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Abstract 

Recent, and ongoing, research has been addressing the general problem of representing 

complex human activities for the purpose to provide intelligent software agents with a way to 

identify, reason, and evaluate human activities. Reliable evaluation of complex human 

activities requires the intelligent agent to obtain a representation that comprises 

distinguishing features of an activity. This is a challenging task, since a person´s activity is 

driven by goals, motives, and norms that may be conflicting in a situation. In order to provide 

knowledge about human activities to an intelligent software agent, we require tools that can 

allow us modeling human activities enabling knowledge elicitation. This study has evaluated 

a software prototype of a graphical modeling language with the overall research question to 

find the minimum language elements required to elicit the knowledge of activities from a 

domain expert. Eight participants tested the prototype through think aloud usability sessions 

were their understanding of the structure of the language was tested. Qualitative data analysis 

was conducted using a Grounded theory approach, which validity has been discussed. The 

findings indicated that characteristics of the hierarchical structure of Activity Theory are a 

supportive theoretical framework for the graphical language that resembles the way 

occupational therapists reason when analyzing human activities. The study proposes a set of 

minimum elements for the graphical language. A focus a for future study is to target the 

intelligent software system to further expand and tune the language by the systems 

requirements. 

Keywords: Knowledge elicitation, Activity theory, Human-Computer-Interaction, 

Data interoperability, Artificial intelligence. 

Abstrakt 

Pågående forskning har tagit upp det generella problemet med att representera komplexa 

mänskliga aktiviteter för att tillhandahålla intelligenta mjukvaruagenter med ett sätt att 

identifiera, resonera och utvärdera mänskliga aktiviteter. Tillförlitlig utvärdering av 

komplexa mänskliga aktiviteter kräver att den intelligenta agenten erhåller en representation 

med definierande särdrag hos aktiviteten. Det är en svår uppgift då en persons aktiviteter 

drivs av mål, motiv och normer som kan vara motstridiga i en situation. För att kunna ge 

kunskap om mänskliga aktiviteter till en intelligent mjukvaruagent behöver vi verktyg som 

kan tillåta oss att modellera mänskliga aktiviteter. Denna studie har utvärderat en prototyp av 

ett grafiskt modelleringsspråk där den övergripande forskningsfrågan var att hitta minsta 

antalet modelleringskomponenter som krävs för att representera kunskapen om aktiviteter 

från en domänexpert. Åtta deltagare testade prototypen genom användbarhetstester med tänka 

högt metodik där deras förståelse av språkets struktur testades. Grundad teori avändes för att 

analysera den kvalitativa datan. Validitet har diskuterats. Resultaten visade att den 

hierarkiska strukturen hos Activity theory är en stödjande teoretisk grund för det grafiska 

språket som liknar hur arbetsterapeuterna resonerar när de analyserar mänskliga aktiviteter. 

Studien föreslår minsta antalet modelleringskomponenter som krävs för det grafiska språket. 

Ett fokus för framtida studier är att rikta in sig på det intelligenta mjukvarusystemet för att 

ytterligare expandera och justera språket efter agentens krav och hitta en komplexitetsnivå i 

språket som båda parter kan förstå. 

Nyckelord: Kunskapsförmedling, Aktivitetsteorin, Människa-Dator-Interaktion,  

Interoperabilitet, Artificiell intelligens.
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Knowledge Elicitation of Human Activities Using a Graphical Modeling Language 

 

Representing human activities and the context in which they take place is challenging, 

since a person´s activity is driven by goals, motives, needs and norms that may be conflicting 

in a situation. Also, activities may be overlapping in time and performed differently 

depending on constraints given by a context (Guerrero, 2016, 23). Structured representations 

of human activities can be used for improving interaction between humans and intelligent 

systems, and its benefits can be applied in different domains for example, gesture recognition 

in gaming, smart surveillance with behavioral analysis, and health care where applications for 

instance could be in ambient assisted living, assistive technology, activity assessment and 

self-management systems for improving health (Geetanjali & Varsha, 2016, 75-76). In order 

to provide knowledge about human activities to an intelligent software agent in an efficient 

and structured way, we require tools that can allow us modeling human activities enabling 

knowledge elicitation (Guerrero, 2016, 23). 

Knowledge elicitation is the concept of through techniques and methods attempt to 

capture the knowledge of a domain expert, a person with in depth knowledge in a particular 

area, and then for instance transmitting that knowledge to an intelligent system making 

operations based on the knowledge. The essential idea of knowledge elicitation is that 

information should be represented in a common form and with common semantics. This 

enables data to be shared, reused and processed across application and human boundaries, 

with the aim to support greater levels of computer intelligence and more advanced forms of 

human-computer interaction (Shadbolt & Smart, 2015, 163). 

An intelligent system could for instance be a coaching agent assisting a human doing 

home activities. Intelligent systems can today detect and recognize human actions in camera 

captured content, but current methods for formalizing and reasoning about human activity are 

typically limited to basic actions such as sitting, walking, sleeping, lifting a cup, etc. 

(Geetanjali & Varsha, 2016, 76), which excludes important elements of an activity, such as 

the goals and motives behind it, which is needed to fully understand and enabling relevant 

assistance to the human (Döweling, Schmidt & Göb, 2012, 539). A way to implement this 

level of complexity to an intelligent system is by capturing knowledge from a domain expert 

(Shadbolt & Smart, 2015, 163-164). 

There is a variety of methods for eliciting knowledge, and the most commonly used 

method is The Interview in which the knowledge is verbally explained led by more or less 

structured or unstructured questions. One problem with the interview is that the knowledge 

elicited is only what the domain expert can verbalize. Aspects of their knowledge could be 

difficult or impossible to verbalize which will be lost in the process. Protocol Analysis is a 

knowledge elicitation method in which the elicitor records the expert solving problems in the 

domain using written notes, audio or video recordings. Protocols are made from the records 

and the data is analyzed. Laddered Grids is another technique in which the domain expert 

forms a graphical representation of the domain elements and their relations in the form of a 

hierarchically-structured graph. The elicitor leads the process by asking questions and 

continuously drawing up the network on a large piece of paper (Shadbolt & Smart, 2015, 

167-184). 

All these techniques require a great deal of involvement from a human elicitor in 

collection and analyzing of the data, and later structuring it in a format that an intelligent 

system can understand. This is a time-consuming task and to make it practical in the case of 

complex human activities a more efficient method is needed in which a domain expert can 

model representations of their knowledge without the assistance of a human elicitor (Shadbolt 

& Smart, 2015, 163-164). 
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The aim of this study is to investigate an approach of knowledge elicitation of human 

activities using a graphical modeling language. The modeling language is implemented as a 

graphical software tool in which domain experts, such as occupational therapists, can 

compose representations of human activities. The modeling language was inspired by 

Activity Theory (Kaptelinin & Nardi, 1997, 158). 

Activity Theory is a conceptual framework forming a hierarchically-structured graph 

for representing and reasoning about complex human activities. Activity Theory is 

originating from the socio-cultural tradition in Russian psychology and has been further 

developed within the psychology and human-computer interaction fields. In Activity Theory, 

a complex human activity is oriented to accomplish a motive, for example, preparing a meal 

to still hunger. An activity is composed of a set of actions and sub-actions for example, 

walking, and each action in these sets is aimed to fulfilling a goal, which all together aim 

towards the activity motive (Kaptelinin & Nardi, 1997, 158; see Figure 1). Activity Theory, 

because of its roots in human psychology and because of its structured format, could work as 

a suitable framework for a graphical modeling language for human activities and will be the 

basis for the evaluated knowledge elicitation tool.  

The overall research question is: By considering Activity Theory – what are the 

minimum elements for defining a graphical language for modeling human activities? A 

related research question is: To what extent is the domain expert able to grasp the structure of 

the graphical modeling language? 

 

 

Theoretical background 

Researchers within a variety of fields such as psychology, linguistics and philosophy 

have long been trying to understand how we organize and represent knowledge in our mind 

(Eysenck & Keane, 2000, 243). We have mental representations of everything we see, hear, 

and know about. A representation is a notation or a collection of elements that represent some 

aspect of the world. A mental representation is something we remember or have a conception 

about, our knowledge (Eysenck & Keane, 2000, 243). These representations can exist in the 

absence of what they are representing, such as an aspect of the physical world (Eysenck & 

Keane, 2000, 244). An external representation is a representation in the world that we can 

see, hear or interact with. It can be maps, texts, drawings, paintings, graphic notations such as 

pictures or charts, etc. (Eysenck & Keane, 2000, 244). The same information or knowledge 

about something can thus be represented in different ways. A common aspect with all 

 

Figure 1:  The hierarchical structure of Activity Theory (Guerrero, 2016, 14). 
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representations is that they represent some limited aspects of the world. Different types of 

representations can, to a different extent, convey details of what is represented. A text may be 

a clearer representation in some cases, while a chart may be more relevant in other cases. A 

chart can give us spatial information, while an illustration could give us information about 

color and shape. A chart could graphically reflect the different relationships between objects 

that can be seen in the world (Eysenck & Keane, 2000, 243-245).  

A propositional representation is a representation that is independent of the modality 

of the original information. It is discreet, explicit, and with strong combinatorial rules 

(Eysenck & Keane, 2000, 246). Propositions describe in explicit ways the conceptional 

content of the mind, such as relationships between objects and concepts. Propositions, being 

independent of modality, are a way of representing all forms of mental information (Eysenck 

& Keane, 2000, 246). 

Mental representations, knowledge, are structured in complex ways where concepts 

reflect the temporal and spatial structure of the world. To represent the knowledge of an event 

or activity, earlier theories are that the human mind uses schemata or scripts, which are 

structured compositions of concepts, sequences of events, objects and actions (Eysenck & 

Keane, 2000, 248). 

Schemata as theory of our mental representations has been understood to have its 

limits (Eysenck & Keane, 2000, 256), but has still received considerable evidence. Studies 

have shown that humans interpret and remember a scene differently depending on their 

expectations of that scene (Eysenck & Keane, 2000, 256). 

Schank (1982), proposed his Dynamic Memory theory (Ramirez & Cooley, 1997, 2), 

that our knowledge and episodic memory are organized in a hierarchical structure where the 

highest level is the goal, and the underlying levels are scenes comprised of actions. Schank’s 

Dynamic Memory Theory was the first attempt to form a theory of acquisition of episodic 

memory in computers and humans, and has later been widely used in development of case-

based reasoning in machine learning (Ramirez & Cooley, 1997, 1-2). 

A software agent is a computer system that is situational in some environment doing 

operations to meet its predefined goals. An intelligent software agent is in addition reactive, 

proactive, reasoning and understanding. A rational agent in artificial intelligence is something 

that perceives and acts, and always does the rational decision based on its knowledge 

(Guerrero, 2016, 15). 

Recent, and ongoing, research has been addressing the general problem of 

representing complex human activities for the purpose to provide intelligent software agents 

with a way to identify, reason, and evaluate human activities. Reliable evaluation of complex 

human activities requires the intelligent system to obtain a representation of the activity that 

comprises of distinguishing features of that activity. The intelligent agent must recognize 

components in the activity such as the motive and goals behind it and the context in which it 

takes place. These are variables that can be conflicting in between different activities making 

the recognition a difficult task. The goals and motives can change with time making it even 

more complicated (Guerrero, 2016, 7). Recent research has focused on developing formal 

methods to give computing machinery capabilities to acquire this understanding (Nieves, 

Guerrero & Lindgren, 2013). 

A common way of programming rational agents is according to the Belief-Desire-

Intention model (Broersen, Dastani, Hulstijn, & Huang, 2001, 1). The model is built on a 

simplified view of human intelligence, providing both reactive and proactive behavior to a 

rational agent. In it, rational agents have a view of the world, describing their beliefs. They 

have certain goals they wish to achieve, describing their desires. They can form and follow 

plans, describing their intentions. They act on these beliefs, desires and intentions using their 
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accumulated experience.  Rational agents that are modeled using the Belief-Desire-Intention 

model are at an abstraction level resembling normal human experience (Broersen, Dastani, 

Hulstijn, & Huang, 2001, 1).  

Some of the structural elements of the Belief-Desire-Intention model, such as goals 

and intentions, have similarities with Activity Theory where actions are aimed to fulfilling 

goals, which all together aim towards the motive (Kaptelinin & Nardi, 1997, 158). 

When designing a structure for an intelligent software agent with the aim of 

recognizing complex human activities the perspective must be turned to the physical world to 

find out how activities are conducted. A way of capturing representations of human activities 

is by consulting a domain expert (Shadbolt & Smart, 2015, 163). 

Occupational therapists focus on an individual’s ability to perform daily activities. 

Individuals in need of this guidance are often suffering cognitive impairments that affect, 

among other things, sense of time, planning, concentration and memory, making it difficult 

for these people to create and maintain structure, handling choices, challenges and 

opportunities that usually arise in everyday life. In occupational therapy the structure of 

activities are divided into structure of activity, structure of time and structure of physical 

surroundings (Jönsson, Oknemark & Walleborn, 2008, 7-8). 

The theory behind structure of activity is that all activities have their own, more or 

less clear, structure that is perceived based on the individual’s cognitive ability. This means 

that the individual creates an internal map or image of how an activity is to be performed, 

such as in which order each sub-task is conducted (Jönsson, Oknemark & Walleborn, 2008, 

7). 

Structure in time, saying that time is an abstract concept. Different requirements are 

set in different contexts based on the individual’s ability to understand and relate to time, 

such as in which order to do things, and adjust time between different activities (Jönsson, 

Oknemark & Walleborn, 2008, 7). 

Structure in physical surroundings, means that the physical environment makes it 

easier or more difficult to perform daily activities. A logical and clear structure with things in 

their specific place and different functions in different rooms makes it easier for people with 

cognitive difficulties to perform daily activities (Jönsson, Oknemark & Walleborn, 2008, 8). 

Occupational therapists also focus on a person’s motives to acquire knowledge of 

what motivates the person, which is influenced by internal and external factors (Jönsson, 

Oknemark & Walleborn, 2008, 11). 

To understand this structure the occupational therapists make use of a set of 

descriptive models to analyze the activity.  These models are conceptual frameworks 

originating from theories or evidence-based practice, providing a way of thinking about 

activities (Pellande, 1987, 353). 

In the field of sport science, coaches is another group of domain experts of complex 

human activities. In their practice, they study sport related movements in detail down to 

specific joint movements and evaluate individual’s performance conducting these activities. 

Sport science has developed and validated structured instruments for evaluating human 

activities. In the sport science field, a physical activity is defined as a set of repetitive and 

structured movements, such as joint movements, connected to a variety of metabolic 

processes (Bartlett, 2007, 43-47).  

As have been presented in this section, the models and reasoning concerning human 

activities have similarities in the different research fields. A knowledge elicitation tool in the 

form of a graphical modeling language could be a bridge between the physical representation 

of human activities and the artificial representation implemented in intelligent agents. In the 
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next section, the empirical methodology of evaluating the graphical modeling language will 

be presented. 

Method 

This study conducted two iterations of usability tests evaluating a high-fidelity 

prototype (Newman & Landay, 2000, 270) of the software tool. The tests were conducted 

using a think aloud methodology verbalizing their thoughts as they move through the user 

interface (Rubin & Chisnell, 2008, 31-34). 

Prior to the evaluation a series of brainstorming sessions were conducted with a group 

of researchers at the Department of Computing Science, Umeå University. The data 

collection from the usability tests and analysis of the data were closely intervened in a 

Grounded theory methodology (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 3). These 

methods will be further explained later on in this section. Next, the sub selection of 

participants is presented. 

Participants 

Selection of participants. Eligible participants had to be actively working and/or 

researching in their field of expertise. The core participants had to be involved with 

occupational therapy, or within related fields working with or reasoning about human 

activities. These persons were to be considered domain experts of human activities. To get a 

wider perspective to the evaluation, the selection also accepted participants working in areas 

related to human-computer-interaction, such as system engineering or interaction design, to 

contribute with data regarding usability, which is an important aspect in any software tool 

(Juristo, 2007, 744). The final selection of participants is presented next. 

 

Selected participants. The evaluation consisted of eight participants divided into 

three groups (see Table 1). Also, outside of the evaluation, a ninth participant was included 

for pilot testing. The ages ranged from 37 to 55 with a mean age of 45. The gender 

distribution was 3 male and 5 female. Group A, consisting of two researchers in occupational 

therapy, participated in both iterations of the evaluation. They were considered to represent 

the targeted end-users of the modeling tool; domain experts reasoning about human activities. 

Group B, in a total of four, consisting of two researchers involved in occupational therapy 

and two coaches working with sport science. This group was recruited at a later stage testing 

solely the second version of the prototype giving fresh input by seeing the prototype for the 

first time, also considered to represent the targeted end-users of the modeling tool. Group C, 

consisting of a system engineer and a psychologist participated in both iterations of the 

evaluation. The system engineer bringing ideas about usability and system design, while the 

psychologist gave insight reasoning about human activities from a psychologist point of 

view. Finally, a ninth participant, a usability design student, doing two pilot tests preceding 

both iterations, eliminating some fundamental usability flaws and making sure the test 

procedure was working as intended; successful capturing of desired data; minimizing errors 

due to technical or human factors (Rubin & Chisnell, 2008, 133). 
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Instruments and Materials 

This part describes the instruments and materials that were used in the formative 

usability tests giving a general idea of the material and the purpose for which it was intended. 

 

High-fidelity prototype. The graphical user interface was built in HTML and 

Javascript. The back-end was built in PHP connected to a MySQL database. Database 

support was added to store the activity models created by the participants. The prototype was 

viewed in the web browser Firefox on a laptop (see Figure 1). 

Laptop computer. The computer had Windows 10 operating system and 17.3 inches 

screen-size. Connected to the laptop was a mouse with two buttons, left and right, to make 

the controlling and navigation of the interface easier for the user. Both left and right mouse-

button was involved in controlling and navigating the interface. The participants used the 

laptop keyboard for editing labels of created elements in the graphical modeling language. 

All participants tested the prototype with the same laptop and the same mouse. 

Voice recording device. The recording device was a mobile phone with the Android 

operating system. The recording was done with an App for sound recording. The mobile 

phone was placed on the table on the left side of the laptop. This was close enough to capture 

the speech of the participant. The recording was initiated after the briefing of the session and 

stopped before the debriefing of the session.  

Notebook. A notebook was used by the moderator for writing notes during the 

sessions. 

Environment. The tests were conducted at the participants’ own offices. In all 

sessions a desk was prepared to fit the laptop and enough space to enable the participant to 

unhindered move the mouse. The door to the room was closed to minimize distractions. Two 

chairs were placed on the same side of the desk so that the moderator could sit next to the 

participant during the session and both the moderator and the participant could see the screen.  

Table 1 

 

Participants 

Nr Group Occupation Gender Phase 1 Phase 2 

A1 A Occupational Therapy F X X 

A2 A Occupational Therapy F X X 

B1 B Occupational Therapy F  X 

B2 B Occupational Therapy F  X 

B3 B Coach Sport Science M  X 

B4 B Coach Sport Science M  X 

C1 C System Engineer M X X 

C2 C Licensed Psychologist F X X 

P Pilot Usability Design Student F X X 

Note:   

Group A Representing expert end-users of the modeling tool. 

Group B Representing expert end-users of the modeling tool.  

Included in the second iteration. 

Group C Providing a wider perspective to the evaluation. 

Pilot Eliminating fundamental usability flaws, and testing the evaluation process.  
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Procedure 

Brainstorming. Prior to the creation of the first high-fidelity prototype a series of 

brainstorming sessions were conducted with a group of researchers at the Department of 

Computing Science at Umeå University. These researchers were all involved in research 

concerning intelligent software systems and recognition of human activities which were a 

valuable asset in the development of the prototype. These researchers are included as internal 

participants (Rubin & Chisnell, 2008, 133) in this study.  

Internal participants are participants that meet the criteria of being included as 

participants but with the exception of having inside information that others do not, and might 

have a vested interest in seeing that the product is successful. Internal participants can help to 

detect if the development is on the right track (Rubin & Chisnell, 2008, 133). These 

researchers were all reasoning about human activities in their work and had all a deep 

understanding of Activity Theory, making them suitable subjects for internal participants. 

The brainstorming sessions were strictly focused on the development of the prototype 

in consideration of Activity Theory, which is the theoretical basis for the high-fidelity 

prototype. 

The brainstorming sessions were conducted in a conference room at Umeå university. The 

door was closed to minimize distractions. In the room there was a large screen for 

presentations with a HDMI-cable available for connecting a laptop. All participants had 

access to whiteboard-markers to write and draw on the whiteboard when needed.  

The first brainstorming session was a phase of discovery where initial design concepts 

where formed and characteristics and needs of the intended users where discussed and 

sketched on the whiteboard. The next session, one week later, advanced to a more explorative 

phase. At this stage possible solutions were identified; sketches and figures were discussed. 

At the third session, one week later, an early medium-fidelity prototype (Newman & Landay, 

2000, 270) had been prepared which was presented and discussed; all new ideas were noted. 

The prototype had clickable buttons, openable menus, and had the look and feel of a 

functional interface, but with imitated functionality. At the forth brainstorming session, the 

 

Figure 1:  Graphical modeling tool. 
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first high-fidelity prototype had been developed with some working functionality. It was 

presented and discussed. Ideas were noted and brought forth to further develop the high-

fidelity prototype in preparation for the upcoming evaluation. 

In the brainstorming sessions, two possible requirements of the modeling tool came 

up which are presented next.  

A possible requirement is being able to describe alternative sub-activities in the 

activity model. Situations could occur where two or more sub-activities must be conducted in 

order to reach the goal. Other situations could occur where one or more sub-activities are 

optional, where multiple routs are valid. The discussed solution for solving this was to 

implement an AND-OR tree (Marinescu & Dechter, 2004, 2-3).  

An AND-OR tree is a hierarchical tree structure where the descending nodes on every 

level can either be paired together, with an AND relation, or separated, with an OR relation. 

The AND relation means that the grouped up nodes must all be chosen to reach the ascended 

node, while the OR relation means that any of the related nodes can be chosen to reach the 

ascended node (Schmalhofer & Strube, 1992, 163-169). 

Another possible requirement for the modeling language that was identified in the 

brainstorming sessions is the possibility to describe temporal relations between sub-activities, 

for example, in which order the activities are conducted. The discussed solution for solving 

this was to implement Allen’s interval algebra (Monica, Goranko, Montanari & Sciavicco, 

2011, 79). 

Allen’s interval algebra (Monica, Goranko, Montanari & Sciavicco, 2011, 79), 

defines a set of rules that describes temporal relations between events. This set is comprised 

of thirteen rules by which any temporal relation between two events can be defined. The rules 

of Allen’s interval algebra are: equals, before, after, meets, met-by, overlaps, overlapped-by, 

finished-by, finishes, contains, during, started-by and starts. In Figure 2, the horizontal red 

line at the top represents an event, while the grey lines below represent events that in some 

way temporally relates to the red line. These lines exemplify the rules in Allen’s interval 

algebra (Monica, Goranko, Montanari & Sciavicco, 2011, 79).  

 

 

High-fidelity prototypes are costly in terms of time and resources compared to a low-

fidelity version, but a high-fidelity prototype often has similar types of interaction as a 

production version of the application making it possible to test more complex aspects of the 

design that are closer to what could be experienced in the final product (Newman & Landay, 

2000, 270). 

 

Figure 2:  Temporal relations (Monica, Goranko, Montanari & Sciavicco, 2011, 79). 

https://www.google.se/search?tbo=p&tbm=bks&q=inauthor:%22Franz+Schmalhofer%22&source=gbs_metadata_r&cad=9
https://www.google.se/search?tbo=p&tbm=bks&q=inauthor:%22Gerhard+Strube%22&source=gbs_metadata_r&cad=9
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For this evaluation a high-fidelity prototype was beneficial as it was important 

allowing participants to get the look and feel of the application, experiencing usability flaws 

and solutions, able test user interface components and interactions such as opening menus, 

clicking, double-clicking, drag- and drop-functionality and editing labels. A high-fidelity 

prototype gives the participants the opportunity to make a more in depth reasoning about the 

tool (Newman & Landay, 2000, 270), and most importantly being able to test the process of 

modeling human activities in a graphical user interface. 

Planning the tests. Before the evaluation of the prototype, a test plan was designed to 

fully make it clear and to understand what to test, how to test, and why to test. A thought 

through test plan is important to conduct effective tests (Rubin & Chisnell, 2008, 66). 

The test plan described the session in detail; which questions were needed to get 

answered, what data was important to collect, and which tasks were important for the 

participant to complete to fully cover functionality of the interface. The test plan was 

designed to make sure all important aspects were included and to make sure every session 

was conducted in the same way, with the same time frame, and with the same setup of 

instruments, materials and environment (Rubin & Chisnell, 2008, 65-91). The test plan is 

presented next. 

The evaluation consists of two test phases. In Phase 1, formative usability tests are 

conducted in which a high-fidelity prototype of the graphical tool is evaluated. “The main 

objective of an exploratory study is to examine the effectiveness of preliminary design 

concepts and whether the user intuitively grasps the fundamental and distinguishing elements 

of the interface” (Rubin & Chisnell, 2008, 29). The sessions are informal and communicative. 

The moderator sits next to the participant and does an ongoing interview while encouraging 

the participant to think aloud about his or her thought process (Rubin & Chisnell, 2008, 31-

34). The sessions are sound-recorded and the moderator makes notes about important 

observations (Rubin & Chisnell, 2008, 218). 

Based on the results of phase one, a new high-fidelity prototype is developed 

expanding on the prior one while bringing important ideas and fixing flaws. In phase two, the 

new prototype is tested in a similar manner. The participant is once again instructed to think 

aloud while completing tasks. Tasks are valuable for making sure the participant fully explore 

the interface and to make sure the desired data is collected. This task list should consist of 

operations that are ordinary performed while using the product in a real scenario (Rubin & 

Chisnell, 2008, 31, 79). 

Test topics. A guideline document was created with a set of questions that were of 

interest to explore during the sessions. These questions are based on the overall research 

question(s) and are expanded with sub-questions. These questions are not to specifically be 

asked to the participant, only in case they had not already been answered in the think aloud 

process. The questions should be seen as topics of exploration with the purpose to give the 

moderator an overview of which data to collect and to make it clear if the desired data is 

collected (Rubin & Chisnell, 2008, 69). The moderator should not feel hindered by the test 

plan and feel free to deviate when needed the make the test session flexible. This is an 

important aspect of a think aloud session where the participants thought process can differ 

from the expected (Rubin & Chisnell, 2008, 50, 69). The moderator brings a paper with these 

questions to every session. 

Test tasks. The first task of the participant was to explore an already created example 

of an activity model. The exploration was done while thinking aloud. The reason for this task 

was to give the users a feel for the interface, and to make sure all users had the same basic 

understanding of what the tool was about (Rubin & Chisnell, 2008, 133). 
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The second task was for the participant to create his or her own activity model. The 

moderator suggested to the participant to create an activity model representing a home 

activity or an activity related to their work. Some suggested activities were: “cleaning at 

home”, “doing the dishes” or “washing clothes”, or in case of the coaches in sport science, 

some suggestions were the activities: “skiing” or “jogging”. The participant could choose to 

model any activity they wanted, and they all came with their own ideas. The purpose for 

suggesting such activities was to help them decide on an activity that they had some 

knowledge about, and to make sure that all modeled an activity with a similar level of 

complexity. 

Pilot tests. The pilot tests took place at a group study room at Umeå University and 

were conducted in the same way as the other tests. It was important to get a feel for the test 

procedure and eliminating some fundamental usability flaws, making sure the test was 

working as intended successfully capturing desired data and minimizing errors due to 

technical or human factors (Rubin & Chisnell, 2008, 133). 

Test sessions. The test session took place at the office of the participant where a 

laptop computer was set up on which the prototype was tested. Each session started with a 

short welcoming conversation where the participant was asked about his or her background 

and got a short introduction to the study. In the introduction the moderator explained to the 

participant what is tested and how it will be tested. The think aloud method was explained 

with a short demonstration how it could be done. The participant was informed that the 

session will be recorded, that participation is voluntary and that he or she had the choice of 

aborting the session at any time. The participant was also informed that the system tested was 

a prototype and that all functionality might not be in place. This was to properly set the 

participants expectations so that they could focus reasoning on the tasks and not get too 

distracted by low-fidelity details not working, also to make them comfortable in commenting 

or criticizing the prototype in any way they wanted (Wiklund, 2011, 67).  

The session continued with the think aloud usability test. The participant and the 

moderator were sitting next to each other by the same table to make sure both could see the 

screen and to make it easy for the moderator to observe the user behavior. The moderator 

acted as support to the participant by explaining functionality when the participant asked for 

help. The moderator asked questions such as “what are you reasoning about right now?” 

when the participant was silent too long or seemed to be stuck. Asking questions is a good 

way to remind the participant of thinking aloud which sometimes can be forgotten. A 

talkative participant provides a richer data collection (Wiklund, 2011, 284-285).  

Finally, the test was rounded up with a short posttest interview where the participants 

overall impression of the prototype was collected, and before the end of the session the 

participant was thanked for his or her valuable input regarding the prototype.  

These are recommended steps in testing usability for medical devices (Wiklund, 2011, 

67) which worked well for this study. 

The data collection was closely intervened with the analysis process in which a 

Grounded theory methodology (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 3) was 

conducted.  

Grounded theory. In Grounded theory, the emerging hypotheses and theory must be 

based on data collected in a systematic manner and analyzed by constant comparison of new 

data. This means that data analysis is done in parallel with data collection. In this study, 

analysis was done after every test session and then compared to the data collected in the next 

session; the cycle continued until data saturation was reached (Sbaraini, Carter, Evans, & 

Blinkhorn, 2011, 3). This method is to provide a theory that can explain what is happening in 

the researched area or situation.  
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In a qualitative survey of this kind, a relatively small selection of participants is 

required to get the sufficient data. Thus, the importance of the selection is to what each 

individual case can provide. It is important in the selection of participants to consider 

individuals of different groups or experiences to maximize the similarities and differences of 

information (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 3-5). In this study the core 

participant groups A and B were complemented with participant group C to provide a wider 

perspective. This is the process of theoretical sampling which also involves returning to data 

collection when needed to answer new questions that might rise during the analysis (Sbaraini, 

Carter, Evans, & Blinkhorn, 2011, 3-5). 

Data collection was considered completed when theoretical saturation was achieved, 

which means that no more relevant data appears to be capable of altering the emerged 

hypothesis and theories (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 7). Exactly where and 

when theoretical saturation occurred was unclear, but at a certain point no new dominant 

codes emerged.  

The fundamental steps in the analysis are coding and conceptualization. The coding is 

the concrete expression that can be noted in the transcripts of the data, short descriptions 

and/or assumptions such as “reasoning about social context” or “understanding structure”, 

while the conceptualization is the analytical process that shapes the concepts and tests the 

assumptions. The coding of the data is done in three different ways, open coding, axial 

coding and selective coding (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 3).  

Open coding. This step tried to capture the substance of the data and break it down 

into smaller segments. This was done by highlighting the data that seemed important. If a 

pattern was found in the codes, such that they were frequently found in multiple participant 

transcripts, then these were combined into concepts. The concepts were then compared and 

grouped up into categories based on their conceptual relation to each other (Sbaraini, Carter, 

Evans, & Blinkhorn, 2011, 5). 

In between every test session the recordings were transcribed in Microsoft Word and 

each line in the transcript was coded. The coding was done using the Comment functionality 

in Microsoft Word. Each code described the corresponding line of text in one or a few words 

which were either simple descriptions of the line or assumptions of what the line meant. It 

was important to code the transcripts line by line to not miss out on potentially important 

findings (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 3). The coding of the first session 

produced initial codes with only the research questions as guidance, while the proceeding 

sessions clarified the codes and comparisons could be made. As the sessions proceeded, it 

became increasingly clear which codes that were dominant, and which ones to discard.   

Axial coding. In the axial coding, specific categories and possible conceptual 

relations were focused. The categories were processed to obtain as many aspects as possible 

about the categories and the relations between them such as dependencies, constrains, 

temporal or spatial aspects between categories. A few examples of such relations that were 

found are “an activity can have multiple goals”, “the goal is dependent on the actor” and 

“sub-activities are temporally constrained”.   

Following these coding procedures, memos have been written about what appears to 

be central to the user experience and thought process of the graphical tool. These memos are 

shortened to brief analytical descriptions, which are expressed using the categories that 

emerged during coding and analysis (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 5). 

Selective coding. The selective coding is the final step in the analysis. In this step a 

few core categories were identified and the remaining lower categories further analyzed to 

find relations to the core categories. The core categories are the central part of Grounded 
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theory. It is the relations and constrains between the core categories and the lower categories 

that constitutes the emerging theory (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 7).  

The next section presents the results in detail with raw data samples in the form of 

participant quotes. Initial codes, concepts and categories are presented. Finally, the section 

presents the emerged theory. 

Results 

This section begins with presenting the results from the think aloud sessions 

discussing the participants reasoning while modeling activities in the prototype of Phase 1 

and Phase 2. The language elements are presented one by one followed by participant quotes 

concerning the elements. Each quote is followed by interpretations of that quote. The 

Grounded Theory results are presented and each step in the analysis process is discussed. 

Finally, a suggested theory is presented in the form of an Entity Relationship Diagram (ref 

needed). 

 

Phase 1 summary. Phase 1 had the following language elements: Activity, Sub-

activity, Operation, Actor (for Activity), AND-OR constrains and Temporal-constrains. At 

this stage, the high-fidelity prototype had been pilot tested and some of the usability flaws 

had been eliminated. Fixing usability flaws before the first session was important to minimize 

interference from unexpected interface behavior (Rubin & Chisnell, 2008, 133). However, 

the interface still had some confusing functionality to the participants. Usability flaws 

encountered in Phase 1 was mostly concerning editing labels, mouse-clicking mistakes such 

as trying to open menus with the wrong mouse button, and confusion concerning some high-

fidelity commands that were missing database support. Also, some disasters happened, such 

as deleting elements by mistake with no way of confirming the command or undoing. These 

errors were minor interferences to the test flow, but also led to some interesting suggestions 

about usability.  

Phase 2 summary. Phase 2 had the following language elements: Activity, Sub-

activity, Operation, Actor (for Activity and Sub-activities), AND-OR constrains and 

Temporal-constrains. In addition the new language elements: Context, Tool, Importance, and 

Condition. Some of the usability flaws identified in Phase 1 were now eliminated. For 

instance, labels could now be double-clicked for faster editing, which were a common 

behavior of the participants in Phase 1. Some difficulties were still encountered, but 

drastically decreased during the first few minutes of the session. Group A, that now were 

seeing the prototype for the second time had now easier understanding the interface with only 

minor issues. However, almost the same level of understanding was observed in group B, 

testing the prototype for the first time. This can suggest that a substantial part of the usability 

flaws encountered in Phase 1 was eliminated, and can also suggest that the structure of the 

modeling language was easy to understand for the participants. A few quotes concerning the 

usability are presented next. 

 

“This was difficult, but I actually do not think it is the program’s fault. I think some training 

might be needed in thinking in these steps. If you are an occupational therapist, you are good 

at analyzing activities, but as a psychologist you are not. As a psychologist you are watching 

it at a higher level, and then this becomes more difficult.” quote by participant C2 in Phase 1. 

 

“I think the structure itself was very intuitive and good. I understood it very quickly and I am 

not at all good at such things. If you are used to thinking in these steps, this then I think this 

could be an effective tool.” quote by participant C2 in Phase 1. 
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“I think it could be a good tool for structuring activities. It was easy to work with. 

Except that the mouse was acting strangely. Otherwise everything was obvious.” quote by 

participant B1 in Phase 2. This quote goes in line with the observation that participants seem 

to think that the structure of the graphical language is logical. 

 

“This is like an activity analysis in occupational therapy.” quote by participant B2 in 

Phase 2. She describes here that the structure of graphical language resembles an Activity 

analysis. Activity analysis is an essential skill in occupational therapy which is the ability to 

analyze activities and occupations to understand and address the skills and external 

components needed for performance of that activity (Neistadt, 1990, 302). This suggests that 

the structure of the graphical language is logical to the participant and resembles how she 

reasons about human activities. 

 

Results concerning the individual language elements are presented next. 

 

Actor. Actor, or Agent, was a natural element for most participants. As soon as they 

had created their Main-activity, it was either Actor or Motive that came next. The participants 

seemed to understand straight away what it was representing, although they often started with 

asking the question “What is Actor?”, and then directly following up by answering their own 

question by saying “Is that the one doing the activity?”, such as participant A1 in Phase 1. All 

participants considered Actor to be an important aspect to the representation. Actor seemed 

closely related to context, and directly related to the goals and motives of the activities. 

Setting an Actor seemed to make things clear for the participants as to how to proceed 

structuring the activity. Participants mentioned that an actor describes the main context of the 

activity and correlates with social context which to the participants was an important aspect 

of an activity. In the test sessions, most of the participants added more than one Actor to the 

activities they created. The Actor element, as multiple participants reflected, is important to 

describe the social context and the relations between people. Participants mentioned that the 

distinction between the Actor element and Context element, in terms of social-context, was 

that the Actor was symbolizing someone cooperating with the main Actor, such as homecare 

helping a senior, or family members cleaning the house together, while the Context element 

was symbolizing external Actor(s) not directly associated to the main Actor but in some way 

affecting the activity. A few quotes from the interviews, concerning Actor, are presented 

next. 

 

“In my case it turned out to become a big activity and it eventually involved the whole 

family in different ways. I might have had everyone here on the main activity, but here it just 

became me who did it. I did not participate in the activity of picking up cartons, instead my 

son fixed that. There may be different people involved in the next stage and even other 

people later on if we really want to review this activity in detail.” quote by participant A1 in 

Phase 1. 

 

“If the senior lives together with someone they can, for example, fold linens together 

or carry the clothes to the machine together.” quote by participant A2 in Phase 1. 

 

“If you were two to do things then you can add two agents here.” quote by participant 

B1 in Phase 2. 
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”I'm also thinking about this with agent and social environment. For example, if you 

are in town there is a certain social environment. Social environment is something that can 

affect very much. Which people are involved?” quote by participant B2 in Phase 2. 

 

“It is based on having a second person who holds the mobile camera.” quote by 

participant B4 in Phase 2. 

 

Weight/Importance. Weight/Importance was included as a language element for 

Phase 2 in response to the collected data from Phase 1.  It was mentioned as a relevant 

element to the representation. Participants mentioned that some activities must be completed 

while others are optional. One participant reasoned that a highly weighted activity is directly 

related to the Goal, while an optional activity is related to preference (participant A2 in Phase 

2).  Others argued that it can vary between individuals if a certain activity is important or 

optional. A few quotes from the interviews, concerning Weight/Importance, are presented 

next. 

 

“It depends on who makes this breakfast, if it is important.” quote by participant A1 

in Phase 2. 

 

“Everything is really building on. It is important to tighten your stomach. Because if 

you do not tighten your stomach and try to put your knee in front of the foot, then you will 

not get the right posture.” quote by participant B4 in Phase 2. 

 

“The question is whether it is important or optional, because if it is 25% important it 

might be optional. The word important has so many meanings. I want to enjoy staying in the 

living room. Of course it has to be important. Importance is connected to the motive. To 

accomplish the motive this is important to do. Mopping the floor is optional, because it is 

tradition to mop the floor. If the motive would be to have it clean, then every sub activity here 

would be important. But as I did not have that as a motive only some of these things matter 

for the motive. It is optional since the motive is to welcome guests as I could do this after the 

quests have left. Important is connected to motive. Optional is connected to preference.” 

quote by participant A2 in Phase 2. 

 

AND-OR constrain. The decision tree was also confusing at first and needed 

explanation from the moderator to most of the participants, although a few figured it out right 

away. It was considered an important addition to the representation. Participants mentioned 

situations were either one or another Sub-activity were needed to complete a Goal, and for 

these situations the AND-OR tree was needed in the representation. Also, for situations 

where several activities are required to be completed together the participants mentioned that 

a possibility to set an AND or OR relation between two Sub-activities is required (see Figure 

3). A few quotes from the interviews, concerning the decision tree, are presented next. 

 

“For example, either you eat a smoothie, or porridge and a banana. And that would be 

the or between them.” quote by participant A1 in Phase 2. 

 

“But there are different choices. For example, when adding laundry detergent when 

washing clothes it is the same whether it is white or colored clothes, but there are also 

laundry detergents that are for both white and color.” quote by participant A2 in Phase 1. 
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“All of these actions must be met to make the goal complete.” quote by participant B1 

in Phase 2. 

 

“I think this is a relevant function. I think it is the visual representation that you can 

improve. These logical operations, is it just AND and OR? I interpret it based on the main 

activity. If it is AND, then you have to do all these things. If it is OR then you can either do 

this or that. It is an important aspect to bring along.” quote by participant B2 in Phase 2. 

 

 

Temporal constrain. Temporal constrains such as “A before B”, “A during B”, “A 

temporally coincide B”, etc., were confusing at first for most of the participants, but with a 

short introduction they quickly understood the functionality and after some testing they 

considered it an important aspect of the representation. All of the participants reasoned about 

the requirement of being able to describe sequences of activities and their temporal relations 

(see Figure 4). A few quotes from the interviews, concerning temporal constrains, are 

presented next. 

 

“Temporal constrains or the order I would rather call it. Because really, this does not 

have much to do with time. This could be a great way to put the order on things.” quote by 

participant A1 in Phase 1. 

 

“With temporal constrains I can define when to pick up the clothes. Elderly people 

with cognitive impairment may forget to pick up the clothes and leave the clothes in the 

machine for several days, or forget to dry the clothes. First you have to sort the clothes. Then 

make these three activities in any order. Then you have to take out your clothes. Then dry the 

clothes, etc.” quote by participant A2 in Phase 1. 

 

“Well, things are done in a certain order. Here it is logical if it were the opposite. It’s 

better to knock after cutting” quote by participant B1 in Phase 2. 

 

“This felt clear and simple. Good to be able to pull them out and drag and drop. The 

only thing I do not like is the title temporal constrains, I do not understand what means. It had 

been clearer if the title was timeline” quote by participant B2 in Phase 2. 

 

 

Figure 3:  Graphical modeling tool. AND-OR constrains. 
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“You want to compare them, to have a time aspect in it. To figure out which activity 

is the fastest” quote by participant B3 in Phase 2. 

 

“The difficult part in this activity is to do these two actions together. The challenge is 

to get timing right, to get a perfect move.” quote by participant B4 in Phase 2. 

 

 

 

Context. The Context element was included as a language element for Phase 2 in 

response to the collected data from Phase 1. The participants mentioned this as an important 

element in the representation. The Context element was suggested in Phase 1 by A1 and A2, 

who are the occupational therapists included in Phase 1. They mentioned context in terms of 

spatial context, such as if the activity was at home or outdoors. They also mentioned context 

in terms of social context, such as if the main Actor lived alone or with a family. Other forms 

of context were also mentioned such as climate and cultural context. The following quotes 

are from Phase 1, before context was added as an element in the graphical language. 

 

“I think you can understand it differently if you can add that I live with a family. The 

context to which the person belongs is interesting. If a program knew things about me then it 

could help me by suggesting things.” quote by participant A1 in Phase 1. 

 

“Context could be that I actually have a storehouse. The physical environment is a 

component. How you live and with whom you live. Culturally, it is very different. In northern 

Sweden we want to go out when it is sunny, while in other cultures you want to stay indoors 

and pull the curtains because it is dangerous. Cultural environment in any sense is also 

important.” quote by participant A1 in Phase 1. 

 

“It is important to know if it is a house and if the laundry room is on the same floor. It 

may be in the basement as well. A person might live alone or with a partner. That is the 

context.” quote by participant A2 in Phase 1.  

 

To explore this aspect of an activity, the Context element was included in Phase 2 as a 

language element to the graphical language. A few quotes from Phase 2, concerning context, 

are presented next. 

 

Figure 4:  Graphical modeling tool. Temporal constrains. 
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“It depends on how they live. So it depends on the context. Maybe they have a dog 

bringing in grass to the living room. It also depends on if it is winter or summer. So it really 

depends on the situation.” quote by participant A2 in Phase 2.  

 

“You can not specify that you have to do exactly like this, because it is a completely 

different type of technique if the track is well-prepared.” quote by participant B3 in Phase 2. 

 

“Context, is that where the activity takes place? I am thinking that in this situation the 

context can be on roller skates.” quote by participant B4 in Phase 2. 

 

As participant B4 was reasoning with the context “On roller skates”, the context could 

be related to a tool involved in the activity, in this case roller skates. This way of using the 

Context element questions the underlying meaning of the language elements Context, Tool 

and Actor. It was sometimes unclear to the participants which aspects of the activity these 

elements were representing. According to the participants, it would be easier to understand 

Context if the element was divided into separate language elements with specific context-

types such as Social Context, Spatial Context, Cultural Context, Domain Context, etc. 

 

“Now you can write what you want in context, but context could also be location. So 

you could separate location and context. Context could be what knowledge domain it belongs 

to such as the mining industry, construction industry or home environment.” quote by 

participant B1 in Phase 2. 

 

“In terms of activities that you do with others, the social environment is very 

important. So I think that you could divide it into social context, physical context, cultural 

context and institutional context. This is a breakdown that we often use in Occupational 

therapy.” quote by participant B2 in Phase 2.  

 

Tool. The Tool element was included in Phase 2 in response to the data collected in 

Phase 1 where participants mentioned tools being involved in the activities. The participant 

response of the tool element in Phase 2 was however mixed. Most of the participants had no 

need for adding tools to the representation. Participant B1, concerned in occupation therapy, 

argued however that the Tool element is important, and both participants from Sport Science 

also considered it as a valuable aspect. Participant B1 reasoned that tools are always involved 

in an activity. A few quotes from the participants, concerning the Tool element, are presented 

next. 

 

“Tools are always involved. The activity is aimed at something, manipulating the 

tools.” quote by participant B1 in Phase 2. 

 

“Assisting a person that needs to move from the bed to a wheelchair. ‘Movement’ 

could be such an activity. Then you can specify which tools are needed.” quote by participant 

B1 in Phase 2. 

 

“Tool is good that you can add.” quote by participant A1 in Phase 2.  

 

Condition. Condition or Resource is an aspect that came up while interviewing 

participant A2 in Phase 1. At this point a condition was not included as an element in the 
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graphical language. Participant A2 argued that for being able to complete a certain Sub-

activity some conditions had to be met. Participant A2 said “A condition is that the machine 

must not be full.”, and argued that the sequence of actions in the activity of ‘washing clothes’ 

would be interrupted and the goal could not be met. To explore this aspect of an activity, the 

Condition element was included for Phase 2. A few quotes from the sessions, concerning 

Condition, are presented next. 

 

“You may need to specify the capacity of the person to handle certain tools. Balance 

might be needed for the steps of the ladder, and for some other activity one should be able to 

walk. The bit that matches the person’s capacity doing this activity could be inserted as a 

condition.” quote by participant B1 in Phase 2. As argued by the participant, conditions could 

be required to specify the capacity of the person for managing the activity, which is also the 

reasoning from participant B3 and B4 quoted next. 

 

“Here it is important to keep up with resources. It is the engine we have to work with. 

Which resources does this skier need to get the best results? We have different physical 

conditions. It is an important part to include in the structure. It could be different for specific 

movements.” quote by participant B3 in Phase 2. 

 

“The condition for the person to have mobility can be found on this activity as well.” 

quote by participant B4 in Phase 2. 

 

Goal and Motive. These were natural components for most of the participants. 

Motive was usually the first element added in the test sessions, directly following the Main 

Activity. 

Defining Goals for Sub-activities or Actions was at times a more difficult element for 

the participants. This difficulty seemed to increase depending on how far down in the 

hierarchy they came. This goes in line with Activity Theory where the last level in the 

hierarchy comprises of operations, automatic processes which happen subconsciously and are 

not directed to a goal (Kaptelinin & Nardi, 1997, 158). It is likely that the goals to the actions 

that are closest to these operations are hard to define, and it might even be so that some of 

these actions created by the participants could be regarded as operations. Multiple 

participants mentioned that motives and goals are important aspects of the representation and 

that the goals are individual and can vary a lot for different people. Participants also 

mentioned that there often could be multiple goals involved in an activity. Participant B2 in 

Phase 2 asked “Can I add more than one motive?” before creating an extra motive to his 

model. Participants argued that an activity is not conducted for only one reason. Aspects such 

as actors involved, where the activity takes place, and distances could affect the goals and 

motives of an activity. The goals could be shared between multiple activities where some or 

all of them must be completed for fulfilling the goal. A few quotes from the sessions, 

concerning goals and motives, are presented next. 

 

“There may be many goals for ordering pizza. Needless to say, it is not necessary to 

still hunger. Pizza can be more than just hunger. It could be that I have such a nice company 

and it would be fun to share a pizza. It can vary a lot.” quote by participant A1 in Phase 1. 

This suggests that Activities can have multiple Motives and Goals, and suggests that these 

elements are important in the representation. 
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“You must be able to set the same goal for different activities.” quote by participant 

A1 in Phase 1. This suggests that Activities can have multiple Motives and Goals, and that 

these elements are important in the representation. 

 

“The problem is that you can describe an activity in many different ways. The goal 

can be very different for different people, and you can have many different goals at the same 

time.” quote by participant A1 in Phase 1. This suggests that the Goals are individual and that 

Activities can have multiple Motives and Goals. This suggests that these elements are 

important in the representation. 

 

“All these activities are connected to the goals 'enjoy staying in the living room', 'to 

welcome guests' and 'to avoid allergic reactions'. These are all goals to why I should clean the 

living room.” quote by participant A2 in Phase 2. This suggests that Activities can have 

multiple Motives and Goals, and that these elements are important in the representation. 

 

“They move forward using the rods. It is difficult to find the right angle, getting a 

high center of gravity. You have to work with your upper body, because your arms will run 

out of energy. That is what it is all about. That is the goal.” quote by participant B3 in Phase 

2. This suggests that Sub-activities on a low level also have Goals, and that Goals are needed 

in the representation. 

 

“We cleaned the garden yesterday, and we had different goals with the same activity.” 

quote by participant B4 in Phase 2. This suggests that the goals are individual, and that goals 

are needed in the representation. 

 

Sub-activity. The hierarchical structure was logical to the participants. Breaking 

down the Activity into Sub-activities came natural to them. The participants were all used to 

reasoning about human activities in their professions, breaking them down analyzing their 

parts. Several participants within occupational therapy mentioned that the hierarchy 

resembled how they reason and analyze activities in their work, which made the graphical 

model natural to them. Sometimes it was difficult defining proper names for the Sub-

activities, which Activity to start with, and in what order they should be, but in the end of the 

session they had all created Activities with multiple levels of Sub-activities. Now follows a 

few quotes from the sessions concerning Sub-activities and the hierarchical structure (see 

Figure 3). 

 

“I understand that there is a main activity. You choose goals and motives for each 

activity, and you can fill in who will do it. In this case I would write that it was me, me and a 

few more. Then you can divide the activity into sub activities. A representation can’t be 

simpler than that.” quote by participant A1 in Phase 1. This suggests that the participant 

understands the structure, and suggests the importance of a hierarchical structure of Sub-

activities.  

 

“You can make the activity simple. Sub activities may be to make it more complex.” 

quote by participant A2 in Phase 1. The participant reasons that Sub-activities are relevant for 

representing complex Activities, and the importance of a hierarchical structure. 

 

“I can see that it is a tree structure, and it is logical that the underlying ones come up 

next to each other.” quote by participant A1 in Phase 1. The participant understands the 
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hierarchical structure, and reasons that such a representation is logical, which points at the 

value of Sub-activities in the representation. 

 

 

Operation. The Operation element, which is adapted from Activity Theory where it 

represents what we actually do in an activity, our basic operations that is carrying out and 

executing the activities, was difficult for some of the participants to understand and make use 

of in their models. However, others understood the meaning directly, although sometimes 

with the need of an explanation, and used it naturally in their models. Some participants 

started out with creating Operations, but later on recreated them as Sub-activities to further 

expand the hierarchical structure increasing complexity to the Activity model. This mixed 

understanding and user behavior concerning Operations questions the importance of 

including the Operation element in the graphical language, as it might be sufficient to 

represent Operations with the Sub-activity element by not comprising them of any further 

Sub-activities. The outer nodes in the hierarchical structure could be seen as representing 

Operations. The operation element did not have the option of comprising any further details 

such as Sub-activities or Goals, so including the Operation element seemed to make it clearer 

for the user that the Operation element is an end-point in the structure. Participant comments 

suggest that the Operation element is of value in the activity model, and a few quotes from 

the participants, concerning operations, are presented next. 

 

“I could use more actions here. Can I do multiple operations? Ah, I can. That is 

good.” quote by participant A1 in Phase 1. This participant had frequent use of the operation 

element which suggests a value of including it in the representation. 

 

“That is an operation. So the sub activity itself must be an operation. This was not 

easy.” quote by participant A2 in Phase 1. This participant had difficulties understanding the 

Operation element. She was reasoning at several points during the session if a Sub-activity 

should be an Operation or not. The participant did seem to understand its meaning. This 

suggests that the Operation element might not be required in the representation. 

 

 

Figure 5:  Graphical modeling tool. Hierarchical structure of Sub-activities. 
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 “In order to quickly add more operations you should be able to press TAB for 

example so that a new one appears below the last one. In this way you do not have to go to 

the menu for creating additional Operations.” quote by participant A1 in Phase 2. This 

participant was also participating in Phase 1. With some extra experience of using the system, 

the Operation element came more natural to her and she is in this quote suggesting a quicker 

way of adding them using the TAB-key on the computers keyboard as a fast button. This 

suggests a value of including the Operation element in the representation. 

 

“Can you say that operations are sub activities?” quote by participant B2 in Phase 2. 

This participant had some difficulties to distinguish Operations from Sub-activities, but could 

after an explanation use them in an intended way. This questions the importance of including 

the Operation element in the language and suggests that Sub-activities might be sufficient. 

 

Success condition. The Success condition element was suggested by participants A1, 

A2 and C1. They requested a way to know if an Activity was successful or not, if it had reach 

its Goal. Participant A1 and A2 argued that if a “machine” or “sensor” was going to judge 

their actions, some way of expressing the Success condition was required. Participant C1 

reasoned that a success condition was required so that an alternative route could be specified 

if the activity failed. Now follows a few longer quotes from these three participants, 

concerning Success condition of Sub-activity. 

 

“I have difficulty defining goals in activities such as these. The goal is telling when 

you are done with an activity. But in the case of making a sandwich, how should you describe 

the goal of making a sandwich. To me goals describe what should be done and to what 

quality. If there are sensors to judge if the goal is reached then it would be a help to know 

what the requirements are for it to be reached. When may you think that the sandwich is 

ready? The phone may ring and I will only let the bread stay there. Then the question is if it is 

considered as if I did the sandwich? I may have laid out all these things, but have not put on 

the butter, have not put on the cheese, etc. In such cases, it may be that the goal is a slice of 

bread with something on top.” quote by participant A1 in Phase 2. 

 

“Fluff the pillows. Everyone understands that dust is removed by shaking it, but to 

what extent. If a machine does this, when does it know when there is still dust on it? It does 

not say. So it must be a component there that defines when to shake it. Should it be shaken 

100 times and then that is it, or 50 times. Some kind of success condition is needed. When the 

goal is accomplished and the activity is successful. For example, a vacuum robot just goes 

through the whole area. If it accidently pushes some dust to another part of the room that it 

has already covered, I do not think it comes back unless it takes another round. It must be 

some requirement for successful performance.” quote by participant A2 in Phase 2. 

 

“Is there any measure of success? Could it be unsuccessful? Getting in to town is an 

activity. My goal is to get to town as soon as possible. Some alternatives may be walking, 

biking, car, bus. Let us say you take the bus but you are late, so maybe you are trying to catch 

the bus, so you run. If you succeed, you can take the bus which is good according to the goal. 

But if you fail to take the bus then you will have to do something else. It may be that if you 

miss the bus it is impossible to get to town and you have to take a taxi instead. You may be 

able to express an activity such as if you succeed, do this, if you failed, do this. Perhaps there 

are activities that must be successful. If you fail one step, you may not be able to reach the 

goal.” quote by participant C1 in Phase 1. 
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Grounded theory coding process. The open coding of the transcripts produced a 

multitude of codes. These codes were combined into 46 dominant codes. These dominant 

codes were combined into 30 concepts. These concepts were then combined into 11 

categories, in which the core category Main Activity was formed. The categories and their 

relations are presented in Figure 3 and complemented in Table 2, expressing the theory 

regarding the overall research question. 

 

Final memo. Modeling an activity in a graphical language is a complicated task that 

requires practice in the methods of analyzing activities into smaller components. It is 

important to have an intuitive interface with the familiar functionality of common interfaces 

such as double-clicking to edit labels, drag & drop for sorting activities, familiar symbols for 

buttons, and expert user functionality such as fast buttons to faster add and copy elements. 

Regarding the usability in a language of this kind it is important to get an overview of the 

structure where a modular, object oriented, presentation is preferred letting the user focus on 

parts of the structure without getting overwhelmed of the remaining structure by being able to 

hide and show preferred parts of the structure. A modular presentation allows the modeling of 

complex activities which demands a large hierarchical structure. 

The structure of an activity is individual. An individual has personal motives, personal 

goals, and a personal structure of sub-activities and operations to conduct the activity. The 

language elements required for specifying an activity are in relation to which activity that is 

being modeled, but there are some elements that are always required.  

A main activity element is required for describing the overall activity in focus, the 

highest level of the hierarchical structure. The main activity has a strong impact on the rest of 

the structure as it sets the overall motive, and by the description of the main activity it sets the 

scope for the entire structure. Elements added to the main activity are seen as general 

attributes for the entire structure. The motive has a big factor for the rest of the structure. If 

the motive is missing, the underlying structure is hard to define, but as a motive gets defined, 

the rest of the structure falls into place. 

Sub-activities are connected to the main activity generating a hierarchical structure 

with multiple levels of sub-activities. The main-activity can be oriented to multiple motives, 

and the sub-activities can be directed to multiple goals. The goals are harder to define further 

down the structure, and easier to define further up the structure. 

Operations are required to describe the sequence of actions in a sub-activity that by 

themselves are not aimed to any goal. A sub-activity needs the possibility of having multiple 

operations. The operations themselves do not need any other specifications than a short 

description of the action.  

Conditions are required to specify requirements for a sub-activity to be conducted 

such as a resource or a required capacity of the person. A sub-activity can have multiple such 

conditions.  

The weight/importance of a sub-activity is required to define its value towards 

achieving the goals of the sub-activity. An activity could for instance be optional, 50% 

important, or 100% important to achieve the goal in a preferred way. This relates to the 

success condition, an aspect defining the requirements in a sub-activity for its goal to be 

reached.  

Actor is a required element defining who is conducting the activity. The activity can 

have multiple actors involved in different sub-activities which is an important aspect because 

the individual in focus might not be involved in all sub-activities.  
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Tool is a component that is not always of value to the structure but in some cases an 

important element that gives a sub-activity a distinction from others. There can be multiple 

tools involved in an activity, and each tool can be involved in multiple activities. In some 

cases the tool is what the activity is all about, manipulating the tool. 

Context is another important aspect that sets the scope of the activity and has a great 

influence on how the activity is structured. Contexts such as social-context, spatial-context, 

institutional-context or domain-context can change all parts of the structure including goals, 

motives and parts of the sub-activity hierarchy. Context is closely related to other elements in 

the structure, such as actor and condition, but the context element is mostly concerning the 

overall scope, or definitions on a larger picture. The context element is in many cases 

involved in the whole activity. The actor element and social-context is related, but as the 

actor defines individuals in close relation to the main actor, such as homecare or family 

members, the social-context has a closer connection to definition of the environment.  

Temporal constrains are required to define the temporal relationship between two sub-

activities. They can be conducted at the same time, before or after each other, or situations 

when they are intervened or overlapping in some way. This relation is an important aspect in 

situations where multiple actors are involved conducting parallel activities. The temporal 

constraint element is generally a difficult aspect to reason about, especially when it comes to 

parallel or interweaving activities. 

Finally, AND-OR constraint are required to define sub-activities that are all aimed 

towards the same goal, or where a subset of alternative activities are present. A subset of sub-

activities can be required to be completed together, or in situations where different paths are 

available for completing the same goal. The AND-OR constrains are difficult aspects to 

reason about, but with training, can support complex activity representations. 

This memo is illustrated in Figure 6. 

 

Table 2 

 

Describing the elements, and the relations, of the graphical language for modeling human 

activities. Complementing Figure 6 with descriptions. 

Element Relations and Attributes 

Sub-activity / Action One-to-Many relation to Main-Activity, making a hierarchy. 

One-to-Many relation to itself, continuing the hierarchy. 

Attribute: ‘Weight’, regulating its importance for the goal. 

Attribute: ‘Order in Sequence’, positioning it in relation to siblings 

in the hierarchical structure. 

Attribute: ‘Success condition’, defines requirements for goal. 

Operation One-to-Many relation to Sub-activity. Multiple operations can be 

involved in the execution of a Sub-activity / Action.  

Attribute: ‘Order in Sequence’, positioning it in relation to other 

operations related to the same Sub-activity. 

Context One-to-Many relation to Main-Activity.  

Many-to-Many relation to Sub-activity. 

Sets the scope of the whole activity or a subset of its parts. 

Attribute: ‘Context Type’, describing which kind of context this is. 

Such as social context, spatial context, institutional context. 
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Tool One-to-Many relation to Main-Activity.  

Many-to-Many relation to Sub-activity. 

Can be involved in the whole activity or a subset of its parts. 

Condition / Resource One-to-Many relation to Sub-activity. Describing conditions for a 

specific sub-activity required for it to fulfill its goal(s). 

AND-OR Constrain One-to-Many relation to Sub-activity. Describing the AND-OR 

constrain between two Sub-activities. 

Temporal Constrain One-to-Many relation to Sub-activity. Describing the temporal 

constrain between two Sub-activities. 

Actor One-to-Many relation to Main-Activity.  

Many-to-Many relation to Sub-activity. 

Can be involved in the whole activity or a subset of its parts. 

Motive One-to-Many relation to Main-Activity. Describing the motive(s) 

which the Main-Activity is oriented at. 

Goal One-to-Many relation to Sub-activity. Describing the goal(s) which 

the Sub-activity is directed at to fulfill. 

 

 Category  Attribute  Relation n = Many Relation 1= One Relation 

 

Figure 6:  Entity Relationship Diagram. Summarizing the Grounded theory results regarding 

the overall research question. 
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Discussion 

The data collection consisted of a series of 12 iteratively executed think aloud 

sessions of one hour each. The data was rich in terms of spoken reasoning of the participants 

due to the think aloud methodology but also for being able to visually observe the 

participants using a prototype that in fidelity was close to a functioning product. Also, the 

activity models created by the participants trough the graphical tool was saved, due to the 

systems database support, and could be analyzed and compared to the think aloud transcripts. 

This type of qualitative data collection worked well together with the Grounded theory 

analysis that accepts different modalities of data to be included and compared (Sbaraini, 

Carter, Evans, & Blinkhorn, 2011, 3). 

The aim of the research was to find a way, in consideration of Activity Theory, to 

graphically visualize the structure of human activities, in this structure represent a domain 

experts knowledge of an activity in a way that is detailed enough to successfully capture the 

knowledge of the activity and vague enough for the user to intuitively model the structure. 

The detail level is a compromise between the two parts in the knowledge elicitation, where 

one part is the human expert and the other part could be an intelligent software agent.  

Knowledge elicitation relates to the concept of data interoperability (Ide & 

Pustejovsky, 2010, 2). Data interoperability is the ability to share information between 

systems, applications and/or individuals in meaningful ways. That means information can be 

read and the content of the information can be understood. For information to be able to be 

read the information requires syntactic components such as vocabulary and grammar or 

specific data formats. In this way the data can be exchanged between the parts but there is no 

guarantee that the information is interpreted in the same way. For the information to be 

understood there are also semantic requirements. For example, to understand the sentence "I 

am going to be there soon" the receiving part must understand who am "I" and where is 

"there", and when is "soon". All these things deal with the semantic understanding of 

information. It is critical how these variables are defined, and that there are shared definitions 

of the semantics between the communicating parts. Information received through 

interoperability systems is extracted from data models which contain definitions of the 

semantic variables which is delivered from the sending part to the receiving part (Ide & 

Pustejovsky, 2010, 2). This is the concept behind the evaluated graphical tool. The graphical 

interface enables the user to define the semantics of the activity model; by defining which 

elements that are involved and how they relate to each other in terms of constrains such as 

temporal constrains, decision constrains, weights, directing goals, contexts, etc. The data 

interoperability in the case of this modeling tool can then be directed towards another system, 

such as an intelligent system through a data interchange format such as XML or JSON (Haq, 

Khan, & Hussain, 2015, 103-104), or towards other humans through a graphical format for 

sharing knowledge. 

There are multiple possible applications for a graphical language modeling human 

activities. In cases where the models are directed to an intelligent software system 

recognizing human activities, applications could for instance be in ambient assisted living, 

assistive technology, activity assessment and self-management systems for improving health 

(Geetanjali & Varsha, 2016, 75-76). 

Some participants came with their own ideas of possible use cases for the tool.  

An occupational therapist speculated that the graphical tool could implement a 

common assessment methodology used in occupational therapy. A list of motor skills to 

grade the level of observed skills of an individual used to move the body or objects involved 

in a task, or process skills that an individual use when performing individual actions or using 

https://www.semanticscholar.org/author/James-Pustejovsky/1707726
https://www.semanticscholar.org/author/James-Pustejovsky/1707726
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tools. She explained that with a preprogrammed vocabulary into to graphical tool, it could be 

an efficient tool for occupational therapists structuring activities. 

Participant B3, concerned in sport science, came up with the idea of creating a social 

network of activity modeling, where people can create and share activity models with each 

other. This would allow people to develop, expand and evaluate models created by others, 

uploaded to a general library of activity models. If speculating that this evolved into a strong 

cooperative community, activity models could be improved, streamlined, rationalized to a 

great length. These models could be usable in a variety of cases, if nothing else, for sharing 

knowledge. 

The participants suggested a variety of elements that could be included to the 

graphical language, but due to limited support from the data, some suggestions where 

discarded.  

Length of a sub-activity was suggested, a way to express if a sub-activity will take an 

hour, a minute or all day. 

Defining risks involved in the activity was suggested. Participant B1 reasoned that 

including this aspect in the representation would let an intelligent agent warn the human of 

possible danger involved in the activity; it might be slippery while climbing the ladder; or the 

oven might be hot while cooking, with the risk of burning the actor’s hands.  

A way to express iterations of actions was suggested. This would allow the 

representation to include sub-sets of comprising of sequences of iterated operations or sub-

activities. Could be an activity that must be executed a fixed number of times, or indefinite 

until a certain condition is reached.  

C1, the system engineer, suggested that in order to build certain activities, the basic 

programming concepts are needed, such as IF, YES or NO junctions. C1 also suggested 

loops, iterations. The participant reasoned that it could be needed to include an abstract form 

of a WHILE loop, and that simple descriptions of algorithms might be needed.  

This kind of control statements were not suggested from the other participants, and 

could be regarded as too complex in this graphical language, especially for someone not used 

to programming. But with further evaluation and development of the graphical tool, solutions 

for such functionality could be found. 

Limitations of This Study 

The grounded theory methodology, although the rich and valuable analysis that it has 

brought to this study, can be questioned if it was the proper method to use.  

Grounded theory is regarded by most as a qualitative research strategy and researchers 

in various social sciences can usually benefit from the methodology, especially if you want to 

study human interaction or if you want to investigate new areas where previous research is 

inadequate or completely lacking (Sbaraini, Carter, Evans, & Blinkhorn, 2011, 3).  

Although no hypothesis was present prior to the analysis in this study, and the survey 

was done with inductive reasoning, the evaluated graphical language did initially have its 

theoretical base on the structure of Activity theory which could have introduced elements to 

the language with preconception, rendering the data biased.  

Glaser (1978), one of the developers of Grounded theory, issues warnings against the 

influence that prior understanding can have on the research process. According to him, 

researchers should stay within their field of research and the empirical studies they directly 

work with, and be careful when they are to explore a new area to not get knowledge in the 

researched phenomenon prior to data collection and analysis, and before a theory is starting 

to emerge. Glaser (1978) also means that reading literature in the research field must be 
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avoided until the researcher has already begun to build an own theory based on the data 

(Salminen-Karlsson, 2002, 55). 

This is however a topic of discussion, as the two developers of Grounded theory later 

on developed their separate methodologies where prior knowledge, and subjective ideas, of 

the researcher more or less is an issue (Salminen-Karlsson, 2002, 52).  

Also, Grounded theory as a methodology has been criticized for the risk that the 

researcher locks up creativity and the ability to interpret the researcher too rigorously 

embraces the coding procedures that have developed within the basic theory. The 

constructivist view on Grounded theory is that the researcher should bring their subjective 

ideas and assumptions, and make those assumptions clear to others through the Grounded 

theory process (Mitchell, 2014, 3-4). 

Strauss & Corbin (1990) identified no problem with prior knowledge in conducting 

Grounded theory, instead points out the importance of narrowing their search during the 

study process to truly base their theories on the data. Nor are they strangers to the fact that the 

researcher in the intermediate phase collects empirical evidence from an area that does not 

directly link to what is the focus of the research project (Salminen-Karlsson, 2002, 55). 

Strauss & Corbin (1990) also mean that the researcher can interpret data with their 

predetermined theoretical codes instead of solely detecting them in the data (Salminen-

Karlsson, 2002, 55). 

This study has attempted to follow the methodology of Strauss & Corbin (1990) in the 

execution of Grounded theory, and with a constructivist approach. The theoretical base of 

Activity Theory in this study sets out the framework of the phenomenon under research. This 

baseline environment, analyzed with Grounded theory, had no prior knowledge as it is a 

completely new environment. This way theoretical sensitivity could be applied that according 

to Glaser (1978) is an important core aspect of Grounded theory, meaning that prior 

knowledge and hypothesis is restricted, or not present at all, for the researched phenomenon 

(Salminen-Karlsson, 2002, 59).  

Activity Theory, the theoretical basis for the evaluated modeling language, comes 

with some difficulties and limitations. A fundamental difficulty in Activity Theory is its wide 

perspective encompassing a multitude of factors that can affect the activity, including actors 

involved, motives, goals, different contexts such as social-context, institutional-context, 

cultural-context, etc. Analyzing an activity as a whole is an overwhelming task. Moreover, 

the activity is affected and interacts with other activities in a never ending network of 

activities, and each of these parallel or intervened activities is situated in their own socio-

cultural context making it even more complicated (Frambach, Driessen & Vleuten, 2014, 

200). To make this manageable, this study has limited the boundaries of the activity system to 

one activity. 

This study explored the modeling of human activities with a wide perspective, 

including activities such as home activities, outdoor activities, activities involving one actor 

or multiple actors, and a variety of contexts. A focus on a specific topic of activities would 

have further limited the scope of the research, giving more precise results. The scope could 

be narrowed even more by focusing on one specific activity. A way to do this is by 

instructing the participants during the test sessions to model the one and same activity. In that 

way comparison can be made between participants reasoning and their models to better 

understand the required elements to represent that activity. An activity can be modeled in 

different ways as was seen in the results, where types of elements were used more or less by 

different participants. This is a focus for a future study. 
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Conclusions and Future Study 

This study has presented a survey conducted on a software prototype of a graphical 

language modeling human activities with the aim to find the minimum language elements 

required to elicit the knowledge of activities from a domain expert. The survey assessed the 

usability and learnability of the modeling environment as well as attempting to identify what 

language elements the participants felt were required to graphically visualize their knowledge 

of an activity. Eight participants tested the prototype through think aloud usability sessions, 

and the data analysis was conducted using the grounded theory approach. The findings 

indicated that characteristics of the hierarchical structure of Activity Theory, with some 

modifications, are a supportive theoretical base for the graphical language that resembles the 

way occupational therapists reasons when analyzing human activities. The structure was also 

logical for sport coaches involved in sport science for analyzing activities on a low level. The 

graphical language tool received positive responses from the participants who could see 

multiple possibilities for the tool to be used in their fields, as well as a knowledge elicitation 

tool. The findings from the Grounded theory analysis identified relationships between 

elements of language that follows the reasoning of the participants modeling activities. Based 

on the findings, the study proposes a set of language elements which are expressed in an 

Entity Relationship Diagram specifying minimum elements for defining a graphical language 

for modeling human activities. 

The focus of this study has been on the Human-Computer-Interaction (Rautaray & 

Agrawal, 2012, 2). The aim has been to investigate which language elements the domain 

expert considers important to successfully capture his or her knowledge about an activity. 

The study has in an iterative process evaluated and developed the prototype attempting to 

find a way to represent the model in a form that is understandable for the human. The study 

has investigated to what extent the domain expert understands the structure of the modeling 

language and has in phases modified the structure to enhance this understanding.  

Further evaluation of the modeling tool and its language elements is required, which 

is a focus for future studies. The modeling language must be evaluated and developed to a 

point where it can be exported in an interchange format such as XML or JSON (Haq, Khan, 

& Hussain, 2015, 103-104) and finally implemented in an intelligent system. At this point, a 

new phase of the evaluation begins where the other end of the knowledge elicitation is 

investigated, concerning the intelligent system incorporating the knowledge. When the 

graphical modeling tool has reached this point the modeling language can be tuned and 

modified by the requirements of the intelligent system. This evaluation targets both sides of 

the interoperability, making compromises, until the model has landed on a complexity level 

detailed enough to successfully capture the important parts of the domain expert’s knowledge 

and vague enough to still be understandable to the human, producing a model that the 

intelligent system can identify, represent, reason and evaluate in its computing machinery 

(Guerrero, 2016, 23). 

When we have this model of an activity represented in a format that an intelligent 

software system can understand, we can ask the question: Which agent or actor can perform 

this activity based on the model? Studying this question can identify additional elements in 

the language concerning conditions of the context and requirements of the actor for 

conducting the activity, further expanding and tuning the language.  
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