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My thesis develops systematic methods in interaction design using three case 
studies. I am focusing on two systematic models – the conceptual model and 
the mental model.

A conceptual model is the model that is given to the user through the interface 
of the product. It is the model in the designer’s mind.

A mental model is the model that a user develops in his or her mind from the 
interface of the product. It is a model in the user’s mind.

My thesis relates and combines these two models in the design process, ex-

ploring three questions : How can we designers find the right way and the most 
efficient way to find out a user’s mental model? How can we represent these 
models? How can we use these models in the design process?

Thesis Abstract
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Research

Cognition

Implementation

Mental Models, 2008
Indi Young

Conceptual Models, 2011
Jeff Johnson & Austin Henderson

The design of everdaythings, 1988
Don Norman

How to get users’ mental 

models, and compare it 

with conceptual model. 

More about research.

More abou the appearance of 

conceptual model.

Mental Models and Usability, 1999
Mary Jo Davidson, Laura Dove, Julie 
Weltz

An article about the history of 

mental models and how to 

research.

Match the Mental Model to the Con-
ceptual Model,2011
Susan Weinschenk

The relationships between mental 

model and conceptual model

Metaphors We Live By,1980
George Lakoff & Mark Johnson

How people see the world by 

metaphors.

Learning How to Learn, 1984
Joseph Novak & Bob Gowin

How children can learn by “con-

cept mapping”

What is conceptua model, how to

express concpetual model.

Patterns buildings represent. More 

about the representation.

A Pattern Language, 1977
Christopher Alexander

The expression of conceptual model

Dubberly Design Office
Hugh Dubberly

Mental Model

Conceptual Model

Implementation Model

A mental model is an explanation of someone's 
thought process about how something works in the 
real world.

A conceptual model is a model made of the composi-
tion of concepts, which are used to help people know, 
understand, or simulate a subject the model 
represents.

A implementaion model is the model of how the tool works, 
or how to build the tool. This model helps developers build 
the tool .

Theoretical Environment of Conceptual Model
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Development

n

What is conceptua model, how to 

Patterns buildings represent. More 

about the representation.

Patterns in computer science field.

The expression of conceptual model.

It can help thinking about how to use 

conceptual model between different 

departments in an organization.

Pattern Languages of Program Design 5
Dragos Manolescu & Voelter, Markus and 
Noble, James

Institutional Ecology, “T ranslations” and 
Boundary Objects
Susan Star & James Griesemer

Shoulders of Giants

The ideas of the conceptual model and the mental model are not totally new, 
and the terms of these two models have been defined differently by several 
different people. These “giants” influence my thoughts. 

The most comprehensive book on this topic is Conceptual Models, Core to 

Good Design By Jeff Johnson and Austin Henderson. The authors have a very 

strong computer science background, and they are the pioneers in the Human-
Computer Interaction field.

Susan Weinschenk is a expert in psychology and she has a wealthy of practi-
cal experiences in design research and software development. Her most 
well-known book is 100 Things Every Designer Needs to Know About People. 

In this book and in an article online (“The Secret to Designing an Intuitive UX 
: Match the Mental Model to the Conceptual Model” from UX Magazine), she 
talks about the relationships and differences between the mental model and 
the conceptual model: people create mental models, and people interact with 
conceptual models.

Hugh Dubberly is the master of systematic thinking in the design world. He 
introduced the conceptual model to me in a system’s course. He has a new 
way of representing the conceptual model by using the concept map method 
(introduced by Joseph D. Novak and D.Bob Gowin in the book Learning How 
to Learn). He is the co-founder of Dubberly Design Office. At Apple Computer 
in the late 80s and early 90s, he managed cross-functional design teams and 
later managed creative services for the entire company.

There are a lot more “giants” that I didn’t include in the diagram on the left, but 
the “giants” I introduced above are my main influencers. 
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Why am I Interested in This Topic?

I was amazed by the idea of discussing the interactions without talking about 
the interfaces, but instead discussing the logic and the skeleton behind the 
interfaces. 

When I was working as an interaction designer in Huawei, I spent a lot of time 
on drawing wireframes and rarely thought about the logics behind them. I felt 
it is not the right way to design the interfaces especially when I was design-

ing the whole interaction system of the Telematics (an automobile software 
system). Some functions overlapped with other functions, and some functions 
had multiple accesses. Sometimes I felt confused by some of the complex 
functions. How can users use the product if the designer doesn’t have a clear 
map in mind?

When Hugh Dubberly introduced the conceptual model, I felt excited about it. 
I think it, or something close to it, is the missing bridge between research and 
design. 

Modeling is a way to convey what is in a user’s mind to other team members. 
It is also the abstraction of interfaces to help designers understand the logics 

and concepts behind the interfaces. Models can help designers focus on the 

functionality needed by the user in carrying out all the tasks from the task 
domain.

It can help developers understand the whole picture of the application in the 
early stages of design, so that conflicts between designers and developers can 
be decreased. It is the “boundary object”

1 to let researchers, designers and 
developers consent on what the application means to the end users.

1. Terms from Susan Leigh Star and James R. Griesemer in a 1989 publication.
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What are My Interventions?

In their book Conceptual Models, Core to Good Design, Jeff Johnson and 
Austin Henderson talk about what the elements of a conceptual model are 
and how to “make” a conceptual model. However, their representation of the 
conceptual model is just a list of words, which does not communicate well and 
hard to understand. 

Hugh Dubberly has his own way of representing the conceptual model, which 
is very inspiring. However, there is no clear clue of where the conceptual 
model comes from and how designers can use it.

Susan Weinschenk has a very interesting point of view: one of the most im-

portant things for designers is to find the mismatches between users’ mental 
models and designers’ conceptual models. However, how can we find the 
mismatches? How can we express or communicate the mismatches? How can 
we utilize the mismatches? 

Right now, each of the conceptual and mental model theories stands quite 
alone. One is from the product’s side, the other is from user ‘s side, but how 
can we combine them together?

Thus, my interventions hope to shed light upon these three questions: 

1. How can we designers find the right way and the most efficient way to find out what 

is in a user’s mind?

2. How can we represent these models?

3. How can we use these models in the design process?
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The Three Projects

I explored my thesis by these three case-study projects. At the same time, I explored and developed the methodology.

Language Garden

This project introduces multiple systematic design 
methods including a conceptual model. It is a taste of the 
conceptual model.

Automobile Climate Controls

This project dives deeper in the conceptual model and 
mental model method. It emphasizes research and map-

ping representations.

An Organization App

In this project I explore how we can use this methodology 
in the early stages of design. It emphasizes ways to use 
the conceptual and mental models.
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How to Read the Book?

Inside each of the case-study projects, there are two parts: the case study and the methodological exploration.

Case Study

The pages without yellow frames are case studies. 

Methodological Exploration

The pages with yellow frames are methodological explora-

tions. In these pages, I will try to extract what I learned 
through each case study, or I will introduce some method-

ological concerns.



What are the conceptual and mental models?

How to understand these models?

What are the differences and relationships between these models?



THEORETICAL INTRODUCTION
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Researcher

Mental Model Conceptual Model Implementation Model

Designer Developer

User
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The Three Models

There are three kinds of models in my theory of systematic modeling – a men-

tal model, a conceptual model and an implementation model. 

A researcher’s main job is to discover what is in a user’s mind and com-

municate the findings with other team members.  Part of the findings can be 
extracted into mental models. Ideally, a designer’s conceptual model is derived 
from user’s mental model. Mental models are often partial and personal, but 
conceptual models are more complete and accurate. The conceptual model is 
also like a bridge between the mental model and the implementation model. 
The implementation model is how a product is really constructed. It is the 
model in a developer’s mind. Ideally, it is transferred from a designer’s concep-

tual model. 

These three models all have a connection with users. The mental model is 
from user’s mind. The conceptual model is a designer’s assumption of a user’s 
mental model. The implementation model constructs the product which creates 
a user’s mental model.

In this chapter, I will explain more about each model and give some examples 
to illustrate the concepts.
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A conceptual model is the model with which users interact. Ideally, it is the 
designer’s assumption of user’s mental model.

Here is Susan Weischenk’s definition: “A conceptual model is the actual model 
that is given to the user through the interface of the product.”

The diagram on the opposite page is from Tim Sheiner and Hugh Dubberly. 
Users have goals or tasks in mind when they are using an app. An app has in-

put and output, and users input data and see the output. The input and output 
connects with each other by logics, and there is also a storage below the logic. 
In Tim Sheiner’s perspective, the user’s conceptual model contains Object 
Model (the elements and their relationships), and Data Model (how to manage 
different states). After all, there is the designer’s assumption of all the things 
described above, and he called it designer’s conceptual model.

I do not completely agree with the diagram, but this diagram is the starting 
point of my thesis. Tim Sheiner and Hugh Dubberly call the model in user’s 
mind “user’s conceptual model,” and call the model in designer’s mind “design-

er’s conceptual model.” However, throughout my researches and interviews, 
I found the models in users’ mind are just snippets that to some extent reflect 
their mental models. In my perspective, the terminology of “user’s conceptual 
model” is very confusing and misleading. I will call the models in users mind 
“mental models.” However, it is very important to determine what are the com-

ponents of conceptual model in this diagram and thinking about what should 
be included in the conceptual model.

Conceptual Model
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A conceptual model is a high-level description of an application

A diagram about conceptual model from Tim Sheiner and Hugh Dubberly.

Harold Nelson and Erik Stolterman

CONCEPTUAL MODEL

PERSONA/

USERS

From Tim Sheiner and Hugh Dubberly

DESIGNER

GOALS / TASKS / 

DESIRES

INTERACTIONS 

/ INTERFACES/ 

PRESENTA-

TIONS

OUTPUT

LOGIC

STORAGE

What are the elements/objects? 

And their relationships

How is state managed?

INPUT

USER’S CONCEPTUAL MODEL

OBJECT MODEL

DATA MODEL

{name:value}
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Examples of Conceptual Model

When people asked me what is your thesis topic? It is a little bit hard to let 
them understand just by abstract definitions. I told them this metaphor:

Assuming you first come to San Francisco, you know the path from home to 
school, and after living here for a long time, you have a map of San Francisco 
in your mind. This map represents the geographical conceptual model of San 
Francisco. It is the same when you are using a new application in your phone. 
After using it for a while, you have a map of the application, which tells you 
how to achieve your goals through this application.

However, this example doesn’t explain the whole picture of what a conceptual 
model is.

Some  Time Later

HOME

SCHOOL

HOME

COFFE

CAR WASH

FRUITS

PARK

SCHOOL
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Here is another example of the conceptual model. This is based on my own 
experience of IKEA shopping. Before I ever went to IKEA, I thought shop-

ping would be easily: Find a furniture, pay for it, and then it will be delivered 
to my home. However, after I really went there and wanted to have something 
delivered to my home, I found it is much more complex than I thought about: 
after I found a piece of furniture, I needed to find the article number for it. What 
is the article number? It is a new “Concept” to me, and I needed to figure it out 
by myself. After I asked a staff, I was surprised found that an article number 
contains multiple article numbers, which is the new relationship between “Con-

cepts.” Then I needed to gave some article numbers to the pick-up counter and 
others to the delivery counter. These two counters are also new “Concepts” for 
me. 

People interact with the conceptual model and gain mental models. I interacted 
with the conceptual model of IKEA shopping and gained my own mental model 
of how to shop in IKEA.

However, the diagrams below are mental models but not conceptual models. 
They can reflect the conceptual model of IKEA shopping, but they are still 
partial and personal.

Find a 
furniture

Pay for it

conceptual model 
before shopping

conceptual model 
after shopping

It be 
delivered to 
my home

Find a 
furniture

Get the article 
number

if it is yellow tag

if it tells you the 
location

if it is in store

one sheet the other sheet

the other sheet

if it is not in store

one article 
number contains 
many other aticle 
numbers 

Þnd the articles 
by myself

to the delivery 
counter

to the pick-up 
counter

bring them to 
the counter

sheet of paper.

come back later

Pay for it
It be 
delivered to my 
home



   Theoretical Introduction26

Let’s think about a simple digital alarm clock in your phone. When a designer  
is designing an alarm clock,  he intentionally or unintentionally creates con-

cepts for users – “current time,” “alarm time,” etc. 

Here is another example from Hugh Dubberly. This is a study about washing 
machine. There are three diagrams, and each shows a different level of the 
conceptual or mental model.

The diagram on the opposite page is a general mental model of the way the 
washing machine works. The second diagram is a more detailed conceptual 
model of the washing machine. The third diagram is all the circles of the wash-

ing machine. Which one is the mental model and which one is the conceptual 
model? How can we define mental models and conceptual models? Maybe all 
these diagrams are conceptual model, but different layers of the conceptual 
model. Do we need to separate the mental model and the conceptual model?

A conceptual model of an alarm clock with detail added
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The first diagram about the washing machine



   Theoretical Introduction28



      Theoretical Introduction 29

The second diagram about the 
washing machine
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The third diagram about the washing machine

This three diagrams offers three levels of details. The first diagram describes 
the most commonly know “model” – if we put dirty clothes in the machine, 
clean clothes will come out. Is it a representation of a user’s mental model or is 
it a designer’s conceptual model? I think it can be both, because the model is 
so simple and so commonly known that there is even no mismatches between 
these two models.

However, the second diagram is a conceptual model. They name it “user con-

ceptual model,” but it is more a “designer’s conceptual model,” because some 
parts of it are “back-end elements,” which most users don’t know. 

The third diagram is more an “implementation model.” It is a representation of 
“pre-configured combinations of settings” that users don’t know and designers 
don’t show in the interface.
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Mental Model

A mental is the model in a user’s mind. The model develops when people 
interact with the world. Here is the definition from Susan Carey’s 1986 journal 
article, “Cognitive science and science education”:

A mental model represents a person’s thought process for how something 
works (i.e., a person’s understanding of the surrounding world). Mental 
models are based on incomplete facts, past experiences, and even intui-
tive perceptions. They help shape actions and behavior, influence what 
people pay attention to in complicated situations, and define how people 
approach and solve problems.

Jeff Johnson and Austin Henderson said “To use an application, a user have 
some understanding of it. Such an understanding is called a ‘mental model’ 
because it is in the user’s mind... ... Therefore, mental models are personal, 
partial, uncertain and dynamic.” 

Mental models are what we can get from user research – interviews, observa-

tions, user testing, etc. 
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Implementation Model

The implementation model is the model of how the tool is actually built. It is 
used for developers and engineers to build the tool. For example, the structure 
of Wordpress is a implementation model. It tells developers how to understand 
the architectural structure of Wordpress.

An Implementation Model of Wordpress
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This is a drawing from Hugh. It is based on Don Norman’s mental and concep-

tual model described in his article “Design as Communication.” Users gained 
their mental model by the interfaces of the system. Designers have predicted 
users’ mental models. Ideally, designers develop the system’s UI based on the 
predicted users’ mental model. However, all these models are not as the same 
as each other. Designers communicate the system’s UI by spec, prototype or 
other boundary objects. 

This drawing refers to one study case I will introduce in chapter 3, so that’s 
why I am also in the drawing.

Relationships Between These Three Models

Hugh’s drawing about conceptual model
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Based on Hugh Dubberly’s drawing, I did the diagram below. I added a pyra-

mid in the user’s mental model and there are three layers in this pyramid – 
general model, the second layer and the third layer.  There are many layers in 
users’ mental models and the layers can be endless. At the same time, there 
are also layers in designer’s conceptual model.

A diagram about the relationships between cocneptual and mental model
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Research

Cognition

Implementation

User Interview & 
Obeservations

Personas

Journey Map

Audit- Review existing 
work and product

Ecosystem Map

Work Flow

Context Scenarios

Key Path and Validation 
Scenarios

Framework Graphic Design

w & 

Personas

w

P

Work Flow

Mental Model

Conceptual Model

Implementation Model

A mental model is an explanation of someone's 
thought process about how something works in the 
real world.

A conceptual model is a model made of the composi-
tion of concepts, which are used to help people know, 
understand, or simulate a subject the model 
represents.

A implementaion model is the model of how the tool works, 
or how to build the tool. This model helps developers build 
the tool .

Mental model of sun and earth

Implementation Model of WordPress

Methodological Environment of Conceptual Model
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The conceptual model, mental model and implementation model are closely 
related with one another, and the conceptual model connects the mental model 
and the implementation model. The implementation model is how the tool (soft-
ware or hardware application) is built, the conceptual model is what the tool 
represents, and the mental model is the users’ understanding of the tool. 

The mental model is more about cognition and what is in people’s minds, and 
it is often included in the research process. The implementation model is often 
included in the development process. The conceptual model connects the 
mental model and the implementation model. In the diagram, I also laid out the 
existing design method and their relationships with these three models. For 
example, persona is a way to model the user and it is more about the cogni-
tive part of a user. Thus the mental model can be closely related with persona, 
and it even can be the persona’s mental model. The conceptual model should 
be in front of wireframe and graphic design, and the implementation model is 
translated from the conceptual model.

Development

alidation 

Graphic Design

User Testing

Design Modification

Motion Design



Here is the first case study. It is based on two systematic design 
methods– cybernetic systems and conceptual models. 

It is also an exploration of using systematic methods in the design 
process.



LANGUAGE GARDEN

2
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Why am I Interested in Language Development?

Language Garden is a tool to help track and improve children’s language 
development, especially for the children who are exposed to more than one 
language.

One Saturday morning, I took my daughter out for a walk. There was a little 
boy, about 2 to 3 years-old, waving his hand to us and shouting something we 
didn’t understand. He seemed very eager to communicate with my daughter, 
but she only felt confused. 

There are many young children whose first language is not English in our com-

munity. Some of them are very eager to communicate with other kids, but they 
don’t know how.



41  Language Garden

In a larger scope, there is a large population whose first language is not Eng-

lish. Many ESL immigrants come to United States every year. This info-graphic 
shows the number of non-English speakers in the year 2030. 
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Existing Stories 

“Because my daughter can’t 
speak English, she is very shy 
in front of other kids, but I know 
she wants to communicate with 
others.”

“I let her watch some TV pro-

grams about learning English. 
But I found that she is a little 

addicted to it.”

“Sometimes we invent a little 
game to teach her some English. ”

“When the doctor asks me how 
many words she can speak now, I 
feels very guilty that I didn’t count 
every new words she can speak.”

“When the doctor says she is 

behind. I felt it is not fair for her 

because she is exposed to two 
languages.”

“The recommendations are too 
abstract and so hard to follow.”

Here are some existing stories of bilingual children. I interviewed some parents 
whose children are exposed to more than one language. Based on these inter-
views I made these story boards.



43  Language Garden

Future Stories 

The child’s wearable device will 
record the new words the child 
speaks.

Her mom can edit the meaning or 
write some memos and share the 
recording to other family mem-

bers or friends.

The wearable device will blink 
when both of them speaks a mu-

tual minor language.

Then children can practise the 

language and they can make new 
friends.

Parents can create their own 
courses. 

And share the courses with their 
friends.

To help bilingual children communicate with others and learn both languages at 
the same time, I designed a wearable device and an application on the phone. 
The wearable device and the app work together.
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Cybernetic System
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The cybernetic system is a self-generated system. The 
concept is quite simple - it has a sensor, which senses the 
data from the environment and a comparator, which com-

pares  the data with the goal. According to the comparator, 
the actuator generate “solutions” to make the environment 
closer to the goal. Moreover, disturbances are some other 
factors that influence the environment. 

This concept is very applicable, for example, the air 
conditioner can sense the environment’s temperature, 
and then compare the sensed temperature with the “goal” 
temperature. If the sensed temperature is higher than 
the “goal” temperature, the actuator will produce cold 
air. It can also be applied to a larger system - doctor and 
patient. When we go to see a doctor, the doctor will ask us 
questions, and measure blood pressure, weight, height, 
etc. These questions and measurements are the sensor in 
the cybernetic system. The doctor compares the sensed 
data with the “goal” data, or the “ideal” data, and than give 
us suggestions and prescriptions, which are the actuator 
in the system. 

According to previous interviews and quotes from inter-
views, I used the cybernetic system concept to analyze 
the existing system of children’s language development .

Cybernetics is a transdisciplinary approach 

for exploring regulatory systems, their 

structures, constraints, and possibilities.

Müller, Albert

ACTUATOR
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Existing System

Standard Path

0-6m

Language 
development

7-12m 12-18m 19-24m

Doctor

GOAL

Meet the doctor

SENSOR

Capturing the childʼs learning progress

Is the child keep in track?

Warning and 
Suggesting a course

No warning

YesNo

SENSOR COMPARATOR

ACTUATOR

Learning the suggested course

LET’S LEARN...

Comparing the childʼs learning path

0-6m

Language
development

7-12m 12-18m1 9-24m
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The primary measurement is how many words the child can speak. The doctor 
knows the standard path, which is the goal in the system. There are two sen-

sors - one is that the mother remembers and counts the number of words the 
child can speak; the other is that the doctor asks the mother how many words 
the child can speak. If the child meet the standard, he will tell the mother and 
let her to continuing capturing the child’s learning progress. If not, he will give 
her some suggestions. This part is the actuator. There is also a feedback loop 
in the system - after capturing the child’s learning progress, the mother will see 
the doctor again. 

It is very important to understand the whole picture within this topic. The cyber-
netic system method is part of the ecosystem map method. However, thinking 
in the cybernetic system way is forcing me to filter out unimportant factors. It 
highlights what is affecting the result, and how it affects the result.

One of the most important reasons for this analysis is to find problems within 
this system, and how we can improve this system.

Problems in the System

GOAL: Standard Path

The standard path is not suitable for all the children in different circumstances. 
For example, the child with a  ESL Mom and a native-speaker Dad is different 
with the child whose parents are bother ESL. Thus, how can the doctor mea-

sure the child with only one standard? 

SENSOR: Capture the Child’s Learning Progress
It is very hard to capture all the new words the child can speak. Capturing just 
by memory is too subjective and not accurate enough.

SENSOR: Meet the Doctor

Measuring the child’s learning progress just by answering the doctors’ ques-

tions is very subjective.

ACTUATOR: Suggest a course and learn it
Suggestions by words are too abstract and very hard to follow.
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New System

Data from a large group Nested Standard Path

0-6m

Language 
development

7-12m 12-18m 19-24m

Capturing the childʼs learning progress

MAMA

Comparing the childʼs learning path

0-6m

Language 
development

7-12m 12-18m 19-24m

Learning the suggested course

LET’S LEARN...

Is the child keep in track?

Warning and 
Suggesting a course

No warning

YesNo

NEST

SENSOR

ACTUATOR

COMPARATOR

GOAL
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The new system introduced a nest system, in which the standard path could be 
modified according to different circumstances, such as how many languages 
the child is learning.

The child wears a recorder that can capture every new word the child speaks. 
It also uploads the new words to the cloud so that her Mom and other family 
members could see the child’s learning progress. 

Right now, the comparator is more objective and more accurate. It compares 
the child’s learning progress with the nested standard.

According to the comparator, the actuator indicates whether the child is fall 
behind or not and it recommends courses to the mother. It also indicates which 
language the child should take more efforts to learn.

It is time to consider the details of the application.

Designers need to be able to observe, 

describe, and understand the context and 

environment of the design situation... ...a de-

signer is obliged to use whatever approaches 

provide the best possible understanding of 

reality...

Harold Nelson and Erik Stolterman
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Gardener

Gardener & flower

Parents & children’ s 
language skill s

Flowers
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The Metaphor
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I used a metaphor in the interface design – gardeners cultivate flowers, and 
flowers follow a flower shelf. The flowers are influenced by the weather. It is 
like the relationships between parents and children’s language development. 
Parents cultivate children’s language. Their language development follows cer-
tain kinds of structures, and their language environment influence the develop-

ment of their languages.
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Persona

She came to United States when she was 18 
years-old, she had her bachelor degree here.
Her husband was born in United States and is 
very fluent in English. She quited her job after she 
gave birth to her daughter. And they are planning 
to have another child now.

Her daughter

AGE

OCCUPATION

STATUS

LOCATION

FIRST LANGUAGE

SECOND LANGUAGE

AGE OF HER CHILD

27

Home Maker
Married

San Francisco

Chinese

English

2 years-old

TECHNOLOGYPERSONALITY

MOTIVATIONS

EXPECTATIONS

FRUSTRATIONS

Extrovert Introvert

Sensing Intuition

Thinking Feeling

Judging Perceiving

IT and Interne t

Software

Mobile Apps

Social Network

Amy Yue Young Mom

“I feel very struglling about whether speak more English or more Mandarin to her.”

“I felt very sad when she canʼt communicate with other kids in English.”

Her husband

Her family Limited freinds whoes children are 
at the same age and are also learning Ma-

radin.

Donʼt know a place to get advice for her 
childʼs language development

Get childʼs language development advises
Know wheather her child is fall behind or not
Know what to do if her child is fall behind
Communicate with other friends who are in the same situations
Let her child communicate with other kids
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The Conceptual Model of the App

Hugh Dubberly asked us to think about the persona before the conceptual 
model. How will she think about the app? What are the existing concepts in her 
mind? What are the tasks she will encounter?

According to Jeff Johnson and Austin Henderson, the conceptual model should 
be based on tasks. Thus, I first listed out the main tasks the users may en-

counter, and than made a list of objects, properties and operations. Based on 
the list, I made a diagram of the conceptual model.

Tasks:

1. See her child’s language development progress
2. Know whether her child is fall behind or not
3. Get child’s language development advises
4. Know what to do if her child is fall behind
5. Communicate with other friends who are in the same situations
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OBJECTS PROPERTIES ACTIONS

added/ not added

adopted/ not adopted

added to/ not added to favorites

number of favorites see the favorites

see the standard childʼs
language development

matches /not matches stan-

dard progress

the number of words the 
child can speak

the number of words the 
child should speak

age

language level

age

language level

add the parents who are in the 
same situationto to friends list

learn from the course and 
teach the child

capturing the childʼs language 

development progress

they are the subject of the rest

of the actions

add to favorties

know whether the child
is fall behind or not

see/hear childʼs learning 

progress

What are the concepts the user 

should have in mind 

What are the properties the user 

may need to control

What the users will to do 

to the objects

other parents who are in the 
same situation

standard childʼs language devel-

opment progress

other friends shared courses

favorites

see the friends and their sug-

gested courses

suggested courses

child

parents

childʼs language develop-

ment progress

List of the Conceptual Model
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Visualization of the Conceptual Model
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Wireframes
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Interfaces
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Several design methods are included in this project – story boards, cybernetic 
system, metaphor, persona, conceptual model, wireframes, and mood board. 

The method of story boards is a very intuitive and engaging way to represent 
design ideas. The method of cybernetic systems can help us have a overall 
picture of the product’s ecosystem and help us discover what the weaknesses 
are. The method of metaphor employs users’ existing mental patterns. It is a 
way to trigger users’ emotional sympathies. The conceptual model is from the 
persona, however it is still too subjective and lacks relationships with users.

In following chapter, I will focus on the conceptual model and see how the 
conceptual model can be closely related with users.

Thoughts



A closer and deeper exploration of  systematic modeling design methods.
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AUTOMOBILE CLIMATE CONTROLS
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Why did I Choose This Project?

The first time I was considering my first project is during a class critique, Maya 
mentioned the air conditioner example in Don Norman’s book the Design of 

Everyday things. In the book, Norman discussed about how does the thermo-

stat work: “but how does the thermostat work? If you are in a cold room, in a 
hurry to get warm, will the room heat more quickly if you turn the thermostat all 
the way up? ... Or to cool a room most quickly, should you set the air condi-
tioner thermostat to its lowest temperature setting?” 

It is very interesting to explore how different people think about air condition-

ers. However, a simple thermostat at home is too simple, so I chose the air 
conditioner in a car since it is a more complex system. Moreover, the existing 
air conditioner in cars causes a lot of confusion. Especially for people who usu-

ally rent cars: they need to learn to use the air conditioner every time. Thus, I 
wonder what are people’s mental models of air conditioners in cars? Is there a 
standard design for it?

The interface of the automobile cli-
mate controls in my car
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How did I Research?

According to Susan Weinschenck’s article Match the Mental Model to the Con-

ceptual Model, one of the most important tasks for UX designers is to make 
sure that the conceptual model matches the mental model of the users.

However, in order to find their mis-matches, we need to first find out both the 
mental models and the conceptual models.

• How can we research people’s mental models?

• How can we research product’s conceptual models?

• How can we represent these two models and find the mis-matches?

With all these questions in mind, I started my very first round of research.

First, I interviewed them and asked them general questions about their driving 
experiences and then asked them to sit in their own cars and observe them 
how they use their cars.

People I Interviewed

Kellie Sun

Driving Experience: 6 years
Time of Ownership: 1 year
Car: Volkswagon Beetle 2012

Ruiwen Xu

Driving Experience: 1 year
Time of Ownership: 1 week
Car: Mini Cooper

Ming

Driving Experience: 12 years
Time of Ownership: 1 year
Car: Mini Cooper 2011
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Kellie Sun

Driving Experience: 6 years
Time of Ownership: 1 year
Car: Volkswagen Beetle

Interview | Kellie Sun

“Oh, I just found out that I misunderstood the closed circulation function. 

The function in my previous car need to be pressed to open it, but this car is 

already opened. I am just used to pressed it.”

She has  very rich experiences with driving different cars, but still has some 
blind spots on some of the functions of air conditioner of her car.
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Tasks:

1. Warm up :The primary function she uses is the warm up function.

2. Warm up the driver’s seat: She really likes to warm up the seat, because 
she wears dresses sometimes. She thinks the function is very clear and easy 
to use.

3. Cool down: She barely needs to cool down, because it is often very cold in 
San Francisco.

Her mental models:

1. Turn on: turn the knob to “1” to turn on the air conditioner.
     “I always keep the fans’ speed on ‘1’, and barely adjust it.”

2. Turn off: turn the knob to “0” to turn off the air conditioner. When it is too hot, 
turn the knob to “0”.

3. Warm up the seat: press the “warm up seat” button to full and let all the 
three lights on. When it is too hot, press the button until off or only one light on
 

4. Adjust the temperature when someone else in the car: turn the temperature 
knob to max cold to adjust the temperature.

According to the mental model defini-
tion by Susan Carey, the person who 
first defines the mental model, “a 
mental model represents a person’s 
thought process for how something 
works.”  

The interface of the automobile cli-
mate controls in her car
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Warm up

Goals 

Open the fans speed to “1”

Press the left warm seat button till the three lights are on

Press the warm seat 

button to no light on

Turn the fans speed to “0”

Turn the fans speed to “0”

if it is too warm

if it is too warm

if it is too cold

if it is still too warm

if it is 

too 

cold

if it is too cold

if it is too warm

Make sure orAdjust the 

temperature to coldest
Open the fans speed to “1” Cool Down

Warm up the seat

Make sure or Adjust the 

temperature to warmest

Press the warm seat 

button to one light on

Different people have different understandings of the mental model. However, 
after I showed them previous texts to my teachers, most of them don’t think it 
was the right way to represent the mental models. How can I represent them? 
How can I represent the things that are so abstract and so unmeasurable?

Then I did the diagram below. I highlighted the goals and mapped out how did 
she achieve these goals. This is similar to previous IKEA shopping example. 
These two diagrams are similar to work flows. Are the mental models are work 
flows? Or part of the mental models are work flows. 

After mapping out the mental models, I listed out the conceptual model by the 
method introduced in the book Conceptual Models, Core to Good Design.

A diagram of Kellie’s mental model
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Concepts Sub-concepts Attributes Operations

All fans Speed: 0, 1, 2, 3, 4; 
Temperature: Coldest to 

Warmest(9 grades);

Speed: turn the knob from 0 to 4; 
Temperature: turn the knob 
through 9 grades

Fans toward front window on/off on/off: turn the knob, if it is on the 
front window icon, it is on, if not, it 
is off.

Fans toward face on/off; Speed: Slowest to 

fastest; Direction: Left to 

Right;

on/off: turn the knob, if it is on the 
front window icon, it is on, if not, it 
is off. Speed: by adjusting the 

wheel under the fan. Directions: 

by adjusting the knob on the fan.

Fans toward feet on/off; on/off: turn the knob, if it is on the 
front window icon, it is on, if not, it 
is off.

Fans toward window and 
fans toward feet

on/off; on/off: turn the knob, if it is on the 
front window icon, it is on, if not, it 
is off.

Fans toward rear window on/off on/off: press the button to turn it 

on or off

Driverʼs seat Amont of heat: off, 1, 2, 3 Amont of heat: by pressing the 

button to switch through different 

grades.

Passengerʼs seat Amont of heat: off, 1, 2, 3 Amont of heat: by pressing the 

button to switch through different 

grades.

AC on/off on/off: press the button to turn it 

on or off

Recirculated-air on/off on/off: press the button to turn it 

on or off

Conceptual Model enumerates all concepts 

in the application that users can encounter, 

describes how those concepts relate to each 

other, and explains how those concepts fit 
into tasks that users perform with the ap-

plication.

Jeff Johnson and Austin Henderson

The Conceptual Model of Climate Controls in Her Car

I checked the user manual of her car and listed out the conceptual model of 
main tasks. The first column is the basic concepts she encountered, and the 
second column is the sub-concepts. These two first columns also indicate the 
relationships between different concepts. The third column is the attributes of 
each concepts, and the fourth column is how can she change and operate the 
attributes. 

Based on this method, I interviewed Ruiwen Xu and Ming, and also mapped 
out their mental models and the conceptual models of the climate controls in 
their cars.
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Ruiwen Xu

Driving Experience: 1 year
Time of Ownership: 1 week
Car: Mini Cooper

Interview | Tuiwen Xu

“I don’t know what does the ‘auto’ button do. ”

“I don’t use the defroster, I adjust the directions of fans instead.”

Her driving experience is very limited, 
and still not familiar with the air condi-
tioner in her car.
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Tasks:

1. Turn on: this is the primary goal.

2. Turn off: she use the air conditioner to exchange and fresh air.

3. Fresh the air

3. Defrost: she push the “air distribution to the windshield” button to defrost.

Her Mental Models:

1. Turn on: turn the fan’s knob to maximum

2. Turn off: turn the fan’s knob to off

3. Fresh the air: turn on the air conditioner and make sure the  “snow flake” is 
not on

4. Defrost front window: turn on or make sure the “up arrow with the little man” 
button is pressed

The interface of the automobile cli-
mate controls in my car
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Her Mental Models of the Air Conditioner

Turn up the 

fans’ speed

Turn up the 

fans’ speed

Press the “little man with up arrow” button

Make sure or turn 

down the tempera-

ture

Make sure or turn off 

the “snowflake”

Press the 

“snowflake” Cool Down

Goals 

Defrost Front Window

Fresh the air
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The Conceptual Model of Climate Controls in Her Car

Concepts Sub-conceptsA ttributes Operations

All fans Speed: Slowest to fastest; 
Temperature: Coldest to 

Warmest;

Speed: turn the knob from slowest 
to fastest; Temperature: turn the 

knob from coldest to warmest.

Fans toward front window on/off on/off: press the button to turn it 

on or off

Fans toward face on/off; on/off: press the button to turn it 

on or off

Fans toward feet on/off; on/off: press the button to turn it 

on or off

Auto program on/off on/off: press the button to turn it 

on or off

Recirculated-air on/off on/off: press the button to turn it 

on or off

Maximum cooling on/off on/off: press the button to turn it 

on or off

Rear window defroster on/off on/off: press the button to turn it 

on or off

Windshield heating(front 

defronster)
on/off on/off: press the button to turn it 

on or off

Cooling function on/off on/off: press the button to turn it 

on or off
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Ming

Driving Experience: 12 years
Time of ownership: 1 year
Car: Mini Cooper 2011

Interview | Ming

“I don’t understand what does ‘auto’ do. ”
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Tasks:

1. Turn on air conditioner

2. Turn off air conditioner

3. Adjust the direction of the air flow

4. Defrost front and back windows

5. Adjust the temperature when someone else in the car

Her Mental Models:

1. Turn on: press the up, red button to turn on the air conditioner. “I use the up 
bottom because the fans’ button is too close and too hard to press”

2. Turn off: press the minus fans’ button to turn off the air conditioner. “I always 
turn off the air conditioner before turn off the car, because otherwise the air 
conditioner will be damaged.”

3. Adjust the direction of the air flow: press the “toward face” button to close or 
open the fans toward face.“I will keep the snow flake button open.”

4. Defrost front and back windows: press both front and back window button to 
defrost both windows.

5. Adjust the temperature: when someone else in the car, adjust the tempera-

ture to let them feel comfortable. 
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In this interview, I used another research method, which was suggested by JD 
Beltran. After asking similar questions, I asked Ming to teach Peixin how to use 
the air conditioner in her car. Then, I let Peixin draw something to express how 
to use the air conditioner and let Ming to highlight what is the most important 
and useful part.

Ming is describing the climate con-

trols in her car to Peixin

Peixin’s drawing of the climate con-

trols in the car

The climate controls in Ming’s car
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There are two main “mis-matches” between mental models and conceptual 
models:

• Ruiwen uses the “up arrow with the little man” button, which turns on the fans 
located near the front window, to defrost the window; however the button is 
intentionally supposed to adjust or customize the fans’ directions.

• Ming uses the “red temperature button” to turn on the air conditioner, and the 
“lower down fans’ speed button” to turn off the air conditioner. However, the 
manual says that to turn the air conditioner on/off, you should turn up/down the 
speed.

These two mis-matches are mis-matches between the user’s mental model and 
the designer’s conceptual model (designers’ or engineers’ intentions). They are 
links between controls (operations) and outcomes(goals).

I represent the conceptual model by using the method described in the book 
Conceptual Models Core to Good Design. However, right now these models are 
just spread sheets, and they are not very communicative. Moreover, I felt that 
there were some important information missing from these representations.

Thus, I decided to do a self exploration to explore my own mental model of the 
air conditioner in my car.

Thoughts after the First-round Research



What should be included or not be included in the mental models 

and conceptual models?

How to represent the models?



Self Explorations

4

AUTOMOBILE CLIMATE CONTROLS
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The First Exploration 

To get the mental model in my mind, I asked myself two questions: the first is 
what is included in the air conditioner in my car; the second is how you keep 
the temperature in a comfortable zone?

These two approaches end up with two totally different findings:
The first one: what is included in the air conditioner in my car?
This is more about the air conditioner itself, more about what the product looks 
like. It is more about the representations. There are two main categories in the 
sketch: what I am familiar with and what I am not familiar with. However, after I 
did the drawing, I found this is not the mental model, or not what I want.

The interface of the automobile cli-
mate controls in my car
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A sketch of my first exploration
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The Second Exploration 

Than I looked back to the book by Johnson and Henderson, which pointed out 
the “task domain.” The previous sketch is not about the “task domain.” The 
conceptual model should be within the task domain, and users’ mental models 
should be paralleled with the conceptual model.

Thus, I asked myself another question: How do you keep the temperature in a 
comfortable zone? (This is also the task domain.)

Conditions and feedback loops appear on the paper.
However, another question appears: doesn’t it look like a flow chart? Or task 
flows? What are the differences between a flow chart and the conceptual or 
mental model?

A sketch of my second exploration
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The Third Exploration 

These questions remind me of some words from Hugh Dubberly: “It’s important 
to note that the conceptual model is independent of task flow and presenta-

tion.” Then I came back to Hugh’s diagrams, such as the conceptual model of 
an alarm clock diagram below. In this diagram, it mainly represents entailment. 
For example, the clock includes current time and arm time, and the current 
time includes hour, minute, second and time format.

However, this conceptual model is not related to mental models, which need 
to represent “thought processes.” Is there a way to express the entailment 
and the logics and flows within it? There are mainly two layers in this diagram: 
concepts (attributes, values, and concepts’ relationships), and use cases ( 
conditions and operations).

One example of the conceptual 
model by Hugh Dubberly
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A sketch of my third exploration
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A diagram of my third exploration

I am also playing with the semiotics, inspired by the schematics in the hard-

ware electronics world: the black blocks are objects, the triangle indicates 
attributes and the line on the left indicates values of the attributes. There are 

task temperatures and desired temperatures in the goal description. Outside 
air and air from the air conditioner influence the current temperature. Windows 
and fans control outside air and produced air. Moreover there are three main 
“use cases” in the diagram. For example, if the current temperature is hotter 
than the desired temperature and outside air is too hot, than I will turn off the 
windows, turn up the fans’ speed (which is meant to turn on the air condition-

er), and adjust the temperature.
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Feedback from Hugh Dubberly

I sent my previous diagrams and findings to Hugh Dubberly and got valuable 
feedbacks and suggestions from him:

The diagram is actually pretty clear to me — because I already have a 
sense of what you’re trying to do. However, the diagram could be clearer 
— if you organized the diagram to highlight that the air conditioner is a 
self-regulating system — that it is organized around a feedback loop.

At heart, a car air conditioner is a special case of air conditioners, and air 
conditioners are a special case of a self-regulating feedback system [. ...]

The options come with trade-offs. Opening the window may increase 
noise and let in fumes. Running the air conditioner may increase fuel 
consumption. Choice of options happens at a higher level as the user 
balances goals of comfort and economy etc.

Working out a diagram of the drivers goals and actions would be super 
interesting [. ...]

However, before you do any interviews, you MUST have a “hunt state-

ment” — a clear idea of what you want to learn from the interviews. You 
also need a clear protocol (set of questions) for getting at the answers 
you need. Just asking people how they think about car air conditioners 
will NOT be very useful.

Asking people to tell you a story about how they figured out how to use 
their car air conditioner might be more useful. Even more useful might 
be putting people in your car and asking them to tell you what they are 
thinking as they figure out how to use your air conditioner.

– Hugh Dubberly
Dubberly Design Office
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Thoughts after the Self-explorations

By now, these diagrams are still mental models but not conceptual models, 
because they are based on my thoughts. They are based on what “I” thought 
about the climate controls, but not the climate controls themselves. This also 
leads to another question – what are the climate controls? This questions also 
means what is the boundary of the climate controls. The last diagram contains 
windows and how “I” interact with the windows and how “I” interact with the 
climate controls. It is my understanding of how to achieve the goal – keep “cur-
rent temperature” within “desired temperature.” 

What is the conceptual model of climate controls? What should be included 
in the conceptual model? If the conceptual model should be derived from the 
mental models, should the interactions of windows be included in the concep-

tual model? How can we define the boundaries of our products and the bound-

aries of the conceptual models? Right now, the climate controls don’t have 
controls of windows. If we add the controls of the windows, will the climate 
controls be better fit user’s mental model? 

The questions above also lead to other bigger questions – How can we sepa-

rate and assign design jobs to different designers? What functions should be 
put together to fit users’ mental model?



What are the differences and relationships between mental models 

and conceptual models?

How to research mental models?

Here is a second-round research.



Second-round Research

 AUTOMOBILE CLIMATE CONTROLS
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A New Round of Interviews

The below image is from Andrea Provaglio. It describes how people utilize and 
develop their mental models. What I am interested in is how people use their 
existing mental model to explore new things, and how people develop new 
mental models.

According to Hugh’s suggestion, I let the interviewee sit in my car and I ob-

serve them learn to use the air conditioner in my car. Thus, there are mainly 
two parts in the following interviews: their pre-existing mental models and 
explore the new air conditioner.

However, as I was not clear about the interview protocol, I came back to Ming 
and did a test interview with her.

Double-loop Learning, image from 
Andrea Provaglio
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Ming has 12 years of driving experi-
ence. She is very familiar with cars. 
She has a 2011 Mini cooper.

Ming

“I like researching different cars.”

Interview | Ming
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Quotes Related with Her Mental Models

• “I use the temperature button to turn on the air condi-

tioner.”

• “I use the fans’ speed to turn off the air conditioner.” 
• “ When outside is smelly, I will close the window and turn 
on the air conditioner.” “In Thailand, people don’t open the 
window because the air pollution and the hot tempera-

ture.”

• “ I will ask others how they feel and check with them if 
the temperature is good for them.”

Ming’s Drawing of her “Mental Model”

I asked Ming to draw her mental model. However, I found 
it is not an appropriate approach. She is trying to draw 
what I want, but not what she actually thinks about. Thus, 
there are gaps between what are in people’s minds, and 
what they are describing, but their behavior is more hon-

est and more close to what they are thinking about.
Ming’s drawing

The interface of the climate controls in her car

Mental Models about Her Car
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What confused her for a while was how to turn on the air conditioner, she was 
trying to push the “off” button to turn it on. 

She pushed the red temperature button to try to turn on the air conditioner. 

She understood the implementation model of A/C. I can ask someone who are 
not familiar with it later.

She was confused about the adjusting the direction of the fans.

The circulation function is clear and easy to control.

It was hard to tell if the conditioner was on or not because it was very quiet 
when the fan’s speed was very slow. The display was not clear either.

First trial: pushing the “OFF” button. 

Duration: 7 seconds

Second trial: pushing the temperature button. 
Duration: 1 second

Third trial: pushing the “AUTO” button. 
Duration: 1 second

Succeed

HOW TO TURN IT ON?

4

4

3

2

32

1

1

Exploring New Climate Controls
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After she turned on the car, she was trying to turn on the air conditioner. First, 
she tried to push the “off” button; secondly, she tried to push the red tempera-

ture button; finally, she pushed the fans’ speed button.

I am thinking about why she was trying to push those buttons and what mental 
models she used to explore the new air conditioner. The first trial showed her 
pre-existing mental model – on and off are almost always together, pressing 
the button can with it on and off. This mental model is probably gained from 
other devices.

However, the feedback – which was that the air conditioner wasn’t on – taught 
Ming that pressing the button can’t turn on the air conditioner. Then she tried to 
push the red temperature button. It probably was because her previous experi-

ence in her car. In the previous interview, I saw her using the red temperature 

button to turn on the air conditioner in her car.

I saw others also pushing the red temperature button. Maybe it was because 
the red button looks like “turning on.” It reminds me of the “pattern matching”, 
is the exploration simply an activity of pattern matching?

She tried to push the tempera-

ture button, like what she did in 
her car.

First trial: the “off” button Second trial: the red tem-

perature button

Fourth trial: fans’ speed 
button

Third trial: “auto” button
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Interview Protocol

After Ming’s interview, I was more clear about how to interview others, and 
what’s more important is I was more clear about what I want to know.

What I want to know:

1. The boundaries of their mental model of this task
2. How they turn it on/off
3. What are the concepts they have in their mind?
4. What are the attributes they mostly care about or mostly interact with?
5. What are the main use cases.
6. How they think about the A/C and auto buttons. What are the outcomes of 
this two buttons. “how does it
work?” What are the unfamiliar buttons and how do these buttons work?
7. How they use their mental models to explore new products
8. How they create another mental model for this new product

How to interview:

1. Explore their mental model of their cars:
A. What do you usually do when entering the car?
B. Observe how they turn it on/off
C. How do you control the temperature in your car?
D. What is this button for?
2. Let them(people who are familiar with and not familiar with cars) use a new 
air conditioner. I will give them two tasks: the first is “what will you do if it is too 
cold?”; the second is “what will you do if it is too hot?”
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Interview | Ryan

Ryan has 6 years of driving experience, and 
he has a 2011 Volkswagen Jetta at home. 
He has no car here in San Francisco, but he 
rents a lot of cars. 

Ryan

“I like to rent Honda cars, because their interior 

designs are consistent and easy to use.”
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Quotes Related with His Mental Models

• “The fans’ speed is to turn on or off ... I just wanna on or off button, so I can 
turn in off immediately.”
• “If it is really too hot or too cold, I will turn it to the highest settings: fastest 
fans’ speed and coldest or warmest temperature. After a while, I will turn to the 
lowest fans’ speed.” 
• “ I will prefer me to control versus automatic control, because it doesn’t work 
that well ... if it is too hot, it will blasting a hugh amount of cold air, and it is very 
annoying.”

• “ I like controls at the string wheel, because it is easier and I don’t need to 
take my hands off the wheel and reach over there.”
• “ The A/C function will not make the air colder or warmer. It will make the air 
dryer.”

Volkswagen Jetta 2011 Honda Civic 2013

His drawing of how does A/C work

Mental Models about His Car

I also asked him about how does the A/C work, here is his drawing. I asked 
him “if the fans are blowing hot air right now, what will happen if you press the 
A/C button.” He says “it will make the air dryer, but stays the same tempera-

ture... because when I turn on the defroster, the air will try the window. ” I found 
A/C button is very tricky, everyone’s understanding of it is different. Is the A/C 
button necessary? Why isn’t it automatically on or off? Why users need to 
control lit? “A/C” is the “concept” that most of people I interviewed with don’t 
understand.
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He pushed the red temperature button to try to turn it on

He said he likes knobs better than buttons, because in his car, there are knobs 
to adjust the temperature and fans speed.

First trial: pushing the temperature button. 
Duration: 2 seconds

Second trial: pushing the “OFF” button. 

Duration: 2 seconds

Third trial: pushing the “AUTO” button. 
Duration: 1 second

Succeed

HOW TO TURN IT ON?

2

1 4

4

3

321

Exploring New Climate Controls
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I asked Ryan “If it is too cold right now, what will you do?” Then he tried to 
push the temperature button. And he said “ because it displays 72 degrees 
right now and it will produce air automatically according to the target tempera-

ture, and press the temperature button would trigger it to produce hot air.” 
Then, he tried to push the “off” button, he said “because I thought the off button 
will turn on the air conditioner.”

Every trial indicates a model in user’s mind. What is a model? It is a link 
between control and outcome. In the first trial, Ryan thought that it must 
be on because it displays current temperature. The model underneath this 
thought maybe: if the air conditioner displays current time, it is on and produc-

ing air. Furthermore, in the second trial, he pushed the “off” button, because 
he thought that the off button will turn on the air conditioner. The underneath 
model in his mind maybe: on and off are almost always together, pressing the 
button can with it on and off. This mental model is similar to Ming’s mental 
model.

First trial: the red temperature button Second trial: the “off” button

Third trial: the “auto” button Fourth trial: the fans’ speed button
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Interview | Victor

Victor has 12 years of driving experience, 
and he has a 1995 toyota tacoma at home. 
He has a motorcycle here in San Francisco.

Victor

“I usually drive old cars, they are very easy to use.”
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Quotes Related to His Mental Models

• “There is no A/C in my car. When the temperature is adjusted to cold, the air 
is directly from outside.”
• “If it is too hot, I will roll down the window. If it is too cold, I will turn on the 
heater.” 

• “I usually drive old cars, they are very easy to use.”

Toyota Tacoma 1995 His drawing of the climate controls in 
his car

Mental Models about His Car
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• The primary difficulty for him was to turn on the car. He couldn’t find a way to 
turn on the car. He was not sure the car was on or not.
• When he was trying to turn on the air conditioner, he tried to push the off but-
ton and the up red temperature button.
• His understanding of A/C: if the heater is producing hot air, the A/C will still 
produce cold air, and mix with the hot air. Thus, the A/C will make hot air 
colder.

• The auto function was very confusing, and he needed to turn off everything to 
turn off the auto function.

• He thought the wield arrow with a sitting man’s button will filter the air.

Exploring New Climate Controls

First trial: pushing the “OFF” button. 

Duration: 7 seconds

Second trial: pushing the “A/C” button. 

Duration: 5 seconds

Third trial: pushing the “AUTO” button. 
Duration: 4 seconds

Succeed

HOW TO TURN IT ON?

1

2

4

4

3

321
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When he was trying to turn on the air conditioner, the car was not on yet.

It is very interesting to see him trying to push the A/C button, because he 
previously say that “There is no air conditioner in my car.....That is the heater.” 
Thus, his understanding of air conditioner is different from other people. For 
this exploration, he may be thinking “Oh, it is a air conditioner, so if I push the 
A/C button, the fans will blow air.”

First trial: “off” button Second trial: A/C button

Third trial: “Auto” button Fourth trial: the fans’ speed button

His existing mental model influ-

enced his exploration.
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Victor said “no touch screens! ....(In my car, ) you know how to control it with-

out looking at it. But for this car (the Prius), especially for the fans’ directions, 
you needs to look at it even when you know your car.”

I asked this question in the workshop with Wendy Ju and her car research 
team in Center for Automotive Research at Stanford.

They are very passionate about my project and this question, and they started 
to argue with each other. Wendy said it is not wrong to have touch screens in 
cars, but there should be better design solutions to help people control them 
without looking at the screens. Some people mentioned how blind people use 
iPhones. There is a silicon cover, if blind people want to type the icons will pop 
up. Can we use this technology in the touch screens in cars?

Is it wrong to use touch screens in cars? 
A conversation in Center for Automotive Research at Stanford

The Center for Automotive Research at Stanford



105Automobile Climate Controls | Second-round Research

Interview | Kat

Kat is not familiar with cars. She sometimes 
drives her boyfriend’s car, a Honda Accord.

Kat

“I sometimes drive my boyfriend’s car.”



106 Automobile Climate Controls | Second-round Research

Quotes Related with His Mental Models

• “First of all, I will choose where does the air come from by pressing the fans’ 
direction buttons, then I will adjust the fans’ speed, finally I will adjust the tem-

perature.”

• “I don’t understand what is A/C, I think it is especially for the cold air... I can 
assume that the A/C will pull the air from outside and heat cool it down, and 
then spread it out to the car.” 

• “There is a feedback loop here. If I set up a temperature, the system will 
dictate the temperature and cool the air from outside.”
• “ If it is too hot inside, I will first choose to roll down the window, because I 
want to focus on driving but now controlling the air conditioner.”

Kat is not sure how these buttons are laid out on the control panel, but she is 
sure about the control process: first, she chose where did the air come from; 
second, she chose the speed of the air; third, she chose the temperature of the 
air. Are mental models more related to the work flows? There is another part 

about how she thinks the air conditioner works: there is air from outside, and 
the air comes into a box. The box cools the air, and the cooled air come into 
the car. This is similar to Ryan’s drawing of how A/C works. This is the general 

mental model.

Kat’s drawing of climate controls 
in Honda

Honda Accord

Mental Models about Her Car
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• She pushed the arrow with a men’s button to turn on the air conditioner. Can’t 
believe it works?!
• She pushed the A/C button when she wanted to make code air.
• She set a desired temperature  and let the “system”  dictated to the tempera-

ture.

Exploring New Climate Controls

First trial: pushing the filter button
Succeed

HOW TO TURN IT ON?

1

1
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She is the only person that turns on the air conditioner with only one push.

It is very interesting to see a totally different thought process of how to control 
the air conditioner. Previous interviewees mostly use the fans’ speed to turn 
on the air conditioner, but she uses fan’s direction to turn it on. Moreover, she 
uses this mental model to explore new air conditioners. When she was trying 
to urn on the air conditioner, she pushed the “sitting man with an arrow” button 
to turn it on, which is paralleled with her mental model that “If you want to turn 
it on, you firstly need to select the fans.”

She pushes the “filter mode” button to turn it on
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Thoughts after the Second-round Research

Another interesting thing to look on is how technology and design change 
people’s mental models. Victor has pretty “old-styled” mental models, and he 
knows exactly how a cooler and a heater work. Kat has “fashionable” mental 
models, she assumes that if she set up a temperature, the system itself will 
aim for the temperature. Ming and Ryan are between “old- styled” and “fash-

ionable.”

Another important factor to classify different users is how many kinds of cars 
he or she has used previously. People who are used to more kinds of cars tend 
to have more mental models in their head, and people who are only exposed 
to one kind of car have totally different behavior. However, maybe people who 
drive fewer cars will use mental models gained from other devices, such as 
phones or tablets.

This second-round research was more successful than the first-round re-

search. We can see how does their previous driving experience influences 
their behaviors of learning new climate controls – Ming uses the temperature 
button to turn on her climate controls, so she tried to push the temperature 
button in the new car; Victor’s car don’t have A/C, but the new car has, so he 
thought that the A/C button can turn on the climate controls. The failures and 
trials indicate their existing mental models.

We can also see similar mental models. For example, in Ryan’s and Kat’s 
drawing, they mentioned there’s a “thing” can make outside air cooler or hotter. 
This is their understanding of how the automobile climate controls work.

Kat’s drawing of climate controls in HondaRyan’s drawing of how does A/C work



What are the mismatches between their mental models and the con-

ceptual model?

How to redesign the climate controls?



Mapping, Prototyping and Testing
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AUTOMOBILE CLIMATE CONTROLS
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How to Redesign

After previous interviews and 
research, I tried to represent the 
product’s existing conceptual model, 
and redesigned the conceptual 

model. Then, I redesigned the climate 
system in car. 

Thinking about redesign, there are 
so many directions I can go —- it can 
be futurist and pioneered, but it can 
also be grounded and as minimum 
changes as possible. To better help 

me focused on my topic, I want to 
redesign the product as minimum 
changes as possible.
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Things Related to the Conceptual Model

I am just curious about what do A/C, auto and the “little man with wield arrow” 
buttons really do, so I looked up the user manual. Victor is right that the “little 
man with wield arrow” button is a filter (see number 7 in the picture above), 
and it will turns off after 3 minutes. I still don’t understand how does the A/C 
work after looking up the manual. 

It is very interesting to see the title of this picture - “Air conditioning/ Heating.” 

Why did they put both Air conditioning and heating? Maybe it is heating for 
some people, such as Victor. But the climate system in car is very “muddy.” I 
can see it here because even the name of it is different to different people.

Hugh criticized on my previous work — I named 

the climate system’s user manual as “designers 

and engineers intentions.” He doesn’t agree with 

that, because the user manual or the instruc-

tions given to users can not directly describe 

designers or engineers intentions. There is a 

feedback loop between the system’s interface, 

and there is also a feedback loop between the 

instructions and users. I am outside these loops 

and trying to represent users’ mental models 

by interviews, and trying to get designers con-

ceptual models by user’s manual, which is very 

hard and almost impossible. ( See the diagram 

on page 32)

This is from 2012 Prius User Manual
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Existing Conceptual Model
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According to Johnson and Henderson’s book, designers should redesign the 
conceptual model before they design the visuals and representations.

As I said before, I wanted to be focused and simplified. Thus, I ignored the 
system about windows. I focused on the air conditioner. According to Don 
Norman, the conceptual model is about controls and feedbacks. Thus, I tried 
to expressed the feedbacks of the controls. The feedbacks are introduced by 
“—>>”. I am also thinking about how to group the controls. There are mainly 
two groups here: the first group is under the “fans” object; the second group is 
under the “conditioned air” object.

I also highlighted all the ways users can turn on the air conditioner. Overall, 
there are five ways: first is by adjusting the fans’ speed; second is by turning 
on the auto function; third is by turning on the defrost front window; fourth is by 
turning on the defrost the rear window; fifth is by turning on the filter.

Why are there so many ways to turn it on? We can see the problems in the 
diagram on the left page. Wireframes and visual representations can’t express 
the direct relationships between controls and outcomes, which is the core of 
interaction design.

I circled the problems according to the interviews: first is the off button, which 
can only turn off the air conditioner; second is the auto button, which can only 
be turned on but can’t be turned off; third is adjusting which fan or fans blow 
air, because it is very hard to interpret which fan or fans are opened without 
looking at the display; fourth is the A/C function, because people don’t under-
stand what is it used for; the fifth is the filter function, because it is the function 
that no one understand, and it can turns on and off automatically.
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The problems are very obvious in the existing conceptual model. After that, I 
redesigned the conceptual model. 

I added the on function with the off button. For adjusting which fan or fans 
are blowing air, I spread it out into four buttons and eight nods. I moved the 
A/C function into the implementation model. The A/C can be turned on or off 
automatically according to the target temperature. I also delete the auto and 
the filter functions.

Redesign the Conceptual Model
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Prototyping 

Based on the redesigned conceptual model, I redesigned the representation.

I also did the interactive prototype. It can be found here:

http://share.framerjs.com/lkoie48ymdzh/

I tried to minimize the visual changes. Thus I just deleted some buttons, re-

moved some buttons, and add “on” near “off.” There can be more visual variet-
ies based the same conceptual model.

Existing interface of the climate 
controls

Redesigned interface of the climate 
controls
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I let people interact with the iPad, and I am controlling the real climate controls 
in the car. I tested with three people and all of them press the “On/Off” button 
to turn on the climate controls. 

Testing

I made the interactive prototype in Framer Studio. I want to mimic the real real 
interactions as more as possible.



119Automobile Climate Controls | Mapping, Prototyping and Testing

start

stop

Flowchart of how to use the air conditioner

 is the output air 

satisfying?

do I still need the 

air conditioner?

leave the air condi-

tioner on 

turn on the air 

conditioner

turn down the 
temperature 

turn off the air 

conditioner

turn up the 

temperature
turn down the 
fans’ speed

turn up the fans’ 
speed

yes

no

no

after some time

too hot too cold too noisy too small

yes

Flowchart is the most widely-accepted method to map out how people think 
about the product. In order to see the differences between the conceptual 
model and the flowchart, I mapped out the flowchart of how to use the air 
conditioner. 

However, the flowchart is more suitable for computers, but not thoughts in 
people’s minds. It is more like an implementation model.
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Redesigned interface of the climate 
controls

The conceptual model of the climate controls
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Thoughts

The basic logic behind the interface is from user’s general model – outside air 
comes in the air conditioner, and make it into conditioned air (hotter or colder 
air). Fans control and “spread” the air in the car. Thus, there are two groups of 
concepts – concepts related with “fans,” and concepts related with “conditioned 
air.” I visually grouped these concepts on the interface of the climate controls.

Although there is no “on” and “off” concepts in the implementation model of the 
automobile climate controls, there are “on” and “off” in users’ mental models. 
Maybe these two concepts are from the “power” buttons of other electronic 
devices – laptops, mobile phones, tablets, etc. 

It is hard to compare the designer’s conceptual model and users’ mental 
models because I’m not the original designer. Thus, in the following chapter, I 
design a new product – “An organization app” to see what are the mismatches 
between my conceptual model and users’ mental models. Moreover, I want to 
explore how can the systematic modeling method be used in early stages of 
the design process. 

 

Ryan’s drawing of how does A/C work



How can we use the systematic modeling method in the early stag-

es of the design process?



AN ORGANIZATION APP
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An Organization App

This app is designed for the Chinese community both in China and overseas. 
Right now, Wechat is the most dominate and popular app in the Chinese 
community. It was originally designed for peer-to-peer communications, so the 
group function is very hard to use. There is no better choice for the Chinese 

community. Thus, I want to design an app for the Chinese community and 
Chinese organizations.



An Organization App 125

I want to see if I can design the conceptual model from mental models. It is 
hard to research other people’s mental models if I don’t have a clear clue 
about them in my mind. Thus, I went to one organizations’ event and mapped 
out my journey map.

My Journey Map

Before the event

I got the event’s informa-

tion from my husband, 
so I asked him questions 
about the organization 
and the event.

They took pictures in 
front of the club house 

to show guests how to 
get there.

I helped with them on 
setting-up the environ-

ment.

Each of us introduced 

ourselves.

We had snacks and 
drinks during the relaxing 
section. Most of them are 
one-on-one conversa-

tions.

We used Wechat group 

to share the pictures.

Members
Who are the members?

Time
When and How long is 
the event?

Place
Where is the event?

Things to bring
Do I need to bring any-

thing to the event?

Place
How can I find the place?
(They used photos to 
guide guests to the 

event’s space.)

My responsibility 
What can I  help to set 

up the event?

Members
Getting familiar with their 
backgrounds.

Expectations 

Everyone has his or her 

own expectation for the 
organization.

Photos
We took group photos.

Wechat Group
We shared photos in the 

Wechat group.

Waiting Setting-up Meeting Relaxing Sending photos

Stages

How I interact with people 

Conceptual elements I encountered with

Photos
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This is an ex-huawei American group. All the people in the group have worked 
in huawei before and they are now in the United States. We use Wechat app to  
communicate with others.

These are the pain points in this journey map:

1. It was very hard to find the event’s place, especially the specific room. Right 
now, they sent photos of the entrance in the Wechat group to guide other 
members to the event’s place.

2. It is very hard to manage an event by Wechat. We need to use another 
website to let people sign up for the event.

3. There is no place to store the event’s photos and very hard to find previous 
photos.

I also listed out the concepts and their meanings that I encountered throughout 
the six stages. This is a way to combine the journey map design method with 
the systematic modeling design method.

Then I interviewed several people and tried to find their existing mental 
models.
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Interviews

Jane

Organizations

Bay-area Chinese HR group: 

Role: member
Size: about 10,000 members

Ex-Huawei in America group:
Role: manager
Size: about 100 members

SHRM - Society For Human Resource Management 
Role: member

Existing tools

Mails and e-mails to communicate with with the bay-area Chinese 
HR group, use the organizations’s website to pay annual fee. She 
said there is no problem for these tools.
Wechat to communicate with Ex-Huawei in America group. 
Problem: it is very hard to find previous valuable information in 
the group chat.

Needs/Expectations

1. The most important thing is there are people and group 
members in this platform. “The first priority is that I can use it to 
communicate with other members.”
2. “I hope it can have group chat like Wechat right now.”
3. Sharing information in the group and valuable information can 
be easily found out.
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Gang Xie    

Organizations

Silicon Valley Christian Assembly
Role: member
Size: about 2600 members

Christian Children’s Education Wechat Group
Role: member
Size: about 1500 members

National Association School Psychologist 

Role: member

Existing tools

E-mail to communicate with Silicon Valley Christian Assembly.
Pros “I only use computer to open e-mail, because there are 
videos, audios in the e-mail.” It’s very inconvenient to check the 
e-mails, not like Wechat, there is no notification. It is very easy 
missing the e-mails.
Cons: “There are about one hundred elderly in the assembly. It is 
very hard for them to use new technologies.”
Wechat to communicate with Christian Children’s Education. 
Pro: I can save the valuable information to my favorites. It is very 
fast to communicate with group members.
Cons: It is very hard to find previous information. 

Needs/Expectations

1. Fullfil spiritual needs through organizations 
2. Save and review valuable information 
3. Don’t want to miss important notifications

Using laptop to check e-mails. 

It can support multiple medi-

ums, but very slow. 

Wechat is very fast. “I like the 

notification, so I won’t miss 

important massages.”
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Frank Zheng

Frank is a very typical user, he has been in USA for more than 
ten years. He just quitted his job and planning to start his own 
business. He has more than ten Wechat groups and communi-
cate with these groups a lot.

When I asked him about his Wechat groups, he categorized 
these groups into three categorizes - about daily life; about tech-

nology and career and about alumni association and townsmen. 
He said he communicates with daily life groups most frequently, 
and they have a lot of events and activities together. 

“I like that in Wechat I can keep the groups I like on the top, so I 
can easily access the groups I frequently visit.”

“I like the subscriptions function. Once before, I find it is so hard 
to find previous valuable information. It can cause thumb pain to 
find one piece of shared link. But with the subscription function, I 
can put valuable information in it to let other group members see 
it. We have more than 1000 subscriptions now.”
“I still believe that e-mail is an important tool.”

“The most painful thing in Wechat group is to let the group mem-

bers sign up an event.”

“There are too many groups. There is no categorization of these 
groups.”

“Wechat is more convenient and fater than yahoo group. Yahoo 
group is a old-fashioned BBS style. It is inconvenient to open the 

Yahoo group.”

Organizations

About Daly Life

Group of Parenthood in Silicon Valley 
Role: manager
Size: about 500 members

His son’s football team group
Role: member
Size: about 10 members

Some other groups about daily lives 
About Technology and Career

Entrepreneurship Forum Group 
Wireless Technology Group

Role: member
Size: about 200 members

About Alumni Association and Townsmen Association

Alumni Association of Zhejiang University 
Role: member
Size: about 400 members

Association of Shaoxin Townsmen 
Role: member
Size: about 60 members

Association of Zhejiang Entrepreneurs
Role: member
Size: about 200 members
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what he likes about existing tools 

what he doesn’t like about existing tools 
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Before this project, I was thinking about a “ totally new”  project to explore the 
systematic modeling design method, but now I find that there is no “totally new” 
project. Every product borrowed something from somewhere. Now Wechat is 
my reference so I made I made the diagram (General Mental Models of We-

chat and the New App) on the previous page to compare the Wechat and the 
app I will design. 

Now it is the time to design the conceptual model of the organization app. 
Starting from the task domain, I separate the tasks into two groups – member’s 
tasks and manager’s tasks, because these two kinds of users are facing differ-
ent tasks.

However, this diagram is too much “interface-based.” When I was designing 
this diagram, I was thinking about how can I layout the interfaces. I found it 
doesn’t show the relationships between different users. It limits the design.
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The Conceptual Model of the New App

groups

hierarchy 1 hierarchy 2 hierarchy 3 hierarchy 4

chats and 

notifications

calendar upcoming events

documentations

other settings

events I participant in

events I interested in

past events

me

explore new groups

create a new group

instant  messages

group 

managers’ notifica-

tions

group group info. description

members

documentations

shared info.
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Tasks
Manager:

1. Create a group;
2. Manage the group.

Members:
1. Search for groups;
2. View groups;
3. Share information;
4. Manage personal information.
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Redesign the Conceptual Model

The first diagram on the opposite page is my first iteration of the conceptual 
model. I was thinking about how will the user think about the app. Thus, it 
starts from “me” – the app connects “me” and other group members. There 
is another big concept – “group.” Other group members and “me” can share 
information in the “group.” “Me” have a place , “my favorites” , to store the 
information I like. However, there is something that is very hard to represent in 
this diagram – different tasks between managers and members. 

Then there is a second iteration. In this conceptual model, I put the user out-
side of the app, not in a egocentric way. It starts from this simple relationship 
– the app has groups and each individual group has members and managers. 
Members and Managers have different operations and concepts. 

Which one is a better conceptual model? The first one is more related to “me” 
and the tasks “I” am facing, but it doesn’t show what is “my” role and what are 
the other’s roles. The second diagram is directed more towards a developer’s 
point of view. When developers build this app, they need to have a clear map 
of what are the authorities of members and what are the authorities of man-

agers. But a user can also have this kind of point of view when he is both a 
member and a manager. 

At this point, I think the second diagram is more helpful in later processes, it 
can be a tool to communicate with developers and it also can be a tool to help 
me clarify the logic behind the app.
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The first iteration

The second iteration
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Group

Managers

Members

Now I am thinking about ways to represent this conceptual model. Here is 
the basic relationship between basic concepts – the group have members, 
and some members are managers. This is the most basic relationship in this 
conceptual model. Some of the groups can also have sub-groups. In this way, I 
don’t have to duplicate same tasks bother members and managers are facing.

This is not a complete conceptual model of the app. There are many more 
concepts and operations need to be put in this conceptual model.
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Interface Design and User Testing

Actually, these interfaces are based on the very first conceptual model. I made 
an interactive prototype and test with users. 
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This is not a complete project. I will do further explorations.
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Theoretical Development

In this chapter, I will discuss some methodological concerns about the system-

atic modeling design methods and how to use these methods in the design 
process.
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Metrics from the “Boundary Object” Concept

Metrics means measurements here. How do I measure the successes and 
failures of the design methodology. 

The conceptual model is a methodology. It is also a tool for designers to com-

municate with others, who are designers, engineers, marketers, and stake-

holders. It is a kind of “boundary object.” The “boundary objects” concept was 
introduced by Susan Leigh Star and James R. Griesemer in a 1989 publica-

tion. They wrote:

Boundary objects are objects which are both plastic enough to adapt to 
local needs and constraints of the several parties employing them, yet 
robust enough to maintain a common identity across sites. They are weakly 
structured in common use, and became strongly structured in individual-site 
use. They may be abstract to concrete. They have different meanings in 
different social worlds but their structure is common enough to more than 
one world to make them recognizable, a means of translation. The creation 
and management of boundary objects is key in developing and maintaining 
coherence across intersecting social worlds.

The whole description is about the metrics of “boundary objects.” The bound-

ary object should be “weakly structured in common use,” but “strongly struc-

tured in individual-site use.” “Their structure is common enough to more than 
one world to make them recognizable.” In other words, the conceptual models 
should have a commonly recognizable structure. The key is to let different 
people communicate with each other.

Derived from the boundary object concept, the metrics for the conceptual 
model methodology are:

1. The representation of the conceptual model should be communicative and 
recognizable.

2. The conceptual model should be flexible. It is multifaceted. It has different 
layers for people from different departments.
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What should be included in the models?

What are the contents of the mental model and the conceptual model? How 
can designers get and analyze these models?

Let’s think about a house. A general mental model of a house is that it is a 
thing that we can live inside. The second layer of the mental model is that the 
house contains bedrooms, bathrooms, kitchen and a living room. The third 
layer is that the bedroom contains a bed, wardrobes, a desk, a chair, etc. The 
mental model is like an onion. It has different layers and the layers can even 
be endless. The layers I described above only contains the relationship of “en-

tailment.” Entailment is a set of concepts or terms that each implies or “entails” 
the others. It is introduced by Gordon Pask in the Conversation Theory. He 
proposed that the unit of thought is an “entailment.” For example, the bed-

rooms entails a bed, wardrobes, etc. The entailment is the basic content in the 
mental model, as well as in the conceptual model.

Another important element of the model is operation. It shows how users can 
interact with the objects. According to Jeff Johnson and Austin Henderson, the 
objects have attributes. Users can change the value of the attributes, in other 
words, users can change the status of the objects. For example, the door of a 
house can be opened and closed. Being open and being closed are two sta-

tuses, and users can change the status. It is the same as the washing machine 
example from Dubberly Design Office. The statuses are the cycles, and users 
can choose different cycles. Thus, the attribute describes how the object can 
be interacted with. It describes what can be changed of the object.
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What is a house?

 It is a thing that we can live inside
General Model

The Second Layer

The Third Layer

The house contains bedrooms, bathrooms, kitchen 
and a living room

The bedroom contains a bed, wardrobes, a desk, a 
chair, etc
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How people create mental models

What is the mental model? How do people create mental models? The best 
way to explore these questions is to look at how children develop their mental 
models. 

My 2-year-old daughter brought a Kindle to me and asked me: “What is it? Is it 
an iPad?” As a mother, I know that an iPad to her is a thing that she can play 
with, and it contains many interesting things. I said: “No, it’s not an iPad. It’s a 
Kindle.” I created a new concept in her mind, which is called “Kindle.” Then she 
asked me: “Oh, what is it used for?” she was trying to create a mental model 
of Kindle. “What is it used for?” is a general mental model. I was too busy and 
didn’t answer the question. She then quickly switched to another question: 
“What is it?” she pointed to the little power button on the side of the Kindle. I 
said: “It’s a power button.” “What is it used for?” she asked the same ques-

tion. I answered “the button can turn it on and off.” “Oh, I see,” she mumbled 
and started to push the button. “What is it?” or “What is the name of it?” is the 
question about the name of the new concept. “What is it used for?” is a ques-

tion about the function. It is also related to the attributes of the objects and 

how we can change the attributes. For the power button, we can change the 
object’s status from off to on and on to off.
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How to research people’s mental models

Sometimes it is very hard to say whether we can call it a “model” or not, 
because sometimes it is just a very simple connection of a word with a very 
simple function. People create these nutshells, and sometimes these nut-
shells become common sense. I think this is why it is so difficult to research 
the whole picture of interviewees’ mental models. During the previous climate 
system’s interviews, interviewees only talk about the differences from other 
people, such as “I only turn the fan’s speed to number one or number two.” 
They barely talked about the general mental model like the first diagram of the 
washing machine: we can put dirty clothes into this machine and clean clothes 
will come out. They will not talk about all these details unless we find the right 
way to ask them.

The basic concepts or mental models are too simplistic, so they didn’t mention 
them in the interviews. Thus, interviewees will not tell us their basic mental 
models unless we ask them the and simplest question: “What is it?” and “What 
is it used for?”

However, is it really necessary to research or to visualize the basic, general 
mental model? I think it depends on in what level you want to do the design or 
the redesign.
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Differences and relationships between the mental model and the 
conceptual model

There is no detailed explanation about the differences and relationships be-

tween the mental model and the conceptual model. Susan M. Weinschenk’s 
description is the most detailed one right now: “A metal model is the represen-

tation that a person has in his mind about the object he is interacting with. A 
conceptual model is the actual model that is given to the person through the 
design and interface of the actual product.” However, this description is still not 
very clear.

From Don Norman and Susan Weinschenk, the mental model is something in 
users’ minds, and the conceptual model is something in designers mind. Ide-

ally, the conceptual model comes from the mental model.

When I saw the first diagram of the washing machine, I said: “Oh, it is a mental 
model of the washing machine. It is not a conceptual model.” Then, Hugh Dub-

berly gave me the second diagram, and he asked me: “What about this one? 
Is it a conceptual model?” The second diagram is a conceptual model, but then 
I thought: “isn’t it just a more detailed version of the first diagram? But why did 
I say that the first one is a mental model but the second one is a conceptual 
model?” Then, he gave me the third diagram. The third diagram is not a con-

ceptual model. It is an implementation model, because users can’t know these 
details from the product. If the conceptual model is the designer’s conjecture of 
the user’s mental model, the first diagram should also be a conceptual model, 
because it is also a designer’s conjecture. It is just a model that everyone 
would agree with and is common sense. Thus, it makes no sense to try to 
argue which one is the mental model and which one is the conceptual model, 
because every diagram is a conjecture of the mental model, so every diagram 
is a conceptual model.

However, the concept of the mental model is very valuable in the conceptual 
model methodology, because these two concepts, the mental model and the 
conceptual model, differentiate what are in users’ minds and what are in de-

signers’ minds.
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A diagram about the relationships between cocneptual and mental model
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How to Use Systematic Modeling?

Although this topic is not completed developed, there are still some ways to 
utilize these methods in the design process. This may not be a perfect method-

ology yet, but I want to introduce some of my conclusions.

There are five modules in this methodology: map out the conceptual model; 
redesign mental models; compare the two models; redesign the conceptual 
model; redesign the product. The order of these modules can be changed to 
better fit your project. But the order I introduce in the following pages is the 
most ideal one.

MAP OUT THE 
CONCEPTUAL 
MODEL

RESEARCH 
MENTAL 
MODELS

COMPARE 
THE TWO 
MODELS

REDESIGN THE 
CONCEPTUAL 
MODEL

REDESIGN 
THE 
PRODUCT 
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The first thing you need to do is to analyze what your 
product is really about. Every conceptual model is within 
task domains, thus you need to list the tasks users en-

counter. Then, based on the tasks, you need to list out the 
concepts users need to know to achieve the tasks. 

For example, one of the tasks of an alarm clock is to set 
up the alarm time. Thus, the task is “set the alarm time,” 
and one of the concepts is “alarm time,” and the “alarm 
time” has sub-concepts such as “hour,” “minute,” and 
“second.” 

Then you need to analyze how to operate these concepts, 
for example, the alarm time can be “set” or “changed.”

After the list, you need to find a way to make a diagram of 
the conceptual model to make it more communicative.

TASKS LIST DIAGRAM

MAP OUT THE 
CONCEPTUAL 

MODEL
1
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After you have mapped out the conceptual model, it is 
time for you to meet users. Mental models are often snip-

pets and different people have different ways to express 
them. Thus, it is better to have qualitative research than 
quantitative ones. It is better to analyze one individual’s 
mental model clearly and throughly than analyze thou-

sands fuzzily. You will find similarities between mental 
models after just a few interviews. 

The best way I found is observation, and you can ask 
your interviewee to achieve the tasks you listed out 
before. You can see their successes, frustrations and 
failures. 

The mismatches between your conceptual model and 
their mental models lie in these frustrations and failures.

RESEARCH 
MENTAL 
MODELS

2

First trial: pushing the temperature button. 
Duration: 2 seconds

Second trial: pushing the “OFF” button. 

Duration: 2 seconds

Third trial: pushing the “AUTO” button. 
Duration: 1 second

Succeed

HOW TO TURN IT ON?

2

1 4

4

3

321
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After you have the product’s conceptual model and users’  
mental model, you can compare these two kinds of mod-

els and find their mismatches. 

Sometimes the mismatches are so obvious that you will 
know how to redesign the conceptual model instantly. 
Sometimes there are too many mismatches that even can 
drive you crazy. If there are too many and too complex, 
you need to make a hierarchy of them and decide which 
ones to fix. 

 

COMPARE 
THE TWO 
MODELS

3
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Now, you need to decide which mismatches to fix and how 
to fix them. Sometimes you don’t need to match all the 
mismatches to users’ mental models, but you need to find 
a way to teach your users your conceptual model. 

The goals of designing the conceptual models are:

To keep the conceptual model as simple as possible 
and the concepts as few as possible;

To keep the conceptual model as focused on the task-
domain as possible, with few or no concepts for users 
to understand that are not related with the target task 
domain.

REDESIGN THE 
CONCEPTUAL 

MODEL
4
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Now you may clearly know how to redesign the product 
now. The language (texts or visual language) you use is 
very important, because this is how you will translate the 
abstract concepts into concrete interfaces and interac-

tions. 

You may find problems in the conceptual model when you 
are designing the interfaces. Don’t be afraid to develop 
the conceptual model again. 

After carefully crafting the conceptual model, designing 
a user interface from the conceptual model, the resulting 
product will be cleaner, simpler, and easier to understand.

REDESIGN 
THE 

PRODUCT 
5

Existing interface of the climate 
controls

Redesigned interface of the climate 
controls
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The conceptual model is a designer’s assumption of users’ mental models. 
The mental model is users’ understanding of how a product works. The con-

ceptual model should be within task domains. Designers should engage users 
when designing the conceptual model. These two kinds of models are the 
main components of the systematic modeling design methods. It is a method-

ology that focuses on what a product really means to users.

However, there are still questions that need further interventions:

Is there a universal visual language of the conceptual model that can be used 
in all kinds of products?

What is the best way to translate models into representations?

How do we connect the conceptual model with the implementation model?

I hope to work on this topic in the rest of my career. I’d love to discuss it with 
anyone who is also interested.
 

Feel free to contact me for further discussion:
liangyingdesign@163.com
http://www.liangyingstudio.com

Conclusion
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