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Keystroke-level model

 M operator
 Specifies “mental preparation time for physical actions”
 We’ll use heuristic approach proposed in original paper
 First, use one heuristic

rule (Rule 0) to
determine placement
of candidate M
operators

 Then, apply four
heuristic rules
(Rules 1–4)
to determine
whether to
delete each M M ≈ 1.35
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Keystroke-level model

Rule 0. Insert Ms in front of all Ks that are not part of argument strings 
proper (e.g., text strings or numbers).  Place Ms in front of all Ps that 
select commands (not arguments).

Rule 1. If an operator following an M is fully anticipated in the operator 
just previous to M, then delete the M (e.g., PMK PK).

Rule 2. If a string of MKs belong to a cognitive unit (e.g., the name of a 
command), then delete all Ms but the first.

Rule 3. If a K is a redundant terminator (e.g., the terminator of a 
command immediately following the terminator of its argument), then 
delete the M in front of the K.

Rule 4. If a K terminates a constant string (e.g., a command name), 
then delete the M in front of the K; but if the K terminates a variable 
string (e.g., an argument string), then keep the M.

Rules 1–4 
group series of 
operators into 
chunks
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

Rule 0

M
M M

M

Rule 0. Insert Ms in front of 
all Ks that are not part of 
argument strings proper 
(e.g., text strings or 
numbers). Place Ms in front 
of all Ps that select 
commands (not arguments).
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

Rule 1

M
M M

M

Rule 1. If an operator 
following an M is fully 
anticipated in the operator 
just previous to M, then 
delete the M (e.g., PMK
PK).
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

M
M M

M
M

Rule 2. If a string of MKs 
belong to a cognitive unit
(e.g., the name of a 
command), then delete all 
Ms but the first.

M
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

M
M M

M
M

M

Rule 3. If a K is a 
redundant terminator (e.g., 
the terminator of a 
command immediately 
following the terminator of 
its argument), then delete 
the M in front of the K.
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

Rule 4

M
M M

M
M

M

Rule 4. If a K terminates a 
constant string (e.g., a 
command name), then 
delete the M in front of the 
K; but if the K terminates 
a variable string (e.g., an 
argument string), then 
keep the M.
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 TExecute ≈ .4 + 1.1 + .2 +
1.35 + 1.1 + .2 + .4 +
4*.2 + 1.35 + .2

≈ 7.1 secs

M
M M

M
M

M

Assume K = .2

Let’s compute 
the execution 
time!
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 Alternative using kbd “text” command

H[kbd] M K[“t”] M K[“e”] M K[“x”] M K[“t”]
M K[<CR>]

M
M M

M
M

M
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 Alternative using kbd “text” command

H[kbd] M K[“t”] M K[“e”] M K[“x”] M K[“t”]
M K[<CR>]

M
M M

M
M

M

Rule 0. Insert Ms in front of 
all Ks that are not part of 
argument strings proper 
(e.g., text strings or 
numbers). Place Ms in front 
of all Ps that select 
commands (not arguments).

Rule 0
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 Alternative using kbd “text” command

H[kbd] M K[“t”] M K[“e”] M K[“x”] M K[“t”]
M K[<CR>]

M
M M

M
M

M

Rule 1. If an operator 
following an M is fully 
anticipated in the operator 
just previous to M, then 
delete the M (e.g., PMK
PK).
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle] K[left]
P[text-menu-item] K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 Alternative using kbd “text” command

H[kbd] M K[“t”] M K[“e”] M K[“x”] M K[“t”]
M K[<CR>]

M
M M

M
M

M

Rule 2

M M M

Rule 2. If a string of MKs 
belong to a cognitive unit
(e.g., the name of a 
command), then delete all 
Ms but the first.
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle] K[left]
P[text-menu-item] K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 Alternative using kbd “text” command

H[kbd] M K[“t”] M K[“e”] M K[“x”] M K[“t”]
M K[<CR>]

M
M M

M
M

M

M M M

Rule 3. If a K is a 
redundant terminator (e.g., 
the terminator of a 
command immediately 
following the terminator of 
its argument), then delete 
the M in front of the K.
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 Alternative using kbd “text” command

H[kbd] M K[“t”] M K[“e”] M K[“x”] M K[“t”]
M K[<CR>]

M
M M

M
M

M

Rule 4

M M M
M

Rule 4. If a K terminates a 
constant string (e.g., a 
command name), then 
delete the M in front of the 
K; but if the K terminates 
a variable string (e.g., an 
argument string), then 
keep the M.
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Keystroke-level model

 Entering “4170” into an existing circle in 
a presentation editor

H[mouse] P[circle]     K[left]
P[text-menu-item]     K[left] H[kbd] 

4K[“4170”]     K[<CR>]

 Alternative using kbd “text” command

H[kbd] M K[“t”] M K[“e”] M K[“x”] M K[“t”]
M K[<CR>]

M
M M

M
M

M

M M M
M

TExecute ≈ 1.35+1.1+.2+.4 ≈ 3.05 secs

TExecute ≈ .4+1.35+5*.2 ≈ 2.75 secs

Note dependency on TP and TK and
assumption all Ks are equal!

Let’s compute 
the execution 
time!
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Keystroke-level model

 Creation and computation 
automated in CogTool
https://github.com/cogtool/cogtool/releases/latest 

See also
http://courses.csail.mit.edu/
6.831/2009/handouts/ac18-
predictive-
evaluation/klm.shtml

vs.
http://cogulator.io (for 
GOMS models, which we 
discuss later)



Feiner, COMS W4170, Fall 2018

20

Automating KLM Computation: 
An Example
 KLM Form Analyzer (KLM-FA) automates 

KLM computations for web-based forms with 
customizable user characteristics
 Assumptions

 fields filled in
order of
occurrence

 number of chars
in “standard”
named fields

 use of widgets

http://klmformanalyzer.weebly.com
https://youtu.be/XO7E5Ad3TzQ
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Google Instant 
http://googleblog.blogspot.com/2010/09/search-now-faster-than-speed-of-type.html

 System returns search results prior to user terminating search string
 TR  absorbed in TK  + TM (for terminator) + Tacquire

 Tacquire (and TK) decreased by interactively returned results
 ~ 2–5 secs saved per search

Instant Regular
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GOMS model
S. Card, T. Moran, and A. Newell, The Psychology of Human–Computer 
Interaction, Lawrence Erlbaum Associates, Hillsdale, NJ, 1983

 Goals, Operators, Methods, Selection 
rules

 Top level: Goals (hierarchical) that 
users wish to accomplish

 Bottom level: Operators
 elementary acts (perceptual, motor, 

cognitive) that change mental state or task 
environment
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GOMS model
S. Card, T. Moran, and A. Newell, The Psychology of Human–Computer 
Interaction, Lawrence Erlbaum Associates, Hillsdale, NJ, 1983

 Goals express what needs to be done
 Operators are elementary cognitive, 

perceptual, motor acts
 Methods accomplish a Goal by invoking 

Operators
 Selection rules choose an appropriate 

Method
 Variants:
 KLM [simplest form of GOMS]
 NGOMSL (Natural GOMS Language)
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NGOMSL D. Kieras, 1988

 Editing a 
document 
online based 
on marked-up 
paper 
manuscript 
(or PDF)

 Goal “edit the 
document” 
accomplished 
by method 
that 
decomposes 
it further into  
subgoals

http://www.eecs.umich.edu/~kieras/goms.html
(Note: All documents linked to this site are actually in
http://web.eecs.umich.edu/~kieras/docs/GOMS/)
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GOMS model
S. Card, T. Moran, and A. Newell, The Psychology of Human-Computer 
Interaction, Lawrence Erlbaum Associates, Hillsdale, NJ, 1983

 Variants:
 CPM-GOMS (Cognitive, Perceptual, Motor or

Critical Path Method) handles parallel actions
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CPM-GOMS
B. John and W. Gray, GOMS Analysis for Parallel Activities, CHI 94 
Conference Companion

Diagram details are not 
intended to be legible on 
slide or in course notes!

Bold line is
critical path
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CPM-GOMS
W. Gray, B. John, and M. Atwood, Project Ernestine: Validating a GOMS 
Analysis for Predicting and Explaining Real-World Task Performance,
Human-Computer Interaction, 8(3), 1993

 Project Ernestine: GOMS analysis of two 
terminals used by TAOs (Toll and Assistance 
Operators)
 Original
 300 baud
 Character display

 New
 1200 baud
 Well designed GUI
 Keyboard minimized hand travel
 UI reduced keystrokes
 Screen displayed faster


