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Abstract 

 

 

Usability is still a relatively new field of focus for Industrial Design, and it is an area with 

proven monetary and life-saving value. Of particular interest to usability is the design of medical 

devices with complex interfaces, which often operate in zero-tolerance scenarios when lives are 

on the line. In the design of these devices, unclear usability resulting in improper use is not an 

option. Product Semantics, the study of meaning applied to products; Semiotics, the study of 

sign-making; Information Processing, the study of how humans take in and deal with 

information, are all studies of usability in some dimensions. All have their own strengths and 

weaknesses. This thesis aims to create a design tool that will allow the industrial designer to take 

advantage of the benefits of all three areas in the design process of novel medical devices with 

complex interfaces. 
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Chapter 1 Introduction  

1.1 Problem Statement 

The design of physical interfaces in product design is often handled by an Industrial 

Designer; they are the ones who shape the controls, buttons, screens, and other interface 

elements of a product. The design of these interfaces has a profound impact on how easy it is for 

a user to understand, learn, and interact with the interfaces. However, in traditional Industrial 

Design, how interfaces are judged on their ñintuitivenessò is often merely, at best, justified on 

how a select few people interact with it, the Designer often included, and at worst, solely the 

Designerôs opinion on what is ñintuitiveò. 

The logic here is circular; it is intuitive because people (or the Designer) can use it, and 

people can use it because it is intuitive. This platitude may be technically true (and should not 

minimize the role of user testing of an interface), but gives very little insight into which qualities, 

methods, and cues provide good understanding and usability to the User of the productôs 

interface. Further research is needed to understand what qualities make something intuitive 

beyond its current surface-level understanding in Industrial Design. In this way, it is necessary 

to, using the fields of Product Semantics, Semiotics, and Information Processing, give designers 

an understanding of what makes interfaces easy to understand and learn. These insights will be 

especially useful in the design of medical products, where misuse and misunderstandings can 

cause harm and death.  

1.2 Need for Study 

Improper application of usability for product interfaces can have disastrous consequences; a 

major causal factor for the Three Mile Island meltdown was poor design of the controls. The 
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problems caused by this meltdown have reached into the millions of dollars and the effects are 

still being felt today. While not every product is a nuclear reactor, it is nonetheless important, 

especially in the medical fields, to spare the users the ñnever-ending fight against confusion, 

continued errors, frustration, and a continual cycle of updating and maintaining our belongings.ò 

(Norman, 2013, p.8).  

Usability is still a relatively new field of focus for Industrial Design, and it is an area with 

proven monetary and life-saving value. Of particular interest to usability is the design of medical 

devices, which often operate in zero-tolerance scenarios when lives are on the line. In the design 

of these devices, improper use is not an option.  

Within Industrial Design, one of the primary contributors to the study of usability is the 

design movement known as Product Semantics. However, Product Semantics is a relatively new 

study that has had criticism leveled against it, as many of its claims arenôt backed up by evidence 

other than the practice of past designers and philosophical theory. By contrast, the field of 

Information Processing has been studied since World War II, and thus has a wealth of statistical, 

scientific, and psychological knowledge to offer Industrial Design. This information is directly 

applicable to the design of interaction in a way similar to Product Semantics, but uses different 

terminologies, models, and methods than Product Semantics. In addition, Semiotics is another 

longstanding field that is tangentially related to Product Semantics, and has much to offer as 

well. Semiotics, by contrast, is primarily a theory of communications that is primarily focused on 

the use of signs. Signs and communication is, of course, especially important when dealing with 

the statuses of medical devices. Semiotics is a field that has seen integration with Industrial 

Design before; however, the working frame of reference and parts of the theory have been 

modified over the years, and the theories for Industrial Design have not been updated to match 



 17 

the new frameworks. It is the integration of these three ideas, Product Semantics, Information 

Processing, and Semiotics, that this thesis aims to create a design tool that will allow the 

industrial designer to take advantage of the benefits of all three areas in the design process of 

novel medical devices. 

The benefits of this tool will include several things. Firstly, armed with the psychological 

data of Information Processing Research, interfaces for products designed with this tool should 

become more understandable for the users, and reduce frustration, especially in critical areas like 

medical design. While Information Processing has made a study of systematically reducing error, 

it fails to take into account the more human side of things, which is covered more properly by 

Product Semantics. Product Semantics, which is a recent design style developed from the Ulm 

School (Krippendorf and Butter 1984), has been utilized in the design process to increase the 

usability of products. However, Product Semantics has been criticized in recent years for having 

no evidence to back up many of its claims (Lin et al. 1996). Creating a synthesis of the two fields 

would provide the benefits of both in design, specifically for medical devices. 

It would be prudent, then, to develop a design tool that allows designers to incorporate 

insights from both Information Processing and Product Semantics into their design process. 

1.3 Objectives of Study 

1. To study the existing research on or related to Product Semantics, Semiotics, Semiotics, 

and Information Processing to analyze overlap, agreements, disagreements, similarities, and 

differences. 

2. To develop a design tool integrating all four areas into a useful tool for designing novel 

medical devices, taking advantage of the strengths and compensating for the weaknesses of 

each. 
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4. To apply the tool to design an appropriate product and demonstrate its utility. 

1.4 Definition of Terms 

1. Abstraction: a rough field of view of how the user understands what they are looking 

at. The levels of abstraction are arranged in somewhat of a ñladderò ordered from 

ñtop-downò (which has to do with goals and intentions) and ñbottom-upò which deals 

with the physical constraints of the situation (including controls, physical properties, 

user injuries, etc.). The lower the user is on the ladder, the more ñconcrete,ò so to 

speak, the things they are speaking of are; the ñhigherò they go on the ladder, the 

more abstract the concepts are. (Rasmussen, 1986) 

2. Action Cycle: Normanôs model of product interaction, which includes six steps and 

two halves; two of each of the steps coincide with each of the levels of Normanôs 

levels of processing. The feed-forward half starts with Reflective and ends with 

Visceral, and the feedback half starts with Visceral and ends with Reflective. In this 

way, it forms a cycle. (Norman, 2013) 

3. Affordances by Norman: The ñrelationship between a physical object and a person (or 

for that matter, any interacting agent, be it animal or human, or even machines and 

robots). An Affordance is a relationship between the properties of an object and the 

capabilities of the agent that determine just how the object can be usedé Affordances 

exist even if they are not visible.ò  (Norman, 2013, p.11) 

4. Disruptions: One of the terms regarding Meaning in Use in Product Semantics. 

Defined as when the userôs conception of the meaning of the artifact does not fit what 

is happening with the artifact. (Krippendorff, 2006) 
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5. Human Error by Rasmussen: ñIn the present human machine context, we can define 

technical faults and human errors as causes of unfulfilled system purposes.ò 

(Rasmussen, 1986, p.150) 

6. Information Processing: The Human Factors study of how human beings collect, 

absorb, consider, and act upon incoming information and goals. (Rasmussen, 1986) 

7. Interfaces by Krippendorff: One of the terms regarding Meaning in Use in Product 

Semantics. Things that ñrender usable that which can no longer be understood in 

functional details,ò and ñweave human sensory-motor coordination and an artifactôs 

reactivity into a dynamic whole that human participants can understand and feel 

comfortable being in. The human body is as much a part of an interface as the artifact 

interacted with.ò  (Krippendorff, 2006 pp.78-79) 

8. Internal/Dynamic World Model: A construct in Rasmussen (1986)ôs model. It is the 

part of the human being that allows them to simulate the future (i.e. act in a feed-

forward manner), and check for inconsistencies with the world (see Mismatch 

Detection). Frequently sample information from Mental Models. (Rasmussen, 1986)  

9. Intuitive Design: A buzzword in Industrial Design that means ñThe ability for users to 

pick up a product and know how to use it without instruction or training.ò (Blackler et 

al., 2003) 

10. Meaning in Language: One of Krippendorffôs four levels of Meaning in Product 

Semantics. The meaning of artifacts in language is ñmanifest in how artifacts enter 

communication among stakeholdersðin which categories they end up, which 

attributes they acquire, which user identities they support, which emotional 

expressions they evoke, and how their role in peoplesô lives is described and 
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rearticulated to other people, creating a stakeholder community ï in other words, how 

artifacts appear in language, conversation, and discourse.ò (Krippendorff, 2006, 

p.155) 

11. Meaning in Use: One of Krippendorffôs four levels of Meaning in Product Semantics. 

Deals with how users ascribe and derive meanings to and from products, respectively. 

Meaning in Use ñaddresses how individual users understand their artifacts and 

interact with them in their own terms and for their own reasons.ò (Krippendorff, 2006 

p. 77) 

12. Meaning: One of Krippendorffôs basic terms for Product Semantics. It is ña way for 

the mind to restore ñperceived differences between what is sensed and what seems to 

be happening. It is a way to remain in touch with a world that had become uncertain 

or in doubt.ò (Krippendorff, 2006 p.52) Meaning in Product Semantics has four areas 

of application: Meaning in Use, Meaning in Language, Meaning in the Lives of 

Artifacts, and Meaning in an Ecology of Artifacts. Only the first two are relevant to 

the thesis at hand. 

13. Mismatch Detection: A notification that the Internal/Dynamic World Model throws to 

the Conscious Processor when it discovers an inconsistency with what it expects 

reality to be. (Rasmussen, 1986) 

14. Product Semantics: The act of Industrial Designers applying meaning to the form and 

finish of objects they design, to communicate use to the user (Krippendorf & Butter, 

1984) 

15. Second-Order-Understanding: Krippendorffôs term for stakeholders (but especially 

designers) practicing the ability to understand that others see things differently and 
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attempt to understand the way they do so, instead of a top-down ñGod-to-natureò 

understanding of the world. 

16. Semiotics: A communication theory of signs originally conceived in the early 20th 

century to create a unifying theory of communication. (Morris, 1938) 

17. Sense by Krippendorff: One of Krippendorffôs basic terms for Product Semantics. 

Sense is ñthe feeling of being in contact with the world without reflection, 

interpretation, or explanation... Sense is the background against which one noticeses 

what is unusual, unexpected or different. Sense is the tacit, taken for granted, and 

largely unconscious, monitoring of what is.ò (Krippendorff, 2006, p.50) 

18. Signifier: Things that ñcommunicate where the action (determined by the Affordance 

by Norman) should take place.ò (Norman, 2013, p.14) 

19. Skills, Rules, Knowledge: A decision-making framework in Rasmussenôs (1986) 

model. In this model, operators rely on one of three decision making modes: Skill-

based, Rules-based, or Knowledge based. Skill-based is automatic and refers to 

heavily-practiced skills that roll along without conscious thought, Rule-based is 

where ñrules of thumbò are applied to situations, and Knowledge-Based is where the 

user considers the system as a whole and makes decisions based on an analysis of the 

system. (Rasmussen, 1986) 

1.5 Assumptions 

Because of practical limitations, there are several assumptions that the thesis makes. For this 

thesis, it will be assumed that the data found via research and taken via any relevant tests or 

surveys is valid and reliable. It is also assumed that the following hypothesis is true: Human 

Factors Engineering principles can improve the results of products designed with Product 
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Semantics. It is also assumed that Human Factors Engineering will be a useful addition to 

Product Semantics, and vice versa, and that the two fields are compatible with each other. 

1.6 Scope & Limits 

1.6.1 Scope 

The scope of this study will be necessarily constrained by several factors. The thesis will 

study the integration of Product Semantics, Information Processing, and Semiotics principles. 

The thesis will primarily focus on the areas where these fields of study overlap, integrate similar 

findings, while augmenting theories that do not address adjacent unrelated areas to create a 

unified usability design methodology. 

The thesis will also confine itself to the design of supporting hospital-based medical devices 

with complex interfaces for its application, as this is an area where usability is paramount. 

1.6.2 Limits  

The limits of this study will be determined by several factors, some of which are external. 

Firstly, the study will be constrained by both money and time. Additionally, any human subject 

studies will necessarily be limited by the location of the researcher (Auburn, AL), and the data 

available for the research is limited to the free world wide web and what is available at Auburn 

University Libraries. There may be paywalled or confidential Information Processing and 

Product Semantics sources that cannot be considered. 

1.7 Research Procedures and Methods 

1. Step 1: Study Information Processing, Semiotics, and Product Semantics 
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a. Library & internet research 

b. Classify and summarize collected information 

2. Step 2: Literature Review 

a. Library & Internet research for all related fields 

b. Historical background research to avoid outdated information 

c. Present need through literature review 

3. Step 3: Development of Design Tool 

a. Compare and contrast models in selected areas of research 

b. Identify contradictions and research further, then resolve one way or the other 

c. Identify similarities and differences, and integrate concepts 

d. Identify areas out of scope of each field 

e. Build findings into integrated design tool 

4. Step 4: Demonstrate Design Tool 

a. Choose product category 

b. Design relevant product using research insights 

c. Check design with design criteria 

1.8 Anticipated Outcomes 

The anticipated outcome of this study will be a tool that allows the Industrial Designer to 

incorporate Information Processing and Semiotics principles into the use of Product Semantics in 

the product design process. The design guidelines will be applied to the creation of a medical 

device, which will be evaluated as resources permit. Analysis of the toolôs effectiveness will 

suggest further research to refine the design tool. Continued refinement of the design approach of 
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this thesis should ultimately benefit product usability by creating a more standardized, research-

based use of integrated Product Semantics. 

Chapter 2 Literature Review 

2.1 Introduction  

This literature review examines the current and historical understanding of Product 

Semantics, Semiotics, and Information Processing, and their theoretical frameworks, 

methodological approaches, and empirical findings, to inform the development of a novel design 

guideline that integrates these fields. The question to be addressed  is: Can the current 

understanding of Information Processing and Semiotics augment the current understanding of 

Product Semantics to help designers design medical products with enhanced usability? The 

purpose of this thesis is to augment the Industrial Designerôs Product Semantics toolbox through 

the application of Semiotics and empirical Information Processing Models. 

 The structure of the thesis will be as follows: first, the thesis will start with each of the 

fields of study, especially focusing on a handful of authors and works that present the findings 

and vocabulary of each field as integrated ideas, including each authorôs model for usability. The 

study will move from Information Processing to Product Semantics, and then to Semiotics. Then, 

the findings from research, including the ideas and models, will be placed into a design tool 

which will have three components: a flowchart for designing usability, a model of product use, 

and a final usability checklist. Finally, the process for applying the tool to its product will be 

documented and the results analyzed and verified. 

2.2 Background 
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2.2.1 The Importance of the Study of Usability 

The study of the Importance of the Study of usability involved several sources; namely 

Donald Norman as well as Wickens, Gordon, et al (1997). 

One of the most well-known usability texts for design is Design of Everyday Things by 

Donald Norman. Norman uses no methodology other than research itself, as the book is not a 

study, but it is a broad and deep analysis of many different aspects of Industrial Design and pulls 

from many reputable sources to make its claims and recommendations His book will also 

become very important when discussing the move of Information Processing into Industrial 

Design. He also provides many case studies where poor usability has failed its user. 

Wickens, Gordon, et al (1997) offers a general overview of human factors engineering, and is 

highly useful and relevant. It goes into a great deal of detail into many aspects of Human Factors, 

and cites data from numerous experiments and studies to back up its assertions. It is valuable in 

that it covers a great deal of data in a concise manner but it does not detail the methodology of 

everything it cites. However, it is not specific enough regarding Information Processing to be a 

major source. 

Should there be need to find a case study on what happens usability is not prioritized, look no 

further than the Three Mile Island nuclear power plant disaster. From the perspective of Human 

factors engineering (the overarching study of Information Processing), the blame for the incident 

can be placed, in part, on the controls and feedback displays: 

ñIndeed there is evidence that the catastrophe at the Three Mile Island nuclear power plant 

resulted, in part, because the stress caused by the auditory alert in the nuclear power control 

room led operators to tunnel in on one single indicator (which incorrectly indicated that the 

water level in the reactor was too high) and fail to perform a wider visual scan that would 
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have allowed attention to be directed to other, correct indicators (suggesting correctly that the 

water level was too low).ò (Wickens, Gordon et al. 1997, p.384) 

Industrial Design, as well, seems to indicate that the controls can be blamed: 

ñThe plantôs control rooms were so poorly designed that error was inevitable: design was at 

fault, not the operators.ò (Norman 2013 p.7)   

The resulting meltdown of the Three Mile Island plant cost millions of dollars in 

damages, and is still being dealt with today. It was a disaster that perhaps could have been 

avoided, had the concerns in this thesis gap been properly addressed. While every product isnôt a 

nuclear reactor, it is nonetheless an excellent large-scale case study of what happens when 

critical systems with humans in the loop are used improperly. 

2.2.2 Why not UI/UX? 

One of Designôs (not necessarily Industrial Designôs) biggest and most recent forays into 

the world of usability is the so-called ñUser Interface/User Experienceò field of study. However, 

in practice, this field of study has been limited almost entirely to the field of computers and 

phones, and has focused heavily on satisfactory graphics and animations (the ñexperienceò part 

of UX). This thesis, dealing with medical equipment, will focus on usability associated with 

physical interfaces, therefore, the findings of this field are likely outside of the bounds of this 

topic area. 

2.3 Information Processing  

For the interests of this thesis, the most relevant field in Human Factors Engineering is 

called Information Processing. One of the most influential writers in the field of Information 
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Processing in Human Factors Engineering is Jens Rasmussen, who compiled findings into a 

single account, Information Processing and Human-Machine Interaction (1986).  

2.3.1 Levels of Abstraction 

Rasmussen M.Sc. defines Levels of Abstraction as a rough measure of how the user 

understands what they are looking at (1986). They are arranged in somewhat of a ñladderò 

ordered from ñtop-downò, which has to do with goals and intentions, and ñbottom-upò which 

deals with the physical constraints of the situation (including controls, user injuries, etc.). The 

lower the user is on the ladder, the more ñconcrete,ò the things they are speaking of are; the 

ñhigherò they go on the ladder, the more abstract the concepts are. The concept of Levels of 

Abstraction has a huge influence on Rasmussenôs model of Information Processing. It forms a 

basic ñscaleò for the model, shown above. Rasmussenôs graphic for levels of abstraction is 

shown below. 
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Figure 1: Abstraction Hierarchy  (Rasmussen, 1986) 

2.3.2 Model of a Man in Information Processing 

To move up and down the abstraction hierarchy when interacting with the device the user 

must be aware of its internal state in order to predict the behavior of the device and its response 

to any potential actions the user might take. This concept is very similar to System State as 

described by Norman (2013). The user moves from one level of one level of abstraction to the 

other by using abstraction or induction. (Rasmussen, 1986)  

Rasmussen speaks of a simple situation in which an operator interacts with a system: 

ñWhen a target for the system state is chosen the operator must determine the task, I. E., the 

proper control actions to perform, via process of deduction. The operator now moves down from 
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the higher levels of abstraction to more technical details, identifying the possible changes of the 

plant, such as switching, value manipulation, or adjustments, that will lead to the desired plant 

state.ò (Rasmussen, 1986, pp.66-67) Essentially, this process starts with a goal in mind, and the 

operator (the user) chooses from available actions through the process of deduction in order to 

settle on (what they hope is) the correct action.  

Unfortunately, not all situations are so unscripted as the above example. Frequently, 

processes in industry will have a script or procedure and the Information Processes look 

different. ñLogical connection between subsequent states of knowledge and some of the higher 

level processes of the basic sequence can be bypassed... The operator must follow a sequential 

conscious data process when a problem is recognized, i.e. an uncertainty needs to be resolved. 

However, immediate associations may lead directly from one state of knowledge to the next, 

such direct association between states of knowledge is the typical process in familiar situations 

and leads to very efficient bypassing of low capacity, higher level processes. Such associations 

do not follow logical rules they are based on prior experience and can connect all categories of 

states of knowledgeò (Rasmussen, 1986, pp.68-69)  

Essentially what this means is that if an operator is already familiar with the situation, or 

a solution to a problem they do not go up to the higher levels of abstraction but rather rely on an 

immediate association (for instance, a problem to a solution) keeping the information processing 

at the low level subconscious level without having to go to the higher levels of abstraction.  This 

process may appear in the user's mind to be something like ñoh, I know what this is, I have seen 

this before.ò This concept will be further explained when speaking on Rule Based Information 

Processing and Subconscious Processing. 
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2.3.3 Subconscious Processing 

Distinguishing between Conscious and Subconscious Processing in Rasmussenôs model 

is critical to its structure. In Rasmussenôs model, the SubConscious Processor has an extremely 

high-capacity, but is only capable of routine functions; Meanwhile the Conscious Processor is 

the exact opposite it is able to deal with unfamiliar situations but has a low information capacity. 

They work together in that, the subconscious processor, which can handle a lot of information, 

handles most of the load, while the conscious processor only deals with what it has to. That way, 

the conscious processor does not get overloaded. (Rasmussen, 1986) 

There are two subsections to Subconscious Processing: Perception and Motor Functions, 

the ñinputò and ñoutputò of the human machine, respectively. The most relevant to this thesis 

area is Perception. 

2.3.4 Perception 

Perception is defined by Rasmussen (Rasmussen, 1986, p.78) as ñthe extraction of 

meaningful features from the wealth of information available in the environment which requires 

a processing system of high capacity.ò This is to say, a person is able to see, hear, touch, taste, 

and sense a myriad of things at any given time, but their perception allows filtering between 

what is important and what is unimportant. However the research on perception is not concluded; 

there is some debate. Some researchers seemed to indicate an ability in people to ñidentify higher 

level functional and causal relationships in dynamic light patterns that have no concrete object 

context.ò (Rasmussen, pp.78-79) This is called sequential scene analysis, and it implies that 

humans perceive things in terms of what they understand and what they mean to them even if 

that meaning is only a guess. Other researchers, however, J.J. Gibson in particular, advocate the 

view of direct perception, which is to say, ñdirect sampling of invariant features in information 
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from the environmentò (Rasmussen, 1986, p.79). Rasmussenôs view is that ñhumans are probably 

able to use both.ò (Rasmussen, 1986, p. 79) 

These views have interesting overlaps with both Normans and Krippendorffôs view on 

Affordances, as well as Norman's view of Signifiers. All of these have to do with the perception 

of productsô features, but this is the first time in any of the models that the perception of 

Affordances and Signifiers is displayed from the point of view of the operator/user. The 

definitions in the other models seem to suggest that sequential scene analysis is the preferred 

definition However, it must be taken into account that Rasmussen claims that both can be true. 

2.3.5 Internal/Dynamic World Model  

The Dynamic World Model in Rasmussenôs model of interaction is an extremely 

important part of the model (Rasmussen, 1986). It is the part of the model that allows the human 

being to simulate interaction; it is also what allows humans to behave in a predictive manner that 

is to say, ñfeed forwardò, as Rasmussen puts it. In this way, ñthe operator cannot be considered 

merely as a data channel transforming input information into actions instead in a specific 

situation the input information synchronizes the internal model, and complex responses may be 

generated from primitive inputs. In highly trained situations, it can be extremely difficult to 

protect the information that is used to synchronize the internal model.ò (Rasmussen, 1986, p80)  

The Internal World Model is also responsible for another important function called Mismatch 

Detection. This function comes into play when ñthe internal model loses synchronism or is not 

properly updated due to unexpected behavior in the environment.ò (Rasmussen, 1986, p.81) This 

is how when a user is riding a bike, the user does not need to pay total attention to their feet on 

the pedals and their hands on the handlebars; they can merely pay attention to the road in front of 

them. It is only when something unexpected happens, like a grinding sound coming from the 
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chain of their bike, that they must take conscious control of the process. Mismatch Detection 

aligns with Krippendorff's idea of Disruptions (see section on Product Semantics). 

2.3.6 Conscious Processing 

Conscious Processing of the environment is not used often as it is "only necessary when a 

mismatch with the behavior of the environment results in an interrupting signal calling for 

immediate attentionò; that is, when the Unconscious Processor throws a mismatch detection 

signal. (Rasmussen, 1986, p.82) As stated earlier, the Conscious Processor has a very low 

information capacity. In general, it is considered to only be able to handle two to seven items of 

information at a time (Rasmussen, 1986). Norman (2013) understands this as well and cites 

essentially the same number, though none of the other models do. However, Rasmussenôs is 

more in-depth than Normanôs presentation of this concept. Therefore, there is further integration 

that can occur here. 

2.3.7 Imagery and Problem Solving 

Rasmussen (1986) looks into a deeper level of perception as the study of Imagery in 

Problem Solving. The most important takeaway from this study is that ñôthe notion that one 

normally perceives layouts, not pictures. If this is true, we should stop talking about images at as 

mental pictures and try to understand what a mental layout may beô... A flexible analog model 

can be structured from prototypical representations of objects and environments and 

synchronized by resonance with invariant features in the environment.ò (Rasmussen, 1986, p.85) 

This is to say, Not only does perception rely heavily on prototypical ideas of objects (objects 

users have seen before), including controls and Affordances but also that the context, (the layout, 

in Rasmussen's terms) triggers ñattunementò with the actual physical features of the object being 
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interacted with. This is a perfect fit for Normanôs and Krippendorffôs ideas of Affordances, 

understood from the userôs side. 

2.3.8 Mental Models 

Mental Models, as described by Rasmussen (1986), are fundamentally different from the 

Dynamic World Model. The biggest difference seems to be that the Dynamic World Model is the 

interaction between perception and motor function and the Unconscious Processor which is 

generalizable to all situations, while Mental Models are not only used for more conscious logical 

processes, but are also more object specific. A Mental Model, at its most basic, is a userôs 

understanding of how something works, however rudimentary it may be. These Mental Models 

obviously have a lot of interplay in Rasmussenôs model; the Dynamic World Model samples 

information from Mental Models in order to throw mismatched detection signals to the 

Conscious Processor. Mental Models, therefore, are similar to the System Image as explained by 

Norman (though Mental Models are significantly more involved), and in a tangential way, 

meaning as explained by Krippendorff. There is some overlap here that can be addressed and 

synthesized. 

2.3.9 Rasmussenôs Model of Information Processing 

Rasmussenôs model of Information processing is comprised of three general conceptual 

areas: the three levels of information processing, the corresponding levels of information input, 

and the Semiotic by Rasmussen interpretation of human acts which should not be confused with 

Semiotics as defined by Morris, which will be discussed later. 

2.3.10 Skills, Rules, Knowledge (S,R,K Framework) 
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Rasmussen divides the levels of information processing up into three levels: Knowledge-

based, Rule-Based, and Skill-Based. Donald Norman cites these levels specifically (thus this 

information will not be repeated in the section on Normanôs model, nor will Norman be 

mentioned until the next subsection). 

Rasmussenôs diagram of these three levels of behavior is displayed below. The diagram 

shows how a person uses various levels of processing by attempting to travel from the ñfeature 

formationò square in the bottom left to the ñautomated sensorimotor patternsò in the bottom 

right. The person can use one of three levels of processing to do so, which will be explained in 

the next sections. 

 

Figure 2: Skills, Rules, Knowledge (S,R,K) Framework (Rasmussen, 1986) 

2.3.10.1 Skill -Based Behavior 
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As defined by Rasmussen, ñSkill based behavior represents sensory motor performance 

during acts or activities that, after a statement of an intention, take place without conscious 

control as smooth, automated, and highly integrated patterns of behavior.ò (Rasmussen, 1986, 

p.100) The laymanôs term for this kind of behavior is ñmuscle memoryò. Examples of Skill 

based behavior include playing a musical instrument, riding a bike, drawing, etc. 

Krippendorff would most likely call Skill-Based behavior ñRelianceò in his interaction 

model, so there is some overlap that needs to be addressed. 

2.3.10.2 Rule-Based Behavior 

Rasmussen details the next highest level of behavior, Rule-Based behavior, which is: 

ñthe composition of such a sequence of subroutines in a familiar work situation is 

typically consciously controlled by a stored rule or procedure that may have been derived 

empirically during previous occasions, communicated from other persons know how as 

an instruction or cookbook recipe, or it may be prepared on occasion by conscious 

problem solving and planning. The point here is that performance is goal oriented but 

structured by ñfeed forward controlò through a stored rule. Very often the goal is not 

explicitly formulated but is found implicitly in the situation releasing the stored rulesò 

(Rasmussen, 1986 p.102).  

Examples of Rule-Based behavior include following the ñin case of fire use stairsò signs 

when the fire alarm is going off, or restarting your slow computer because that solution has fixed 

slowness in the past. The rule need not necessarily be correct in order for it to be Rule-Based 

behavior. 



 36 

The line between Skill and Rule-Based behavior is not entirely clear; but the biggest 

differentiator is that Skill-Based behavior moves along without conscious control (walking, 

chewing, etc.). 

In his model, Krippendorff does not present a direct corollary with Rule-Based behavior, 

though it probably has overlap with Exploration. There is an opportunity for synthesis in this 

gap. 

2.3.10.3 Knowledge-Based Behavior 

When a user must cope with unfamiliar situations, they must rely on Knowledge-based 

behavior. Knowledge-based behavior, according to Rasmussen,  

ñmight be more appropriately called model-based. In this situation, the goal is explicitly 

formulated, based on an analysis of the environment and the overall aims of the person. 

Then, a useful plan is developed -- by selection, such that different plans are considered 

and their effect tested against the goal; Physically by trial and error; Or conceptually by 

means of understanding of the functional properties of the environment and prediction of 

the events of the plant considered. At this level of functional reasoning the internal 

structure of the system is explicitly represented by a Mental Model that may take several 

different forms.ò (Rasmussen, 1986, pp.102-103)  

At this level, the user has no rules (for example, previously known standard operation 

procedure (SOP), rules of thumb, or other schema) to assist them and must make decisions based 

on an understanding of the system they are interacting with, as well as their intentions. This 

necessitates a well-developed Mental Model of the system they are interacting with; otherwise, 

their actions will surely lead to error. 
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Krippendorffôs model does not have any direct corollary, but this level of interaction 

might have some overlap with Exploration in Krippendorffôs model as well. 

While it is important to understand the levels it is only by working across these levels that 

humans are able to solve problems the way they do: ñThe efficiency of humans in coping with 

the complexity of the physical world is due to an ability to apply knowledge from previous 

experience to new situations by selecting and freely combining models, rules, and strategies that 

have proven successful separately in other situationsò (Rasmussen, 1986 p. 103). 

2.3.11 Three levels of Input 

Corresponding to the three levels of processing are three different kinds of information 

observed at each of the corresponding levels of interaction. 

The important thing about all of the following terms (Signals by Rasmussen, Signs by 

Rasmussen, Symbols by Rasmussen; not to be confused with Semiotics terms of the same name) 

is that they are essentially more specific explorations of the term Feedback from both 

Krippendorff and Norman. Feedback is treated as a loop of interaction and reaction, not as 

something the product provides. In this way, these three terms are a useful addition to the thesis 

area. 

2.3.11.1 Signals by Rasmussen 

Rasmussen defines signals (not to be confused with Signals (Semiotics)) as ñinput that is 

perceived asé continuous quantitative indicators of the time-space behavior of the environment. 

These signals have no meaning or significance accept as direct physical time space dataé  they 

are sensory data representing time space variables from a dynamic spatial configuration in the 

environment and they can be processed by the organism as continuous variables.ò (Rasmussen, 

1986, p.105) An example of a signal is an operator needing to monitor on a needle on a dial. If 
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the needle moves, then that is a signal that something is wrong. The needle has no meaning 

beyond that; it merely exhibits a change in time-space in the userôs perception. 

2.3.11.2 Signs by Rasmussen 

Rasmussen details the definition and description of a Sign by Rasmussen: 

 ñSigns indicate a state in the environment with reference to certain conventions for acts. 

Signs are related to certain features in the environment and the connected conditions for action. 

Signs cannot be processed directly; they serve to activate stored patterns of behavior.ò 

(Rasmussen, 1986, p.105) Returning to the previous dial-and-needle example, say the user also 

has control of a valve. If the userôs goal is to stabilize the needle in the dial, then the following 

rules are activated based on what sign the dial provides: if the needle is going up beyond its 

intended set point, then this activates the ñruleò in the userôs mind to open the valve to release 

some pressure. Likewise, if the needle is going down, this activates the rule to close the valve to 

build up some pressure until it reaches its intended set point. Each sign corresponds with a rule 

activation, leading to pre-learned actions. 

2.3.11.3 Symbols by Rasmussen 

Symbols, meanwhile, are defined by Rasmussen (1986) as: 

ñSymbols represent other information, variables, relations, and properties, and can be 

formally processed. Symbols are abstract constructs related to and defined by a formal 

structure of relations and processes, which by conventions can be related to features of 

the external world.ò (p.108)  

Returning to the dial example, if the dial has been calibrated and still shows empty, then 

the symbol means here that the system may need to be checked for a leak. These are NOT 
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ñsymbolsò like icons, warning notifications, etc.; those would be better classified as Signs by 

Rasmussen. These are inputs at the knowledge-based level that force the user to use Knowledge-

Based Processing to solve an issue. Symbols by Rasmussen would most likely be useful tools in 

the diagnostic process.  

2.3.12 A model of The User (ñThe Operatorò) according to Information Processing 

Rasmussen puts all of these levels of interactions together into a model of decision 

making as shown below: 

 

Figure 3: Model of Processing (Rasmussen, 1986) 
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The model is a multi-path flow chart of how human beings make decisions when shown 

information about a system. A person starts in the bottom left and ends in the bottom right, and 

depending on what skills and rules the user has available, the personôs path through the model 

may be more or less direct. 

As can be seen in the model, Knowledge-Based Processing forms the outside and higher-

density processing area on the outside of the model, but operators can use Rules and Skills to 

make ñshortcutsò through the model to arrive at the answer quicker. 

2.3.13 Semiotic Interpretation of Human Acts by Rasmussen 

Rasmussen details the third part of his model of information processing with his ideas on 

the semiotic interpretation of human acts. These relate directly to the three levels of processing 

and the three levels of input detailed in the previous sections. The most important thing to note is 

that, in all four or these interpretations, there is only one in which the time-space loop broken. 

2.3.13.1 Direct Manipulation  

 

Figure 4: Direct Manipulation, (Rasmussen, 1986) 
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As defined by Rasmussen, (1986) Direct Manipulation is: 

ñDirect Manipulation takes place in manual tasks as, for example, when moving and 

shaping objects and assembling things. At the conscious level, objects are perceived 

directly in terms of their functional implications, and intentions are stated in terms of acts 

to perform, goals or targets to reach; -- generally not in terms of movements. Therefore, 

conscious statements of intention have the character of signs releasing acts, i.e. patterns 

of movements.ò (p.109) 

 Typical examples of this include filling a bottle, inserting a battery, etc. The important 

thing to note here is that there is no tool involved, and that ñthe continuous signal loop through 

the sensorimotor functions is intactò (Rasmussen, 1986). Cues at this level are at the level of 

Signs by Rasmussen. This means that this level of interaction is very Skill-Based, and that 

feedback from the environment, as well as the userôs actions (the ñcontinuous signal loop 

through the sensorimotor functionsò), is instant and effective. 

2.3.13.2 Indirect Manipulation  
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Figure 5: Indirect Object Manipulation (Rasmussen, 1986) 

Indirect Manipulation, despite the term, is very similar to Direct Manipulation; the only 

signifcant difference is that there is now a tool (anything from using a hand drill, to driving a car, 

to operating a backhoe) involved between the user and the piece being worked upon that can be 

monitored visually. ñThe characteristic feature of this situation is that intention and attention are 

both focused on the task of the interface between the tool and the environment; the tools or 

manipulators are perceived as extensions of the human body because the time-space control loop 

through the sensorimotor system is intact.ò (Rasmussen, 1986, p.110) Once again, feedback and 

resulting actions through the tool and work piece are nearly instantaneous and the loop therein is 

intact. Even though there is a tool in the way, the tool merely becomes an extension of the human 

body. 
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2.3.13.3 Remote Manipulation 

 

Figure 6: Remote Manipulation (Rasmussen, 1986) 

Remote Manipulation is one step removed from Indirect Manipulation; instead of a 

simple tool like a car or a drill, a remote-control interface with movements that cannot be viewed 

through any other method than through an integrated view-finder or GUI. Examples of this are a 

microscope, or a deep-sea robot. This interface can be effective even if  

ñthe visual appearance of the work scene itself is not directly transmitted but only 

selected features, as long as the time-space signal information needed for information 

control are properly transmitted. Examples of such displays are the analog displays for 

instrument piloting of an aircraft. In the case of such abstract displays, the illusion of 

being on-site will generally disappear, and attention/intention level may shift to the 

display interface. The only way to distinguish whether attention is paid to the task itself 

or the representation by the display will be the language used to express intentions. With 
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pictorial representation, distinction by means of the language terms disappears, and only 

subjective experience my indicate the focus of attention. In terms of control performance, 

the distinction is rather irrelevant because proper sensorimotor skill control can be 

maintained through the intact signal transmission loop in both casesò (Rasmussen, 1986, 

p.111). 

Even if the interface that communicates the signals to the user is not literally a video feed 

(such as in the case of some aircraft instruments) the time-space loop can be kept intact. It is still 

necessary for the user to learn the ñlanguageò of the interface in order for the interaction to be 

effective. 

2.3.13.4 Remote Process Control 

 

Figure 7: Remote Process Control (Rasmussen, 1986) 
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Remote Process Control is removed further from the ñwork pieceò so to speak, and is the 

only level in which the signal transmission loop is broken. At this level of control: 

ñThe manipulation channel may not transmit space-time analog signals but, for example, 

alphanumeric coded orders, or the sensory channel, or both, may be coded in abstract 

codes rather than analog representation of the effect of acts. This is typically the situation 

if the task is not related to concrete space-time object manipulation, but to a higher-level 

state of a physical process that is not immediately visible, as, for example, the processes 

of a power plantor chemical process planté If the time-space control loop is broken in 

this way, there are translating functions in each transmission path, and the human 

attention/intention level will typically be at the surface of the system. During routine 

situations for operations based on signs and associations to acts (i.e. Rule-Based 

performance) upon the manipulation interface. During unfamiliar situations, the 

attention/intention must be time-shared between this interface (in order to translate 

readings to symbols and intentions to actions) and the mental representation (in order to 

make functional inferences in the knowledge-based domain). In this situation, the 

automated sensory motor functions are applied to functions of translation that are 

unrelated to the higher level cognitive task. The high capacity sensory motor skill will not 

be available to the main problem what will be occupied by interface manipulation & 

recognition furthermore during unfamiliar situations cognitive resources must be spent on 

the translation tasks related to state identification and action planning.ò (Rasmussen, 

1986, p.112) 
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These sorts of interactions are probably best thought of as ñcontrol panelò interactions. 

The user is receiving numbers, readings, or other Symbols by Rasmussen and Signs by 

Rasmussen and must translate those readings before they can make a decision based on goals.  

An important thing to note here is that if the interface is abstract and nonrepresentative to 

the extent that the user must allocate significant parts of their Conscious Processor to the 

translation of the Signs by Rasmussen and Symbols by Rasmussen then there is less of the 

cognitive processing capacity left to deal with any issues the user is having with the device itself. 

This section would be best augmented with Krippendorffôs understanding of Metaphor and 

Normanôs understanding of Mapping. 

It would make sense that even parts of a step within a in a sequence of use could use 

several levels of manipulation; simply inserting a USB drive into a computer includes two: 

Direct Manipulation for the insertion of the device, and Remote Process Control to verify if the 

USB is entered correctly. 

2.3.14 Learning a skill, according to Skills, Rules, Knowledge 

As a particular skill or workflow is work learned and refined, the process, beginning with 

rule, eventually is reduced down to Skill-Based Processing as the skill is learned. Rasmussen 

describes the process as such: 

ñDuring the first phases of skill acquisition, the activity will be controlled by separate 

cues that are defined individually and related to rules controlling very elementary acts. As 

skill develops, cues of more global nature in terms of the data pattern they include and 

depending on temporal and situational aspects will be adopted, and rules will be related 

to activity patterns rather than acts, i.e., intentions are expressed in terms of goals rather 

than acts to perform. Finally, the whole task is automated and is performed without 
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conscious awareness as long as unexpected deviation do not occur, and the higher the 

skill the less probable will unexpected occurrences be.ò (Rasmussen, 1986, p.113)  

Essentially, when a novice is interacting with a system, each action they take is 

individually activated, whether by steps in a process or as a reaction to feedback or cues from the 

system itself. As the user repeats a procedure a number of times, these cues will slowly be forged 

together into behavior patterns relating to rules that are activated by perhaps a single cue. 

Eventually, the rule will become so well-known and practiced that it will roll along without 

conscious thought. 

An excellent example of this is learning how to type on a keyboard. In the beginning, the 

novice typist finds keys individually to spell out the word they wish to spell, each needed letter 

triggering the action to press the key. An apprentice typist, however, knows where a lot of the 

keys are and has baked-in rules for typing certain patterns of letters. The expert typist simply 

thinks of the word they wish to write and their fingers tap the keys without significant oversight 

from the Conscious Processor. 

2.3.15 Mental Models 

Mental Models have already been discussed, but they demand further explatnation. There 

are a few different ways Mental Models can be manipulated within the userôs mind. These are 

especially important to the design of novel interfaces, because being able to co-opt existing 

Mental Models to support the understanding of a new model in the current context will most 

likely aid understanding of the interface. 

2.3.15.1 Aggregation 

Aggregation is the strategy where ñElements of a representation are aggregated into larger units -

- chunks -- within the same model category as familiarity with the context increases. This relates 
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to the model transformation and the part-whole dimensionò (Rasmussen, 1986, p.118). An 

example of this is in chemical plants that have a one-sensor-one-light notification system. By 

wiring several sensors to one light, the model loses complexity but also a little resolution. If 

complexity is an issue, this strategy can be used to reduce it. Norman speaks of this level of 

aggregation from a human perspective; it is called ñchunkingò (Norman, 2013). Remembering 

numbers three at a time rather than one at a time increases ease of memorization of the same 

information; Rasmussen is speaking here of baking that idea into interface design. 

2.3.15.2 Abstraction 

Abstraction is defined by Rasmussen as ñthe representation of the properties of a system 

or the environment in general is transferred to a model category at a higher level of abstraction; 

Of particular importance here is transformations and the functional hierarchy along the means-

end dimension.ò (Rasmussen, 1986, p.118) While this method of model manipulation has many 

facets to it, its most relevant part is that ñModels at low levels of abstraction are related to a 

specific physical world that can serve several purposes. Models at higher Levels of abstraction 

are closely related to a specific purpose that can be met by several physical arrangements. 

Therefore, shifts in the level of abstraction can be used to change the direction of paths, suitable 

for transfer of knowledge from previous cases and problems.ò (Rasmussen, 1986, p.121)   

Essentially, this means that how the device is realized in the userôs mind is very 

important. A description of the machine that is high in level of abstraction will communicate the 

purpose of the machine, but a description at a low level of abstraction will show strict function or 

components. Each can be used to infer the other, but the machine should be described in the way 

that explains the least understood part of the product. 
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Krippendorff speaks on this subject in his understanding of the Meaning of Products in 

Language (Krippendorff, 2006). There is some overlap that can be synthesized here. 

2.3.15.3 Analogy 

Analogy is defined by Rasmussen as ñThe representation is transferred to a category of 

the model for which a solution is already known or rules are available to generate the solution.ò 

(Rasmussen, 1986, p.118) A most basic example of using this method of Mental Model 

transformation is the use of rectangles on a calendar to represent days in a week. Rasmussen 

makes special mention of a subtype of this kind of model transformation where ñsymbols are 

transferred to another level of abstraction and reinterpretedò (Rasmussen, 1986, p.123). 

Krippendorff (2006) noticed this same phenomena, but classified it as Metaphor. There is some 

overlap between these concepts that can be synthesized. 

2.3.16 Intentional vs. Causal Systems 

An important distinction that Rasmussen makes is between Intentional and Causal 

Systems. These labels are given to systems basically on their level of internal adaptability and 

variability. 

ñPhysical systems with known and invariant internal structure are responding to changes 

and to human acts according to basic laws of nature that therefore can be used to predict 

their behavior. They are here called causal Systems, and their response to physical 

changes for which no experience is available for an observer can be explained or 

predicted by means of bottom-up reasoning in the abstraction hierarchy; i.e., by 

functional analysis. This approach is not possible for all the environments in which 

humans have to make decisions. Systems with a high degree of autonomous internal 

functioning, with self-organizing and highly adaptive features, will change their internal 
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functional organization continuously in order to meet the requirements of the 

environment and to suit their internal goals or performance criteria even though such 

systems are basically controlled by laws of nature, their complexity in general makes it 

impossible to explain or predict their performance by functional analysis during real life 

decision making the alternative is to consider such systems as Intentional Systems 

controlled by motives or intentions together with the constraints on performance posed by 

the environment physically or in the form of conventions and legal requirements and by 

the limiting capabilities of their internal mechanismsò (Rasmussen, 1986 pp.123-125). 

Most physical products and systems are Causal Systems, because if the same action is 

taken time and again, they will most likely have the same result.  

Intentional Systems, meanwhile, are systems that have a generalized function, but do not 

have a 1:1 cause-effect relationship. Examples of Intentional Systems include humans, human 

organizations, information systems (like Artificial Intelligence) and continuously-updated apps 

on oneôs phone.  

The distinction here is essentially a Mental Model (that is to say, conceptual) issue on the 

userôs part; does the user consider it a sort of ñvending machineò where if they press a button a 

certain thing happens, or do they consider it a sort of black box with a designed intention? This is 

the distinction between Causal and Intentional Systems, respectively. 

None of the other models make this distinction; therefore, it is a welcome addition to the 

study of this thesis topic. 

2.3.17 Human Errors by Rasmussen 

Human Error is, in Rasmussenôs view, difficult to define. He does offer these 

characteristics: ñIn the present human machine context, we can define technical faults and human 
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errors as causes of unfulfilled system purposesò (Rasmussen, 1986, p.150). Like Norman, 

Rasmussen defines errors from a Godôs-eye-view system or procedure perspective rather than 

from the userôs perspective. 

2.3.17.1ľHuman Errorò: Incorrect or Experimentation? 

Rasmussen makes a point not often spoken of related to Error; that a certain amount of 

error is necessary in certain tasks in order to reach an expected level of optimization. Error is 

only the result of an unsuccessful experiment in a work environment that is ñunkindò; that is, 

consequences of actions taken are immediate and irreversible. 

ñHowever, human variability is an important ingredient in adaptation and learning and 

the ability to adapt to peculiarities in system performance and optimize interaction is the 

very reason for having people in a system. To optimize performance, to develop smooth 

and efficient skills, it is very important to have opportunities to cut corners, to perform 

trial and error experiments, and in a way human errors can be considered as unsuccessful 

experience experiments with unacceptable consequences. Typically they are only 

classified as human errors because they are performed in an unkind work environmenté. 

This is often the case because the person either cannot immediately observe the effects of 

errors or because the effects are irreversible. This is no new wisdom; As early as 1905 

Ernst mock said, óKnowledge and error flow from the same mental sources, only success 

can tell one from the otherôò (Rasmussen, 1986 pp.150-151). 

Norman makes very little mention of anything in this vein, but Krippendorff notes that 

users will interact with products according to their meanings and for their own reasons. 

(Krippendorff, 2006) While Krippendorff does not say the preceding thought explicitly, 
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Rasmussenôs thought here is clearly compatible with Krippendorffôs ideas. Therefore, it will be 

important to create a model that exhibits overlap between these ideas. 

2.3.17.2 Errors in Learning and Adaptation  

The other dimension of Error that must be taken into account is that a certain amount of error 

is to be expected when operators are learning a new procedure; this goes back to what 

Rasmussen was saying about learning a new skill. 

ñThe efficiency of human interaction with the environment at the skill based level is due to a 

high degree of fine tuning of the sensory motor schemata to the time space features in the 

environment. Changes in the environment will often be met by an updating of the current 

schema by a subconscious reaction to cues or a consciously expressed intention (ñnow look, 

be careful, the road is icyò). However, the updating of the current schema will frequently not 

take place until a mismatch has occurred, for instance, when walking onto more uneven 

ground, adaptation of the current motor schema to the actual features of the environment may 

first happen after the feet have detected the mismatched by stumbling. The point here is that 

adaptation and fine tuning of sensory motor schemata basically depend upon mismatch 

occurrences for optimal adjustments the proper limits for fine tuning can only be found if 

surpassed once in a whileò (Rasmussen, 1986, p.151). 

This essentially means that the only way skills get developed is that we learn the boundaries 

of where the motions of the skill cannot go. This is most important for when Skill-Based 

Processing is being developed, especially when a certain amount of precision is required. No 

other model mentions this, so this is a welcome addition to the information available for this 

thesis. 
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2.3.17.3 Error Recovery 

Error Recovery, according to Rasmussen, is the ability to recognize that an Error has 

occurred, and then, before any negative consequences have occurred, to undo or reverse the 

Error. Error Recovery, in this way, then, has two main components for success: observability and 

reversibility, the definitions of which are straightforward. Observability is the ability of the 

device to show the operator that an error has occurred; reversibility is the ability of the device to 

allow the operator to reverse (undo) said error. 

ñError observability depends on the perception of a mismatch between the expected and 

the actual system response to human action... Error corrections then depend on the availability of 

alternative control patterns by proper cues before control is irreversibly lost... (this is) tightly 

related to specific dynamic properties of the actual interface configurationò (Rasmussen, 1986, p. 

153).  

Error Observability is only possible if there is an expectation of what the right outcome in 

a system is; thus, when something goes wrong, the Dynamic World Model (DWM) is able to let 

the Conscious Processor know that something is wrong. And, of course, the DWM is only able to 

do this if the system lets the user know in some way that an error has occurred. This can be done 

with Error Messages (Norman, Krippendorff) or other Affordances (Norman, Krippendorff), 

Signifiers by Norman, as well as Feedback (Norman, Krippendorff). The models do not overlap 

here, but complement each other well.  

2.3.17.4 Mechanisms behind Human-Machine Mismatches 

Rasmussen gives a list of ways humans can be at odds with their systems and error can 

occur.  
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1.  Motor Variability 

Motor Variability is a straightforward concept. This happens when: ñThe time-space 

precision of sensory motor control may not be adequate for the task at hand, leading to 

occasional mismatchesé (for example) the short circuit of terminals with a screwdriverò 

(Rasmussen, 1986, 156).  Norman (2013) would most likely classify this sort of error as an 

Action-Based Slip. 

2.  Stereotype Takeover 

Stereotype Takeover occurs when Rules and Skills work against the user, such as when: 

ñanother schema takes over the control, either because a part of the current action sequence is 

also part of another frequently used schema, or because of interfering intentions of the detached 

attentionò (Rasmussen, 1986, p. 156). Essentially, the user is doing something so similar to a 

different task that the rules and skills from the other task ñtake overò and the user begins 

following the other taskôs procedures. Norman (2013) would call Stereotype Takeover a form of 

Capture Slips. Krippendorff makes no mention of these mechanisms.  

3.  Incorrect Recall of Rules and Know-How 

One of the most common ways humans err at the Rule-Based level is by recalling 

procedures incorrectly (Rasmussen, 1986). This manifests itself commonly as forgetting an item 

or a task that isnôt part of a schema or procedure, or the simple forgetting of a numbers or set 

points. Norman (2013)  would certainly call these kinds of errors Memory-Lapse errors at the 

Rule-Based Level. 

4.  Mistake Among Alternatives. 
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A ñMistake Among Alternatives,ò according to Rasmussen (1986), is ñincorrect choice of 

one of a couple of possible alternatives to use, such as left-right up-down plus-minus AB etc.ò 

Norman (2013) would most likely characterize this type of error as a Description-

Similiarity Slip. 

5. Familiar Association Shortcut 

One of the nastier problems related to Error is that sometimes the problem needs to be 

attended to at a Knowledge-based level, but all of the operators are still working at a Skill-Based 

level. In fact, when faced with a problem, operators will often follow a familiar pattern of 

behavior as soon as the opportunity presents itself. This takeover can be so powerful that even if 

data seems to contradict it afterwards, the decision would generally not be reversed. Rasmussen 

calls this a ñFamiliar Association Shortcutò. Norman has no corollary for this level.  

2.3.18 Rasmussen as a Source 

Rasmussen (1986) provides many fantastic things for this thesis area that other sources 

do not, but his text also comes with some limitations. 

Rasmussenôs strengths are obviously the level of detail put into the decision-making 

models for operators, as well as his breadth of knowledge on all levels of interaction.  

However, as for limitations, while Rasmussenôs text points out many ways Human Error 

can occur, it makes no mention of any way to combat or deal with these Errors. Secondly, his 

model of the human mind is almost a computational one. Things rarely escape a cause-and-effect 

relationship with Rasmussenôs models; there is little room for human agency and choice in them. 

Thirdly, his model lacks what Krippendorff (2006) will consider Second-Order understanding. 

This means that the model speaks of the objective reality of things and how humans err from that 
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reality. While this may be a computationally useful perspective to have when trying to get people 

to ñdo it rightò, it is hardly a ñuser-centeredò way of looking at usability. 

2.3.19  Rasmussenôs IPHMI as a Source 

This text takes decades of safety controls research from nuclear power plants and the 

chemical processing industry, including safety and accident reports to create a sort of 

cause/effect model of a human mind. This allowed Rasmussen and his team to create a ñFull 

frame of reference that served us well in formulating our problems in concepts that could be 

related to control system designò (Rasmussen, 1986). While nuclear power plants and chemical 

processing plants are not the medical field, they are nonetheless ñunfriendly environments,ò as 

Rasmussen (1986) describes, where errors and misuses of controls result in disastrous 

consequences. This book, however, does take human beings from a very reductionist ñcog in a 

machineò lens. The human is meant to carry out their task, nothing else. Despite this, the text is 

very relevant to the thesis topic at hand. 

2.4 Industrial Design 

Having looked at Information Processing and its role in our understanding of usability, it is 

also important to consider where Industrial Design stands in the usability question.  

2.4.1ľIntuitive DesignĿ  

One of the main ways Industrial Design markets its usefulness is making products 

ñIntuitiveò to use.  

The study of ñIntuitive designò involved several sources. The first of which is an 

experiment by Blackler, et al, (2003). This is a product comparison experiment involving a small 

number of subjects, and the evaluation of how well the subjects could operate a selection of 
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cameras without instruction. Most of the preceding quotes were taken from the experimentôs 

introduction. The study found that cameras that had control schemes that were similar to other 

cameras that the candidates had seen previously were the most successful at being ñintuitivelyò 

figured out and used. This study is highly relevant to the thesis at hand, as it is a limited but 

relevant experiment on simple product controls and usability; namely that familiarity with 

already-known systems is the most important factor when determining what is ñintuitiveò. It 

gives a detailed description of the controls in question and the participantsô responses to the 

survey afterwards. 

Intuitive, as generally defined within the discipline of Industrial Design is ñThe ability for 

users to pick up a product and know how to use it without instruction or training.ò (Blackler et 

al., 2003) In Information Processing, Rasmussen, as previously discussed, (see: 4.3.1) would 

classify intuition as Rule-Based decision making, which is a lower level of decision making 

based on cues from previously learned products, systems, and situations. How does Industrial 

Design stack up? One of the authors of North Carolina Stateôs Principles for Universal design 

has claimed, ñWe have not done any deep research in this area (intuition) éthe concept (of 

intuitive use) makes so much sense to me I never questioned itò (Blackler, Popovic et al. 2003). 

It must be noted here that one of the Principles for Universal Design is ñSimple and Intuitive 

Useò. It is clear, then based on this expertôs take, that Industrial Design is only operating on a 

largely unsupported, application-based definition of ñintuitive designò and usability (i.e. that if 

people can use the product, then it is a usable product). While such a definition may effectively 

be true, such a working definition gives other designers little direction when it comes to 

guidelines in making products, especially novel products, intuitive to use.  
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2.4.2 Information Processingôs attempted move into Industrial Design 

The largest and most high-profile move that Information Processing has made into Industrial 

Design is with Donald Normanôs book, The Design of Everyday Things (previously The 

Psychology of Everyday Things). (Norman, 2013) Indeed, Norman directly cites Rasmussenôs 

work on the Levels of Processing at several points in this book (this duplicate material will not 

be revisited in this section). However, Norman also adds quite a few additions to Rasmussenôs 

research that make it a meaningful addition to this model. The following sections will largely be 

taken from Normanôs Design of Everyday Things (2013). 

2.4.3 Design needs Information Processing, and vice versa 

One of the most obvious weaknesses of Information Processing is that it tends to look at 

human beings as a cog in a machine; a component of a system. Design, on the other hand, seems 

to know very little about what really makes items intuitively useable. Norman has leveled plenty 

of these criticisms at design. Despite this frequent criticism of design, he does not dismiss 

design; far from it. His connection of the two fields is not an accident: 

ñWe also tend to believe that thought can be separated from emotion. This is also false. 

Cognition and emotion cannot be separated. Cognitive thoughts lead to emotions; 

emotions drive cognitive thoughts. The brain is structured to act upon the world, and 

every action carries with it expectations, and these expectations drive emotions; that is 

why much of language is based on physical metaphors, why the body and its interaction 

with the environment are essential components of human thoughtéò (Norman, 2013, 

p.47) 
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Clearly, Information Processingôs man-as-a-faulty-computer view is incomplete, and so is 

Designôs lack of understanding. It is natural, then, to recognize the need to integrate these views. 

Norman lays out many different terms to dissect usability in design. 

2.4.4 Affordances by Norman 

Norman defines Affordance as the ñrelationship between a physical object and a person 

(or for that matter, any interacting agent, be it animal or human, or even machines and robots). 

An Affordance is a relationship between the properties of an object and the capabilities of the 

agent that determine just how the object can be usedò (Norman, 2013, p.11). A chair that can be 

sat upon but is too heavy to lift has the Affordance of sitting but not the Affordance of being 

lifted. Norman makes an extra note that an Affordance by Norman can only be defined in 

reference to its user: ñWhether an Affordance exists depends upon the properties of both the 

object and the agentò (Norman, 2013, p.11) This definition of Affordance is extremely similar to 

that of Krippendorff. This makes sense, but Norman breaks from Krippendorff in that 

ñAffordances exist even if they are not visibleò (Norman, 2013, p.11) Consider the chair in the 

previous example. Hypothetically, if the chair physically can be lifted, but is visually designed in 

such a way that it does not look like it can be lifted, the Affordance, in Normanôs view, is still 

there. In Normanôs view, an Affordance is a physical relationship alone; it has nothing to do with 

what goes on inside the userôs head (an area dealt with in Normanôs idea of the term Signifier). 

Krippendorff would most likely disagree on this.  

2.4.5 Signifiers by Norman 

Norman (2013) defines Signifier in his work as things that ñcommunicate where the 

action (determined by the Affordance by Norman) should take place.ò (p.14)  Essentially, a 

Signifier is a sign that ñpoints toò an Affordance by Norman. Consider the chair in the previous 
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paragraph. If the chair had no handle but could be physically lifted, then the chair would have an 

Affordance by Norman of being lifted, but not a Signifier by Norman of being lifted.  

This would, in theory, make the opposite true as well; if a chair were bolted to the ground 

but also had a handle for movement, that chair would have a Signifier by Norman for lifting in 

the form of the handle, but would not have an Affordance by Norman for lifting, in the fact that 

it was bolted to the ground. Consider also obvious benches in public spaces with signs on them 

that read ñDo not sit on the benchò, as another opposite example of something having an 

Affordance but a contrary Signifier. 

Signifiers, Norman notes communicate ñwhat actions are possible and how they should 

be done. Signifiers must be perceivable, else they fail to functionò (Norman, 2013, p.17) So, a 

Signifier is not just an arrow pointing to a handle; it must in some way communicate what is to 

happen with that handle, through expectation or some other means. Sometimes, Norman says, 

Affordances by Norman are perceivable enough that they are obvious enough to act as Signifiers. 

So, if an Affordance by Norman is obvious enough, it does not need its own Signifier. 

2.4.6 Discoverability 

Discoverability, according to Norman (2013), is when ñit is possible to determine what 

actions are possible and the current state of the deviceò (p.72). This is a rather general definition, 

and it has many concepts working under its surface. For instance, what the user is expecting is a 

large portion of discoverability (i.e. thinking in ñfeed-forwardò as Rasmussen (1986) describes), 

as are simpler aspects like Affordances by Norman and Signifiers. 

2.4.7 Mapping 

Mapping is a term into which Norman goes into detail. He defines it as ñthe relationship 

between the elements of two sets of things.ò (Norman, 2013, p. 20) In design, especially design 
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of interface or controls, the ñthingsò in this scenario are usually the controls and the controlled 

elements. The best kind of Mapping, he says, is ñNatural Mapping,ò where there is some form of 

sense made about the control and the controlled. For instance, turning a control ñupò should 

mean more or more intense. Or, alternatively, using a pair of tillers to turn a riding lawn mower; 

the Natural Mapping is such that reduce the pressure on one tiller, and thus that ñsideò of the 

mower should slow down, making the mower turn that way. Norman ranks the preferable types 

of Natural Mapping; controls that are mounted directly on the item to be controlled are best, as 

close as possible are second best, and third best is arranged in a similar special configuration as 

the thing to be controlled. 

In that way, Natural Mappings lead ñto immediate understandingò (Norman, 2013, p.21). 

Norman makes special note of the fact, however, that Mappings that feel natural to one culture 

(and, by extension, feel natural to the designer) may not be true across cultures. He gives an 

example of the clickers for PowerPoints; some cultures (like western cultures) say that the up 

button should change the slide forwards, but other cultures disagree on this vehemently.  

Rasmussen does talk about controls Mapping in an indirect way when he refers to 

Imagery in Perception; Rasmussen makes note that Layouts are perceived rather than images. 

(Rasmussen, 1986) This makes sense within Normanôs framework. Rasmussen makes no 

mention of cultural differences in the design of controls. 

2.4.8 Conceptual Models 

A Conceptual Model is ñan explanation, usually highly simplified, of how something works. It 

doesnôt have to be complete or even be accurate as long as it is usefulò (Norman, 2013, p.25) 

This can be anything from knowing that thereôs a heating element in your coffee maker that heats 

up your coffee before it runs through the grounds to simply knowing that if you place a file in a 
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folder on your computer, it will be ñinò the folder (the second example here has an interesting 

overlap with Metaphor in Krippendorffôs Product Semantics). While this may seem to be 

something that a user has (and it most definitely is), Norman also makes note that designers also 

have Conceptual Models of products they design, and that their Conceptual Model is likely 

different to that of the user. A Conceptual Model is essentially a Mental Model from Rasmussen. 

However, a Mental Model has significantly more functions than a Conceptual Model. (See 

section on Information Processing) 

2.4.9 System Image 

A System Image is defined as ñthe combined information available to us é (from all sources 

about the product)é It is more or less the physical, communicative portion of the Conceptual 

Model. It includes elements such as instruction manuals, information found on the internet, 

things we have heard in passing, advertisements, etcò (Norman, 2013, pp.31-32). (This is very 

similar to Krippendorffôs Meaning of Artifacts in Language.) 

2.4.10 Knowledge in the Head vs. In the World 

On the idea of knowledge, Norman makes a distinction between Knowledge in the Head 

and Knowledge in the World. While ñknowledgeò itself is strictly only in peoplesô heads, it is 

possible to encode ñknowledgeò onto things and thus make it available ñin the world.ò  Norman 

creates a graphical breakdown of the tradeoffs between knowledge in the head vs the world: 
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Figure 8: Knowledge in the Head vs. In the World (Norman, 2013) 

2.4.11 Knowledge in the Head 

At its essence, Knowledge in the Head is what is commonly referred to as Memory, 

which is broken down into two main parts: Short Term and Long Term memory. 

2.4.11.1 Short Term Memory (STM) or Working Memory  

Short Term Memory, writes Norman, ñretains the most recent experiences or material 

that is currently being thought abouté Information is retained automatically and retrieved 
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without effort.ò (Norman, 2013, p.92) This level of memory has obvious utility for the usability 

of devices, but it comes with a caveat: 

ñThe traditional measures of STM capacity range from five (items in memory) to seven, 

but from a practical point of view, it is best to think of it as only holding three to five itemsé 

Donôt count on much being stored in STM.ò  (Norman, 2013, p.94) Which is to say, STM is 

useful but limited. 

Rasmussen refers to a similar concept, memory limits and all, in Knowledge-Based 

Processing; in fact, this may be Norman writing about Knowledge-Based Processing under a 

different name. The Conscious Processor (as Rasmussen refers to it) can only hold a limited 

number of items; it is the Unconscious Processor (Rule-Based and Skill-Based Processing) that 

deals with the vast majority of inputs and outputs. 

2.4.11.2 Long Term Memory (LTM)  

Long Term Memory (LTM) ñis memory for the past. As a rule, it takes time for 

information to get into LTM and time and effort to get it out again.ò (Norman, 2013, p.94) 

Rasmussen does not speak on the subject of Long Term Memory in any major way. He 

has integrated it into his model as something someone pulls from in interaction, but in no other 

manner. 

a. Remembering Arbitrary vs Meaningful things 

An interesting distinction that Norman draws in Long Term Memory is the difference 

between remembering meaningless (not Krippendorffôs definition of Meaning, though there will 

be some overlap) things or things that seem to stem from something else in memory. Trying to 

both learn and remember entirely arbitrary things, recounts Norman, causes issues. (Norman, 

2013) Meanwhile, remembering meaningful things, or at the very least things that stem from 



 65 

other things in a manner that makes sense, is easier because ñthey correspond to knowledge we 

already have, so the new material can be understood, interpreted and integrated with previously 

learned materialò (Norman, 2013, p.99). Clearly, the best way to have someone remember 

something (if the artifact requires that they must remember something) is to have the structure of 

the object be meaningful.  

The use of the word ñmeaningò here is interesting. While it is not the same Meaning that 

Krippendorff uses (Krippendorffôs Meaning being far more broad and detailed), it almost 

certainly has overlap. Artifacts that have Meaning by Krippendorff would almost certainly be 

easier to store in LTM, and then would in turn be easier to pull from LTM to provoke more 

Meaning in a user. It would be appropriate to integrate these models. 

2.4.12 Knowledge in the World 

Norman offers a solution to the memory problem: instead of forcing the user to memorize 

things, the artifact, or something else in the world, should remember the data for them. In 

Normanôs view, the strongest way to place knowledge in the world is with the use of Constraints. 

2.4.12.1 Constraints by Norman 

Constraints, as defined by Norman (2013), are ñpowerful clues, limiting the set of 

possible actions. The thoughtful use of constraints in design lets people readily determine the 

proper course of action, even in a novel situation.ò (p.125) Norman details four types of 

constraints. 

a. Physical Constraints 

Physical Constraints are by far the most straightforward of Normanôs constraints: 

ñPhysical limitation constrain possible operations. Thus, a large peg cannot fit into a 
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small holeé The value of physical constraints is that they rely upon properties of the 

physical world for their operation; no special training is necessary. With the proper use of 

physical constraints, there should only be a limited number of possible actionsé (they) 

are made more effective and useful if they are easy to see and interpreté otherwise a 

physical constraint prevents a wrong action from succeeding only after it has been triedò 

(Norman, 2013, p.125). 

This description is fairly straightforward; if you do not want users taking that action; or if 

there will be unacceptable consequences in doing so, then do not allow the device to let them 

take that action. Krippendorff directly reflects Normanôs base definition of Constraints and in his 

definition of Constraints; however, he does not propose all of the subtypes that Norman does. 

Norman proposes several kinds of Physical Constraints. 

The most extreme kind of Physical Constraints is called Forcing Functions, where a user is 

hard-prevented from taking a certain action through three types of limits: Interlocks, Lock-ins, 

and Lock-outs.  

¶ Interlocks are physical constraints that constrain the user such that operations or 

actions must be made in a prescribed sequence. These are primarily used for 

safety reasons for either the product, the user, or both, like the interlock that 

prevents an automobileôs automatic transmission from shifting out of park unless 

the brake pedal is pressed. A subtype of this mechanism is the ñdead manôs 

switchò, where if an operator is distracted or incapacitated, the equipment shuts 

down. Think of the constant-pressure switches used on most chainsaws. At face 

value, these seem to be an effective solution on paper, but if they are too 
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obtrusive, users have taken to disabling or tying down the dead manôs switch, 

invalidating its use.  

¶ Lock-ins, as opposed to interlocks, ñkeep an operation active, preventing someone 

from prematurely stopping itò (Norman, 2013, p.143). So, if an operation is 

running, this function prevents it from stopping, often to prevent something 

unacceptable happening as a result of the premature stop. An example of this kind 

of feature is the ñare you sure you wish to close this file without savingò function 

on file-based computer programs.  

¶ Lock-outs, are the opposite of lock-ins; they prevent a user, especially an 

unwanted user, from interacting with a device unless certain conditions are met. 

This may be location-based, credentials-based, or some other form of needed 

input before the device starts functioning. A good example of a simple lock-out is 

the pin that needs to be removed from the fire extinguisher before it can be used. 

b. Cultural Constraints 

Normanôs definition of Cultural Constraints represents ña set of allowable actions for 

social situations.ò (Norman, 2013, p.126) These are simple things like holding the door open for 

the person behind you, or the knowledge that the driver sits on the left side of a vehicle. These 

things are more applicable outside of the hospital, the environment which is the focus of this 

thesis, but are still nonetheless applicable. A caveat with Cultural Constraints is that, just like 

with culture in general, they will change over time. 

A subtype of Cultural Constraints which is especially relevant to medical device design is 

that of cultural norms, conventions, and standards. Violating these is generally poor practice: 
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ñPeople invariably object and complain whenever a new approach is introduced into an 

existing array of products and systems. Convention is violated; new learning is required. 

The merits of the new system are irrelevant; it is the change that is upsetting.ò (Norman, 

2013, pp.128-129)  

An ongoing challenge to improvements in design, and medical device innovation in 

particular is that any change in the accepted procedure or norms is often met with considerable 

resistance. Norman explains why: 

ñStandardization is indeed the fundamental principle of desperation; when no other 

solution seems possible, simply design everything the same way, so that people only have 

to learn onceé When all else fails, standards are the way to goò (Norman, 2013, p.130). 

Standards are a double-edged sword. They can help designers by prescribing interaction 

types for certain actions that a majority of people can be expected to understand, like the 

common knowledge of having a power toggle switch on the backside of any given device. This 

can also cause what Norman describes as ñthe legacy problemò, (Norman, 2013, p.127) which is 

that a way of doing things is maintained simply because that is the way it has  always been done. 

This can sometimes be an impediment to innovation.  

c. Semantic Constraints 

Semantic Constraints, (not to be confused with Product Semantics by Krippendorff or 

Semantics by Semiotics], ñare those that rely upon the meaning of the situation to control the set 

of possible actionsò (Norman, 2013, p.129). This use of the word meaning is not to be confused 

with Meaning as defined by Krippendorff (2006).  An example of this would be that small, 

brightly colored plastic wrapped objects with fun graphics on the labels are likely to be some 

form of candy, or that the correct color for a brake light is red. As can be recognised, the 
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difference between Semantic by Norman Constraints and Cultural Constraints is very slim, and 

there seems to be a lot of overlap between the two categories. 

Krippendorffôs and other semioticiansô study of Semantics (generally) offers a much 

stronger and better elaborated view than what Norman has written. It is good to know that 

Norman acknowledges the existence of Semantics as an area of study, but Krippendorff and 

Semiotics are sorely needed to reinforce the work of designers. 

Semantic Constraints, Norman says, also change with time. While Krippendorff does not 

say this explicitly, it is logically consistent with what Krippendorff claims. If users are the 

arbiters of Meaning by Krippendorff, and users are influenced by culture, then it would stand to 

reason that Meaning by Krippendorff can be influenced by culture. 

d. Logical Constraints 

Logical Constraints are often either Mappings (discussed earlier) or are conclusions 

simply reached by process of elimination. An example of a logical constraint found by process of 

elimination is when assembling a product or device (for example, piece of furniture), and not 

knowing where to put a certain component, if you are able to assemble the rest of the model, then 

the only remaining spot must be where that piece goes.  

2.4.13 The Two Gulfs 

Norman sets up his model of use by introducing two ñgulfsò that separate the user from 

effective interaction with the world. These gulfs are the Gulf of Evaluation and the Gulf of 

Execution. 

 

 



 70 

2.4.13.1 Gulf of Evaluation 

According to Norman, the Gulf of Evaluation, is ñwhere they (the users) try to figure out 

what happened... (it) reflects the amount of effort that the person must make to interpret the 

physical state of the device and to determine how well the expectations and intentions have been 

met.ò (Norman, 2013, p.39)  An example of this is when a user presses a button and is trying to 

figure out what the button did what they expected. ñWhat are the major design elements that help 

bridge the Gulf of Evaluation? Feedback and a good Conceptual Model.ò (Norman, 2013, p.39) 

2.4.13.2 Gulf of Execution 

The Gulf of Execution, is the opposite; this is ñwhere they (users) try to figure out how it 

operatesé we bridge the Gulf of Execution through the use of Signifiers, Constraints, Mappings, 

and a Conceptual Model.ò (Norman, 2013, p.40) 

2.4.14 Levels of Interaction by Norman 

Distinctly different from Rasmussenôs levels of behavior, Norman (Norman, 2013) lays out three 

different levels of interaction: Visceral, Behavioral, and Reflective. Each resides in both the 

Gulfs Evaluation and of Execution. 

2.4.14.1 Visceral 

Visceral processing is the most basic level of Normanôs levels of interactions. The Visceral 

level makes ñquick judgements about the environment; good or bad, safe or dangerous. The 

Visceral system allows us to respond quickly and subconsciously, without conscious awareness 

or controlò (Norman, 2013, pp.50-51). It is the ñfirst impressionò that the environment or the 

product leaves on a person upon initial inspection; whether you are attracted to or repulsed by the 

style of an object or scenario. This is the level at which aesthetics matter. It is noteworthy in that 
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it is ñfast and automaticò and is influenced by adaptation and classical conditioning (Norman, 

2013). Visceral responses do not assign blame or cause, only judgements of taste. This level has 

no corollary in Rasmussen, though it is possible that it relates to the Dynamic World Model. It 

will have a corollary in Krippendorff (See: Sense by Krippendorff).  

2.4.14.2 Behavioral 

According to Norman, The Behavioral level of interaction is ñthe home of learned skills 

triggered by situations that match the appropriate patterns. Actions and analyses at this level are 

largely subconscious. Even though we are aware of our actions, we are often unaware of the 

detailsò (Norman, 2013, p.51).  This is primarily the level driven by expectation. If this seems 

extremely similar to Rasmussenôs conception of Rule-Based and Skill-Based behavior, thatôs 

because it is. In fact, itôs so close that Norman even uses similar vocabulary to that of 

Rasmussen.  

2.4.14.3 Reflective 

The Reflective level of interaction, according to Norman (2013) is ñthe home of conscious 

cognition. As a consequence, this is where deep understanding develops, where reasoning and 

conscious decision-making take place.ò (Norman, 2013, p.53) This is very closely related to 

Rasmussenôs Knowledge-based behavior. Normanôs definition of the Reflective level, however,  

goes beyond Rasmussenôs Knowledge-based behavior. Rasmussenôs idea of Knowledge-based 

behavior is a very ñin-the-momentò conception. Normanôs definition of the Reflective level of 

interaction probably includes the updating of the Dynamic World Model, and perhaps the 

Dynamic World Model itself. 
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2.4.15 The Action Cycle 

Norman details a model of product interaction, and these stages reflect the three levels of 

interaction. The diagram Norman provides for this cycle is shown below: 

 

Figure 9: Action Cycle, (Norman, 2013) 

2.4.15.1 Steps in the Action Cycle 

Normanôs Action Cycle is broken down into six basic steps, assuming an established 

ñgoalò as step zero. As the interaction occurs, the user moves through all levels of the different 

levels of interaction described before, and each answers a basic question regarding interaction. 
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1. Plan (Reflective Level): ñWhat are the alternative action sequences?ò 

2. Specify (Behavioral): ñWhat can I do?ò 

3. Perform (Visceral): ñHow do I do it?ò 

4. Percieve (Visceral): ñWhat happened?ò 

5. Interpret (Behavioral): ñWhat does it mean?ò 

6. Compare (Reflective): ñIs this okay?ò 

(Norman, 2013, p.71) 

In this way, the model forms a loop.  

2.4.16 Feedforward & Feedback by Norman 

In the graphics of Normanôs model of interaction, there are two arrows that are labeled Feedback 

and Feed-Forward. These terms, which seem to have been taken straight from the domain of 

Information Processing, merely say whether the step is reactive (i.e. experienced in response of 

feedback) or predictive (i.e. experienced because the user attempted to predict what product use 

would look like). Krippendorff (2006) provides tools representing the explanation of this 

process. 

2.4.16.1 Feedback by Norman 

Norman (2013) defines Feedback as: ñsome way of letting you know that the system is 

working on your requesté (it is the device) communicating the results of an action (to the 

user).ò (pp.23-24) Essentially, this is the device telling you that it has received the input that you 

have given it and is doing something with that input. Norman notes that it is important that 

feedback is quick, specific, and as unobtrusive as possible while still fulfilling its goal. If the 

feedback is too slow, you are liable to have an anxious user that may make a Mistake. If the 
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feedback is nonspecific, the user may misunderstand what the machine is doing, (which has 

interesting implications for Krippendorffôs definition of Meaning as well as Semiotics).  If the 

feedback provided is too strong, (i.e. distracting, uninformative) it can cause irritation and 

anxiety in the user. It is a very broad definition, but an effective one. Norman (2013) reiterates 

this point: ñHospital operating rooms, emergency wards. Nuclear power control plants. Airplane 

cockpits. All can become confusing, irritating, and life-endangering places because of excessive 

feedback. Feedback is essential, but it has to be done correctly. Appropriately.ò (p.25)  

2.4.16.2 Feedforward by Norman 

While most designers are aware of Feedback, Norman speaks of one additional term of 

interaction that is the opposite of Feedback, which is called Feed-Forward. Feed-Forward is 

ñinformation that helps answer questions of execution (doing).ò (Norman, 2013, p.72) 

Essentially, this is information that is intended to help the user predict what result will happen 

when a certain action is taken. 

Rasmussen speaks on these two concepts (and in fact this may be where Norman got the 

terminology) and uses them extensively. Krippendorff utilizes Feedback as a term in his model 

as well, with a similar definition. However, Krippendorff doesnôt use the word ñfeed-forwardò. 

Instead, Krippendorff speaks of Maps of Possibility, which are, in Normanôs terms, would be 

guides that allow the user to anticipate what feed-forward options are available.  

2.4.17 Errors by Norman 

Normanôs coverage of Errors in The Design of Everyday Things is perhaps one of the 

things the book is best known for. Error, as defined by Norman (2013), is ñthe general term for 

all wrong actions.ò (p.171) He splits the category up into two subcategories, described as Slips 
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and Mistakes. The differentiation between these is the location of the error; whether the break is 

between the mind and the body, or between the task and the mind. 

2.4.17.1 Slips 

ñA Slip occurs,ò says Norman (2013), ñwhen a person intends to do one action and ends 

up doing something else. With a Slip, the action performed is not the same as the action that was 

intended.ò (p.171) In this case, the breakdown is between the mind and the body; the user intends 

to do something but does something else. Norman details two subcategories of Slips; Action-

Based and Memory-Lapse. 

1. Action-Based Slips 

Action-Based Slips are characterized by the wrong action being performed. For instance, 

checking your phone while pouring a drink and then placing your phone in the refrigerator.  

Rasmussen might characterize some of these Slips as Stereotype Takeover if the Slip entails 

taking a ñnormalò action instead of a correct one. 

 Norman details four different subtypes of Action-Based Slips. 

Capture Slips are where a user is performing one action, (such as collating pages) and has 

been recently doing (or commonly does) a similar action (such as counting cards) and begins 

doing the thing they recently have done rather than the correct action (i.e. counting the pages 

with the addition of ñjack, queen, kingò, instead of ñ11, 12, 23éò leading to an error. The 

obvious solution here is to make fundamentally different procedures different enough that they 

do not interfere with one another in the userôs mind. 

Rasmussen would probably call these errors ñStereotype Takeover;ò while there appears 

to be no corollary in Product Semantics or Semiotics. 
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Description-Similarity Slips are where the user performs an action on an incorrect object 

that is similar enough to be confused. For instance, picking up the spoon absent-mindedly to try 

to cut a steak. This was the kind of error that Alphonse Chapanis observed on the control panels 

of the B-25ôs. The solution here is to make objects different enough with the use of Signifiers by 

Norman and Affordances by Norman that they do not get confused, or have the objects appear at 

different times in the sequence of use. (Norman, 2013) Rasmussen would probably also call this 

a Stereotype Takeover; Krippendorffôs writing on this is somewhat weak. He may say that it is a 

Disruption in Meaning, but Normanôs description here is far more specialized. 

Mode-Error Slips are Slips that only happen under very specific circumstances, such as 

when if the product involved has distinct ñmodesò that perform different functions. Norman 

defines it as a mode when ña device has different states in which the same controls have different 

meaningsò (Norman, 2013). 

This definition has an interesting relationship with Krippendorffôs understanding of 

Meaning, Norman even uses the word ñmeaningò in the definition. This Errorôs mode of failure 

depends not on a failure of memory or an unconscious shell game of descriptions, but an actual 

misinterpretation by the user of what the object means in that moment. 

Krippendorff would almost certainly classify this as a Disruption, though the actual 

Disruption may not occur until the user has tried using the device in the incorrect mode and must 

diagnose what is going wrong. Rasmussen does not mention this kind of mode. 

Memory-Lapse Slips are fairly self-explanatory, and quite broad this is where a simple 

action is merely forgotten. This includes: ñfailing to do all the steps of a procedure, repeating 

steps for getting the outcome of an action, or forgetting the goal or plan, thereby causing the 

action to be stopped.ò (Norman, 2013, p.176)  



 77 

2.4.17.2 Mistakes 

Mistakes, as opposed to Slips, represent situations where the user chooses the wrong plan 

or attempts to use the device with the wrong goal in mind. Therefore the breakdown is between 

the task and the userôs mind, not the mind and the body. Norman (2013) further subdivides 

mistakes into three categories; Rule-Based, Knowledge-Based, and Memory-Lapse. (If the first 

two type titles sound familiar, itôs because they are; consider Rasmussenôs three levels of 

processing.) 

1. Rule-Based Mistakes  

Rule-Based Mistakes are when the user has the correct goal in mind, but uses the wrong 

method to solve the problem; thus, the wrong rule gets activated. In Normanôs Action Cycle, 

they are a failure of setting a correct goal or plan. (Norman, 2013) 

2. Knowledge-Based Mistakes 

Knowledge-based Mistakes occur when users have the incorrect goal in mind. This 

incorrect goal leads them to the wrong action, and therefore something unacceptable occurs. This 

is most common when ñthe situation is novel enough that are that there are no skills or rules to 

cover it in this case a new procedure must be devised.ò (Norman, 2013, p.184) As Rasmussen 

says, the best way for a user to deal with Knowledge-Based interaction is to have a good 

understanding of the system, or, in Normanôs words, a good System Image.  

Memory-Lapse Mistakes are simply another instance of memory failing the user, but this 

time, the memory fails at the knowledge level rather than the unconscious interaction level. 

These sorts of Memory-Lapses can cause ñforgetting the goal or plan of action. A common cause 

of the lapse is an interruption that leads to forgetting the evaluation of the current state of the 
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environment these lead to Mistakes not Slips because the goals and plans become wrong.ò 

(Norman, 2013, p.185) 

2.4.18 Strategies to Combat Error 

 Norman lays out several different strategies for combating error.  The most relevant of 

these to the purpose of this thesis are listed below. 

2.4.18.1 Checklists 

Checklists are exactly what their name suggests. They are simply sequences of use placed 

into written format that must be checked off before an a task is declared complete. They are 

especially important in industries where interruptions are common such as in the medical fields. 

Norman actually makes special mention of how useful checklists could be in the medical fields 

and how resistant the medical fields have been to incorporating them. This highlights how 

beneficial Normanôs design criteria could be integrated into the medical field. (Norman, 2013) 

Rasmussen makes no mention of checklists; Neither Product Semantics nor Semiotics provides 

useful information on this subject.  

2.4.18.2 Constraints to Block errors 

Norman (2013) mentions constraints as an effective tool for blocking error. Especially 

useful in this area are the constraints of physical constraints and forcing functions. Both of these 

have been described in earlier sections (see 2.4.2.7, Constraints). 

2.4.18.3 Undo Functions 

Exemplified in the ñctrl-Zò command and the backspace button, Norman (2013) extols 

the undo function for its utility in combating error. He recognizes that the ability to undo is not 

always possible especially in unfriendly environment but mentions that undoing should be 
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available whenever possible. Rasmussen (1986) mentions this functionality (See Reversibility ï 

Error Recovery) but Product Semantics and semiotics do not. 

2.4.18.4 Confirmation and Error Messages 

Confirmations and Error Messages maybe an obvious solution for avoiding error. 

However, the source of the problem (i.e. that is, what level of interaction the problems come 

from; whether it whether it is a Slip or a Mistake) is the primary reason why these systems often 

end up not being useful. If the confirmation message is there as a block against a Mistake, it will 

often not be useful; as Norman says if the user has chosen the goal of, for instance, deleting a file 

on a computer, the user will most likely do it, unless the computer communicates to the user that 

the file is not the one they want to delete. However if it is a Slip (i.e. they do not intend to delete 

the file but they clicked the control by accident) then a confirmation can be very useful; as this 

will prevent the one-stroke accidental file deletion.  

Krippendorff would almost certainly consider these Overridable Constraints. Rasmussen 

only makes mention of this tangentially when he speaks on Error Recovery. 

2.4.18.5 Sensibility Checks 

Sensibility Checks are merely guardrails that the product is designed within to prevent it 

being abused or used in an improper way. Norman (2013) specifically mentions radiation-

delivering devices in medical institutions as a good candidate for sensibility checks. Many 

radiation devices, he says, are able to deliver a dose of radiation many times greater than what 

any patient could possibly need, and, without proper limits, the machine makes no special 

mention of the error than it would for safe dosage. These errors end with disastrous 
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consequences. There is no mention of this in any of the other reviewed sources, and so this offers 

a unique addition to the background of this thesis. 

2.4.19 Norman as a Source 

Normanôs text includes many strengths and several weaknesses. 

Normanôs strengths include the wealth of actionable tools that can be used to increase 

usability (Affordances, Constraints, Mapping etc., something that Rasmussen sorely lacks) as 

well as a simplified model of interaction in the Action Cycle. His source emphasizes that Error 

is, more often than not, the result of bad design rather than any fault of the human. His source is 

very broad and covers a lot of topics well. 

His sourceôs limitations are primarily a depth problem, especially in depth of detail in the 

Action Cycle, whereas Rasmussenôs models are far more detailed. 

2.4.20 Normanôs Design of Everyday Things as a Source 

Normanôs book, overall, is incredibly useful, though he uses no methodology other than 

research itself, as the book is not a study, but it is a broad and deep analysis of many different 

aspects of Industrial Design and pulls from many reputable sources (including Rasmussen) to 

make his claims and recommendations. 

2.5 Product Semantics 

Industrial Design practitioners have come up with theories for usability apart from those 

rooted in Human Factors and Information Processing. In fact, research in Industrial Design has 

specifically targeted usability and intuition as a specific design movement. This movement, 

called Product Semantics by those who utilize it, is rooted in several sources. First was the article 
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in Innovation Magazine by Krippendorff and Butter (1984). This article represents the first time 

that Product Semantics appears in design literature, and is thus important for that fact alone. This 

source does not cite many studies or scientific sources of the like, (a recurring theme for Product 

Semantics) but relies on the expertise of those designers writing the article. The authors rely 

heavily on their own design experience but do cite several other sources to back up their 

assertions. The source is limited by its context, having been written in 1984, and thus it is 

possible that some of the assertions are outdated. 

Second is The Semantic Turn by Klaus Krippendorff (2006); from which the vast majority of 

information on Product Semantics in this section is taken from. This text, authored by one of the 

originators of Product Semantics, lays out in painstaking detail the tenets, considerations, and 

importance of Product Semantics. It cites some sources, but not many. The final source 

referenced in this section will be an experiment published by Lin, Lin, et al. (1996). The authors 

present a study using multidimensional scaling to gain a deeper understanding of Product 

Semantics. While they were not successful, their methodology involving a questionnaire was 

reasonable, though flawed for reasons of human fallibility. The study is useful in the fact that this 

avenue of measuring Product Semantics has been explored, but does not give many insights 

beyond the fact that more research is needed. 

The study of Product Semantics was pioneered by Krippendorf and Butter (1984) by 

whom it was defined as meaning communicated through objectsô form. Instead of beginning with 

product interaction data and pulling insights from that (like Human Factors Engineering or 

Information Processing would), Product Semantics starts by seeking to determing how humans 

ascribe meanings to products and develops its understandings from that. (Krippendorff, 2006) In 
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learning the totality of what Product Semantics entails, it is natural that we would look at 

primarily sources from Krippendorf and Butter specifically over studies and applications. 

As originally described in Innovation Magazine, Krippendorf and Butter (1984) give an 

initial description of Product Semantics stating that: A product with proper Product Semantics 

should communicate its meaning (use, use case, etc.) as the user simply looking at it and making 

inferences from its interface and form. The entire proceeding discussion of this topic will hinge 

on this assumption. The authors provide several guidelines for the use of Product Semantics. The 

first guideline is avoiding having different products that are indistinguishable or unidentifiable 

by a user; i.e. having two or several products with different purposes that look the same. Second 

is designing products in such a way that the users are unable to use a product in the intended 

way; this involves having few or no usability Affordances, such as lack of proper controls, visual 

differentiation and arrangement. The third involves the exclusion of anything relating to 

electronic or audio interfaces (Krippendorff (2006), later in The Semantic Turn, will reject this 

third sentiment). Fourth is avoiding the ñinability to fit the symbolic environments in which users 

must operate them,ò or designing the aesthetics of an object in such a way that it looks like itôs 

used there. (Krippendorf & Butter, 1984, p.8)  

While it is not currently known exactly why or how the human mind ascribes certain 

meanings to artifacts (Lin et al., 1996), Product Semantics has nonetheless been a major 

contributor to the improving of designed productsô ease of interaction with their users within 

Industrial Design.  

The following discussion will be primarily focused on Krippendorffôs framework, as 

presented in his book, The Semantic Turn (2006). 
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2.5.1 Sense 

While Product Semantics centers around the idea of Meaning, it does acknowledge that it 

is not the totality of Product Semantics. Sense, according to Krippendorff, here on delineated 

when unclear by Sense by Krippendorff, is ñthe feeling of being in contact with the world 

without reflection, interpretation, or explanation... Sense is the background against which one 

noticeses what is unusual, unexpected or different. Sense is the tacit, taken for granted, and 

largely unconscious, monitoring of what is.ò  (Krippendorff, 2006, p.50) This is extremely 

similar, if not entirely identical to, Normanôs (2013) understanding of the Visceral level of 

interaction. This is also similar to Rasmussenôs conception of unconscious processing, and an 

Internal World Model that is not throwing Mismatch Signals. Clearly, there is a significant 

overlap between these three terminologies. 

2.5.2 Meaning  

By far Krippendorffôs primary focus in Product Semantics is the study of Meaning in 

products. Meaning, according to Krippendorff, at its most basic, is a way for the mind to restore 

ñperceived differences between what is sensed and what seems to be happening. It is a way to 

remain in touch with a world that had become uncertain or in doubt.ò (Krippendorff, 2006, p.52) 

When applied to products, this definition has obvious utility. It is the gap between what the user 

sees with their own eyes and their conception of the world. This is very similar to Rasmussenôs 

ideas about Levels of Abstraction as well as Normanôs Gulf of Evaluation. Krippendorff goes 

into further detail on this subject. 

2.5.3 Second-Order Understanding 

Critical to Krippendorffsô understanding of Product Semantics, and especially the idea of 

Meaning in Use is what he considers Second-Order Understanding. Second-Order 



 84 

Understanding, according to Krippendorff, is when someone (often a designer) sees and 

understands the understanding of someone else, whether it be another stakeholder in the design 

or a user. In a Second-Order Understanding paradigm, a person has the ability to understand that 

others see things differently and can attempt to understand the way they do. This is a critical 

expectation for human-centered design, and it is something lacking in Rasmussenôs work. 

2.5.4 Intro to the Four areas of Product Semantics 

There are four main areas in which Krippendorff finds Meaning to be necessarily 

understood; Use, Language, Lives of Artifacts, and Ecology of Artifacts, only some of which are 

relevant to the thesis at hand. 

2.5.5 Meaning in Use 

The study of Meaning in Use is by far the most elaborated-upon section in the study of 

meaning, and is, fortunately, the most relevant for the topic at hand. Meaning in Use has to do 

with how users ascribe and derive meanings to and from products, respectively. In 

Krippendorffôs own words, Meaning in Use ñaddresses how individual users understand their 

artifacts and interact with them in their own terms and for their own reasonsò (Krippendorff, 

2006, p.77). This last part of the phrase is very important; Krippendorff emphasizes that the user 

is the ultimate arbiter of meaning, not the designer. This aligns closely with his idea of Second-

Order Understanding and becomes even more important for the design of interfaces. 

2.5.5.1 Interfaces 

ñWhen design is concerned with use, interfaces are the issue,ò Krippenorff (2006) writes. 

(p.79) This is an idea that could not be more relevant to the topic at hand. Interfaces, 

Krippendorff continues, are things that ñrender usable that which can no longer be understood in 
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functional details,ò and ñweave human sensory-motor coordination and an artifactôs reactivity 

into a dynamic whole that human participants can understand and feel comfortable being in. The 

human body is as much a part of an interface as the artifact interacted withò  (Krippendorff, 

2006, pp.78-79). To put in Industrial Design terminology, an Interface is all of the places where a 

human interacts on a designed product. Norman and Rasmussen focus on Interfaces as well, but 

in a different way. 

2.5.5.2 Disruptions 

A Disruption, according to Krippendorff (2006), is when the userôs conception of the 

meaning of the artifact does not fit what is happening with the artifact.  

Product Semantics, unlike Human Factors Engineering, does not have a model for 

understanding the processes that lead a user to error. Instead, it has a list of what it calls 

ñDisruptionsò to be avoided. Krippendorf (2006) details these disruptions, calling them: Glitches, 

which are caused by being in a routine when new actions are needed (Rasmussen/Norman would 

most likely consider this a Action-Based Slip), Inaccuracies, whereby one strays intolerably from 

a norm (Information Processing would most likely consider this a Knowledge-based Mistake) 

Misuses, which is the application of something inappropriately (Information Processing: Rule 

and/or Knowledge-Based Mistake), Distractions (IP: interruptions), Dilemmas, which is a choice 

between two choices, both of which have poor outcomes and Entrapments, which can be a dead 

end or an infinite loop (Krippendorff, 2006). Product Semantics and Human Factors look at error 

in similar ways, and they have a great deal of overlap; it is then evident that it will be necessary 

to develop a tool that integrates these error modes to account for both the concrete and the more 

nebulous modes of error. 
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Krippendorffôs concepts exhibit an interesting partial overlap with Normanôs and 

Rasmussenôs conception of Errors; Errors are generally defined from a system or process 

perspective (i.e. a user was ñsupposed to doò an action in the context of a checklist or procedure 

and they didnôt do it, did it incorrectly, etc.) but a Disruption is defined from a user perspective. 

In this way, a product can be working as intended, but if a userôs conception does not align with 

what the user understands the interface or the product itself to be doing, a disruption can occur. 

This will cause the user to second-guess what they are doing and try to re-evaluate the situation, 

possibly incorrectly (this idea of product re-evaluation will be expounded upon further in 

sections 4.3.2.1.3-5).  Such a reevaluation can, in turn, cause Errors. As Krippendorff says, a 

human is just as much a part of the interface as the product. In this way, not all Disruptions are 

Errors and not all Errors are Disruptions, but there is often an overlap.  

Krippendorff (2006) speaks to three aspects of interaction in the context of meaning in 

product use: Recognition, Exploration, and Reliance. 

2.5.5.3 Recognition 

Recognition, the first step in Krippendorffôs theory of product interaction, is ñCognizing 

again, identifying something by its kind name and in view of the use to which it could be putò 

(Krippendorff, 2006, p.91). This is to say, one of the first things a user does when they encounter 

an object is they try to categorize it based on something they have seen before. This emphasis on 

ñsomething they have seen beforeò is an important point that Krippendorff makes whereas; 

ñdesigning artifacts that are easily recognizable depends on expected usersô past experiences, 

common sense, and prevailing conventionsò (Krippendorff, 2006, p. 91).  

Deviations from a prototypical ideal generally fall into two categories: Dimensions and 

Features.  
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Dimensions are rather straightforward; a product that varies in dimension is either a 

larger or smaller version of that product. Whatever dimension that might be, whether it be 

longer, taller, shorter, more powerful, etc. Consider the description ñitôs a big vacuum cleanerò to 

describe a shop-vac. We still recognize the artifact as a member of its category, but it is atypical 

in size or capability.  

Features, on the other hand, are extra functions that donôt fundamentally change what the 

product is. Consider the description ñitôs a truck with a winch and ramp on the back of itò to 

describe a tow truck. We still recognize the vehicle as a truck, but it has an extra function that 

normal trucks do not have. 

Indeed, there is an entire study of a productôs prototypicality where how close a product 

resembles the ideal mental ñprototypeò of an object determines how easy it is to identify the 

object. Objects that vary significantly from the prototype have a good chance of being confused 

for other objects.  

These concepts overlap significantly with Rasmussenôs conception of top-down 

information processing. That is where the user trying to find out what the artifact is, and how 

they can derive a goal from that information.  

2.5.5.4 Metaphor 

An interesting part of what Krippendorff touches on but Rasmussen and Norman do not 

is a detailed description of how to use Metaphor to assist in the process of Recognition.  

Metaphor, according to Krippendorff, includes visual metaphors, which are some of the 

most ñimportant in making new technology comprehensible. In the context of use, metaphors 

enable the recognition of artifacts in terms of the dimensions and features of other and more 

familiar artifactsò (Krippendorff, 2006, p. 95). He provides a description for  how users interact 
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with a new object from a metaphorical standpoint. His detailing of the process resembles 

Rasmussenôs Bottom-up abstraction of interaction very closely, but with some differences: 

1. If unable to determine the identity of the whole in the given context, the user turns to 

the whole productôs component parts (especially parts of the interface) and makes 

inferences about what that could mean for the understanding of the whole. 

2. The user, considering the component parts, begins testing ideas about what the item 

must be against the logic of the parts until a possibility is found. 

3. The user begins interacting with the artifact, and a new product category is formed in 

the userôs mind about what the device is. (Krippendorff, 2006) 

Most noteworthy here is that this represents a clear example of a bottom-up approach (to 

borrow Rasmussen terms), but also the specific applicability this has to new product design. 

Most of Rasmussenôs bottom-up interaction is written in the context of a factory in which 

something has gone wrong; what Krippendorff has written here is arguably a better-elaborated-

upon version of bottom-up processing specifically for a user encountering a new product for the 

first time. There is obviously some synthesis of models that can happen here. 

Krippendorff (2006) adds one final note, saying that; ñDesigners may well convince 

themselves that they have ófoundô a metaphor, but it may well mean nothing to users unless it 

brings familiarity to the design.ò (p. 101) This assertion lends credence to the idea that the user is 

the ultimate arbiter of meaning via Second-Order Understanding. 

2.5.5.5 Exploration 

Exploration is the second step in Krippendorffôs theory of product usage. Occurring 

before actual usage and is the stage where the user figures out ñhow to face something, how it 

works, what to do to achieve particular effects.ò (Krippendorff, 2006, p. 105) In other words, this 
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is the step where the user is thinking, ñok, this is what this thing is, now how do I work it?ò 

Krippendorff admits that this is an area that designers do not tend to focus on, pointing out that: 

ñDesigners tend to focus their attention more on what an artifact is, what it is for, and how it 

functions, than how it can be explored, handled, or sensedé (they focus) more on the ultimate 

reliance than on how its use is acquired during successful explorations.ò 

Krippendorff proposes several ways a designer can assist the user in Exploration. 

2.5.5.6 Constraints by Krippendorff  

One of the most powerful methods that a designer can use to affect a userôs explorations 

is through the use of Krippendorffôs idea of Constraints, of which he details several.  

Physical Constraints are things that prevent certain things from happening (such as safety 

devices, etc.); this idea is almost identical to Normanôs idea of Forcing Functions.  

Overrideable Constraints are constraints that warn the user of irreversible consequences. 

Rasmussen speaks on this in a similar manner when speaking of Error Recovery, but this is only 

in terms of catching an Error and reversing it after it has been committed. Norman speaks on this 

in Error/Confirmation Messages, and are essentially the same definition as Krippendorff writes 

here.  

Finally, Unnecessary Constraints are constraints placed by outside forces that 

intentionally inhibit the user, pointed out as instances of bad design. For instance, Norman doors 

or Seatbelt Regulation. There is so much overlap here, in fact, that Krippendorff actually cites 

Norman here.  
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2.5.5.7 Affordances by Krippendorff  

Affordances, according to Krippendorff, are ñthe perception of possible uses, the 

awareness of usabilities, equal the meanings of artifacts in useò (Krippendorff, 2006, p. 112). In 

essence, if a person perceives that an object can be sat upon, then ergo it has an Affordance of 

sitting. For designers, this means that ñ(we) need to be aware of the Affordances that are 

common to a community of users; to acknowledge how their senses, meanings and actions 

routinely follow from each other; and find ways to materially support the Affordances that keep 

an interface meaningful.ò (Krippendorff, 2006, p.113) This quote aligns with several lines of 

thought. Firstly, this quote supports the assertion that the user is the ultimate arbiter of meaning 

and actions. Secondly, Krippendorff (2006) mentions that ñ(a user from a community of userôs) 

senses, meanings, and actions routinely follow from each other.ò (p.77) This is an important 

note, as this is essentially a description of how cue-action rules work under Rasmussenôs Rule 

and Skill-Based Processing according to Rasmussen. Krippendorffôs contribution, however, 

seeks to ensure that the designer understands that not everyone has the same cue-action rules. 

Though supportive, not everything in this section is in agreement; both Norman and 

Krippendorff got the idea of Affordances from the same source; J.J. Gibson. This conflict raised 

is the question of direct perception or not direct perception. Krippendorff follows Gibsonôs logic 

and believes that Affordances are ñdirectly perceived.ò Norman disagrees ñabout the role played 

by the brainôs internal processing.ò (Norman, 2013, p. 12)   

One of the noteworthy things about Krippendorff having read and cited Norman is that he 

cited Normanôs previous book, The Psychology of Everyday Things (POET). Noticeably absent 

from POET though present in Normanôs latest version of that book, The Design of Everyday 

Things, is the inclusion of Normanôs term ñSignifier.ò This would lead the reader to believe that 
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Krippendorffôs definition of Affordance bleeds over into what Norman delineates as a Signifier. 

To Norman, an Affordance by Norman is merely the physical capacity for an object to have 

something done to it; a Signifier is a ñsignò pointing to that capability and making it known to 

the user. Often, these are one in the same, but are not always. (Norman, 2013)  To Krippendorff, 

an Affordance by Krippendorff covers both. 

2.5.5.8 Metonyms 

Metonyms are an odd concept, and are tangentially related to Metaphors. Krippendorff 

defines Metonyms as ñparts taken to stand for the whole to which they belong.ò (Krippendorff, 

2006, p. 114) In other words, a Metonym is a sub-item of a broader category shown to 

communicate the idea of the broader category to the user. A good example of this is the usage of 

an icon of a trash can to symbolize deletion in a computer. A trash can in that instance, is not 

standing for a literal trash can, rather it is the metonym for the concept of ñthrowing something 

awayò.  

Metonyms form the basis for a human-centered theory of signs. (Krippendorff, 2006)  

See later section on Semiotics. The important thing to note here is Krippendorffôs use of the term 

human-centered in reference to a theory of signs.  

Metonyms are not spoken about specifically by either Norman or Rasmussen (though 

perhaps they may be considered Analogy by Rasmussenôs Information Processing). They are, 

however, extremely relevant to the designing of new products, especially understanding the 

interfaces in the exploration phase: ñMetonymsé increase the efficiency of exploration.ò 

(Krippendorff, 2006, p.117)  
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2.5.5.9 Informatives 

Informatives are things that ñreport on what is happening elsewhere, review the history of 

an interaction, or lead one to expect what an action brings forth.ò (Krippendorff, 2006, p.117) 

Informatives are effectively a better elaboration upon what Norman refers to as Feedback. There 

are several types of Informatives, according to Krippendorff.  

The first is Signals by Krippendorff (not to be confused with Signals (Semiotics) or 

Signals by Rasmussen) which ñcall attention, first to themselves, but then, perhaps, to other 

things as well.ò  (Krippendorff, 2006, p. 118) A classic example of this is a blinking red light on 

an interface telling the user that something is wrong.  

There are also State Indicators, which show users what their artifact is presently doing, 

which mode of operation it is in. Norman would argue against the use of such an indicator, as he 

would argue against modes in general, for the possibility of causing a Mode-Error Slip (Norman, 

2013).  

Progress Reports, on the other hand, ñlocate the present along a continuum between 

starting an effort and finishing it, or show a user how much was accomplished up to now.ò 

(Krippendorff, 2006, p. 119) Essentially, these functions allow the user to know what ñstepò they 

are on in any given process. Normanôs work frames these such devices as Checklists, and 

advocates for the use of Checklists on a GUI. (Norman, 2013)  

Confirmings, on the other hand, are things that ñacknowledge to a user that theiré 

actions (have been) accepted without yet showing their intended consequences.ò (Krippendorff, 

2006, p. 119) A classic example of a confirming is the pop-up in email that says ñyour message 

has been sentò. Norman would consider this a form of Feedback. (Norman, 2013)  
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Discontinuities, by contrast, exist ñin parts, features or arrangements (to) suggest 

differences in their meanings.ò  (Krippendorff, 2006, p. 122) For instance, an insulated handle to 

a pan suggests that it is supposed to be used differently than the rest of the pan. This seems to be 

highly similar to a concept of Krippendorffôs own idea of Affordance by Krippendorff and is 

also similar to a Signifier by Norman.  

Correlates, on the other hand, are (by Krippendorfôs own admission) identical to 

Normanôs idea of Mappings; he even cites the stovetop burners example. Maps of Possibilities, 

meanwhile, are things that ñpresent the space within which users can navigate their interface 

with an artifact.ò (Krippendorff, 2006, p.123) Essentially, these are maps or instructions that lay 

the groundwork for what the device is capable of, and what can be done with the device based on 

what the user does. This is similar enough to Normanôs Conceptual Model but is different 

enough to fall under its own category. Norman characterizes a Conceptual Model as a knowledge 

of how the product works, or at the very least, how the product behaves when certain things are 

done to it.  

Krippendorffôs idea of Maps of Possibility is more of a future-facing idea, not just a 

diagnosis-focused idea.  

Error Messages are, as one might expect, very similar to Normanôs conception of Errors, 

and Normanôs is actually more comprehensive than Krippendorffôs. Finally, Instructions are 

tools that ñguide users along a preferred path through the network of possibilities that an artifact 

affords.ò (Krippendorff, 2006, p. 128) This seems almost identical to a Map of Possibility, and it 

is; though with a big difference being that instructions are generally only read when problems 

arise, a sentiment backed up by both Norman and Rasmussen. 
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2.5.5.9 Reliance 

The final stage of Krippendorfôs model of product in use is Reliance. Reliance is ñthe 

automatic, reliable, and routine sensory motor coordinations enacted in the bodyé This is what 

relying on an artifact means.ò (Krippendorff, 2006, p. 132) Rasmussen would undoubtedly call 

this Skill-Based interaction, with perhaps overlap into Rule-Based Interaction as well.  

2.5.5.10 Scenarios 

An important note that Krippendorff makes about Reliance is the section on Scenarios. A 

Scenario, according to Krippendorff is a graph that ñdescribe(s) human-machine interaction 

sequences of what happened or what should happen in the life of an interface.ò (Krippendorff, 

2006, p.133) A basic Scenario, in classic design education, is more commonly called a ñsequence 

of useò (SOU) but the difference between a SOU and a scenario is that a scenario is often built of 

not only the designerôs perception of things, but also constructed from users interacting with the 

product. 

2.5.5.11 Principles for Usability 

Krippendorff (2006)  lists out a number of guidelines for usability relating to products in 

use. 

1. Human Centeredness - design the artifact in terms of the person using it, not the 

machines. 

2. Meaningful Interfaces - Design interfaces that move from Krippendorffôs three levels of 

interaction smoothly and stay at Reliance until the user is done. 

3. Second-Order Understanding - Design products from the standpoint of understanding the 

product from the usersô  and the other stakeholdersô standpoints. 
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4. Affordances by Krippendorff - make them easily recognizable and expected 

5. Constraints by Krippendorff - Only use the ones that are necessary, and avoid the 

unnecessary ones. 

6. Feedback - Should be as direct, immediate, and straightforward as possible. 

7. Coherence - Utilize metaphors, metonyms, and icons together in a non-conflicting way to 

communicate the productôs meaning. 

8. Learnability - Design for what people know today, but allow for growth. 

9. Multisensory Redundancy - Have feedback happen with more than one sense to ensure 

feedback arrives 

10. Variability-diversity - ensure artifacts match the variety of users in personality 

11. Robustness - prevent as many Errors and Disruptions as possible  

12. Delegation of Design - allow other stakeholders a share in the design 

2.5.6 Meaning in Language 

Moving on from the meaning of products in use, the meaning of artifacts in language is a 

different concept altogether. According to Krippendorff, the meaning of artifacts in language is 

ñmanifest in how artifacts enter communication among stakeholdersðin which categories they 

end up, which attributes they acquire, which user identities they support, which emotional 

expressions they evoke, and how their role in peoplesô lives is described and rearticulated to 

other people, creating a stakeholder community ï in other words, how artifacts appear in 

language, conversation, and discourse.ò (Krippendorff, 2006. p.147)  

This may seem a bit strange and not something that appears directly related to the thesis 

topic, but one aspect of this study of language is indeed relevant. This area has a very strong tie-

in with Krippendorffôs understanding of Metaphor, and Metaphor is a powerful tool for helping 
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users cope with new interfaces and new products. If a fundamentally new artifact can be 

characterized or described to a user in terms that exist already in language, then a large portion of 

the figuring-out of the device can be complete before the user ever lays eyes on it. For instance, 

the characterization of a medical device as a ñAutomatic IV Poleò rather than a ñFluid Delivery 

Systemò. In this instance, the idea/meaning of ñfluid deliveryò is already embedded in the term 

ñIV Poleò, and the word ñautomaticò characterizes the fact that it has some extra functionality 

that normal IV poles do not. Meanwhile, ñFluid Deliveryò while technically accurate, is an 

overly complicated way to communicate product intent; and the word ñSystemò is such a general 

term as to be almost useless as a descriptive term. This is also an area of study that neither 

Norman nor Rasmussen touch on. 

2.5.7 Meaning in the Lives of Artifacts and an Ecology of Artifacts 

Two other areas of Product Semantics that Krippendorff details, Meaning in the Lives 

and Ecology of artifacts, dive deeply into social and societal theory and are thus beyond the 

focus of this thesis. 

2.5.8 Use Models in Product Semantics 

Product Semantics tends to stray away from concrete usability models, with Krippendorf 

himself claiming that ñbrains are far more variable than computational models of cognition can 

represent. Ordinary users have the capacity to handle many different and especially novel 

artifacts by applying concepts that worked in one empirical domain to another.ò (Krippendorff, 

2006, p.85) I would disagree with this assertion, especially as it relates to Human Factors 

Engineeringôs model of decision-making; while, the human brain is widely variable, it should be 

possible to infer patterns based on an abundance of evidence, and such patterns should get 
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research closer to the truth. Krippendorff (2006) through the lens of Product Semantics, does 

however propose a model for Usability: 

 

Figure 10: Krippendorff's Model of Use (Krippendorff, 2006) 

The above model, much like Product Semantics itself, has meaning as its central tenet 

instead of usability or decision-making. In this model, as described by Krippendorff (2006), 

meaning is the start and end. In the userôs conception, the meaning of the artifact informs their 

actions (note the lack of any mention of any decision making process) and causes them to 

anticipate a Sense of what that action, as applied to the interface of the artifact, should do. A 

disruption (as described above, 2.5.5.2), then, in this model, is when the userôs expected sense 

and the sense as a result of the taken action do not align.  A benefit of this model is that it 

involves the designer; forcing the designer to consider the userôs conception of things rather than 

just the literal structure of the product in isolation. This model finds meaning, rather than 

execution of a task, to be the most important for usability; this is perhaps more descriptive of 

what emotions the user feels when interacting with a product. However, Krippendorffôs model 
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does not consider any sort of decision-making, which Human Factors does. It would make sense 

to combine the two models to increase understanding of usability. 

2.5.9 Krippendorff as a Source 

Krippendorffôs text has several strengths and several weaknesses. 

His strengths include that he is the only source thus far to consider abstraction of ideas in 

terms of language (Meaning in Language) and not just in terms of concepts. This opens several 

avenues of design conception that werenôt accessible before. Krippendorffôs strongest 

contributions come in the form of some of his ideas and tools. Metonym and Disruptions are two 

invaluable ideas in this thesis area that Norman and Rasmussen do not touch on at all. Since he 

pulls much of his other research from Norman, he considers many of the other points Norman 

does as well. 

His limitations include the fact that his model of interaction, being primarily based on 

language and philosophy, is not only not very academic, but also isnôt very nuanced. 

Rasmussenôs and Normanôs models are far stronger than his. Also, his theory of Meaning 

extends far beyond usability and model manipulation via language (Life cycles, Ecology of 

artifacts, etc.) and thus are far beyond this thesis area. 

2.6 Semiotics 

Semiotics is, at its most basic, a theory of signs for language, and was not originally 

conceived for application to Industrial Design. The investigation here, then, will focus on the 

founding principles of Semiotics, its early application to Industrial Design, and where the study 

of Semiotics sits today. 
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2.6.1 Origins 

Semiotics was originally conceived as an attempt to make a universal theory of signs, a 

sort of universal way for all men of science to communicate. As originally conceived by Morris 

(1946), who is one of the foundational writers in Semiotics, assumed that a universal language 

for signs could be found and then used to communicate between people (Liu, 2000). Instrumental 

to the study of semiotics, even in its origin, was the process of semiosis, or the process in which 

something functions as a sign.  

2.6.2 Applications to Industrial Design 

Walter Schaer was an influential Industrial Designer who sought to apply Semiotics in an 

actionable way to the practice of Industrial Design. He codified his application model in his 

article in Auburn Design, ñDe-Signò (Schaer, 1970). Design, in Schaerôs view, was at its core, a 

sign-making science, which had an objective reality that could be found through a scientific 

process. According to Schaer, a sign in Industrial Design is anything ñwhich directs behavior (of 

somebody) for something which is at the moment not a stimulus of this behavior (sign-

designatum-user). Thus, a sign signifies something to somebody. For example, the red traffic 

light is a sign of danger, which gives the driver the information to stop in order to avoid an 

accident which is at the moment not the cause of the stop.ò (Schaer, 1970) This definition, 

compared to the more modern terminologies already addressed; Affordances, Signifiers, and 

Symbols by Rasmussen, is exceedingly vague in a modern context. This is primarily because 

Schaerôs model (shown in the next section was intended to be a complete, holistic view of 

design, not of specifically usability in design. Therefore, the model stretches beyond the scope of 

this thesis. Schaerôs view of the components of Semiotics follows below. 

2.6.3 Components of Semiotics 
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When writing his theory of signs as applied to Industrial Design, Schaer considered the three 

main components of Semiotics. A simplified explanation of his model is that every artifact has 

three ñfunctionsò that must be fulfilled; the ñTechnical Functionò (i.e. the internal components of 

the artifact) the ñHuman Functionò (i.e. the needs of the user such as aesthetics, price point, 

cultural needs, etc.) and the ñProduction Functionò (i.e. the methods used to produce the design 

such as injection molding, etc.) (Schaer, 1970) His model of design is pictured below. 

 

Figure 11: Schaer's Semiotic Model of Design (Schaer, 1970) 
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2.6.3.1 Syntactics 

Syntactics, according to Morrisô original semiotic theory, is ñthe study of the syntactical 

relations of signs to one another in the abstraction from the relations of signs to objects or 

interpretersò (Morris, 1938, p. 13). In other words, irrespective of what a sign effects or does in 

the real world, syntactics is the study of how the signs relate to each other when they are in the 

abstract; Consider the rules of letters relating to each other to form a word, or words relating 

together with certain rules to form a sentence. 

Schaer related syntactics to the technical function of Industrial Design by integrating it 

into what he called the ñtechnical functionò of an artifact. To him, the Technical function, was 

the relation of an artifact ñto its parts, itself, and other physical objects.ò (Schaer, 1970) He 

viewed the parts of an artifact not only relating to each other on a perceptual level but also the 

literal function of the internal components, as a study of syntactics. This definition seems to have 

some contradictions within the modern conception of semiotics. For instance, in what way is the 

working of two internal gears that the user does not see a component of a sign-making activity? 

Most importantly, however, is the question; whose perception of reality determines what signs, 

objects, or parts are associated with what? As has already been discussed, the ideas behind signs 

are formulated in the mind of the user, and the designer may or may not have the correct idea 

about the userôs conception of relations, as Krippendorff establishes with his ideas on Second-

Order Understanding. As a ñTechnical Functionò related to Syntactics goes, this seems to very 

much be a ñHuman Functionò part of Semiotics. These are merely a few of the limitations 

evident in Schaerôs model. There are more things that can relate one product to another than 

simply the working components of a product (aesthetics, for one, social relations, for another; 

both attributes that live in the Human Function in Schaerôs Model). Furthermore, the production 
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processes (the Production Function) used in the making of the product could have an equal if not 

greater effect than the relation of the components to themselves in the Syntactic Dimension. 

2.6.3.2 Semantics by Semiotics 

Semantics (Semiotics), according to Morrisô original semiotic theory (not to be confused 

with Product Semantics as explained by Krippendorff) ñdeals with the relation of signs to their 

designatum and to the objects which they may or may not denote.ò (Morris, 1938, p. 21) That is 

the study of how a sign communicates itself about something else.  

 Schaer, meanwhile, envisioned Semantics as having to do with the Production Function 

(i.e. the processes and methods used for manufacturing a product) defining it as relating ñto the 

total planning and production process (the relation between sign and thing signified)ò of the 

artifact (Schaer, 1970, p. 7). 

The only way this application might be understandable is from a process perspective, that 

is, the designer applying the sign in the planning and production process of the artifact, however, 

this view would make it equally, if not more applicable, to the Human Function. After all, we 

understand that the human in the loop is what makes the sign mean anything in the first place.  

2.6.3.3 Pragmatics 

Pragmatics, according to Semiotic theory, is ñthe relation of Signs to their interpreters.ò 

(Morris, 1938) This is the study of how users understand signs.  

Schaer defines pragmatics as ñthe relations of signs to their users (signs to man),ò and 

places Pragmatics within the Human Function. (Schaer, 1970, p.30) This definition offers an 

indication of how users understand what signs are in front of them. Placing this branch in the 

Human Function makes a great deal of sense. When determining and refining what constitutes 
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the human functions of an artifact, it is important to know what signs need be applied to them. 

That said, Schaer arguing that there was a ñcorrectò way to apply signs to artifacts, as he was 

pulling from Morrisô objectivist viewpoint on Semiotics. 

2.6.4 Modern Semiotics 

Both Schaerôs and Morrisô research is valuable; however, the foundational concepts of 

semiotics have changed. 

Most fundamental to this change in stance was a move from an objectivist view of 

Semiotics (i.e. there is some semi-divine ñcorrectò sign somewhere out there and finding it 

through education is possible) to a radical subjectivist approach, where the only things that can 

define a sign are users and society. Krippendorff agrees with this approach. In his idea of 

Second-Order Understanding; underlying this idea is the base fact that the user is the arbiter of 

usability, not the designer (Krippendorff, 2006). Norman agrees as well, with his ideas on 

Human-Centered Design (Norman, 2013). Rasmussen (1986) appears to agree as well; his 

thoughts on rules and behaviors being generated ñad-hocò makes sense in this context; if the 

rules are generated ad-hoc by the individual, there is a significant chance that each individual 

will generate it their own way. 

Knowing now that signs are relative to users and designers do not control them, every 

argument that places the Technical and Production functions where they are in Schaerôs model 

can be modified without sacrificing the underlying logic to place them in the Human Function to 

serve better and more effectively. 

Another thing to reiterate is that Schaerôs theory was written as a whole-design-process 

model; to apply it to the study of human-centered usability alone, a study that largely came up 

after Schaerôs time, is somewhat akin to sticking a square peg in a round hole.   
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2.7 The Gap 

Through this research, the found thesis gap is as follows. The fields of Information 

Processing, Industrial Design, Product Semantics and Semiotics have a great deal of overlap 

between individual pairings of each other when it comes to usability, but there is no model 

integrating these. Such a usability tool would be exceedingly helpful to design products where 

usability is critical, such as in the medical domain. 

2.7.1 Key Findings 

The key findings from this research are as follows: 

1. Industrial Design broadly speaking, as a profession, is working with an overly 

simplistic definition of ñIntuitive Designò that needs to be updated. 

2. Information Processing has workable models for decision making, and is far more 

specific and data-driven than Product Semantics and Industrial Designsô ideas, but 

limits itself to a restrictive linear decision-making model that fails to take into 

account many aspects that Product Semantics and Semiotics Does. 

3. Product Semantics covers a larger language and socially based study area but pulls its 

precepts primarily from language studies and philosophy to prove usability, that, 

while relevant, donôt carry the weight of data-driven psychological research. 

4. The current understanding of Semiotics as applied to Industrial Design is outdated 

and needs to be updated to better reflect more specific, modern research on usability. 

2.7.2 Conclusion 

Since none of the existing frameworks consider all of the relevant information required when 

designing for usability, it is necessary to study all of them together. Information Processing is 
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built on, data-driven psychological research, but tends to treat humans like cogs in a machine 

rather than independent actors. Industrial Design offers lot of product development experience, 

but very little idea what it actually means to make products intuitive. Product Semantics, 

meanwhile, embraces the philosophical and social aspects of usability design, but fails to 

consider the hard psychological research. It is necessary to study each in order to develop a 

design tool to assist designers as they design usability-focused products, such as medical 

products, with insights from these fields of study. 

Chapter 3 Design Tool 

3.1 Introduction  

This tool is designed to do several things, each of which is handled by a specific tool. 

This tool is designed to do all of the following: 

1. Give designers a frame of reference based on how humans process information 

and interact with objects. (Model of Interaction, also in Appendix A) 

2. Extract existing behaviors patterns from the Userôs mind indirectly by observing 

behavior patterns that apply to products that the Users already interact with. 

(AAFFS Refinement Table, also in Appendix B) 

3. Find the category (or Archetype) that the product being developed falls into, 

including all the ways that it deviates from that Archetypical product. (Meaning in 

Archetype Tool, Evaluation Table, Also in Appendix C) 

4. Failing the previous, assist the designer in creating as detailed as necessary but as 

unobtrusive as possible outside instructions that communicate correct interaction. 

(Outside Instruction Table, also in Appendix D) 
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5. Analyze the Sequence of Use as a whole and check for probable errors, then assist 

the designer in correcting those probable errors. (Final Checklist, also Appendix 

E) 

The design tool for this thesis will be composed of six sections: first, a definitions list for 

key terms to be used throughout the tool; second, an integrated model of product usage that will 

assist the designer in extracting behavior patterns from products already in the world; third, a 

worksheet that will allow the designer to keep track of their insights; fourth, a flowchart to help 

the designer generate and refine the productôs usability; fifth, a table that will assist the designer 

in creating effective instructions, and finally, a checklist that will help the designer catch any 

potential errors in usability before final design. 

3.1.1 Tool Roadmap 

Since the entirety of this design tool is made up of several sub-tools, it is helpful to have 

a roadmap of how the sub-tools will interact with each other, as well as showing which tool leads 

to which. The tool roadmap is as follows: 
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Figure 12: Design Tool Path 
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Each of the components of the tool will be explained in the following sections. 

3.2 Definitions 

Since the literature in the Literature Review deals with many different but similar terms, 

it is necessary to create a standardized list of terms for use within the design tool. These terms 

and definitions are adapted from the Literature Review. 

i. (Levels of) Abstraction: The level that the user is conceiving the product from. High-

level abstraction is where the user is conceiving the product from the level of function, 

category or Archetype. Low-level abstraction is considering the product from the 

standpoint of components or material. 

ii. Action: Motion(s), input(s), or other motor functions that a user must take on an artifactôs 

Interface (usually on an Affordance) in order to interact with it. 

iii. Affordance: A specific part of the interface that allows a certain action to be taken. 

Location of affordances in an interface are paramount: an Affordance should not be 

arbitrarily moved, as Interfaces are conceived in terms of layouts. Usually, taking an 

Action on an Affordance results in the product performing a Function. 

iv. Archetype: A type of Mental Model that places the Product in a category of other 

Products. (i.e. if the product is a device for making coffee, the Archetype for that product 

category may be Coffee Makers). The image a person has in their head of a particular 

category of products or things, especially any meanings associated with them. For 

instance, the Archetype of a car has several meanings associated with it: four wheels, one 

driver, smaller than a truck, etc. 

v. Behavioral: The kind of Expectations associated with the use of Rules. 
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vi. Constraints: Physical, Semantic, Cultural, or Logical guardrails that prevent or heavily 

suggest that certain Actions do not be taken by the user. 

vii. Developing Product: The product that the designer is using this tool to design. 

viii. Diagram: A literal depiction of an AAFFS, often showing the userôs body parts needed to 

perform the Action as well as any Affordances or extra components. Usually includes 

things such as movement arrows. May also include a written description of the task. May 

be higher or lower resolution depending on how complex the task is. 

ix. Disruption: Occurs when the userôs DWM detects a mismatch between what the user 

expects and what the user perceives. This triggers a response in the DWM to search for a 

different Skill, Rule, or Model to handle the situation, moving upwards towards Rules 

and Models as options are ruled out. 

x. Dynamic World Model (DWM): The active element of the subconscious processor that 

checks for inconsistencies between the Model, Rule, or Skill and its associated 

Expectations, and attempts to find Rules, Skills, and Models in situations where the 

currently in-use Skills, Rules, or Models do not work or apply. Also uses the current 

understanding of the surroundings to tune Perception to things that matter at the time. 

xi. Error: Occurs when a user performs an unnecessary Action or leaves a necessary Action 

unperformed. Includes two subtypes: Mistakes and Slips. 

xii. Expectations: An understanding of an intended or expected result from a situation, use of 

a Model, Skill, or Rule. Every Skill, Rule, and Model has at least one Expectation 

associated with it. Has three levels: Visceral, Behavioral, and Reflective (These three 

levels were found in Normanôs (2013) Action Cycle). 
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xiii. Familiarity: Usually said about how well a user knows a product; occurs on a continuum. 

This can be anything from a user using it on a regular basis, having seen it used, only 

seen it in passing, or never having seen it at all. 

xiv. Feedback: The type of notification that the Product gives that it has accepted and is 

either in the process of doing or has done the command that the User has given it. 

Feedback does not necessarily have to be immediate; some feedback happens only when 

certain conditions are met, when a problem occurs within a product, or after a certain 

amount of time. 

xv. Interface: The part(s) of the artifact that are intended by the designer to be interacted 

with. Buttons, knobs, handles, screens, indicators, speakers, plugs, microphones and 

others all fall into this category. 

xvi. Mapping (Natural Mapping): A term for how well a control schemeôs controls fits with a 

simplified and user-friendly Mental Model of how the product functions. For instance, if 

a set of motorized seat controls are shaped like the seat, one would expect that interacting 

with a part of the seat-looking seat controls would result in the corresponding part of the 

seat moving. Controls are positioned relative to each other in such a way that they 

visually and positionally resemble the way the Functioning parts of the Product are set 

up. 

xvii. Mental Model (or simply Model): A Userôs understanding of how a Product Functions, 

regardless of completeness or correctness. 

xviii. Metonym: A part or a symbol taken to stand for a greater or more abstract concept. For 

instance, a trash can icon stands for the idea of ñthrowing something awayò. 
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xix. Observed Product: The ñfound productò in the world that the Tool uses to remove 

AAFFSs from to generate the Developing Productôs SOU. 

xx. Perception: The ability of the user to see, hear, feel, etc. feedback, Affordances, 

Signifiers, or other aspects about the Product or the environment. What aspects are 

noticed are heavily influenced by the Dynamic World Model. 

xxi. Product: The system or device that the User is intended to be interacting with. Unless 

otherwise modified, this generally refers to the Developing Product. 

xxii. Reflective: The kind of Expectations associated with the use of Models. 

xxiii. Rule: A pattern of behavior that acts as ñrules of thumbò or ñstandard operating 

procedureò when certain conditions are met, for instance, knowing to reboot oneôs 

computer when it is being glitchy.  

xxiv. Sequence of Use: A total anthology of AAFFSs that the User would take while 

interacting with the device, from initial startup to shutdown to dormancy. This should 

include all alternative paths such as when certain warnings or Error Messages occur, or 

similar situations. 

xxv. Signifier: A visual cue, often integrated with an Affordance, that communicates to the 

User some or all of the following: where, how, when, and how much of an action needs to 

take place. Often especially needed when there is no existing pattern of behavior (Rule, 

Skill, etc.) that leads the User from the previous AAFFS to the current one. 

xxvi. Skill: A well-learned pattern of behavior that rolls along without conscious thought, for 

instance, pedaling a bicycle. 

xxvii. User: The person (for the purposes of this thesis, usually a nurse in an Operating Room) 

responsible for the effective and safe operation of the device. 
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xxviii. Visceral: The kind of Expectations associated with the use of Skills.  

These definitions will help the designer understand the three parts of the design tool: the 

Integrated Model of Product Use, the AAFFS Refinement Table, and the Final Checklist. 

3.3 TOOL: Integrated Model of Product Use 

 The integrated Model of Product Use is designed to give the Designer a frame of 

reference for how behavior patterns, disruptions, and interactions happen within the human 

mind; this model is based on the models discussed in the Literature Review. 

3.3.1 Introduction  

The integrated model of product use is a Mental Model for the Designer of how a User 

makes decisions and interacts with the world.  It is primarily an aid for the other two parts of the 

Design Tool. 

3.3.2 Model 

This model is split up into two main graphical ñislandsò: one dominated by Long Term 

Memory, and the other dominated by Short Term Memory and the Dynamic World Model 

(DWM). The DWM is what occasionally bridges the two islands, pulling Models, Rules, and 

Skills from Long Term Memory in the second island to be used as needed.  
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Figure 13: Integrated Model of Product Use 
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3.3.2.1 The Processor 

The second island, the one dominated by the DWM, is the ñprocessorò, so to speak. It acts as a 

repeatable mental flowchart, based on what input the user receives in terms of feedback (from 

Perception) and the goals the user has.  

The circular flowchart located within the processor is a hybrid of Normanôs (2013) 

Action Cycle as well as Rasmussenôs (1986) Skills, Rules, and Knowledge (SRK) framework, 

and serves largely the same purpose in the model. The steps in the flowchart are also effectively 

the same as Normanôs (2013) action cycle, but the the Skills, Rules, and Models (and 

Expectations) pulled from Long Term Memory can be used as ñbridgesò to skip going further 

left (higher in level of abstraction) in the flowchart like Rasmussenôs SRK framework.  

If a bridge is usable again and again in a situation (for instance, the skill associated with 

pedaling a bicycle in a normal situation), then a simple loop is formed in the processor that does 

not concern the higher levels at all. The loop runs along without conscious thought, as 

Rasmussen (1986) posited. 
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Figure 14: The Processor 

An important thing to note about each of these ñbridgesò (skills, rules, models) is that 

they are each associated with at least one Expectation of what is to happen when the bridge is 

used. This expectation is then checked against Perception when the action is taken. 

However, when the expectations of the use of a ñbridgeò (i.e. a Skill, Rule, or Model) 

does not align with what the user Perceives, the DWM notices that there is a mismatch between 

what the user Expected and what they Perceived. This is called a Disruption. A Disruption alerts 

the DWM and forces it to search Long Term Memory for an alternative Skill, Rule, or Model. 
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3.3.2.2 Long-Term Memory 

Long Term Memory is the place where the memories of past experiences lie, and are thus the 

place where the Models, Rules, and Skills, as well as the associated Expectations live in the 

mind. 

When the DWM is forced to find an alternative Skill, Rule, or Model, it always takes the 

path of least resistance, finding the lowest-level usable bridge it can (Skill if possible, Rule and 

Models only if no Skills apply) and attempts to apply it to the task at hand. 

 

Figure 15: Long Term Memory 

It will continue to do this until it finds something that works in the situation. 

3.3.3 Example of the Model at Work 

The following is a walk-through of how the Integrated Model works. 
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Take, for instance, the hypothetical situation of a User riding a bicycle, which is a good 

example of Skilled Behavior. Below is how the model would behave under that scenario: 

 

 

Figure 16: Integrated Model in Use, Stage 1 
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In this scenario, the Skill of riding a bicycle fits the normal Expectations of Perceptions 

as the cycling proceeds as normal. This forms a loop within the model, between the Product (the 

bicycle) and the Skill-based level of interaction. Uninterrupted, this loop will continue until the 

user reaches the relevant Goal. 

However, consider the situation of the bicycleôs chain slipping off: 
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Figure 17: Integrated Model in Use, Stage 2 
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The bicycleôs chain slipping off the bicycle creates several forms of feedback to the 

Userôs Perception: the initial jolt of the chain slipping, the sudden freeness with which the pedals 

move, and the loss of acceleration. While the User is a novice cyclist and does not know what 

exactly has just happened, it is obvious that something has gone wrong. Since these Perceptions 

of reality do not match with the Skillôs Expectations, the DWM detects a Disruption. 

Immediately, the DWM races to find a reason as to why this has occurred; first looking through 

Skills and then Rules. In this instance, the User, a Novice Cyclist, thinks they have found a rule 

that will solve the issue, using the gear shifter on the bicycle. 

Then, the User attempts to use the Rule and finds that it does not work, causing yet 

another Disruption: 
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Figure 18: Integrated Model in Use, Stage 3 
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In attempting to use this Rule, the User attempts to set up another behavioral loop 

through the Rule-Based level of interaction instead. However, the Actions taken (moving the 

gear shifter) do not result in Expected Perceptions from reality. Therefore, since the Expectations 

and Perceptions do not match, another Disruption occurs and the behavioral loop is not formed. 

This forces the retrieval aspect of the DWM to once again look for another applicable Skill, 

Rule, or Model, and since, in this situation, it can find none of the former two it must look to the 

latter, the type of bridge that takes the most effort (and conscious control) to retrieve. 

In this situation, the DWM then finds a Model (the Userôs Model of how a bicycle works) 

and the User attempts to diagnose the problem: 
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Figure 19: Integrated Model in Use, Stage 4 
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 The User pulls over, sets their bike down, and uses the Model to try to solve the issue. 

The User then recognizes the problem with the bicycle by comparing it to the Model of the 

Bicycle and is able to formulate Actions to solve the problem (placing the chain back on the 

sprocket). As the User takes these Actions, they learn the beginnings of the Rules and Skills 

needed to perform these Actions in the future with less conscious control needed. 

 As can be seen, this Integrated Model of Decision-Making models all levels of 

Rasmussenôs (1986) SRK framework, Normanôs (2013) Action Cycle, and Krippendorffôs 

(2006) interaction model in a cohesive and coherent whole. 

3.4 TOOL: The Action -Affordance-Function-Feedback-Step Sequence of Use Worksheet 

(AAFFS SOU Worksheet) 

3.4.1 Introduction 

Before moving into the processional components of the design tool, it is important to 

have a place to properly organize and track all of the insights learned from the proceeding tables. 

This will be done with the AAFFS Sequence of Use Worksheet.  

Since the next components of the design tool will involve manipulating the interface of 

the developing product and the SOU of the developing product, it is necessary to have a place 

where those things are kept track of. This is the proper role of the AAFFS SOU Worksheet. It is 

a tool that, once filled out by the designer, allows them to keep track of precisely what is 

happening in each step in the SOU for proper evaluation and decision making in the tool 

components. 
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3.4.2 The Action-Affordance-Function-Feedback Step (AAFFS) 

The most basic unit of the design tool is the Action-Affordance-Function-Feedback-Step, 

or AAFFS. A simple way to think of an AAFFS is a ñstepò in a Sequence of use. However, it is 

important to note that every word in this term has a meaning, as the term AAFFS includes all of 

it: 

1. Action: The AAFFS involves the User doing something to or performing an action on 

the Product. 

2. Affordance: The AAFFS involves the User taking that action on a specific part of the 

Productôs Interface. 

3. Function: The AAFFS involves the Action applied to the Affordance resulting in at 

least one Function that the Product performs internally. 

4. Feedback: the Function is either accomplished or is working on being accomplished 

by the Product, and the Product provides some form of notification to the User that 

this has occurred or is occurring. 

5. Step: The AAFFS is placed in at least one sequence of AAFFSs, with AAFFSs either 

before it, after it, or both.  

In this way, the term AAFFS includes all parts of the experience of interacting with a 

product: the feeling of doing the Action, the shape, sight, etc. of the Affordance, the Expectation 

of the Function, and the previous and subsequent cues in previous and next Steps. These are the 

items that the User must be familiar with, or at least understand, for usability to roll along 

smoothly. 

3.4.3 Format 

The AAFFS SOU Worksheet is set up as follows: 
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Figure 20: The AAFFS Worksheet 
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3.4.4 Parts of the Worksheet 

3.4.4.1 Heading 

Since different products have different lengths of Sequence of Use and complexity of 

Actions, the Worksheet is designed to be paired with many duplicates, such that the Designer 

may have many Worksheets lined up to make a complete SOU for the Developing Product. 

Organization is accomplished with the heading. The designer may simply write what page in 

what specific SOU that this Worksheet comprises, and keep things in order that way. Then, the 

worksheet may be put with its others in a stack, or pinned to a studio wall. 

3.4.4.2 AAFFS Descriptions 

The bulk of the space on the paper is taken up by the AAFFS Descriptions, which not 

only require a written description of the Action, Affordance, and Function, as well as a numerical 

definition for the Step (step 1, step 5, etc.). It also requires a drawn representation of the AAFFS 

(something that a traditionally trained Industrial Designer should be able to accomplish), in order 

to give the Designer a Mental Model of what the AAFFS entails in its entirety. 

3.4.4.3 Tool Tracker 

Under the drawn description of the AAFFS is the Tool Tracker. Since the proceeding 

Design Tools are rather long and complicated and often have to be completed individually for 

each AAFFS, the worksheet is equipped with a tool that allows the designer to keep a checklist 

of where they are in the tool by the use of simple checks or Xôs. Once one of the tools is 

completed, the designer will place an appropriate mark in the corresponding box to mark that 

AAFFS is complete for that tool. 
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3.5 TOOL: Action -Affordance-Function-Step Refinement Table 

The first processional component of the design tool of this thesis is a repeatable 

flowchart, called the Action-Affordance-Function-Step Refinement Table, or AAFFS 

Refinement Table. This table looks at products that are already familiar to the User (Observed 

Products) and maps their behavior patterns onto the Developing Product. 

3.5.1 What the AAFFS Refinement Table does 

After completing this table, the Designer will have a Sequence of Use for the Developing 

product that has pulled behavior patterns and design cues from Observed Product as much as 

possible, and will single out the steps in the SOU that need further explanation and evaluation 

with the Outside Instruction Table. 

3.5.2 Overall Structure 

The AAFFS Refinement Table is assisted by two tools: the Meaning in Archetype Tool 

and the Evaluation Table. They are supplementary tools that are completed multiple times with 

different inputs throughout the completion of the AAFFS Refinement Table. They will be 

discussed when they become relevant in the discussion of the AAFFS Refinement Table. 

The Main Table in the design tool will involve ñMappingò AAFFSs from Observed 

Products or systems that the user is familiar with onto the Developing Product. When Mapping, 

the AAFFS from the Observed Product must map identically or almost identically in order for 

Mapping to function properly. 

3.5.3 Breakdown 

The AAFFS Refinement Table is a repeatable flowchart that can be looped back upon as 

many times as needed in order to gain a properly refined AAFFS Sequence of Use. The primary 



 129 

purpose of this table is to extract existing rules, skills, and models from workflows of Observed 

Products in order that they may be applied to the Developing Product.  

This toolôs base idea aligns with Rasmussenôs (1986) thoughts on Analogy and 

Krippendorffôs (2006) ideas on Metaphor, both of which are based on the mental process of 

taking rules from a different but known situation and applying them to a current situation. 

Instead of trying to find effective ways to communicate a new idea, this tool takes advantage of 

these two concepts with the idea of: The best way to teach someone is to not have to teach them, 

or, have them use something they already know. 

Since this thesis is angled towards novel products with additional functionality, it is 

unlikely that the Developing Product will map every single AAFFS to a single Observed 

Product. Therefore, the table can be repeated, and multiple productsô behavior patterns can be 

used to pull AAFFSs from in order to ensure the workflow is entirely understandable to the user. 

A key part of this tool is the fact that these skills, rules, and models are not actually 

present in the Observed Products, but that they exist in the minds of the User. They are only 

mapped from one product to another because the interface of the Observed Product is known to 

the user. A product may already exist that maps a lot of AAFFSs for the Developing Product, but 

if the User is not aware of, or has not interacted with the Observed Product, it will not assist in 

the designing of the Developing Product, nor should it be used in the designing of the 

Developing Product. This is, at its core, still User-Centered Design. 

Each time the table is used, a Subject will be chosen. This is the part or whole of the 

Developing Product that is undergoing evaluation on the table. Every time a Subject is chosen in 

the table, the user will choose from one of three letters that correspond to the identity of the 

subject in the table. This letter is chosen in step one on the table. When  faced with later steps in 
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the table that also require choice of letter, the designer must choose that letter for the remainder 

of the Subjectôs path through the tool. 

For this whole table, (and all proceeding tables) the Designer will use the AAFFS SOU 

worksheet to catalogue and document the insights found by the tools for later in the process. 

The Main Table is set up as follows: 
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Figure 21: The AAFFS Refinement Table 
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3.5.4 Using the AAFFS Refinement Table 

Use of the main table is a cyclical process, where a Subject is processed through the table, and 

AAFFSs in its Sequence of Use (SOU) are procedurally marked ñcompleteò (that is to say, 

mapped to existing, user-known products and systems) until all AAFFSs in the SOU are 

accounted for.  

3.5.4.1 Create SOU of Developing Product 

The first thing the Designer will do is generate a SOU for the Developing Product on the 

AAFFS Worksheet, including describing all parts of the AAFFSs in the SOU (Action, 

Affordance, etc.) and completing a rough sketch (or a photo of the Designer interacting with a 

rough model) of how the AAFFS is done in real-space. This will give the designer a baseline for 

the rest of the tool.  

When completing this step, the Designer should resist the urge to combine several small 

steps of the SOU into one or several large ñcombinationò steps. It is important that the AAFFSs 

in the SOU be as broken down as completely as possible for the tool to work properly later. 

Additionally, when developing the AAFFSs of an SOU, the Designer should be 

considering the Product and only the Product. Peripherals (consumables, disposables, etc.) 

should only be considered right as they meet or must be installed in the Product itself. 

3.5.4.2 Determining a Subject 

The thing being evaluated in the use of the Main table is called the Subject. The Subject 

is always an AAFFS or a Group of AAFFSs, and will be all AAFFSs in a SOU the first time it is 

placed in the table. Since the table is repeatable, the Subject will be different every time the table 

is used. For the first use of the table, the Subject will always be the complete SOU of the 
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Developing Product (thus, the answer to decision diamond one will always be ñtrueò in this 

case). 

3.5.4.3 Generating Comparison Items 

Regardless of what the subject ends up being for the use of the table, the Designer will 

have to generate a Comparison Item. This Comparison Item is effectively a product that is 

already out in the world (an Observed Product) that the User is already reasonably familiar with. 

This Comparison Item is that which the AAFFS Refinement table draws behavior patterns from.  

 The best way to find a Comparison item is to find the item that is closest to the Subject 

(whether the Subject be the whole SOU or a subtask in that SOU) in terms of Meaning. This 

begs the question, of course; if the designer is looking to find the closest-meaning Observed 

product, what is the Developing Productôs meaning, to find a point of comparison? The tool has 

a supplementary tool that assists in this; it is called the Meaning in Archetype Tool. 

3.5.4.4 TOOL: The Meaning in Archetype Tool 

The first supplementary tool to be used in the Main Table is the Meaning in Archetype 

Tool. This tool is designed to assist the designer in thinking about the thing being evaluated in 

terms of high levels of abstraction (to put it in Rasmussen Terms) or the Meaning of the Product 

in Language (to put it in Krippendorff terms), rather than system components and manufacturing 

processes (which is a chronic problem during the design process). It places the product in terms 

of its conceptual category. 
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Figure 22: The Meaning in Archetype Tool 
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The Meaning in Archetype Tool has three components: the Base Noun, the Adjective, 

and the Procedure. 

1. The Base Noun is the most basic conception (or Archetype) of the product, 

stripped of innovations, extra features, dimensions, etc. 

2. The Adjective describes the innovation(s) in the product that differentiate it from 

the prototypical Base Noun. 

3. The Procedure is the task or work that the Product is intended to be used for. For 

the purposes of this thesis, this usually  means a certain medical procedure. 

Each of these terms are abstractions of the thing itself and serve to assist the designer in 

better understanding the Subject from a top-down abstracted ñMeaningò. The terms from this 

table are then taken out and used at various points in the Main Table to assist in its usage. 

The idea of this tool is heavily based on Krippendorffôs ideas of Dimensions, Features, 

and Prototypicality. The Adjective involves Dimensions and Features, and the Base Noun 

involves the Prototypicality. Archetype is perhaps a better root than Prototype in this case, as thw 

word introduces linguistic confusion with the common design term of the same word that 

commonly means mockup or early pre-production model of a design. However, missing from 

these terms is the idea of context; after all, according to Rasmussen (1986), the Dynamic World 

Model is influenced by the context that the user is in. A user will recognize certain things in a 

certain context and not recognize things in another. Therefore, for Recognizing a given object, in 

the manner that Krippendorff (2006) explains, context is a crucial missing component here. 
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3.5.4.5 Using the Meaning in Archetype tool to find Comparison Items 

After the Designer has found a Meaning in Archetype for the Subject, the Designer must 

then use those ideas to research and find satisfactory Observed Products. However, depending on 

the current Subject (and therefore the results to the first two decision diamonds in the flowchart) 

the Designer will have slightly different tasks to do. 

a. If the Designer answered ñtrueò to Decision Diamond 1: 

If the Designer answered "Trueò to Decision Diamond 1, then the Designer must find an 

Observed Product that best fits the Developing Productôs Base Noun to generate a Comparison 

Item. 

b. If the Designer answered ñtrueò to Decision Diamond 2: 

If the Designer answered "Trueò to Decision Diamond 2, then the Designer must find at 

least two Observed Products: one that best fits the Developing Productôs Base Noun and one that 

best fits the Procedure to generate Comparison Items. 

c. If the Designer answered ñfalseò to Decision Diamond 3: 

If the Designer answered "Trueò to Decision Diamond 2, then the Designer must find at 

least two Observed Products: one that best fits the Developing Productôs Base Noun and one that 

best fits the Procedure to generate Comparison Items. 

3.5.4.6 TOOL: The Evaluation Table 

After the Designer has generated one or more Comparison Items that are reasonably close 

to the Subject, the Designer must then evaluate how close the Comparison Item and the Subject 

are in terms of Meaning. This means that the Meaning in Archetype Tool must also be used on 

the Comparison Item(s) as well. Once that has been completed, the two Meanings in Archetype 

are evaluated on an additional supplementary tool called the Evaluation Table.  
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The Evaluation Table is a tool for evaluating the Comparison Item in relation to the 

current Subject, ensuring that the Comparison Item is a valid corollary to the Subject in terms of 

Meaning in Archetype.  

The Evaluation Table speaks to the same areas of research that the Meaning in Archetype 

tool does; however, instead of naming the conceptual components of a Subject or a Comparison 

Item, the Evaluation Table is designed to evaluate how ñcloseò the two are, conceptually 

speaking.  

It does this by evaluating the Comparison Item in four dimensions in relation to the 

Subject: Meaning in Archetype (so the Meaning in Archetype tool must be used here again), 

Affordance/Action SOU, and Familiarity. 

1. Meaning in Archetype: Each word of the Meaning in Archetype for the 

Comparison Item is evaluated in terms of similarity to the Meaning in Archetype 

for the Subject. 

2. Affordance/Action SOU: Each AAFFS of the Comparison Itemôs SOU is 

compared with the SOU of the Subject. If there are many steps that are similar or 

the same (or can easily be made the same or similar) then this category scores 

high. Keep in mind that the term AAFFS includes the terms ACTION, 

AFFORDANCE, FUNCTION, and STEP, all of which must fit if the AAFFS is to 

map properly. For instance, if a user presses a button in both the Comparison 

Itemôs and the Subjectôs SOU (Action and Affordances match) but what the button 

does is different (Function mismatch), then the AAFFS does NOT map. 

3. Familiarity: Evaluates how well-known the Comparison Item is in the mind of the 

User. A relatively unknown item should score poorly; a commonly used item 
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should score well; an entirely unknown item should be grounds for 

disqualification of the Comparison Item. 

The Evaluation Table is designed as follows: 
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Figure 23: The Evaluation Table 
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3.5.4.7 Scoring on the Evaluation Table 

When a Subject and a Comparison Item have been processed through the Evaluation Table, the 

scores added up, positive and negative, will produce a sum. This sum is the Result of the 

Evaluation Table. Depending on how high or low this value is, the Comparison Item will either 

Succeed or Fail on the Evaluation Table. If the Comparison item Fails, it is eliminated; if it 

Succeeds, then it has been successfully evaluated and the designer will take it to the next process 

in the Flowchart. The Succeed/Fail values are shown below. 

d. If the Designer answered ñtrueò to Decision Diamond 1: 

A passing value is at least 10. 

e. If the Designer answered ñtrueò to Decision Diamond 2: 

A passing value is at least 5. 

f. If the Designer answered ñFalseò to Decision Diamond 2: 

A passing value is at least 5. 

3.5.4.8 After Evaluation  

After the Evaluation Table is completed, the Designer will eliminate all Comparison 

Items that failed to meet the minimum sum values and move forward with the one that scored the 

highest. If several resulted in an identical score, the Designer should choose to move forward 

with the one that makes the most sense within the context of the rest of the project. 

As an unlikely, but possible, extenuating circumstance, If the Designer has tried every 

possible Comparison Item (including going back to research more products, even outside of the 

Medical fields) and every Comparison Item candidate fails when processed by the Evaluation 

Table, then the Designer must mark all AAFFSs in the Subject as Incomplete and skip to the step 

titled ñIdentify Incomplete AAFFSsò. 
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3.5.4.9 Map AAFFSS from Comparison Item to Subject 

Once a successful Comparison Item has been chosen, the Designerôs next task is to make 

a SOU for that Comparison Item on an additional set of AAFFS Worksheets (oftentimes, the 

graphics for which can simply be taken from an online user manual). Then, the designer can 

begin Mapping the AAFFSs. 

The way of ñMappingò the AAFFSs is simple: the Designer will look at both the 

AAFFSs from the Comparison Item and the Subject and will begin taking the AAFFSs from the 

Comparison Item and associating them with the AAFFSs in the Subject. In this way, the 

behavior patterns and processes are extracted from the Comparison Item and applied to the 

Subject. This process is done in several steps: 

1. Mapping in terms of Action, Affordance, and Function 

The strongest way an AAFFS can map is in terms of all three relevant areas: Action, 

Affordance, and Function. This is considered an Exact Match, and often no redesigning is 

needed here (ensure that the Affordances are in the same places). If at least two AAFFSs in order 

match from the Comparison Item in these terms onto the Subject, then mark those AAFFSs on 

the Subject as Complete. 

2. Mapping in terms of Function Only 

The second strongest way an AAFFS can map is in terms of only function. In this case, 

there are mapped operations on the Subject that perform an extremely similar or identical 

Function as one on the Comparison Item, but are different in terms of Affordance, Action, or 

both. In this case, the Designer must redesign the relevant Subjectôs AAFFSs to match the 

Comparison Itemsô. If this is not possible because of other considerations (technical constraints, 

etc.), then the Designer marks the relevant AAFFSs as Incomplete. 
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3.5.4.10 Identify Incomplete AAFFSs 

After a round of Mapping, the Designer will have the Subjectôs SOU at least partially 

marked complete; however, there are still likely AAFFSs on the Worksheet marked Incomplete 

(if the AAFFS Worksheet ever has all AAFFSs marked Complete, proceed immediately to the 

Final Checklist). Depending on how these Incomplete AAFFSs result in the SOU, different 

actions must be taken by the Designer. 

1. If the AAFFSs are a Grouped Set (at least 2 in order) 

If the AAFFSs are a Grouped Set, the Designer must attempt to break that group into 

smaller sub-task(s). This is a conceptual exercise. The Designer must ask themselves: is there 

any smaller group of AAFFSs in this grouped set that can be considered its own task (i.e. 

ñsetting up the xò, ñinstalling the yò, etc.)?  

If there is a way to do this, the Designer must break the Grouped Set up into those 

Subtask(s) and bring it to the beginning of the AAFFS Refinement Table, starting with Decision 

Diamond 1, with the grouped subtask as the Subject. The Designer will then run the entire Table 

again, with this grouped subtask as the Subject. If the group cannot be broken down any more 

than it already is, then then the designer should mark all of the Subjectôs AAFFSs as Incomplete 

and take them to the Outside Instruction Table.  

If the grouped set has already been evaluated by the AAFFS Refinement Table once and 

doing so did not Complete any of the grouped setôs AAFFS, then mark all of the Subjectôs 

AAFFSs as Incomplete and take the group to the Outside Interaction Table. 

2. If the AAFFSs are Isolated (1 AAFFS not adjacent to any others in the SOU) 

If the AAFFS is Isolated, then they are to be taken to the beginning of the AAFFS 

Refinement Table and considered the Subject for that run-through of the table. If the AAFFS has 



 143 

already been processed through the AAFFS Refinement table once already unsuccessfully, then 

it is to be marked incomplete and taken to the Outside Instruction Table. 

3.6 TOOL: The Outside Instruction Table 

In designing and refining AAFFSs, it may come to the case that an AAFFS in the 

Developing Product either is foreign enough that it cannot map to any Observed Products or is 

technically constrained enough that it cannot be redesigned in a familiar way. AAFFSs like this 

will be consistently marked ñincompleteò by the Main Table, and the designer will have to rely 

on the Outside Instruction Table for designing these AAFFSs. 

The Outside Instruction Table is a table that relies on graphics, decals, icons, and 

diagrams to communicate the AAFFS to the user. This method is space, time, and resource-

intensive on the side of the product and often causes more confusion in the user than not when 

the user has existing rules and skills (as the outside instruction is not present in the Userôs 

Expectations of the Interface). Therefore, it should only be used when the Main Table is 

inadequate at refining the Developing Productôs AAFFSs. 

The reasoning for this structure is simple. Rasmussen (1986) tells us that Imagery in the 

mind is perceived in terms of Layouts, not as images in the mind. Therefore, any elements that 

do not absolutely have to be in the Layout (including unnecessary diagrams) are likely to only 

cause confusion in the user. In addition, both Rasmussen (1986) and Norman (2013) point out 

that users will always default to Skill and Rule-Based processing before attempting to read a 

diagram or other graphic at the Model-Based (Knowledge-Based) level. Diagrams are not the 

only way to communicate unknown function; Krippendorff (2006) offers the tool of Metonym 

which is a preferable option in the table. 
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The Outside Instruction Table is less formulaic than the Main Table, as it grapples with 

more abstract and unknown AAFFSs. However, it has three primary ways of dealing with 

unresolved AAFFSs: Metonym, Constraints, and Diagrams. As many as needed, but as few as 

possible, should be used from the following: 

1. Metonym: A part taken to stand for a whole or a concept. This style of outside 

instruction is most useful when an icon is required. A classic example of a 

Metonym is a garbage can icon on a computer screen to stand for the act of 

deletion. 

2. Constraints: Things that prevent certain actions being taken, whether they are 

Physical, Semantic, or Logical. When the Affordance is very foreign, Physical 

Constraints are key. 

3. Diagrams: Graphics, icons, or instructions printed on the Developing Product in a 

position that can be effectively read during performance of the AAFFS. 

Depending on the complexity of the AAFFS, the diagram may be more or less 

detailed. For simple actions, a low-resolution diagram composed of a few simple 

shapes may be sufficient. For more complex actions, a detailed diagram of a SOU 

of the AAFFS with text explaining each action may be necessary. 

For this whole table, (and all proceeding tables) the Designer will use the AAFFS SOU 

worksheet to catalogue and document the insights found by the tools for later in the process. 

3.6.1 What the Outside Instruction Table does 

After completing the Outside Instruction Table, the Designer will have design insights for 

partial redesign and creation of supporting elements in the design of the interface of the product, 

for the steps of the SOU that were not successfully evaluated by the AAFFS Refinement Table.  
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Figure 24: The Outside Instruction Table 

3.6.2 Using the Outside Instruction Table 
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3.6.2.1 Apply Physical Constraints 

In this step, the Designer should prevent the AAFFS from being completed in an 

erroneous way by ensuring that the Affordance physically cannot be done. For instance, if a lever 

will cause damage to the machine if the lever is pushed too far, the lever should be physically 

constrained (mechanical stop, etc.) from going that far. 

3.6.2.2 Semantic Constraints 

There are two main types of Semantic Constraints; Metonym and Diagram (as these are 

the things that literally tell the user ñthis is what this should mean to youò). Each of these are 

used in different situations. If the most unclear thing in the AAFFS is how to do something (i.e. 

install a certain number of physical items in a certain way) then Diagram is the best option. If the 

most unclear thing in the AAFFS is what an Action will do (i.e. I know I need to press this 

button, but what will happen when I do?) then the best option is Metonym. If both are unclear, 

use a combination of the two. 

a. Diagram 

A Diagram is a fairly easy, but space-intensive instructional option to apply to a Product, 

depending on the level of detail needed to fully communicate the AAFFS(ós) needed to complete 

the task. A well-made Diagram should be: 

1. Oriented in a place where the User can see the Diagram clearly when it is time to 

perform the relevant Action. 

2. Composed with enough detail that the User can make out the proper sequence of 

Actions without Errors. 

3. Abstract enough that it does not confuse the User with unnecessary details. 

4. Limited in the amount of supporting text to only what is absolutely necessary. 
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A Diagram may be representative of one or several steps in the task, depending on how 

long the SOU needs to be supported by the Diagram. 

b. Metonym 

Metonym is usually expressed in terms of an icon, or a Metonymic Icon. As Metonym is 

less literal than a Diagram, it involves the usage of some external tools.  

The first thing that the Designer must do for Metonym is to find the Procedure of the 

Subject with a usage of the Meaning in Archetype tool.  

When the Procedure has been found, consider the most basic idea of that Procedure 

(throwing away, saving, locking, sending, etc.), in or out of Context. Is there an external system, 

mechanism, or standard that does this basic idea (i.e. the Garbage System is a system for 

ñthrowing awayò)? It is likely that the Designer will come up with several ideas for this. The 

Designer should use their best judgement for which option communicates the idea best in all 

dimensions in the context of the Developing Product. The Designer should then apply the 

resulting metonymic icon to a place where the User can see it clearly during the relevant stage in 

the Productôs usage. 

If there is no symbol or metonymic icon that can stand for what the Procedure is, then the 

Designer should place text that describes what the AAFFS(ós) do, in a simple, user-familiar, and 

concise manner as possible. 

3.6.2.3 Logical Constraints 

After applying Metonym and/or Diagram, Design the interface in such a manner that, by 

use of Process of Elimination, the User has only one possible spot and way where the AAFS can 

take place at its point in the SOU. 
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3.6.3.4 Feedback 

Ensure that the product gives feedback to the user that the AAFS has been completed 

properly. 

3.7 Prototyping Round 1 

Upon completing the AAFFS Refinement Table and the Outside Instruction Table, the 

Designer will have the following results: 

1. A Meaning in Archetype for the Developing Product (Generated at the beginning of the 

use of the Main Table) that can be used for effective product introduction and naming. 

2. An evaluated SOU along with associated tweaks and redesigned to the Observed 

Productôs Affordances. 

At this point, the Designer should generate, multiple sketches and possibly a low-resolution 

prototype (foamcore or similar) of the Developing Product, having learned everything from the 

tool. After this, the Designer will then proceed to the Final Checklist. 

3.8 TOOL: Final Checklist 

The Final Checklist is a last evaluation of all of the AAFFSs in the SOU of the 

Developing Product. This checklist is designed primarily to catch probable Errors before they 

occur. At the end of this tool, the designer will have an error-resistant SOU that can be taken into 

the rest of the Industrial Design process. 

This checklist should be completed with the SOU, the sketch, and the low-resolution prototype in 

front of them. 
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 The evidence-based reasoning for this tool is self-explanatory ï avoid Errors, by any 

means necessary. Krippendorff (2006), Rasmussen (1986) and Norman (2013) all speak to this, 

and all authors have been canvassed for classifications of errors. 

 The Final Checklist is a series of Checks that the designer will complete one after the 

other. All of these have flowcharts of varying length associated with them; any detail not 

contained in the flowchart is explained in the accompanying text.  

3.8.1 New-Pattern Signifier Check 

 

Figure 25: Final Checklist, New-Pattern Signifier Check 

The New-Pattern Signifier Check is designed to catch instances in the SOU where one 

existing behavior pattern ends and a new one begins. In the instances where this happens, there is 

no existing ñbridgeò in the Userôs mind between the one behavior pattern and the other, so the 

Interface must provide a Signifier that it is time to swap behaviors. The Designer should find 

these instances in the SOU. Unless there is an end of a well-known procedure at that break point 

or Logical Constraints that obviously show the next step, the Interface should be equipped with 

Signifiers, preferably Signifiers that come active only when the behavior change is needed. 

3.8.2 Mapping Check 
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Figure 26: Final Checklist, Mapping Check 

The Mapping Check is designed to ensure that if there are several controls that influence 

several different functions, the controls are oriented in such a way on the Interface that they map 

naturally. 

The first thing to check is if several behavior patterns from the AAFFS Refinement Table 

dictate whether several behavior patterns dictate a certain position of a part of an Interface (i.e. 

two behavior patterns say there needs to be a knob in the bottom right hand corner). If they do, 

the Designer should determine which must be dominant, considering relevant factors such as 

frequency of use, familiarity of behavior patterns, and which controls are used under stress rather 

than during a low-stress setup, and make the others less important (this is called ñControl 

Dominanceò). This can be done through control sizes, form changes, partial obscurity, etc. The 

Designer should not drastically change control location unless absolutely necessary. 

If there are no Control Dominance problems, the question becomes whether the Interface, 

as it stands, exhibits good Natural Mapping. If the Interface does exhibit Natural Mapping, the 
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Designer should proceed to the next Check in the Final Checklist. Since the new SOU of the 

Developing Product is essentially an amalgamation of other productsô AAFFSs, it is entirely 

possible that they do not exhibit good Natural Mapping. If the interface doesnôt exhibit good 

Natural Mapping, the Designer should generate one that does. The Designer should then 

compare the two interfaces and make a judgement about which is easier to understand. If the new 

one is better, then this Interface should be used and applied to all of its instances on the AAFFS 

Worksheet. If it is not, then the old Interface should be retained. After this, the Designer should 

proceed to the next Check in the list. 

3.8.3 Capture Slip Check 

 

Figure 27: Final Checklist, Capture Slip Check 

The Capture Slip Check is for when there are several disconnected behavior patterns, in 

or out of the Developing Product, that are similar enough to have one behavior pattern override 

the correct one in unconscious behavior, and primarily has to do with entering things, such as 

numbers, counting, or codes. 
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The fix for this, of course, is to go through the SOU of the Developing Product AAFFS 

by AAFFS and find if there are any similar AAFFSs that have the same Action and Affordance, 

but a different Function that would lead to error. If there are AAFFSs that are similar enough to 

another behavior pattern, they should be redesigned. The Designer should ensure that there is at 

least one (preferably as many as possible) designed dimension that the current AAFFS differs 

from the other AAFFS. For instance, if the Action-Affordance that will likely cause confusion is 

ñturning a knobò, ensure that the knob for the current AAFS is larger in size, different in texture, 

or some other relevant dimension, but do not change the location of the Affordance unless 

absolutely necessary. It is important that it is clear to the userôs Visceral perception that they are 

NOT performing the other Action. 

3.8.4 Description-Similarity Slip Check 
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Figure 28: Final Checklist, Description-Similarity Slip Check 
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Description-Similarity Slips are simple in concept, but difficult to root out. Description-

Similarity Slips occur when there are multiple similar (often identical) Affordances on the 

Interface so that the User unintentionally uses one when attempting to use the other. The cure to 

this, then, is to ensure that, through various means, this doesnôt happen. 

The Designer should refer to their sketches of the Interface and see whether there are any 

similar Affordances on the Interface that have a similar shape that are in similar locations (i.e. 

similar size buttons, knobs, places to put items, etc.). 

While it may be tempting to say ñredesign the affordances such that they wonôt be 

confusedò and leave the inquiry there, there is indeed an instance where having multiple identical 

AAFFSs is acceptable; in the instance of Items in a Series (i.e. batteries, disposables, etc.). If 

there are multiple items in a series, then it is entirely acceptable to have several identical 

Affordances; the problems come in when Mismatch is an issue; i.e. the situation where if 

multiple items are acted upon in the wrong order, an Error occurs. If Mismatch is impossible, 

however, this is not an issue. Similarly, if mismatch is possible but not an issue (i.e. several 

batteries need to be inserted but it does not matter which one goes in which slot) there is also no 

problem. 

If Mismatch is both possible and a problem, then it is necessary to change the design such 

that it becomes less of a problem. The first line of defense for this is using Physical Constraints. 

If Physical Constraints cannot be applied effectively, or are not enough, it is necessary to also 

add Signifiers to the items in a series (serially signify them) to clearly let the user know which 

one is which. 

However, if the Affordances are not Items in a Series, then the process is much simpler. 

The designer must simply redesign the Affordance such that the size, shape, or other 
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dimension(s) of the Affordance, (preferably several) to make it obvious via touch and at a glance 

that the controls do different things. These changes should be applied to the AAFFS Worksheet 

and sketches. 

This whole process should be done for every found Similar Affordance in the Developing 

Productôs SOU. 

3.8.5 Familiar Rule Takeover Check 

 

Figure 29: Final Checklist, Familiar Rule Takeover Check 

For Familiar Rule Takeover, the Designer must ask: is there a behavior pattern either 

earlier in the SOU of the Developing Product or in a similar product that is similar enough that it 

is likely to overtake the prescribed behavior pattern and cause an error due to incorrect action? 

Some habit or well-worn procedure that the first couple of steps are similar enough to in the 

Developing Productôs SOU that it would cause an involuntary override of behavior patterns? 

If there is a pattern like this, the AAFFSs need to be redesigned in such a way (with 

either Constraints or Signifiers) that it is either impossible or obvious that the old behavior 

pattern is incorrect. 

3.8.6 Mode-Error Slip Check  
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Figure 30: Final Checklist, Mode-Error Slip Check  

A Mode-Error Slip Check is only relevant if the Product has different Modes. 

If the product has modes and the Modes can be reasonably removed, the Designer should 

remove the Modes from the SOU. If not, the Designer should make the modes as clear as 

possible, with Signifiers (such as color-changing lights) or Constraints. 

3.8.7 Memory-Lapse Check 

 

Figure 31: Final Checklist, Memory-Lapse Check 
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For a Memory-Lapse Check, the Designer must consider each AAFFS in the SOU in turn 

and ask the question: is it possible to quickly and easily find the Userôs place in the SOU, even if 

they had no memory of completing the previous steps? If the answer is true for that AAFFS, then 

the Designer should move on to the next AAFFS in the SOU. If false, the Designer should add a 

Checklist that keeps track of where the User is in the SOU. 

At the end of the evaluation of the SOU, the Designer must ask: is the SOU lengthy and 

not tied to any predetermined behavior patterns, or is an assembly of several behavior patterns? 

If the answer is yes, then the Designer must add a checklist, even if one was not added in the 

previous questions. 

3.8.8 Sensibility Check 

 

Figure 32: Final Checklist, Sensibility Check 

A Sensibility Check is designed to find where the Product is capable of doing something 

outside of the boundaries of what it should be designed to do. For instance, a radiation delivering 

device should not be capable of exposing patients to a lethal dose of radiation.  

When considering a Sensibility Check, the Designer must consider the whole Procedure 

of the Developing Product as well as each of the Functions of each of the AAFFSs in the 
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Developing Productôs SOU. Each of these should be looked at for possible excesses; that is, the 

possibility that the Product is capable of delivering a dangerously erroneous amount of 

deliverable. If the possibility exists, and there is no valid reason for it to exist, then the excess 

should be constrained to a value within the bounds of the Developing Productôs Procedure. If 

there is reason for such excesses to exist (for instance, rush scenarios or emergency situations) 

then the Product should notify the User that the Product is about to provide an excess in a 

manner that repeats the input back to them and in another format that makes the user consider it 

from their Model-Based reasoning (for instance: ñyou have entered 10,000 volts. This is 100x 

higher than is safe for normal operation. Are you sure you want to continue?). However, if there 

is no valid reason for the Product to be able to provide excess, the product should be prevented 

from doing so. 

3.8.9 Dilemma Check 

 

Figure 33: Final Checklist, Dilemma Check 

For a Dilemma Check, the Designer must ask: at any point in the SOU, is it possible for 

the user to encounter a situation where there are two options, neither of which is preferable? If 

so, that situation should be eliminated, or if it isnôt possible to eliminate, the User should be 

given an obvious escape route. 
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3.8.10 Entrapment Check 

 

Figure 34: Final Checklist, Entrapment Check 

For a Dilemma Check, the Designer must ask: at any point in the SOU, is it possible for 

the user to ñbox themselves intoò a situation that either has no exit or is an infinite loop? If yes, 

this situation must be eliminated, or the User must be given an obvious exit. 

3.8.11 Accidental Affordance Check 

 

Figure 35: Final Checklist, Accidental Affordance Check 

For the Accidental Affordance Check, the Designer must look at the Sketch or Model of 

the Developing Productôs Interface. The Designer should ask: at any point in the SOU, are there 

Affordances for things that should not be Acted upon (dangerous things, buttons that shouldnôt 
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be pressed by a human hand, etc.)? If so, these Accidental Affordances should be designed out 

whenever possible. Even if interacting with the Accidental Affordance isnôt an Error or 

dangerous, it should be dealt with because of the possibility of confusion with other controls. If 

they cannot be redesigned, the designer should apply Instructional decals (see Metonym and 

Diagram in the Outside Instruction Table) to instruct user not to interact with the Accidental 

Affordances. 

3.9 Prototyping Round 2 

Upon completing the Final Checklist, the Designer will have the following results: 

1. A Meaning in Archetype for the Developing Product (Generated at the beginning of 

the use of the Main Table) that can be used for effective product introduction and 

naming. 

2. A set of low-resolution sketches and mockups based on the pre-checklist AAFFS 

SOU Worksheet results. 

3. An evaluated and error-proofed SOU (catalogued on the AAFFS SOU Worksheet). 

At this point, the Designer should generate several more sketches and a higher-resolution 

mockup or model of the Developing Product.  

3.10 Tool Completion 

The Developing Product is now ready for the rest of the Industrial Design Process. The 

compendium of AAFFS SOU Worksheets generated by the Designerôs working on the tools will 

serve as a reasoning reference for why certain usability decisions were made when the time 

comes to start dealing with manufacturing and technical constraints. 
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Chapter 4 Design Tool Application: Kyra Octopus 

4.1 Introduction and Background 

The Design Tool will be applied to a redesign of an in-development surgical device; Kyra 

Medicalôs ñOctopusò Fluid Management System. 

4.1.1 Project Octopus 

Project Octopus was originally a collaboration between Kyra Medical, a medical device 

company out of Boston, Mass., and Auburn University. It involved the Kyra team as well as five 

Auburn students (see Fig 4.1): four senior Mechanical Engineering students (Haley Duncan, 

lower left; Savannah Anderson, lower right; Joseph Freeman, upper left and Jake Garza, upper 

right) and one Industrial Design Graduate student (the author, Sheridan Kromann, upper center) 

that would be doing the majority of the development work for the product. 

 

Figure 36: The Auburn Team for Kyra Project Octopus 
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The project took place over two semesters and concluded with a functioning prototype 

that was designed, engineered, and built by the team for display at the AORN 2025 medical 

industry show in Boston and shown to users and medical industry professionals, where it found 

great success. 

However, since the whole endeavor was the maiden voyage of its type, the project very 

understandably had certain troubles, and some areas of the design process were pushed along 

faster than was advisable. These troubles do not diminish the success of the initial project in the 

slightest but do leave some room for improvement. 

4.1.2 Project Brief 

The whole idea for Project Octopus came from one of the employees of Kyra Medical, 

Mike Nordling. The following information was learned from the Kyra Medical team during the 

duration of the initial project. 

4.1.2.1 Arthroscopy 

Arthroscopy is a joint repair surgery and is the main focus for Project Octopus. In 

Arthroscopy, the surgeon uses a Peristaltic Pump to pull sterile saline fluid from IV bags hanging 

on an IV pole into a cannula which is inserted into the joint capsule. The joint capsule is the 

space between two or more major bones (such as in the knee or shoulder) that is held together by 

a ñcapsuleò of cartilage and ligaments. The saline fluid is pumped into this capsule, inflating it 

and pushing the bones apart so that the surgeon can access injured areas of the joint with a 

remote camera and minimally invasive tools. Since the joint capsule is not watertight, it leaks 

constantly and the pressure within it must be maintained via the pumping in of even more saline 

fluid. If the pressure were ever to drop in the joint capsule while the surgeonôs tools were still 
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inside it, the capsule ï and the bones it connects to ï would collapse on the sharp instruments, 

injuring the patient and damaging the tools.  

4.1.2.2 OctopusĽ Relevance 

The issue causing concern of joint collapse is that the saline supply for the procedure is 

sets of 3 liter IV bags hung on a simple IV pole. These IV bags are ñspikedò by the Circulating 

Nurse with things called IV Spikes -- small, relatively sharp pieces of tubular plastic connected 

to IV tubing that, when inserted into an IV bagôs Spike Port, deliver the saline fluid from the IV 

bag into the IV tubing. These IV spikes are part of something called Day Tubing, which is an 

assembly of IV tubing, IV spikes, and clamps (which cut off IV fluid flow when needed) that 

connects to the Peristaltic Pump. 

Existing IV poles do not provide any sort of warning to the circulating nurses that the 

saline supply is getting low. In addition, it is difficult for the Circulating Nurse (the person in the 

OR running around to ensure all equipment for the procedure is working properly) to see a 

transparent IV bag across a darkened Operating Room. The first warning the whole Operating 

Room gets as to when the joint is about to collapse is the peristaltic pumpôs alarm beginning to 

go off ï and by then, it is often too late. By the time the alarms are going off, the Nurse will not 

have enough time to un-spike an IV bag, remove it, and get a new bag spiked before the joint 

capsule loses pressure and it begins to collapse. 

There have been patented ideas for hanging what are essentially load sensors with an 

alarm attached to them that shriek loudly when the weight from the IV bags are nearly empty on 

the IV pole. These devices are loud, disliked, and are often forgotten or bypassed once their 

initial batteries die. 
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The idea behind Octopus is that the IV pole should not only let the nurses know in real 

time ï in a much more effective and less obtrusive way than a simple alarm ï what state the IV 

bags are in, and additionally swap between IV bags automatically in the middle of a procedure to 

reduce number of refill stops. This will reduce possibility of fluid running out, and thus of the 

joint collapsing. 

The problem that this Design Tool wishes to solve is that the initial design of the Octopus 

requires several actions that were created by the design team primarily based on technical 

constraints, and few usability considerations were placed on top of these due to time constraints. 

It is this toolôs job to ensure that they are understandable to the User, who is, in this case, the 

Circulating Nurse in an Arthroscopic Procedure Operating Room. 

4.1.3 The Octopus ͠  Initial Final Design 

The Octopus (Fig. 4.2) was a pole-mounted electromechanical device that had several 

main components:  

 

Figure 37: The Octopusô Initial Final Prototype 
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1.  An upper module with LED lights and hooks for hanging IV bags on. The IV bag hooks 

were attached to weight sensors (hidden under a plastic shroud) sending an electronic 

signal to the Octopus when a bag was running low. This signal would cause the lights on 

the plastic housing to change color to give the nurses an early warning that IV fluid on 

that hook was running low. 

2. A lower section with mounting features for a Disposable (which held the IV tubing and 

spikes; effectively Octopusô attachable version of Day Tubing) and electromechanical 

features that would cut off flow from specific IV bags automatically, primarily when the 

associated bag was running low. When a bag runs low, the weight sensor would sense it, 

the light would change color, and the machine would swap to a full bag and begin pulling 

from it. 

3. A button on the lower section that causes all attached tubes in the Disposable to be cut off 

when pressed, stopping all fluid flow when the Circulating Nurse (the User) desired, 

usually between procedures. 

As long as Octopus is supplied with fresh IV bags when some start getting low, the Octopus 

will effectively run in a loop forever, and is able to pause between procedures. Octopus is able to 

carry and handle four full three-liter IV bags at once, giving it twice the capacity of a standard IV 

pole with Day Tubing. The lights on the upper section/module are designed in such a way that 

they are at least partially visible from all angles unless the main ñhubò of the top section is 

blocking the Nurseôs view. That way, even though a Nurse could be anywhere in the OR, the 

Nurse will be able to see the bag statuses from anywhere they may be, unless the pole or another 

device is blocking their view; much easier than trying to identify the translucent content of a 

clear IV bag in a darkened OR. 
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These features were an incredible first start, considering the resolution at which they were 

executed. These formed the basis of the redesign conducted through the application of this 

thesisôs tool. 

4.2 Tool Application 

The Design Tool is one that comes into play at the beginning of the Sketching step in the 

industrial design process, immediately after the research phase. While this project has 

leapfrogged ahead of this point, the existing working prototype will be taken as the starting 

point. The research phase was essentially completed during the initial project.  

4.3 The AAFS Worksheet 

It is recommended that the Designer use a pencil and a large eraser to fill out this form, as 

it will be revised over the course of using the tools. 

4.4 The AAFS Refinement tool 

In using the AAFS Refinement tool, the designer created a complete SOU for the existing 

Octopus device, from startup to shut down. It involved 23 steps, as shown in Figure 4.3. 
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Figure 38: Sequence of Use, Octopus 

The vast majority of the individual AAFFSs in the SOU had to deal with spiking, 

unspiking, adding and removing IV bags. Very few AAFFSs actually dealt with anything 

technical with the Octopus itself. 

4.4.1 Path A 

4.4.1.1 Meaning in Archetype Tool 

When moving to the ñpathsò in the first few steps of the AAFFS refinement table, the 

designer chose the appropriate path (path A) and generated a Meaning in Archetype for the 

Developing Product. As stated in Chapter 3, the Meaning in Archetype Tool (Fig. 4.3) attempts 

to find the ñMeaningò of the developing product, using three words (Adjective, Base Noun, and 

Procedure) to nail down close to a concise totality of what the product means, or should mean to 

the User. Since the basic function of the Octopus hasnôt fundamentally changed (that is, to 

provide saline fluid to the Peristaltic Pump) the Octopus is still fundamentally an IV pole. 

Therefore, its most descriptive and concise Base Noun was ñIV Poleò. Since the project is for 

Arthroscopy, that was determined to be the Procedure of the Octopus. The Adjective for the 

Octopus was found to be ñAutonomousò, as that is the main benefit of the Octopus to the user. 

The results of the tool were as follows: 
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Figure 39: Meaning In Archetype Tool, Octopus, Path A 






























































































































































