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Introduction

Following with the goal of this project (see the first report for a further explanation) we are following three main guidelines:

1. The definition(s) mental models

2. The “measurement” of mental models

3. The role of mental models while working in a design team

The contents of this report briefly expose the main activities we performed since the first of January 2000.

1. The Definition(s) of mental models

In general, a mental model is the mental representation the user builds about the system is he/she working with, in order to perform adequately the tasks with such a system. An appropriate interface should help to develop a correct mental model of the system and consequently, to understand and work properly with the system.

1.1. Chapter on mental models

We are still working in the chapter on mental models for the book Handbook of Human-Computer Interaction (tentative title). Edited by Julie A. Jacko and Andrew Sears and to be published by Lawrence Erlbaum & Associates. The primary objective of this Handbook is to compile a comprehensive set of articles that address the principles involved in conceptualizing, designing, and evaluating computing technologies spanning a variety of traditional and non traditional platforms including desktop computing, networked environments, mobile computing and virtual environments. Given both the research-oriented and applied foci, the handbook will summarize research, technological advancements and specific methodologies in the field of human-computer interaction.

In the appendix A, we present the schema of our chapter.

1.2. A book on mental models for designing complex systems

As we pointed in our previous report, one of the main problems while studying mental models is the absence of agreement between authors about the definition and properties of the concept.

As a solution, we contacted with different researchers to discuss the properties and applications of the concept in design. And following the pragmatic approach of Van der Veer (1990) we are currently writing a book on MENTAL MODELS FOR DESIGNING COMPLEX SYSTEMS in collaboration with José Cañas from the University of Granada (Spain) and Cristina Chisalita from the Babes-Bolyai University (Rumania). As a result of this collaboration:

· José Cañas was invited to our University during ten days (February).

· And currently, Cristina Chisalita is our guest researcher for three months.

In the appendix B, you can see a schema of the chapters of the book.

2. The “measurement” of mental models

As we explained in the first report, in order to improve the interaction between the system and the user, designers should concern about the User’s Virtual Machine (UVM). In other words, it is important to design UVM’s that are able to produce an appropriate user’s mental model of the system.

After the task analysis of the current situation or task model 1, it is important to explore the changes in the structure and organization of the task world if the system to design would be finally implemented (task model 2). We think that it is at this point where mental models play a very important role. In order to design successful systems, it is important to know what future users would understand about our envisioning. In other words, designers need to know if the envisioned UVM is able to produce an appropriate user’s mental model of the system. And with this goal, designers should assess the mental models that future users will develop when confronted with a suitable representation of the envisioning of a new system.

2.1. Working with scenarios

In our research we are using scenarios in order to evaluate the mental models users build about future systems. Scenarios have been used in the design of future technology in a form that shows an individual instance of use, in a well-described individual situation. For example, Van der Veer (1991) proposed to his students the use of scenarios to design a device for future use by hotel guests. The main goal of such a design was to allow frequent guests to check-in and check-out quickly. A first scenario that some students constructed was just a simple story on paper about an hotel guest using a "device" and not needing to queue for the desk. A later variant consisted of a cardboard box with some indication of buttons and a screen to be holding in hand.

In Appendix C, you can see the verbal description of scenarios we prepared in order to run a set of experiments that we are currently performing in the Vrije Universiteit in collaboration with Cristina Chisalita.

2.2. Comparisons between different methodologies to assess mental models

We found out in the literature different tasks and tools used in order to explore the mental models. As we explained in our previous report, teach-back, pathfinder and association lists are some of the most frequently tools used.

Currently we are comparing those methodologies in collaboration with Cristina Chisalita. The main goal we have is to explore the complementary information that the different methods can offer us to measure mental models. With this purpose we are running a set of experiments.

Design:

Our experiments start with a visual (power point) presentation of the scenario (see appendix C). We present to our subjects four scenarios were an envisioned system is used to perform different tasks. We build our scenarios from the video of the Digital Ink Pen presented at CHI98.

The conceptual model

Following Norman (1993) the conceptual model is an accurate, consistent and complete description of the system as far as relevant to the user. In order to compare the mental representation of the system that users build after exploring the protocols, we are defining the conceptual model of the envisioned system. Figure 3 shows the components of the system defined in the conceptual model.
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Figure 1. Components of DI pen.

Study 1: teach-back study to find categories

Teach-back protocols are intended to elicit information about the knowledge users have about the “envisioned” system. Since they depend of the design goals, the first step using this technique implies to find the correct teach-back questions and the correct categories (aprox. 20 subjects).

A. The teach-back questions
Participants are asked (individually) to teach to an imaginary “colleague”, or person with some relevant role, how to solve the problem stated in the teach-back question. To respond the teach-back question participants can write, make diagrams, drawings (video can be used as well)… and in this way, subjects are encouraged to externalise their knowledge about the system.

Following previous studies with Teach-back (Kok, 1997; Mulder, 2000; Van der Veer, Van der Veer et al, 1999), we are using two types of questions:

- “what is…”. The main goal of this kind of question was to reveal insight in the conceptual and semantic knowledge the participant has about the system. Figure 2 shows the “what is” question we are using.

We would like to know how you imagine the “Digital Ink Pen” after seeing the scenarios. Therefore, explain to your friend “Lucas” what the “Digital Ink Pen” is.

You can use text, drawings, schemes… for your answer. But please, make it easy to read!

Figure 2. “What is” question.

- “how to…”. The goal of this question is to explore the procedural knowledge the user has about the system. In order to manipulate the difficulty of the task, we are using three different “how to” questions (see figure 3).

Imagine your friend “Lucas” wants to send a fax to the administration of the faculty. Try to explain him how do this using the Digital Ink Pen.

Imagine “Lucas” has five messages in his “Digital Ink Pen” and he is not interested in the third one. Try to explain to him how to delete this e-mail from the list of e-mails he has.

How could Lucas dictate (speaking) a letter to Digital Ink and download it later to his computer?

Remember you can use text, drawings, schemes… for your answer. But please, make it easy to read!

Figure 3. “How to” questions.
B. The scoring categories
The answered protocols that result form the teach-back questions are scored along scoring categories in order to get insight in the representation of the problem space. The function of the categories is to explore the mental models of the participants on characteristics that are relevant for the research questions of the specific study.

In order to specify and define the relevant categories several methods can be applied. For example, exploring the mental models created in interaction with the computer, Van der Veer (1990) used the same methods and scored the protocols on four different categories: style, level, completeness, and correctness. Following Van der Veer et al, (1999) we are using two different methods: a literature study and a hermeneutic study.

Study 2: comparing different methodologies

The purpose of this study is to compare the different methodologies used to explore mental models: teach-back, pathfinder and association list. After exploring the scenarios, all of the participants perform the different tasks that are balanced across subjects.

a. Teach-back questions.

Using the categories from study 1 we have to score the teach-back protocols. This is an activity that requires a set of judges that is able to interpret the protocols in the categories created. Raters will need considerable training before their scoring is expected to be sufficiently reliable. The tasks to perform are:

1. To read the answer-protocol as a whole and trying to understand fully what is said.

2. To try to formulate how the subject is representing the problem space of the teach-back question.

3. To score the answer-protocol on the pre-defined categories.

The data resulting from these procedures will be analyzed with several statistical methods (e.g. ANOVA).

b. Association lists

In this task subjects are presented with a list of concepts and they are asked to provide an association to it. A relationship between the cue and the response is then assumed. The set of concepts selected consists of relevant concepts of the systems that are presented in the scenarios (see figure 4).
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Figure 4. Associative list.
c. The pathfinder

Subjects are presented with a pair of concepts and they estimate how similar, or how related, the concepts (the same set of concepts presented in the associative list) are to each other. This procedure has the advantage of providing rich knowledge structures specifying a relationship for each pair of concepts. The cost for this completeness is that the task is feasible only for a small number of items.

Pathfinder is a graph theoretic technique that derives network structures from proximity data. In the network concepts are represented as nodes and relations between concepts are represented as links between the nodes. A weight corresponding to the strength of the relationship between two nodes is associated with each link. Concepts can be directly linked or not. The algorithm searches through the nodes to find the closest indirect path between concepts. A link remains in the network only if it is a minimum length path between the two concepts.

In conclusion, after analyzing the data of pathfinder we can represent graphically the way subjects relate the relevant concepts of the system. The analysis of the associated lists on the other hand, will give as, among others, relevant information about the strength and direction of the relationships.

3. The role of mental models while working in a design team

Our third goal is to be a part of one or more real design teams and to explore the role of mental models in a real design project. Currently, we have contacts with Paul van der Vet and are preparing our participation in two design projects:

- The music project. 

- The “enclosed” project.

In later reports we will explain those projects.
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APPENDIX A: CHAPTER ON MENTAL MODELS

MENTAL MODELS

Authors: Gerrit C. van der Veer, Maria del Carmen Puerta Melguizo

Why bother about mental models in HIC

· examples of problems

· examples of valid relations

Mental models in Psychological theory

· overview of relevant concepts and theories

· Craik

· Johnson-Laird

· Norman, Young

· Carroll, Olson

· Cañas

Classification

· mental models of procedures / semantics

· static vs dynamic

· internal vs extern knowledge,

· individual vs shared mental models

The pragmatic approach towards applying the Psychological concept of Mental model

· what type of knowledge do computer users need

· what type of insight in users' knowledge do designers need

· the Users' Virtual Machine

· designing for Users and Tasks: ("DUTCH design"), and the location of mental models in the design process

How to conceptualize and "measure" mental models

· conceptualizing means explaining with a goal (this will result in indicating what type of characteristics of MM are relevant in any given design question)

· methods to externalize mental models:

Pathfinder techniques (Schvaneveldt)

Teach-back techniques (Pask, van der Veer)

Examples of empirical results on mental model "measurement"

· mental models of operating systems

· differences between mental models of experts and novices in various knowledge domains: (Physics, Artistic design, Public administration domain, ...)

· shared mental models, relation to team problem solving

Applying MM measurement in design

· designing systems for incidental use (walk-up-and use systems)

· early applications of MM in envisioning future systems

Guidelines for practice

· mental model applications in design: do's and dont's

· when to hire a Psychologist

· do-it-yourself (or MM for dummies)

Conclusions

APPENDIX B: BOOK ON MENTAL MODELS

MENTAL MODELS FOR DESIGNING COMPLEX SYSTEMS

1. User centered design







Virtual Machine (DUTCH): knowledge. It is no hard/software

2. Human knowledge of complex systems



We have a pragmatic approach!!!

The psychology contained in this book Applied Psychology for Designing complex systems (so the Psychology is not a complete a exhaustive review of the literature!!!!)

What is knowledge? 








1. Knowledge is information about the external world

2. What makes information knowledge is 'structure'.

3. Previous knowledge: working with similar systems you apply metaphors and analogies. So previous knowledge will affect the “structure” of knowledge that is build (so when you apply scenarios you build a mental model of a “new” system based in part of your previous knowledge).

What type of information is of our concern? 




DEFINITION OF COMPLEX SYSTEM all knowledge that is concerned in the situation

· The system itself: the device you are working with

· A task environment (e.i. drawing software)

· A physical system external to the system (nuclear power plant)

· Context

· Social organisation (e-mail systems): people roles, hierarchies, etc.

· Culture: IBM study, Aaron Marcus’s paper.

· …

We might need a theory of the information structure (e. g. Rasmussen's abstraction hierarchies). 


What is structure? 







1. The structure of knowledge does not have to be the same as the structure of information (the world)

2. The structure of knowledge comes from the use that a person makes with that knowledge

· Definition of structure

What defines a particular knowledge structure is the type of relationships that the units of information that are part of it have. That means that the same information unit can be part of several types of knowledge structures. For example, ' Document' is part of the Mental Model of a computer system and part of the category ' Things that are in an office' and of the script 'Going to the Notary'. That is to say, what distinguishes Mental Model from categories and scripts are the types of relationships and not the information units that belong to them.

Types of structures

1. Definition of each structure

2. Definition of MM









· Review of definitions of mm. Relevant definitions.

3. Mental Model versus other type of structures proposed in the literature

Mental Model is a structure in which there is information that is relevant for simulating the system working and explaining it. 

Relationships between the information inside a mental model depends on the task demands, environment, expertise… and they are also triggered by needs and unexpected events.

CONCLUSION: relationship between different structures and mm. And the conclusion is that we define mm from a pragmatic perspective (any structure can be part of a mm).

USER KNOWLEDGE IN COGNITIVE PROCCESSING WITHIN THE HUMAN COGNTIVE SYSTEM

Perception

Attention

Reasoning

Comprehension

Memory or knowledge storage and retrieval within the human cognitive system

Model of the Cognitive System (it should be general and with explanation of each subsystem)
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SUBSYSTEMS

Working/Long-term Memory

There are models that defend:

1. Structural and functional separation between both systems

2. WM is the activated part of LTM

3. LTM has a part that could be easily reached from cues stored in WM

In any case, what all models would agree on is that there is knowledge of two types, activated and no activated.

CHARACTERISTIC OF INFORMATION

Episodic/Semantic

Code reuse is about knowledge

Implicit/Explicit 


Schacter’s patient is one example of knowledge that exists but we can not verbalise


Brigitte Jordan

PROCESSES:

Storage

capacity and temporal limitation

Retrieval

priming: Patrice Terrier: would perceptual cues from the interface activate specific pieces of knowledge? Context activate knowledge.

Constructed (apperception)

Elaboration

3. Mental Models for design

pragmatic: why it is important to have a appropriate mental model of the system

- good and bad examples of mental

How to “measure” user Mental Model

Tasks

teachback

Similarity rating

Sorting

performance in tasks related with the system (exercixse…)

observation (Moray, registration, objective observation…)

ethnography (participant observation)…

DiSessa methods

Cognitive walkthrough

Methods of analysis

Pathfinder

protocol analysis

textual analysis

hermeneutics….

Our method: mental models in practice

1. Relevant concepts in order to design

- the conceptual model or UVM

- the system image 

- the mental model…

- differences in meaning of this concepts: systems image, conceptual model, UVM…

- the UVM will be a conceptual model

2. We start inside the DUTCH design

3. Scenarios: creating the mental model of an envisioning system

4. “measuring” the mental model


- is it a good/ correct mental model?:

a. comparison with the conceptual models of the UVM.


b. How-to questions as a correlate of performance…

5. Conclusions for design


Redesigning the UVM in such a way that creates an appropriate user mental model


- designers should be aware that different mental models can be appropriate (e.g. experts mental models can be different but the similarity between them is higher that compared with novices mental models).

APPENDIX C: SCENARIOS

DIGITAL INK PEN

So many electronic products, computers specially, are not only impersonal boxes but require us to learn new interactions. The ATM is a good example, we go to it and it puts us through its spaces.

Future products that are heavily technology driven are often even worse at making us learn new interactions. They often make the future seems decidedly unfamiliar. 

So technology has a way of controlling us and that is nothing new…It is important to challenge the habits that technology has made us acquire. Especially the habits that had been imposed on us by our coming work tools such as desktop computers.

How can we make computers move more smoothly with the momentum of everyday life instead of us always moving with the momentum of computers?

SCENARIO 1: to send an email

I discover a small garden yesterday, it was warm and dry and there was almost nobody around. And it was really the most relaxing place I had been to in months…

So I sat down, I did some writing and drawing and thinking that it was months that I communicated with my friends’ back home… So I decided that I should send them some of my garden sketches by e-mail.

I pressed the mode button on the side of the DI. That changes the mode from hand writing recognition to command mode which allows me to tell DI what I wanted to do next.

In this case I wanted to send e-mails to my friends so I simply write the word “send” followed by their e-mail addresses. Now my sketches are on their computers.

SCENARIO 2: storing information (address…)

I was wandering around the city and I bumped into this guy Chris. We have only met once or twice before but we ended up talking for about one hour about my new job and his new business in Piltsburg, I think he said Piltsburg… Anyway, but we had such a good time that I really wanted to get together again with him soon to talk again. So I took his phone number and his e-mail address and stored them in my DI pen just by writing on the back of an old receipt.

SCENARIO 3: agenda

So I am getting ready to go on vacation and I have all this stuff that I have to plan: client meetings,… tons of work to do and what better place to keep track of important clients than on a napking of a cafeteria.

The great thing of the DI is that you can write on any surface that you want. I clipped my pen cap on the upper left hand corner of the napkin, then I mark two opposite corners. The clip combined with the two points lets the pen know the boundaries of the writing surface.

So in that space I wrote down a bunch of meetings, whom I am going to meet, and when and what I will be talking about and I was done. I left my list for the waiter to take away and all I have to do is take my DI home tonight, put it into the well and then tomorrow I will download my list of things to do into my computer and I will be ready to go.

SCENARIO 4: check e-mail

There are other things that DI can do just us I can send e-mails and messages like I did in the garden. I can also check my e-mail.

Incoming e-mail is indicated by a sound from DI (“ding”). When I want to read e-mail I press the mode button and write or speak the word “read” then my e-mails appear serially on DI display.

So if I was back in the coffee shop and someone wanted to know if I could still make the 10 o’clock show of “the head that would not died”, it will look something like this (message in the screen of the pen)… Then I could write back to them using the DI e-mail or fax command.

So those are things that DI can do. It’s a new innovative product that works off patterns that we are already familiar with. In fact, wen DI is off I can use it as a regular pen.
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