished)

1.3 Stowage workflow

Rotations, with calls and cargoes, are imported or updated in Orca by the operator. The operator then publishes the updated plan. This publication will make the plan available for online users with access to the vessel, in addition to the users on the vessel, which will receive it by email. After stowing the cargoes, the vessel will send the plan back to the operator.
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Fig. 1. Stowage workflow.
Step 1: The Operator synchronizes the stowage plan. This will import new rotations, with calls and cargoes, and update the existing ones.

Step 2: The Operator verifies the data in the stowage plan and adjusts it if required.

Step 3: The Operator publishes the stowage plan.

Step 4: The Captain receives the published stowage plan and stows the cargoes.

Step 5: The Captain promotes (or publishes) the stowage plan.

Back to Step 1. 

1.4 Software elements

The STOWAGE PLAN is the name of the file managed by the new Stowage System. A stowage plan contains the following information:

· A list of calls, with voyage information (also called Rotations).

· A list of operations (mainly cargo operations), happening in the calls from the Rotations.

· A tank plan and the links between operations and tanks in the tank plan.

· Additional ship information used to calculate ship utilization and trim/list, or to run the COF checks.

The ROTATIONS is a sorted list of calls.

Two levels of calls are managed in Orca: Port (level 1, top level) and Berth (level 2, under a Port).

Each port can be assigned to a voyage.

OPERATIONS: An operation in Orca can be:

A cargo operation (loading, unloading, transferring or in transit). Transit operations are used to represent cargo operations without other activity in a call. Transit operations are only displayed on the port level.

A non-cargo operation (port activity or blocked tank).

The TANK PLAN in Orca represents all the cargo tanks and their contents based on the selected calls.

The size and position of the tanks on the screen are only indicative and some difference with the real tank plan can be expected. However, the information displayed in the tank plan (maximum volume and name for example) should be accurate.

VIOLATIONS are generated by the application when an incorrect situation has been detected.

Violations are classified into 2 main categories:

Soft rule violations. These are warnings for the Operator or the Captain, often requiring verification, but not preventing the stowage.

Hard rule violations. There are either errors in the stowage plan, or incompatibilities that needs to be removed to have a valid stowage plan.

(from the ORCA user guide, 2012)

Discussion

1.5 Co-location of the development team

The development team wanted, as did Odfjell Tankers, a certain proximity between developers and the field of practice which they should serve. Therefore the developers chose to co-locate. They have been placed in one large room right next door to the operation room, where all the future users are present. Thus, the only thing that separates the developers from the users is a single door. One of the reasons for this organization is the presumed low threshold for exchanging information between users and developers, as the developers are seen everyday, from getting coffee from the same coffee machine to having lunch in the same cantina.

Another reason was that also a degree of informal information exchange could take place, as the superusers were present in the proximity and could continuous check the iterations for errors and give immediate, face-to-face feedback. This is important since there is a vast body of experience and competence continuously accessible for the developers, giving the project an agile approach. The co-location arrangement has been continuous for the whole development period.

The initial underlying vision for this software development project concurs with this research projects research goals: that systems should possess or be endowed with a certain degree of immediacy for new and regular users, while facilitating for work-task efficiency and flow for the skilled users that are going to operate it on a daily, regular basis.

To convey some basic concepts of activity theory and linkage to HCI. I'll present the empirical material in the case that so far has been gathered. 

This case, regards the development and implementation of the client/server software, ORCA, for the control of stowing chemical tankers. A chemical tanker differs from an oil tanker in almost all aspects of being a tanker. An oil tanker transports one type of cargo, crude oil, in five or six huge tanks, from the point of extraction to a refinery. A chemical tanker is significantly smaller, and transports chemicals in a multitude of smaller, specialized tanks, between various port terminals, in a multi-point to multi-point pattern. Also, a chemical tanker must adhere to international rules and regulations that requires chemical tankers to follow the International Bulk Chemical Code (IBC Code)
 regarding transport of  hazardous liquids at sea like ie. SOLAS ch. VII
 and MARPOL Annex II
. Examples could be that one must, for instance, transport phosphoric acid in a stainless steel tank and not in a tank with coating. Likewise, there are rules for the filling of adjacent tanks - which chemical liquid that may be transport alongside each other. This is an operational practice associated with a significant degree of complexity, sometimes critical complexity.
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Fig. 2
. Tank plan in the ORCA system. 

Mediation. Abstracted representation of vessel, with direct manipulation and interaction directly unto the tank representations which provide direct system feedback. The Operation list beneath the tank plan has direct drag and drop functionality, both related to the Rotation list to the left and to the tank plan above. With its activity oriented approach, this follows activity theoretical HCI development.
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Fig. 3
Details of tank plan in the ORCA system. 

Mediation: Observe how the system provides direct feedback on each abstracted element: recipient port, weight, grade of filling, warning border for adjacent hazard, and so on. It supports drag and drop functionality that facilitates direct interaction in the GUI, thus maintaining  support for an unhindered, established work flow.
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Fig. 4
Cargo Operation editor.  Mediates detailed editing of Tank plan, such as, contract status, weight, temperatures in tank and adjacent tanks and so on.

There is an adamant need for software that can handle this kind of complexity in a fashion that is as self-explanatory as possible, due to the context and environment that it will be operating. The software will be used both on land, in the company HQ (operations), and on the bridge on all ships loading and unloading cargo (fleet). This means that there will be a rather heterogenous group of users, as well.

The new stowage software utilizes abstractions in the user interface that, in short, are based entirely on previous practice. User participants have been involved from the very beginning, drawing on experience from a very specific work practice and environment, and also with an established division of work tasks, in addition to ten years experience with the previous software. 

This resulted in a set of specifications that relied solely on former practice - intention and action. On top of the user requirements list was «Good user experience/friendliness». The next important points on the list of requirements were: 

· Support ease of communication between Vessel- Operator 

· Support ease of communication between Operator- Broker 

· Emphasis on an intuitive Graphical User Interface (GUI)

This activity based approach, although the term «ease of communication» differs significantly from previous HCI-research, that mainly relied upon cognitive science.

Leaning on the depiction of activity as a hierarchically system by Bertelsen and Bødtker[30], and applying this to the intended use of ORCA:
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Fig. 5 
ORCA as an hierarchical activity system

In figure 5, the object (tank) is present only through the mediating artefact (GUI). The tank can only be accessed (loaded or unloaded) through the artefact, 2. The object exists as an actual object (as physical tanks on vessel) but is only available in the use-activity as a representation in the user interface. 3. The object is physically co-present outside the artefact (tank on vessel represented by mediating GUI). Any interaction with the artefact (GUI) will have consequences (loadin and unloading of tank) to be inspected on the physical object (tank). [30]
As Kaptelinin argues [22], human agency through mediation is an important aspect of activity theory, and therefore, it provides us with the conceptual tools in order to analyze how people relate to ie. [new] software, and also how, through adherence to ’rules’ and participating in the ‘community’,  a ‘subjects’s ’ knowledge becomes extended.  Mediation in an activity-theoretical HCI perspective is goal- and artefact-oriented
 and therefore quite suitable as an analytical framework for a study of this character.

The results presented here are the answers from the very first survey conducted early in the year 2013, when the software had just been released. A small group of captains and ship officers were surveyed after a one day workshop in how to operate the software. Two of them had been involved as user participants in the development process. Likewise, a group of operators in HQ office, were also surveyed after having tested or used the software in real stowage procedures in a time period from mid January to early March 2013. The survey consisted mainly of a mix of likert scales and semantic differences, and the results were plotted in radar diagrams.

The findings in the, ongoing, survey so far should indicate that the group of users presently using the software are, to a rather great extent, quite satisfied with the new system. The trends in the empirical material in the survey shows that they are most happy with, or are able to relate most positively to, the elements in the software directly connected to the work flow or their work related experience, as shown in figure 1. This could possibly mean that immediacy based on field discourse and workflow, that is, experiental knowledge, is relatively well maintained. It could also mean that they are simply more comfortable when answering questions in what they regard as their vocational habitat, and correspondingly uneasy when they have to answer questions they regard as “computer science”, in which the majority, according to the survey, is less familiar with.
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                           Figure 1a                                                            Figure 1b.

The radar diagrams show the main trends in user satisfaction on scale from 1 (most positive) to 5 (least positive). The diagram in figure 1a shows answers directly related to the field discourse, while the diagram in 1b shows answers to questions about user-interface. The purple field going from the centre and upwards to «1» would indicate the optimal placement for the lines representing user feedback on single questions in the diagram. 

As we can see from the diagrams, the users show slightly more satisfaction when they are «on safe grounds», when the questions relate to actual stowage lingua, than when they have to answer questions about user-interfaces, that relates to the computer tool itself. Another aspect regarding the difference in perceived satisfaction could be that while the answers related directly to the field of stowing chemical tankers (1a) were asked using a likert scale matrix, the answers to the questions about how the actual user-interface was perceived, had to be placed on a semantic difference scale matrix, where the survey participant had to rate the different GUI elements of software functionality in relation to opposite word pairs.
The software is not yet installed and implemented on all ships, thus the stowage plans for these ships must be converted or «translated» between two systems leading to a certain intermediate state of parallel work, that should not be representative when the implementation period is over. It was, however important to start surveying and observing participants as early as possible, in order to understand their way of relating to a completely new system, and grasp the «freshness» and «immediacy» of this process.

When observing the survey participants maintaining their regular workflow at their own workstations, the picture changes slightly. When not just talking about how they perceive the new system and its user-interface, but rather show how they handle regular workflow, it might seem like the user perceives more workflow stops when using the software than is revealed in the survey. The difference is moderate, though, and not alarming.

These brief stops are mainly caused by some back and forth exploration in the user interface when working with the program in addition to slightly confusing tank plans, and could be the consequence of regular beginners issues. Some instances of absent system feedback are detected, though. One of the operators says that they have not been heard when they have reported on what they regard as sub-optimal functionality, like ie. having to delete information artefacts that are represented with several instances in the system instance by instance, instaed of batch deleting.

At one observation session, the main superuser, an experienced former ship officer and operator, checking for user-experience information among the other users, receives user feedback leading him to realize the need for follow-up courses. This could possibly impact on the user-experience analysis.

Concluding remarks

The results from the survey, so far, show a rather good user experience. It seems that the planned user-friendliness with which the users were meant to operate the software has, at least partially, been fullfilled. I think this might come from user participation and co-location, giving the developers opportunities to capture needs and the sense of work experience that they would have had access to otherwise.
The pattern in the empirical material shows that users tend to be more positive in their rating of software experience when answering questions that are directly related to the field practice and the users’ experience, than when they are expected to answer questions about GUI, which belongs to the field of «computer science». As the research is still ongoing, it is a bit early to conclude whether this difference stems from the feeling of being secure within their field of experience while feeling not that secure rating software elements in a more HCI oriented approach. This might show that an immediate understanding of user-interface abstractions is closely linked to an experience-based intuition. In this paper I have shown contributes theoretically by situating elements from participatory design in an activity theoretical HCI framework. 

Even though premature at this stage, it could also seem that the actual observed user-experience shows slightly less positive than what is reported through the survey, making it hard to draw an unambiguous conclusion at this point. 
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��HYPERLINK "http://www.imo.org/OurWork/Environment/PollutionPrevention/ChemicalPollution/Pages/IGCCode.aspx"�http://www.imo.org/OurWork/Environment/PollutionPrevention/ChemicalPollution/Pages/IGCCode.aspx�


� International Convention for the Safety of Life at Sea (SOLAS). Chapter VII - Carriage of dangerous goods


� International Convention for the Prevention of Marine Pollution from Ships (MARPOL). Annex II - Regulations for the Control of Pollution by Noxious Liquid Substances in Bulk


� Previous activity theory literature describes this as object-oriented, but this might be misunderstood as it has other connotations in the computer science/informatics discourse.





