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User Performance Modeling

Quantitatively predict what people will do 
before you build a system.

Also called:

Human Behavior Modeling (military)

Cognitive Modeling

Computational Cognitive Modeling

Cognitive Performance Modeling



Why Model?



Task Greenphone iPhone Neo1973

Add a contact 21.022 sec
22 keystrokes

20.150 sec
20 keystrokes

40.018 sec
26 keystrokes

Send an SMS 14.912 sec
14 keystrokes

16.100 sec
10 keystrokes

18.025 sec
11 keystrokes

Add a number from a call 22.240 sec
12 keystrokes

16.600 sec
8 keystrokes

18.868 sec
13 keystrokes

Call a contact 4.921 sec
4 keystrokes

10.600 sec
4 keystrokes

7.988 sec
5 keystrokes

Change a contact name 22.326 sec
28 keystrokes

24.100 sec
16 keystrokes

41.688 sec
16 keystrokes



Modeling Humans





Taxonomy of Modeling



Model Human Processor (MHP)

Goals

Provide approximate predictions of gross human 
behavior

Help remember theory & facts about HCI

Provide “good enough” answers to guide design

Provide explanations for & support empirical results



Questions the MHP can answer

How long will it take to do a task on the 
computer?

Prediction

Is design A likely to be “better” (faster) than design B?

Explanation

Why is design A “better” (faster) than design B?



Questions MHP can’t answer

User preferences, likeability, desirability

Complex problem-solving & learning

Questions dealing with the subtleties of human 
behavior, creative thoughts, humor, etc.



Example:
When I knock on the table, 

you knock on the table.



Observation:
Knock

… short pause …
knock



Why the pause?



Model Human Processor Subsystems

Three interacting systems

Perceptual system — hear knock

Cognitive system — process knock

Motor system — respond with knock

Each subsystem has:

A processor

Memories it interacts with





Parameters

Memory parameters

∂ = Decay time of an item

µ = Storage capacity in items

κ = Code type (physical, acoustic, visual, semantic)

Processor parameter

τ = Cycle time



Different values for 
different subsystems



Model Assumptions

Slow users, middle speed users, fast users

Quantitative values are shown as middle speed



Parameters based on 
empirical research



10 Principles of Operation

P0. Recognize-act cycle of cognitive processor

P1. Variable perceptual processor rate principle

P2. Encoding specificity principle

P3. Discrimination principle

P4. Variable cognitive processor rate principle

P5. Fitt’s law

P6. Power law of practice

P7. Uncertainty principle

P8. Rationality principle

P9. Problem space principle



What do we do with 
this stuff?



Example 1

Problem:

How long will it take someone to tell you the  
solution to a simple arithmetic problem on the 
screen?

3 x 7 = ?



Steps to solving

[perceptual processor]

[long-term memory]

[working memory + 
cognitive processor]

[long-term memory]

[perceptual processor 
+ long-term memory]

[motor processor + 
perceptual processor]

1. Read numbers

2. Identify numbers

3. Understand 
problem

4. Recall solution

5. Map solution to 
keys

6. Type in solution





P5. Fitts’ Law



Fitts’ Law predicts pointing 
movements

Modeling pointing 
movements

Predicts that time 
required to rapidly 
move to a target is a 
function of the 
distance to and size 
of the target.

home

target

W

D



Fitts’ Law Parameters

T – the average time taken to complete the movement.

a – the start/stop time of the device (constant)

b – the inherent speed of the device (constant)

D – the distance from the starting point to the center of the target

W – the width of the target measured along the axis of motion

T = a + b * ID ID = log2*(2*D/W)



Fitts’ Law

T(s)

log2(2D/W)

T =a + b*log2(2*D/W)

T – the average time taken to 
complete the movement.

a – the start/stop time of the 
device (constant)

b – the inherent speed of the 
device (constant)

D – the distance from the 
starting point to the center of 
the target

W – the width of the target 
measured along the axis of 
motion



Why does Fitts’ Law matter?



Summary

Goals of the Model Human Processor

Helps us make approximate predictions of gross 
human behavior

Helps us remember facts & predict human-
computer interaction behavior

Informs design decisions when data not available

Helps explain data when it is



Model Human Processor consists of:

3 interconnected memories & processors

10 principles of operation

Summarized by 4 parameter values:

µ = Storage capacity in items 

∂ = Decay time of an item

κ = Code type (physical, acoustic , visual, semantic) 

τ = Cycle time



Questions?



Can we model actual 
interactions with an 

interface?



Taxonomy of Modeling



GOMS

Goals, Operators, Methods, and Selection

Goals – what the user wants to accomplish

Operators –The means that leads to a goal at a 
detailed level

Methods – Sequences of operators

Selection rules – Rules (general or personal) for 
choosing a certain method



What is a GOMS model?

A description of the knowledge that a user must 
have in order to carry out tasks on a device or a 
system

Composed of methods that are used to achieve specific 
goals

Methods are composed of operators at the lowest 
level

Operators are specific steps (gestures) that a user 
performs and are assigned a specific execution time

If a goal can be achieved by more than one method, 
then selection rules are used to determine the 
proper method.



GOMS Characteristics

Combines cognitive aspects with analysis of task

Quantitatively

Results in predictions of time

Qualitatively

GOMS can explain the predictions

Focus on methods to accomplish goals



When is GOMS analysis used?

Situations where users will be expected to 
perform tasks they have already mastered

Expert users

Routine work

When time is crucial



GOMS Example

Goal – edit an article

Operators – arrow keys, mouse, other keys

Method

Delete text (sub-goal)

Positioning: 1) arrow key 2) mouse

Marking: 1) double click 2) use mouse

Delete (and add text): 1) start writing 2) press 
delete then write new text

Selection rules – if close, use arrow key, etc.



CMN-GOMS

CMN = Card, Moran, & Newell who introduced 
GOMS to HCI

Operators are strictly sequential

Breadth-first until relevant level of detail, could 
be at a keystroke level



CMN-GOMS Example



CPM-GOMS

CPM = Cognitive Perceptual Motor or

Critical Path Method

Based on Model Human Processor, involving 
parallel processing

Uses operators as in CMN-GOMS



Questions?



Keystroke Level Model (KLM)

Simples of GOMS techniques, serial model

Uses duration estimates for keystroke-level 
operators

Quantitatively – predicts time for skilled users

Qualitatively – highlights new ideas



Keystroke Operators

K = key press

P = pointing

H = home hands

D = drawing a line

M = mental thinking

Rt = system response time

Ttotal = K+P+H+D+M+R



Operator Timings

Keying = 0.2 sec
The time it takes to tap a key on the keyboard

Pointing = 1.1 sec
The time it takes a user to point to a position on a display

Homing = 0.4 sec
The time it takes a user’s hand to move from the keyboard to the 
GID or from the GID to the keyboard

Mentally Preparing = 1.35 sec
The time it takes a user to prepare mentally for the next step

Responding = based on task and system
The time a user must wait for a computer to respond to input



Building a KLM

List the overt actions necessary to do the task

Keystrokes and buttons (K)

Mouse movements (P)

Hand movements from keyboard to mouse (H)

System response time (R)

Mental operators (M) by CMN heuristics

Add up execution times



Let’s try it out!

Temperature Converter
Choose which conversion is desired,

then type the temperature, and press Enter

Convert F to C

Convert C to F



Using KLM

Assume an average of four typed characters in 
an entered temperature, including any decimal 
point and sign

Assume (for simplicity) that typing is perfect; 
error detection and notification aren’t needed



K = key press

P = pointing

H = home hands

D = drawing a line

M = mental thinking

Rt = system response time

Ttotal = K+P+H+D+M+R

Temperature Converter
Choose which conversion is desired,

then type the temperature, and press Enter

Convert F to C

Convert C to F



Inserting Mental Operators: Rule 0

Initial insertion of candidate Ms

Insert Ms in front of all keystrokes (K).

Insert Ms in front of all acts of pointing (P).

Do not insert Ms before any Ps that point to an 
argument.

In GUIs, mouse-operated widgets (buttons, check 
boxes, etc) are considered commands.

Text entry considered as an argument.



Arguments?

Pointing to a cell on a spreadsheet is pointing to 
an argument – no M

Pointing to a word in a manuscript is pointing to 
an argument – no M

Pointing to an icon on a toolbar is pointing to a 
command – M

Pointing to the label of a dropdown menu is 
pointing to a command -- M



Inserting Mental Operators: Rule 1

Deletion of anticipated Ms

If an operator following an M is fully anticipated 
in an operator immediately previous to that M, 
delete the M.



Inserting Mental Operators: Rule 2

If a string of MKs belongs to a cognitive unit, 
then delete all Ms except the first.

Example: If typing “100”, MKMKMK becomes 
MKKK



Inserting Mental Operators: Rule 3

Deletion of Ms before consecutive terminators

If a K is a redundant delimiter at the end of a 
cognitive unit, such as the delimiter of a 
command immediately following the delimiter of 
its argument, then delete the M in front of it.

Example: If coding in Java, ending a line with a “;”
followed by a carriage return.  The semi-colon is a 
terminator, and the carriage return is a redundant 
terminator, since both serve to end the line of code, 
thus, MKMK = MKK.



Inserting Mental Operators: Rule 4

Deletion of Ms that are terminators of 
commands

If K is a delimiter that follows a constant string, a 
command name (like “print”), or something that 
is the same every time you use it, then delete 
the M in front of it.

If a K terminates a variable string (e.g., name of 
file to be printed which is different each time), 
leave it in.



Inserting Mental Operators: Rule 5

Deletion of overlapped Ms

Do not count any portion of an M that overlaps 
an R – a delay, with the user waiting for a 
response from the computer



Questions?



CogTool



Assignment 3

http://cogtool.com/

Assignment posted on the website

Thursday: Using CogTool, bring a laptop if 
possible 


