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Where to find information

The software CD that came with your system contains
1. installation instructions
2. driver software for the Coulbourn PCI card
3. the Graphic State Notation software
Both pieces of software will install under the control of InstallShield. Follow the
installation order that is described in the instructions on the CD carefully (first install the
PCI driver software, then physically install the card and reboot to allow Windows 98/ME
(2000/XP compatibility coming soon) to find the hardware and the driver, and finally, install the
Graphic State Notation software).
The other CD that came with your system contains all of Coulbourn’s technical
manuals. These are also available for download from the Coulbourn website

(www.coulbourn.com). The two you are interested in now are The Habitest System H-

Series User’s Guide and Graphic State Notation Software User’s Guide.

The H-series guide describes the setup of the Habitest hardware. This includes
the control system hardware (the power base, one or more Lincs with Environment
Control Boards and cables) and the environmental hardware (cages, hubs, runways,
stimuli, response sensors). The Graphic State Notation guide describes the software.

Both of these are excellent reference manuals, but they may be a bit
overwhelming when you first face an array of new equipment. This manual is designed
to be a tutorial guide to getting the equipment set up and working with your first Graphic

State Notation protocol.


http://www.coulbourn.com/
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What is a state notation language?

There is a history of state notation languages in the field of animal behavior
research. Two of the earlier state languages were SKED and ACT.

In Graphic State Notation, as in these predecessor languages, an experimental
protocol is specified as a series of states through which an experiment moves. Each
state specifies a stimulus configuration in the subject’s environment and a set of time
and/or response requirements that cause the program to exit the current state and
move on to another state. One of the innovations that Graphic State Notation brings is
that these time and/or response requirements may be easily carried across multiple
states, included in some and excluded from others.

Graphic State Notation is a “point and click” program that presents options to be

selected by the user and represents the structure of each state graphically.

How is a state defined?

As you will see in the many examples in this manual, a state is defined by giving
it a number (and, optionally, a descriptive title) and then clicking on the buttons on a
graphical panel of available stimuli to select the ones that should be turned on in the

state. In this example, the first red cue light and the house light have been selected.

CUES FEEDERS SPARES AUX PRG
1@ 10O Ozor 1002 10 10
20y 1O OzMe 300 (e 200 200
NULL (3 HUTE () TONE ()

Globally defined stimuli show with a thick border.
Pulzing and programmable attributes can be modified
only at the global level. Click to turn off in thiz state.

Ok Cancel
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How is state flow controlled?

There are three ways to exit from a state — IF a specified number of responses
have been detected on a particular input switch, AFTER a specified period of time has
elapsed, or UPON the nth attempt to enter the state. Each of these will be explained in
detail in the examples later in this manual.

These flow control statements are added to a state by filling in the blanks in pop-

up forms. This example shows an IF statement partially completed.

VR |IF[E e sJGoP=[iw = % TOS| J{PA T |[ o | concel| 0|
s

What data are collected?

All connected switch inputs are recorded (and time stamped) whether they are
involved in controlling state flow or not. All of the onsets and offsets of each switch are
recorded. In addition, every state transition is recorded.

There are many data analyses that can be selected — either during the initial
definition of a protocol or at any time later, even long after data have been collected. In
addition, the raw data containing a record for every switch onset, switch offset or state

transition can be exported at any time for further processing.
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How does Graphic State communicate with

the experimental environment?

Details about much of this can also be found in the Habitest User's Guide. A
brief overview is presented here.
The PCI interface card in the computer

A critical part of the communication interface is the Coulbourn PCI card that
should be installed in any available PCI slot in your PC. There are three parts to this
installation — installing the Coulbourn PCI driver software, physically installing the card
in your computer, and having your Windows 98/ME (2000/XP compatibility coming soon)
recognize the new hardware and associate the appropriate driver with it. These three
things should happen in the order listed. There are instructions on the CD you received

with the software on it that guide you through these three steps.

§
®
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The Graphic State software talks back and forth through the PCI card to all of the
Habitest Lincs that are installed in a stack on your power base. There is a computer

cable, supplied with the power base, which connects to the PCI card and to the base.

The power base and the stack of Habitest Lincs
Your Habitest power base supplies power to one or more (up to eight) Habitest

Lincs.

There is a narrow gray ribbon cable (approximately 6 long) that connects the
power base to the first Linc on your stack (into the bottom of two connectors on the right
side of the Linc when you are looking at the back). If you have additional Lincs, very
short ribbon cables (approximately 1” long) connect each Linc to the one above it (from
the top connector on the lower Linc into the bottom connector of the next higher Linc).

These cables must be connected in the proper orientation — make sure the side of the
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cable with a small plastic projection on it goes into the connection with a corresponding
small slot. Finally the power base lid should be installed on the top of the Linc stack.
This lid holds everything securely in place and also completes a circuit that allows
power to flow to the Lincs. This is a safety measure so you cannot get an electrical
shock if you touch the inside of a Linc, which is exposed when the lid is not in place.

Each Linc has a user-modifiable “Linc Number” switch on the front. This is the
“address” the PCI card (and therefore the software) uses when communicating with
each Linc. The only absolute requirement is that each Linc in the stack have a unique
number (from O to 7). However, we recommend that you use “0” for the top Linc and
work down from there in sequence. If you are configuring two or four Lincs as a single
station (read the next section), this is important.

After you have set the Linc numbers and connected all of the cables, turn on the
power base power switch on the back of the power base and also turn on all of the Linc

power switches on the right side of each Linc.

A Linc or half of a Linc (or maybe two or even four Lincs)

Before you ordered your system, you (or we) decided how many Lincs you need
based on the number of stations you will be running and the response and stimulus
requirements of each station. Each half of a Linc can receive input from four response
switches and can control a number of stimuli (e.g., two feeders with magazine lights,
two triple-cue devices, one tone, one house light, two “spare” devices, and two
“auxiliary” devices). The two halves of the front of the Linc are labeled “A” and “B”.
There are small lights that are lit whenever a response is sensed or a stimulus is
operated. When you work with Graphic State Notation, you will see that part of the

protocol creation screen includes a graphical representation of the available stimuli.
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In addition, the front of the Linc includes three lights just to the right of the Linc
Number dial which tell you whether the unit is sensing 28 volt power (the yellow light), 5
volt power (the red light) and communication signals from the computer (the green
light). If all the cables are hooked up correctly, the computer is on, the power base is
turned on and the Linc is turned on, all three of these lights should be lit.

Many (probably most) experimental environments require only one half of a Linc.
If your environment has either more response switches or more output devices,
however, you may need a full Linc for each station. For more complex environments
(e.g., an 8-arm radial maze with photocell sensors at the entrance to each arm and also
in the trough of each feeder), two Lincs may be required for each station. We also
support a configuration in which four Lincs are used for each station. The Linc
configuration which will be used for a particular project is specified when you set up a
project database using Graphic State Notation, and it can be different for different
projects. The details of how to specify the Linc configuration will be discussed later in a

section entitled “Creating a project and a protocol.”

Input switches and output stimuli

Every response that an animal can make using one of the Habitest modules
causes the closing of a switch mechanism of some kind. That is why we refer informally
to the devices, the connections on the ECB (described below), the logical names for the
devices used in Graphic State Notation, and the responses made by the animals as

“switches” or “switch inputs.” Examples of these devices include levers, photocell
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sensors (in lickometers, feeder troughs, nosepokes, arms of mazes, or elsewhere), bird
pecking keys, contact sensors, ceiling chains, bump rods, activity monitors and hand-
shaping switches (where the response is made by the experimenter rather than the
animal).

The experimental environment presents stimuli to the animal. Examples of
Habitest modules that present stimuli include house lights, ceiling mount bright lights,
triple-cue lights, seven-pattern display lights, tones, shockers, pellet feeders, liquid
dippers, liquid solenoid valves, grain feeders, olfactory stimulus controls, infusion
pumps and guillotine doors.

There are other stimuli that may be arranged in the environment (such as cage
floor type, hub shape, colored wall panels, the arrangement of hubs, cages and
runways) that are not modified or controlled by the Lincs and the Graphic State Notation

software. We are not directly concerned with these static stimuli here.

The Environment Connection Board (ECB)

The Environment Connection Board (or ECB) is where most of the Habitest
modules in the environment (switches or stimuli) are connected to the Linc or Lincs for
each station. All modules except those controlled by “auxiliary” outputs (e.g., shockers),
have cables with telephone-jack-type connectors. These plug into appropriately labeled

positions on the ECB.
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Switch devices plug into one of the four connectors labeled “SWITCH 17,
“‘SWITCH 27, etc. Triple-cue devices plug into “CUE 1” or “CUE 2”. A feeder (pellet
feeder, dipper, grain feeder) plugs into “FEEDER 1” or “FEEDER 2”. Guillotine door
lifters may be plugged into “SPARE” connectors, and so forth. If you have any doubts
about what plugs in where, consult the H-Series User’s Guide.

Some devices include both a response switch and a stimulus. Examples of this
include retractable levers, running wheels with a braking facility, lockable pass doors,
and nosepokes. In these cases, there are connection cables for both the switch part
and the stimulus part. There are other cases where two modules are hooked together
and only one of them is connected to the ECB (e.g., the pellet feeders and the
magazine light in the trough, tone generators and speakers, light intensity controllers
and nosepokes). For the details, refer to the H-Series User's Guide (also referred to as
the Habitest Hardware Manual).

Each power base comes with one special module called a Probe. Thisis a
device that looks like a pencil or pen but with the usual module telephone-jack-type
connector. It is used for testing; plug it into the connector labeled “PROBE” on one of

the ECB’s. When you touch the little silver area marked “TEST” next to any connector
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on the ECB, the system will react as if a response has been received from the
environment or a stimulus has been turned on.

The gray ribbon cable that comes with the ECB goes from the connector on the
side of the ECB (watch the orientation of the connector) to one of the wide connectors
on the left side of the Linc (looking at the back). Either one or two ECB’s will be
connected to each Linc. Unless you have an odd number of stations and you are using
one half Linc for each station, there will be two ECB’s for each Linc. One will be for the

“A” side of the Linc and the other will be for the “B” side.

Auxiliary outputs

Some devices are connected in a different way. Shockers are the prime
example. These come with a pair of blue and black cables with mini-jack connectors;
the cables go from the color coded connectors on the shockers to the same color coded
“‘AUX” connectors on the back of a Linc. These connections are used to turn the
shocker on and off from within Graphic State Notation. If you have a programmable
shocker (the H13-16), a third cable will connect the shocker to one of the “PROG”
connectors on the back of a Linc. This will allow you to set and change shock levels

during an experimental run.
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Creating your first database and your first protocol

Decisions you need to make at the beginning

By now you should have hooked up your hardware including connecting input
and output devices to the Environment Control Board (ECB). That means you have
decided which switch inputs are associated with which devices (levers, etc.) in the
environment and which stimulus designators are associated with which stimuli (feeders,
tones, triple cues, spares, etc.) You also know whether you will be using one half of a
Linc, one whole Linc, or multiple Lincs for each station. When you create a database
(also called a project), you will record some of this information for the program to use
and also to help make your protocols more readable.

The decision about how much of a Linc (or how many Lincs) to dedicate to each
station determines what the stimulus graphic looks like when you start to create a
protocol. You will see on the screen the exact stimuli you have to work with. They have
logical names (like “H LIGHT” for house light, “TONE” for a tone, “FEEDERS 1 and 2”)
and as long as the devices have been connected to the ECB positions with the same
names, your stimuli selections will be self-documenting. There may be complicated
situations where you will be using these stimuli in non-standard ways — but not,
hopefully, for your first project.

As you create your project/database, you will have the opportunity to give your
own names to the input switches. It is not necessary to do so, but it will make your
protocols more readable. Isn'’tit easier to understand

IF 5 1-lever GO TO ...
than

IF 5 1- GOTO...
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Both statements are testing for five responses on switch 1, but the first way lets you
know more about the way the environment is configured. For a particular protocol in
this project, you might even want to provide a protocol-specific name for this switch

IF 5 1-left lever GO TO ...
but we’ll get to protocol creation a bit later.

There is one more decision to make before you create your first database. How
often do you want the system to sample the environment to determine if the subject
animal has made a response? You have three choices: once every 20 ms (50 times a
second), once every 50 ms (20 times a second) or once every 100 ms (10 times a
second). For most situations, 100 ms is a good choice. Most responses (e.g. licking or
lever pressing) cannot be made faster than 10 times a second.

Before you run your first experiment collecting real data, you will want to design
the format of your animal identifiers. You have a six-character field available to identify
each animal. While you may use any numbers or letters that you wish, later retrieval
and analysis of data will be easier if you make a plan before you start. You will have the
option later of retrieving run data with animal ID’s that match values in particular
positions of this six-character ID. For example, you might want to reserve the first three
characters to specify a group (e.g. C01, C02, D01, D02 for two control groups and two
drug groups) and the last three for the animal number within the group (001, 002, etc.).
Then you could ask for all data (for a given protocol, between selected dates) for a
particular animal, for a particular group, for both drug groups combined, for the entire
study, etc. The design of the animal ID is up to you, but remember that the position of

each character is important — “D02001” is different from “D021
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Things you can add or change later

The decisions you have made above will only affect the first database that you
are about to create. You may configure the switches and other devices differently for
each database (although you won’t want to do that without some good reason) and you
may select different sampling rates for each database. You can also use different
animal ID conventions at any time, although you will probably want to be consistent.

After you create a project database, you will write one or more experimental
protocols that will control the logic of experiments. You can add new protocols at any
time (up to 99 of them for each database), you can copy a protocol to start a new one,
and you can modify any protocol that you have not yet run to collect “real” data. We’'ll
go through a complete example in the next section of this tutorial.

There may be repetitive kinds of information, useful in defining or running
protocols, which you will want to store in lists. Some of these kinds of information may
include ratio requirements for Variable Ratio schedules, time intervals for Variable
Interval schedules, and the ID’s of animals assigned to particular groups and particular
studies. These lists can be created as the need for them arises. However, the format
of animal ID’s should be determined (as mentioned in the last section) before you run

any real sessions.

A complete example

Lesson 1 — Creating a project and a protocol
Finally we have come to the fun part — creating your first project and protocol. |
am going to walk you through the creation of a basic CRF (continuous reinforcement)
protocol where each press on a lever leads to the delivery of a food pellet. Then we will

modify this protocol to first make it an FR5 schedule and then a VR5 schedule. More
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complicated (and perhaps more interesting) examples are in the last chapter of this

tutorial and also available for download from our web site (www.coulbourn.com).

To begin, click on the Graphic State Notation icon on your desktop. This will
bring up the Login screen. The system is shipped with Security enabled; the initial User

ID is ADMIN and the password is PASSWORD.

E]Elaphic State 3 - | E’lﬂ
Fil= Help
gl =
Uzer ID: 1
o2
Pazsword: I
A Graf ogram
for a. I Caticel | |
a Starll J m g ) 2 |J |anH - Microzaft Dutlnokl Getting started with Gra...l Es Graphic State | |\EJ§ @ 12:27 P

Enter these values and click on the OK button. Later you can turn the Security feature
off or, better yet, set up a matrix of users and passwords that specifies what each user
is allowed to do.

Next you will see the directory of existing Graphic State projects, of which there

are none initially.


http://www.coulbourn.com/
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E]Elaphic State _1&] =l

Fil= Help

::‘E]Salect.r’l:reale Project Database x|

— Project/User code
Code |0 DB Filename Diezcription
Select
Check Settin%
E=port
Delete

—Enter a Mew Project

Project code 1D: I

I File Mame must be 15
characters or less

Database name:

Description: I Description must be

20 characters or less
Enter |
Security |

Place the cursor in the Project code ID field and enter the letter “A”. Tab to the
Database name field and enter “First”. This will name your first project “A_First”; the file
that will be created in the Datafiles directory (if you go looking with Windows Explorer)
will be named “A_First.mdb”. Tab to the Description field and enter any description you

like.
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E]Elaphic State _1&] =l

Fil= Help

::‘E]Salect.r’l:reale Project Database x|

— Project/User code

Code |0 DB Filename Diezcription

Select

LCheck Settings

E=port

Delete

—Enter a Mew Project

Project code 1D: I,&

D atabaze name: IFirst

File Mame must be 15
characters or less

Description: IM}, first project Description must be

20 characters or less
Enter |
Security |

Click on the Enter key and move on to defining some of the database characteristics.

Default values for the sampling interval and the Linc configuration are shown.
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E]Elaphic State --- Project: A My first project _|E’|£|

Fil=  Lizts Help

Setup/Options -- Project: A My first project

r Options

To prezerve the integrity of the database, the sample
interval and the linc configuration cannot be changed %
once the first pratocol has been created.

Sample Interval Linc/Station Configuration

] I j |1 station per linc - 8 inputs/station j

QK LCancel | Master Switches

J m g E |J |anH - Microsoft Dutlnokl Getting started with Gra..."Es Graphic State — P._. |\EJ§ @ 12:34 PM

i Start |

We will accept the default sample interval of 100 ms, but we want to change the

Linc/Station configuration. From the drop-down list for that field, select the first option to

specify 2 stations per Linc (i.e. one half of the Linc will be used for each station).
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E]Elaphic State --- Project: A My first project _|E’|£|

Fil=  Lizts Help

Setup/Options --- Project: A My first project

r Options

To prezerve the integrity of the database, the sample
interval and the linc configuration cannot be changed
once the first pratocol has been created.

Sample Interval Linc/Station Configuration

J |1 00 s 'I 2 stations per ling [3

QK LCancel Master Switches

I~
J m E > |J |anH - Microzoft Dutlnokl Getting started with Gra..."Es Graphic Staft — P |\EJ§ @ 12:33 PM

i Start |

This is the most common Linc/Station configuration because most standard protocols

can be implemented with four or fewer input switches, two feeders, one house light, one

tone, etc.

Now click on the Master Switches key to enter names for the input switches.
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E]Elaphic State --- Project: A My first project - [Master switch names - 4 inputs/station] _|E’|£|

Eile:

—Mame Ewvents
Switch Ongets Switch Offsets
HEE

[ 1]

| |
[z R |
| |
| |

e E
i [

iR | [ |
[z i |
| |
| |

R\S LCancel

[E E
e [

i Start |

Because we specified one half of a Linc per station, we have four switches that we can

J :ﬂj E ) 2 |J |anH - Microsoft Dutlnokl Getting started with Gra..."Es Graphic State - P.._ |\EJ§ @ 12:41 PM

name. Actually, we can name both the onset of each switch and the offset of each
switch. We can test either the onset or the offset or both in our protocols; this is one
way to record the length of time that a lever is held down (or that an animal’s nose stays
in a nosepoke, for example).

In our case, we are only interested in the onset of one switch — a lever. Position
the cursor in the first Switch Onset field and type in “lever”. The Switch Offset field is

automatically given the same name, although we could then change it.
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E]Elaphic State --- Project: A My first project - [Master switch names - 4 inputs/station] _|E’|£|
Eile

—Mame Ewvents
Switch Ongets Switch Offsets

|_| 1- level | | [1] lewer |

[z | [ |

|-| 3 | | 2] | Cancel
[ | [ | —

iR | [ |
[z i |
EE E |
NEE | [ |

i Start |

Hit the OK button to close this screen and then hit the OK button on the Options screen.

J :ﬂj E > |J (L} Inbox - Microsaft Elutln...l Getting started with Gl"Es Graphic State —— . |,\EJ§ @E 117 P

From the File drop-down menu, click on the first option Select Database. This
will again display the index of all projects and our new one will be listed and highlighted.
Click on the Select button to make it the active database. Actually, it already was the
active database since we just made it, but if you exit the program and start again, you
will need to go through these steps. Once you have more than one project, you can
switch between them at any time by using Select Database, moving the highlighting
cursor with the arrow keys, and clicking on Select.

Now, from the File drop-down menu, choose the Create Experiment Protocol

option. This will bring up the first screen that is used to create a new protocol.
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E]Elaphic State --- Project: A My first project - [Create Experiment Protocol] - | E’lﬂ

Fil=  Lizts Help

Protozal Identifization

State Creation

Enter number: I

Enter description: I Globalz

Define Analyzes %

Mame Switches

LCancel

Finizhed
iﬂﬁtarll J m E > |J IanH-Mic...l Getting sta...”ES Graphic ... [&)|Domestic e...l hﬂ%@ 1:35 PM

Each protocol is assigned a number. By default it will be assigned the lowest unused
number (1, in this case), although you may give it a different unused number. Hit the
tab key to move to the description field and type in a descriptive name for your protocol
(how about “CRF"?).

From this point, you could create the states for your protocol, specify global
stimuli or state flow conditions (that apply across all states), define ways to do data
analysis (which we will save until later), specify protocol-specific switch names to be
used instead of the database-wide switch names, or exit from the protocol creation

process. Let’s start by clicking the State Creation button.
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E]Elaphic State --- Project: A My first project - [Create States - Protocol 11 - | E’lﬂ
Fil=  Portables Lists Conjoin Help

State Lizt State RDY - Ready state
RO Ready state
51 OO0 1002 ML 30 04 20 0
NULL® HLUTEO TOWE O
Add Event Ga To
Add Time Ga To
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State
FEinighed w,/States %
iﬂﬁtarll J :_ﬂ E ) 2 |J |anH- Mic...l Getting sta...”ES Graphic ... [&)|Domestic e...l hﬂ%@ 1:53 PM

This is our starting template for creating a protocol.

Three states automatically appear in the State List in the upper left. These are:

a. RDY - the “ready” state that will be active after you assign a protocol number
and an animal ID to a station on the run screen but before you start the run
(usually the animal will be in the station for part of this time)

b. FIN —the “final” state that will be active when the run terminates (again, the
animal will be in the station at this time until it is removed by the experimenter)

c. S1 - the first state that will become active when the actual run starts

The RDY and FIN states may be left as they are (with no stimuli selected), or you

may modify either or both of them to select stimuli that should be presented during
them. For this example, let's modify the RDY state to turn the house light on. Click on

the RDY state line in the State List (if it is not already highlighted). A graphic display of
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all the available stimuli appears at the top of the right hand side of the screen. Double

click anywhere in this graphic to produce a larger version of it that can be modified.

Eﬁlaphic State --- P ;Iilll

Fil=  Portables  Lists Conjoin Help

State Lizt State RDY - Ready state
RO Ready state
FIN Finished state Add Entry Go To 1OCIE|:)E?:> 1%EECD)§R§F 1S(P:)ﬁROE23 ,lauox ﬁFg
51 OO0 1002 ML 3004 20 IO

HMULLM HLTEO TONEOQ
Add Event Ga To

Add Time Ga To

CUES FEEDERS SPARES AUX PRG
100 102 1002 10 10
L2000 vi2Me 3004 200 200
NULL @ HUTE () TONE (D) s

Globally defined stimuli zhaow with a thick barder.
Pulzsing and programmable attributes can be modified
only at the global level. Click to turm off in this state,

—_—

Ok Cancel |

FEinighed w,/States

1

J :_ﬂ E ) 2 |J |anH - Microsoft Dutlookllss Graphic State — P... @Getting started with Gra...l |\EJ§ @ 11:03 AM

i Start |

Click once on the button labeled “H LITE” and it will turn yellow. Click OK and the larger

graphic will disappear leaving the house light button selected (yellow) in the smaller
graphic. Now the house light (or whatever is plugged in to the house light connector on
the ECB) will be on while the protocol is in the RDY state.

Select the FIN state from the State List and notice that the button named “NULL”
is selected. This means that when the run ends, all stimuli (including the house light)
will be turned off. When a particular stimulus is not selected in a state, it will be off in
that state.

Now select the S1 state from the State List. This is where we will start specifying

the logic of the protocol. We want to implement a CRF schedule. After every lever
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press, the feeder should be operated to deliver one pellet. In S1 we will test for 1 lever

press response and when it has occurred, we will transfer control to another state (S2)

where we will operate the feeder.

First, just for enhanced readability, let's give S1 a meaningful name. Double click

with your mouse in the title area (the dark blue area) of the stimulus graphic. Type in the

name or descriptive phrase that will explain what is happening in this state.

E]Elaphic State ---
Fil=  Portables  Lists Conjoin Help

=181%]

State Ligt

ROY FReady state
FIM  Finished state

51

Bezolve States

Globalz

Finizhed w./States

i Start |

Add Entry Go Ta

Add Event Ga Ta

Add Time Go To

EMTER the STATE MAME 51

LCopy Thiz State

Delete Thiz State

CUES FEEDERS SPARES AUX PRG
10001002 0F 1002 10 10
D00 1O 0K 3004 20 0
NULL® HLTEO TONEO

- IF 1 LEVER PRESS

[
J :-ﬂ E > |J |anH - Microzoft Dutlnokl Getting started with Gra..."Es Graphic Giale g |\EJ§ @ 940 AM

Click OK and the name will now appear both on the stimulus graphic and in the State

List.

Now click on the “Add Event Go To” button. This will bring up a template for

creating an IF statement to test for responses.
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E]Elaphic State --- Project: A My first project - [Ereatf _|E’|£|
Fil=  Portables  Lists Conjoin Help

State List State 51 - IF 1 LEYER PRESS

RO Ready state
FIN Finished state Add Entry Go Ta 1OCIE|:)E?:> 1%EECD)§R§F 1S(P:)ﬁROE23 ,lauox ﬁFg

51 |IF1LEVER PRESS - OO0 1002 ML 30 0d 20 20

HMULLM HLTEO TONEOQ
Add Event Ga Ta
Add Time Go To
Hew State
Bezolve States | LCopy Thiz State
1 1
¥R |IF[ ] sjeop=[m + % TOS| J|PA 1 |[ ok | cencel| Deee|

FEinighed w,/States |

J m E ) 2 |J Inbox - Microzaft Dutlnokl Getting started with Gra...l Es Graphic State - F'miec:...l |\EJ§ @ .52 Ak

i Start |

We'll go over more of the information here a little later, but for now start with the first

white field following the IF where the response requirement (i.e. the number of
responses) is entered. For the second field, you will select from a list of possible switch
inputs (click on the down arrow to see the list). In the third empty white field you will
enter the number of the state to which you want to transfer control. For this protocol, we

want to specify that IF 1 lever press (switch 1) is recorded, control should GO TO S2.
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E]Elaphic State --- Project: A My first project - [Creats _|E’|£|
Fil=  Portables  Lists Conjoin Help

State List

RO Ready stat
i Fizihﬁ:t:te Add Entry Ga Ta CUES FEEDERS SPARES ALK PRG

= o = 10CO10C020F 1002 10 10
51 IF TLEVER PRESS 1000 100 M 3008 10 10

State 51 - IF 1 LEYER PRESS

HMULLM HLTEO TONEOQ
Add Event Ga Ta
Add Time Go To
Hew State
Bezolve States | LCopy Thiz State
1 1
¥ R |IF |1 I'I - lewer j GOP =| oo j %. TO S|2 VI PA ™ ak I Qancell Delete |
Finished w512 - k
RN
4-
[1] lever
[2]
[3]
[4]

i Start |

Herd |

5 Inbox - Microsoft O... Getting started with Gra...l % Graphic State - F'miec:...l |\EJ§ @ 3:53 Ak

Click OK to close this window and accept the test. It will now show up under the
stimulus graphic.

Speaking of the stimulus graphic, let’s specify a stimulus to be displayed during
this part of the protocol. Double click on the stimulus graphic to make it larger and
available for changes. Click once on each of the three buttons grouped together as the
first set of “CUES” and then click OK. You have now turned on all three lights in a triple

cue. Your screen should now look like this:
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E]Elaphic State --- Project: A My first project - [Create States - Protocol 11 - | E’lﬂ
Fil=  Portables Lists Conjoin Help

State List State 51 - IF 1 LEVER PRESS
ROY FReady state
.. CUE% FEEDERS SPARES AUX PRG
IN F|n|shestate . Add Enlry Go To 1@C@ 1002 0P 1002 10 10
51 |IF1LEVER PRESS - OO0 1002 ML 30 0d 20 20
AddE BT WULLZ HLUTEO TOME O
xent o o T @r T T lever &0 052
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State

FEinighed w,/States

J :-ﬂ E > |J |anH - Microzoft Dutlnokl Getting started with Gra..."Es Graphic State — P |\EJ§ @ 954 AM

i Start |

Note that S2 now appears in the State List. When you name a new state (which
you did in the GO TO from S1), it is automatically created.

Click on the S2 line in the State List to select it. In this state we want to deliver a
single pellet from Feeder 1, light the magazine light for a short period, and then return to
S1. Double click on the blue area at the top of the stimulus graphic, enter an
appropriate name for the state (e.g. “DELIVER A PELLET”), and click OK. Next, double
click anywhere in the stimulus area to bring up the larger graphic. There are four
buttons under the heading “FEEDERS”. The top two operate the two possible feeders
and the bottom two turn on the magazine lights. The left buttons are for Feeder 1 and
the right buttons are for Feeder 2. Click on the “OP” (for “operate”) and “ML” (for
“magazine light”) buttons for Feeder 1. You should see a solid red button and a solid

yellow one.
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We want to remain in S2 to turn on the magazine light for a noticeable period of
time (e.g., 5 seconds). However, if we operate the feeder for this period of time, we will
deliver MANY pellets. We want to operate the feeder for the shortest possible period of
time (1 sampling unit) to deliver only a single pellet. We will do this by “flashing” the
pellet feeder instead of leaving it on for the entire duration of S2. Double click on the
red Feeder 1 “OP” button to bring up a menu that allows us to specify flashing
parameters. Select “Pulse” instead of the default, “Steady”. Fill in the blanks to specify
“On for” 1 units (and you must also specify an “Off for” time although the exact number
is not relevant in this particular situation) and then select “Repeat number of pulses” and

entera 1.

=181%]

E]Elaphic State --- Project: A My first project - [Ereatf

Fil=  Portables  Lists Conjoin Help

State Ligt
ROY FReady state
FIM  Finished state
51 IF1LEVER PRESS
DELIWER & PELLET

State 52 - DELIVER A PELLET
CUES FEEDERS  SPARES AUX PRG
10O 1002 0R 1002 10 10
OO0 10 0ZM 3004 20 20
NULL® HLTEO TOWE O

Add Entry Go Ta |

MAd Fuamt 5a Ta I

] 5elect Pulse Rate x|
{ Steady
oK
* Pulze
CUES FEEDERS — Pulze Rates in Units C |
1000 1@ 20F LEIEE
Start with Off
L2000 100 2m [ Start wi
NULL () HUTE () T an0r|1 units
Globally defined stimuli show with a t D for |1 urits
Pulzing and prngrammable_ attributes
only at the global level. Click to tum " Repeat duration of state
[——
{* Repeat number of pulzes: |1
FEinighed w,/States | [
4

i Start |

| BE e

|J Inbo - Microsoft Dutlnokl Getting started with Gra..."Es Graphic State — P... |\EJ§ @ 357 &M

Click OK and the screen will close. You will now see a blinking red “OP” button. This is

a reminder that the stimulus will be pulsed. Click OK again and the large stimulus
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graphic will disappear. The red “OP” button in the smaller graphic does not blink, but it
has a line through it.

Click on the “Add Time Go To” button to enter the time parameter for leaving S2.
Fill in the blanks to specify that AFTER 5 seconds, control should GO TO S1. Notice
that there is a pull down list for time units and another one for previously defined states

(although you could have typed in a new state here).

E]Elaphic State --- Project: A My first project - [Creal _|E’|£|
Fil=  Portables  Lists Conjoin Help

State Ligt
ROY FReady state
FIN Firished state 2dd Ertry Go To CUES FEEDERS SPARES AUX PRG
51 IF1LEVER PRESS _—
DELIWER & PELLET

State 52 - DELIVER A PELLET

1000 @02 0P 1002 10 10
OO0 I00L M 30 04 20 20
NULLD HUTEQ TONEQ

Add Event Ga Ta

Add Time Go To

Hew State
Bezolve States LCopy Thiz State
Globalz Delete Thiz State

+ R A"—FERI5 ISeconds 'I GO P=|UU :ll %. TOS l "I PA I k. I Qancell Qeletel

BAK.

i Start |

Click OK to finish adding the time statement to the protocol.

J :ﬂj E > |J |anH - Microzoft Dutlnokl Getting started with Gra..."Es Graphic State — P |\EJ§ @ 950 AM

You now have a protocol that checks for lever press responses once every 100
ms (the sampling time unit) and when one has been detected, delivers a single pellet,
operates the feeder magazine light for 5 seconds and then returns to check for

additional lever press responses. The house light is on during the RDY state before the
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run begins. All three lights of a triple cue are on during the time that the protocol is
checking for lever presses.

At this point, click on the “Resolve States” button to check the syntax of the

protocol.

E]Elaphic State --- Project: A My first project - [Ereatf _|E’|£|
Fil=  Portables  Lists Conjoin Help

Stabe List State 52 - DELIVER A PELLET
ADY Ready state Add Enty Ga Ta CUES FEEDERS SPARES AL PRG
FIN  Finished state = 1000 @02 0P 1002 10 10
51 I1VEF'F!ESS - IOOQ 10O M 3004 20 IO
DELIVER A PELLET NULLO HLTEQ TONE O
A B B VD - GEE Seconds GO TO 51
% Add Time Ga Ta
Graphic State x|
Unrezolved Mot designated Mo event or ime Mo stimuli
States as a target transition [of the  specified

non-withdraw type]

Besolve States FIM *

Globalz

FEinighed w,/States

J m E ) 2 |J |anH - Microsoft Dutlnokl Getting started with Gra..."Es Graphic State — P._. |\EJ§ @ 059 A

i Start |

An error message comes up to tell us that the state FIN is not designated as a target.

We have not specified the conditions under which the experiment run should end (i.e.
GO TO FIN). Click OK and we will correct this. Notice that after you click on OK, the
state descriptions in the State List for all of the states except FIN have turned from red
to black. FIN is still red; this tells us that there is still something incomplete about this
state.

There are MANY ways to end a run. For this example, we will use a global time

parameter to end the run after 30 minutes. We have been working on the State
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Creation screen. Now we want to switch to the Global screen; click on the “Globals”
button to make the switch. This screen looks very similar (although there are a few
differences like the absence of the buttons to create, copy and delete states), but the
specifications we enter here apply across the entire run and not just to a specific state.

Click on the “Add Time Go To” button and enter the specification to GO TO the
state named FIN after 30 minutes. Click on Resolve States again, and see that

everything now checks out.

E]Elaphic State --- Project: A My first project - [Global Transitions - Protocol 1] - | E’lﬂ

Fil=  Lists Conjoin Help

State List for Beview

ROY FReady state
FIN Firished state el e 5 150010020 1662 10 15
51 IF1LEWER PRESS - OO 1O 0 ML 3004 20 IO
52 DELMER APELLET s Ertry T NULL® HUTED TOMEO
Enlry Gio To EFTER 30 Minutes G0 TO FIN
Add Event Ga Ta
Add Time Go To

Bezolve States

State Creation

Finizhed w./Global

il Start |

Click on “Einished w/Global” to return to the first screen for this protocol and then on

J :ﬂj ﬁ > “ |anH - Microzoft Dutlnokl Getting started with Gra...“Es Graphic State — P.__ |\EJ§ @ 10:02 AM

“Einished” to return to the main menu screen. Select Exit from the pull-down list under

Eile to terminate the Graphic State Notation program.



Page 32

Lesson 2 — Copying a protocol to make a new one

Let's make a copy of our CRF protocol and change it into an FRS. Click on the
Graphic State icon on your desktop to start up the program and enter your User ID and
Password (ADMIN and PASSWORD if they have not been changed from the factory set
values.) A list of all active Project Databases will appear; at this point there should be
only one and it is the Project you created in Lesson 1. Highlight it (it should actually
already be highlighted) and click on the Select button.

From the File drop-down menu, select Edit/Review Experiment Protocol.
Protocol 1 is listed there in green with a status of “Ready to run”. Click on the Copy

button to immediately create a new protocol.

E]Elaphic State --- Project: A My first project - [Copy Experiment Protocol] - | E’lﬂ

Fil=  Lizts Help

Eratocal Identifization

Protocol copied: 1 - CRF State Creation

Enter number: IE

Enter description: I[[;1 1 Copy of pratocal 1

Globalz

Define Analyzes

Mame Switches

LCancel

Finizhed

i Start |

The new protocol was given the next available number (2) and a description with two

J :ﬂj E > |J |anH - Microzoft Dutlnokl Getting started with Gra..."Es Graphic State — P |\EJ§ @ 10:22 AM

parts. The first part “(C1)” is meant to leave a trail showing the origin of the protocol.
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The second part “Copy of protocol 1” does the same thing, but we will now change that
to be more descriptive. Click anywhere in the text of the description to highlight it and
then type in the new description “FR5”. Now click on the State Creation button.

We want to change the ratio requirement from 1 to 5. Select S1 and then double
click on the green IF statement under the stimulus graphic. Change the “1” to a “5” and
click OK. Also change the state name; double click in the blue area on the stimulus
graphic and change the name to read “IF 5 LEVER PRESSES”. This is not required for

the protocol to run correctly, but it will be very confusing to leave it unchanged.

E]Elaphic State --- Project: A My first project - [Create States - Protocol 2] - | E’lﬂ
Fil=  Portables Lists Conjoin Help

Shate List State 51 - IF 5 LEVER PRESSES
RDY Ready state Add Enty Ga Ta CUES FEEDERS SPARES ALY PRG
|N FInIShBSla[B I = 1I@O@IQO020F 1002 10 10
51 |IF5LEVER PRESSES - OO0 1002 ML 30 0d 20 20
52 DELWER & PELLET NULLO HUTED TONEO
A B B VD R 5 1 lever GO TO 52
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Delete Thiz State
Finizhed w./States %

il Start |

J :-ﬂ ﬁ > “ |anH - Microzoft Dutlnokl Getting started with Gra...“Es Graphic State — P.__ |\EJ§ @ 10:30 AM

It is as simple as that to change a CRF schedule to an FRS5 schedule. However,
we may want to make some other adjustments to the protocol as well. In particular,
what should happen if the lever is pressed during the 5-second periods while the

magazine light is on?
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As we have the protocol coded, these responses will be ignored (although they
will be recorded and we can see that they were made when we do data analysis).
Perhaps this is how we want our experiment to run. Lever presses will be counted
towards the FRS requirement only when the triple cue lights are on and the magazine
light is off. However, let's assume that we want ALL lever presses to count towards the
ratio requirement.

To make this logic change, we want to add a statement to S2 to test lever press
responses against the ratio requirement. In addition, we want to specify that this is the
same FR5 that we are testing in S1. We will do this by making the test for 5 responses
a “portable” and then using it in both states.

Select S1 from the State List and then double click on the green IF statement to
make it larger and available for changes. At the far left of the statement, there is a check
mark next to a large red R. This specifies that the accumulated count of lever presses
to be checked against the required 5 should be reset to 0 every time the protocol enters
this state. We no longer want to do that, so click on the check box to unselect this
option. There is another check box just before the OK button that is labeled, in blue,
PA. This stands for “Portable A” (the first available portable designation). Click in that

check box and then click OK.



Page 35

E]Elaphic State --- Project: A My first project - [Create States - Protocol 2] - | E’lﬂ

Fil=  Portables Lists Conjoin Help

State List

RO FReady state

FIM  Finished state

51 |IF5LEWER PRESSES
52 [DELWER & PELLET

Bezolve States

Globalz

FEinighed w,/States

i Start |

5

AddEntry Go Ta
Add Event Ga Ta

Add Time Go To

Hew State

State 51 - IF 5 LEYER PRESSES

CUES FEEDERS  SPARES AUK PRG
1@O@ 1002 0F 1002 10 10
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LCopy Thiz State

Dielete This State

J m E ) 2 |J |anH - Microsoft Dutlnokl Getting started with Gra..."Es Graphic State — P._. |\EJ§ @ 11:28 AM

Now select S2 from the State List. Use the Portables pull-down menu at the top

of the screen and select the option “Event Portables.” This will show you a list of all of

the event-type portables that have been defined; at the present time there is only one.
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E]Elaphic State --- Project: A My first project - [Creats _|E’|£|
Fil=  Portables  Lists Conjoin Help

State 52 - DELIVER A PELLET

Add Entry Gio Ta CUES FEEDERS SPARES AUX PRG
= 1000 1@o20P 1002 10 10
0001002 M 3004 20 IO
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State List
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FIM  Finished state
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Edit
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Global: LClose
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J m E ) 2 |J |anH - Microsoft Dutlnokl Getting started with Gra..."Es Graphic State — P._. |\EJ§ @ 11:31 AM

i Start |

Click on the Apply button to include a test of this portable event in S2. Click on OK to

include it without any changes — although in other circumstances with a portable, you
may want to change the GO TO location.

Since responses in S2 now also count towards fulfillment of the FR5
requirement, let’s turn the triple cue lights on in this state as well. See if you can

remember how to do this.



Page 37

E]Elaphic State --- Project: A My first project - [Create States - Protocol 2] - | E’lﬂ
Fil=  Portables Lists Conjoin Help

State List State 52 - DELIVER A PELLET
RO FReady state
FIN Finished state Add Entry Go Ta 1806 1802 0F 106 10 15
|5VEF'F|ESSES - OO0 100 M 3004 20 IO
52 DELIVER & PELLET i B ot HWULLCY HLTEO TOMWE O

Le B e IF 5 T lever &0 I FA
AFTER & Seconds GO TO 51
Add Time Go To
Hew State
Bezolve States LCopy Thiz State %
Globalz Dielete This State
FEinighed w,/States
= || Starll J :gj E | 2 |J (L} Inbox - Microsaft Elutln...l Getting started with Gl"Es Graphic State —— __ |,\EJ§ @E 11:36 AM

Finally, click on Resolve States to verify that the protocol syntax is correct. We now
have a protocol that will deliver a pellet and start a 5-second period with the magazine
light illuminated after every 5 lever presses — even if they occur during a prior
reinforcement period. Click Finished w/States and then Finished to return to the main
screen.
Lesson 3 — Using a list to create a VR schedule

Now let’s copy our FR5 protocol to create a VR5. Start the program and select
our sample Project (unless it is still active because you are continuing from the last
lesson without leaving the program). Select Edit/Review Experiment Protocol and then
highlight Protocol 2 and click on the Copy button. Change the name of this protocol to

“VR5” and click on State Creation.
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We are now going to change the references to exactly 5 lever presses with
references to a list of possible ratio requirements. From the Lists menu at the top of the
screen, select Database Level Lists and then Event Transition Parameter Lists. We
are going to create a list of ratio requirements that can be used not only in this protocaol,

but also in any others that might need it in this Project/Database.

E]Elaphic State --- Project: A My first project - [Create States - Protocol 3] - | E’lﬂ

Eile  Partables | Lists Conjoin - Help

Databaze Level Lists
Protocal Lewvel Liste Ready state
Ready St EDERS SPARES ALX PRG

FIM  Finished state I TO O To 020F 1002 10 10
51 IF5LEWER PRESSES OO 1O 0 ML 3004 20 IO

52 DELMER & PELLET NULL® HUTED TOMEO
Add Event Ga To

Add Time Ga To

Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State
FEinighed w,/States
iﬂﬁtarll J :_ﬂ E ) 2 |J (L Inbo - Mic...l Getting sta...”ES Graphic ... [&)|Domestic e...l hﬂ%@ 11:51 AM

This will bring up a screen where you should click on Add to create a new list. Enter a
list number (“1”) and a name (*VR5 — 1 to 9 events”) and then click on Add Events. We
will be implementing a VRS with a list of 9 possible values (from 1 to 9) each with an
equal probability of being chosen, at random, with replacement after each prior trial has
been completed.

First, enter a “1” where the cursor is blinking and then click on the Add button.

Repeat this process for the numbers 2 through 9. Next select the “At random w/
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replacement” option under “Selection order”. Notice that the other choices here are to
select from the list at random without replacement (which will use all of the choices once
before used choices are available again) and to use the list in order. In either of these
last two options, the list can be exhausted. In that case, you can specify under “When
finished” what should happen. The choices are to “Begin again” (to reuse the list), use
a constant value after that, or to completely withdraw the statement that tests the value.

In the case we have selected (at random with replacement), the list is never exhausted

and we don’t need to specify anything else.

E]Elaphic State --- Project: A My first project - [Cre _|E’|£|
Fil=  Portables  Lists Conjoin Help
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J :ﬁ ﬁ ) 2 “ |anH - Microsoft Dutlnokl Getting started with Gra...“Es Graphic State — P._. |\EJ§ @ 12:48 PM

il Start |

Click on the Close button to save the list.

To use this list instead of the fixed value “5”, we need to change the Event
Portable in which the ratio requirement is tested. (If the test were not part of a Portable,

we would change it directly in the state where it was used.) From the Portables menu at
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the top of the screen, select Event Portables and then click on the Edit button. Change

the constant “5” after the IF to read “L1” and then click OK. Click on the Close button.

Your screen should now look like this:

E]Elaphic State --- Project: A My first project - [Create States - Protocol 3] - | E’lﬂ
Fil=  Portables Lists Conjoin Help
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i Start |

If you select S2 from the State List, you will see that the constant “5” has been replaced

by the reference to L1 in that state as well. Now, each time a value from the list is “used
up” (by the appropriate number of responses being recorded), another value from the
list will be selected at random. This will continue until the run ends after 30 minutes.
Don’t forget to Resolve States before leaving this protocol (Einished w/States and
then Finished).
Lesson 4 — Creating an Fl or a VI schedule
Another common schedule type is the interval schedule (either a Fixed Interval or

a Variable Interval). Let’s start with an FI. From the File menu, select Create
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Experiment Protocol, accept the default Protocol number (4) and enter the Description

“FI15”.

For this example, let’s start by clicking on the Globals button to enter a run

termination time and also to enter a global stimulus. Double click on the stimulus

graphic, click on the “H LITE” button and then click OK. This will turn the house light on

in all states except where we explicitly choose to turn it off. Now use the Add Time Go

To button to add the 30-minute termination criterion.

E]Elaphic State --- Project: A My first project - [Global Transitions - Protocol 4]

Fil=  Lists Conjoin Help

=181%]

G0

TOFIN

State List for Beview
ROY FReady state
FIN  Finished state Add Manual FIN . OCLr_l)E?:) 1FCI)EEODERI§F 1SPOAROE23 ,lauox ﬁ}-‘g
51 OO0 100 M 30 04 20 20
NULLD HLUTEQ TOME O
Add Enty Gio To EFTER 30 Minutes
Add Event Ga Ta
 Aad Time Go To
Bezolve States
State Creation
Finizhed w./Global
#start| | 1 & > | [ 2002:03 - Microsoft 0... | B Getiing started with Gir.|[§$ Graphic State — ...

Click on the State Creation button to move to the Create States screen.

B Bl 207 PM

The nature of an interval schedule is that the first response after a time interval

has passed will be followed by the delivery of a reinforcer. We will create a protocol that

stays in S1 until the interval has passed, checks for the first response in S2 and delivers
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the reinforcer in S3. Because we do not want the magazine light to be an additional
time cue, let’s not use it at all in this protocol.

Select S1 from the State List. Notice that the house light button is already yellow
because we turned it on in the Globals screen. We don’t need any other stimuli in this
state, so there is no need to double click on the stimulus graphic. We do want to give
S1 a name, however. Select the blue area at the top of the stimulus graphic and type in

a name/description of “AFTER 5 SECONDS”. Click OK. Then click on the Add Time

Go To button and specify AFTER 5 seconds GO TO S2.

E]Elaphic State --- Project: A My first project - [Create States - Protocol 4] - | E’lﬂ
Fil=  Portables Lists Conjoin Help

State List State 51 - AFTER 5 SECOMDS
ROY FReady state
FIN Finished state Add Entry Go Ta o IR TRy T
51 AFTER GSECOMDS - OO0 1002 ML 30 0d 20 20
AddE GaT WULLZ HLUTEO TOME O
went o To - GEE Seconds GO TO 52
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Delete Thiz State
Finizhed w./States
#start| | 1 & > || ) 2002:03 - Microsoft 0... | B Getiing staited with Gr..|[§$ Graphic State — ... | {0 Bedad  218PM

Select S2 from the State List. Add a state name of “AFTER FIRST RESPONSE” and

use the Add Event Go To button to specify IF 1 lever response GO TO S3.
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E]Elaphic State --- Project: A My first project - [Create States - Protocol 4] _ - | E’lﬂ
Fil=  Portables Lists Conjoin Help

State List State 52 - AFTER FIRST RESPONSE

ROY FReady state
FTEH ESEDNS _ OO0 10O ML 3004 20 20
= AFTER FIRST RESPONSE e ot NULL® HUTEQ TONEC
xent o o T @r T T lever &0 053
Add Time Go To
Hew State
Bezolve States LCopy Thiz State %
Globalz Dielete This State

FEinighed w,/States

#start| | 11 & > || ) 2002:03 - Microsoft 0... | B Getiing staited with G| [§$ Graphic State — .. | f 0 Bead 221 M

Select S3. Add a state name of “DELIVER PELLET”. Turn on the OP button for Feeder

1 and then add a time parameter that specifies AFTER 1 unit GO TO S1.
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E]Elaphic State --- Project: A My first project - [Create States - Protocol 4] - | E’lﬂ

Fil=  Portables Lists Conjoin Help

State List State 53 - DELIVER PELLET
ROY FReady state
51 AFTER 5SECOMDS - OO0 100 M 3004 20 IO
52 AFTER FIRST RESPOMSE NULLO HUTEQ TOHE O
53 DELWER PELLET
Add Eyent Go To TR 1 Onits &0 051
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State
FEinighed w,/States
#start| | 11 & > || ) 2002:03 - Microsoft 0... | B Getiing staited with G| [§§ Graphic State — .. | f 0 Bhead 224 PM

We do not need to use the stimulus pulsing feature because we will only remain in S3
for a single sampling unit anyway.

Click Resolve States and then exit back to the screen with the Graphic State
logo.

Now let’s create a VI schedule. From the File menu, select Edit/Review
Experiment Protocol. Highlight Protocol 4 and click on the Copy button. Change the
description to read VI5 and then click on the State Creation button.

Select S1 in the State List. We want to change the reference to a constant 5
seconds to a reference to a list of times with a mean of 5 seconds. This is just like the
ratio requirement list we made except that it will refer to time intervals. Before we can
use the list in S1, we must create it. From the Lists menu at the top of the screen, select

Database Level Lists and then Time Transition Parameter Lists. Use the Add button to
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create a new list. This list may be called L1 without any confusion with the Event List
we made earlier because we can’t use the wrong type at any point in a protocol. Give
the list a name such as “VI5 - 1,3,5,7,9 seconds” and click on Add Times.

We are going to make a list with five time intervals (1 second, 3 seconds, 5
seconds, 7 seconds and 9 seconds) in it. There are many ways to implement a VI5
seconds (as long as the mean time is 5 seconds), and this example illustrates one of
them. Enter a “1” where the cursor is blinking and then select “Seconds” from the pull-
down list just below it. Your choices there are Units (sampling units — 100 ms in our
case), Seconds and Minutes. Click the Add button to put “1 second” in the list. Repeat
this process to add the other time intervals to the list. After you have entered all five
values, select “At random wo/ replacement” under “Selection order” and “Begin again”

under “When finished”.

E]Elaphic State --- Project: A My first project - [Ereaf _|E’|£|

Fil=  Portables  Lists Conjoin Help

Shate List State 51 - AFTER 5 SECONDS
RO FReady state
FIN _Finished state Add Enty Gio To | G0 1601 0p 160 160 16
AFTER B SECON T Time Lists x|
52 AFTER FIF g - -
%] DELIVEFR F ETII'I'IB List Detail il %
List number. L1 |
Description:  fy15.1,3.5,7.9 seconds I—
rSelection arder——————————— Mumber Walue  Unit I - I
1 1 Seconds
= In order 2 3 Seconds
3 5 Seconds Add
Ak randaorn w replacement 4 7 Seconds
€+ 3k random wo/ replacement 3 d Seconds
Irzert
Besac % —
—when finizhed
Delete
L (* Begin again
- " Hald valug = to: I j Ese
Binishi | withdraw
= || Starll J m E ) 2 |J (L) Inbox - Microsoft Elutln...l Getting sharted with Gl"Es Graphic State - ... |v\ﬂ§ @E 303 PH
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We have now specified that the time interval for each trial will be selected at random

from this list, but that all five values will be “used up” before any particular time is used

again. Click on the Close button (and then another Close button) to save the list.
Double click on the time specification line under the stimulus graphic in S1.

Change the constant “5” to the list name “L1” and click on OK. Don’t forget to change

the name field for S1 as well.

E]Elaphic State --- Project: A My first project - [Create States - Protocol 5] - | E’lﬂ
Fil=  Portables Lists Conjoin Help

Shate List State 51 - AFTER 1.3.6.7.9 SECONDS
RO FReady state
FIN Finished state Add Entry Go Ta o IR TRy T
51 AFTER 1.3 SECONDS - OO0 1002 ML 30 0d 20 20
g% ';EII-_IIE\?EEIE'ELLET Add E GoT Moo HUTEO TONEO

went o To T JgFTER O GO TO 52
Add Time Go To
Hew State
Bezolve States LCopy Thiz State [%
Globalz Delete Thiz State
Finizhed w./States
= || Starll J :gj E | 2 |J (L} Inbox - Microsaft Elutln...l Getting started with Gl"Es Graphic State —— __ |,\EJ§ @E 307 P

Resolve the states and exit from the protocol. Go to the Edit/Review Experiment
Protocol screen and see that you now have five protocols that all have a status “Ready

to run”.
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E]Elaphic State --- Project: A My first project - [Experiment Protocol Lizt] - | E’lﬂ
Fil=  Lizts Help
Protocol 1D Sk
1 Ready to n Edit
2 [CT1)FRE Feady ta mn
3 [C21VRE Feady ta mn
4 FIS Feady ta run ) BLACK, Complete and has been mn with data
5 [C4] 15 Fieady to wn Beview acquired. May be reviewed only.
RED Incomplete and must be completed
Copy before it can be run.
GREEM Complete and run with only pilot data
Delete or hot et run, May be edited.
E=port [,\\\:
Impart
Cloze
= || Starll J m E » |J (L} Inbox - Microsaft Elutln...l Getting started with Gl"Es Graphic State —— __ |,\EJ§ @E 310 P

We will discuss running sessions and analyzing data in later portions of this Tutorial.
Creating the specifications for analyzing data (Analysis Structures and Analysis
Elements) is, or can be, part of the initial creation of the protocols. However, this can
also be done later (even long after data have been collected) — and it may be less

confusing to discuss it after some data are available for illustration.

Running an experimental session

Now we can run an experimental session and gather some data. You will either
need a cooperative rat or mouse for this, or you can take the place of the animal for
now. All you need to run the examples we have created is one lever (plugged into
“‘SWITCH 1”7 on the ECB) and a pellet feeder and trough (plugged into “FEEDER 17).

You don’t even need the feeder or trough if you are taking the place of the animal; the
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feeder light on the front of the Linc will be your reinforcer. If you don’t have a lever, you
can use the test Probe to touch the silver “TEST” area next to “SWITCH 1” instead of
pressing the lever.

Start up the Graphic State Notation program and select the A_First Project.
Select “Edit/Review Experiment Protocol” from the File pull-down menu just to look once

more at what protocols are available.

E]Elaphic State --- Project: A First Project - [Experiment Protocol List]

Fil=  Lizts Help
Edit
[C1]FRS
[C21VRE Feady ta mn
FIg Ready ta run ) BLACK Complete and has been mn with data
[C4] W15 Fieady to mwn Review acquired. May be reviewed only.
RED Incomplete and must be completed
Copy before it can be run.
GREEM Complete and run with only pilot data
Delete of not et run, May be edited.
% E =port
Impork
Cloze
#start| | 1A ) & @ & | |[&$ Graphic State — Proi... W ga0aM

Notice that all five are listed in green with the Status “Ready to run”. This means that
they have been checked by the “Resolve States” procedure and they appear to be
complete, but they have not yet been run with “real” data. Either they have not been run
at all (which is the case right now), or they have been run only with “pilot” data (which
we will discuss shortly). Once a protocol has been run with real data, it cannot be

modified, except to add data analysis specifications, because logic modification would
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invalidate the data that have already been collected. A protocol can always be copied
and the copy can be modified if necessary.

Before | continued with this example, | edited all of the protocols to change the
Global times from 30 minutes to 5 minutes. You can do this as well, or leave the times
as they are.

From the File menu, select RUN A SESSION. You will always see a warning
message that reminds you to close all other programs that might be running and to be

sure you are not connected to a network while you run a session.

E]Elaphic State --- Project: A First Project - [Log-In to Run a Session]

Fil=  Lizts Help
Operator: [SOMIN
Seszsion Description: I
~ EQUIPMENT CHECK PROTOCOLIS) ie'E;t F‘jdd't"j”a' protocols:
TURN THE POWER ON TN ALL LINCE TO BE {® SINGLE EXPERIMENT PROTOCOL IM ALL STATIONS 2 [C1)FRS
LISED M THIS SESSION. THEM CLICK ON ENTER fist protosal number to be rur: [T 3 [Le) VRS
"CHECK" TO ACTMATE LINCS. 4 FI5
tbiaa 5 [C4) WIS
Check | Eﬁlaphic State
r Lincs
0] H H i
AN WARNING!
EﬁE E;|E EéE EjE E#E EE Graphic State uzes a precizion real-time clock to acquire accurate Bun
data. Before running a zeszion, vou muzt SHUT DOWH all otker -
. POWERED AMD USED IN 7 APPLICATIONS, MODEM AND METWORK COMNECTIONS which
could preempt processing resources. |f not, you may lose data due to
. NOT PRESEMNT OR NOT P mizsed station-zervice-interval polling ticks. Lancel
|:| TURMED OFF FOR THIS 51
Click on [green) powered station m
to exclude them from thiz session.
Drata Acquisition Subject 1.0,
€ Filot Record DATA TYPE: :: E;";; [L’ij"i‘:grder N
{* Experimental Archive ARCHIVE £ From List &t Randam
#start| | 1A ) & | |[&$ Graphic State — Proi... W g31aM

This looks very frightening, but it is meant to emphasize that Graphic State Notation and
the Habitest hardware must have no competition from other Windows programs while
protocols are running and data are being collected in order to assure that no

communications through the PCI card are missed. This is particularly important if you
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are running many stations at one time and especially if your sample time is short (20
ms). If the system cannot keep up with the sampling demands, you will get a warning
message at the end of the run. Hopefully you will never see this message.

Click OK to move on. Next, click on the Check button to make sure the Lincs are
communicating with the software. If something is wrong (e.g., the power is not on to the
power base or the PCI card is not installed correctly), you will get a message. If

everything is OK, you will see a screen like the one below.

E]Elaphic State --- Project: A First Project - [Log-In to Run a Session]

Fil=  Lizts Help

Operator: [SOMIN

Seszsion Description: I

~ EQUIPMENT CHECK - PROTOCOLIS) ie'E;t F‘jdd't"j”a' protocols:
RN THE POwER 0N M ALL LIS TO BE {* SINGLE EXPERIMENT PROTOCOL IM ALL STATIONS 2 [C1)FR5
USED IN THIS SESSION. THEN CLICK ON EMTER first protocol number to be run; I 3 [E2)VRE
"CHECK" TO ACTIVATE LINCS. 4 FI5
Yoking 5 [C4)WI5
’VI_ Stimulus 'aking b aster Station: I

r Lincs
. . . H n ["voking' cauzes the control subjects to receive the same

e stimpuli e Hua mackar cobiset 1

E B A BB OE BE BE BE ||| D]

oo 2 3 4 8 B 7 ' All stations have been checked.  [IL Bun
. POWERED AND USED IM THIS SESSION EM ach station:
A B

. MOT PRESEMT OR NOT POWERED 0 3 I_I_ Cancel

[[] TURMED OFF FOR THIS SESSION o e e
A B A B A B A B

Click on [green) powered station numbers above 4 5 5 7

to exclude them from thiz session. % I_I_ I_I_ I_I_ I_I_

Drata Acquisition Subject 1.D.

" Piot ecord DATA TYPE: :: E;";; [L’ij"i‘:grder

{* Experimental Archive ARCHIVE € From List at Fardom

st | | 1A ) & @ & | |[&$ Graphic State — Proi... W g31aM

In this particular example, | have three Lincs in my stack and they are all turned on.
The three green buttons under “Lincs” tell me this. Since | have my current Project
defined as using only one half of a Linc for each station, there are six green buttons
under “Stations”. Your screen may show a different number of Lincs and stations, but

you should see two stations for each active Linc. Click on the OK button to move on.
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Now we will specify some details for this run. Notice that the first field on this
screen, Operator, is already filled in with the name “ADMIN”. That is because we
logged in to the system with the User ID “ADMIN”. In order to accurately reflect the
actual operator for your real runs, you will want to use the Security features to set up
real User ID’s and Passwords. You can read the reference manual or just experiment
to find out how to do this. For now, leave the Operator field as is.

The next field to fill in is a Session Description. Whatever you enter here, plus
the Session number (assigned sequentially by the software) and the Run Date (entered
automatically by the software) will be used later to identify the session for data analysis.
Enter a description that will help you be sure you know what session it is. For now,
enter “Pilot test of CRF” in this field.

In the middle column of information on this screen, we will specify details about
what protocol is going to be run and in what mode. There is a list of available protocols
for this project on the right. We will be running the same protocol in all stations and the
button to specify this is already selected. Enter the number “1” in the field “ENTER first
protocol number to be run”.

Let’s run this protocol for the first time in “Pilot” mode. In the lower left portion of
the screen under “Data Acquisition”, click in the check box beside “Pilot Record”. The

pink ARCHIVE notice will change to a green notice.
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E]Elaphic State --- Project: A First Project - [Log-In to Run a Session]

Fil=  Lizts Help

Operator: [4DMIN

Seszsion Description: IPilnt test of CRF

~ EQUIPMENT CHECK ~ PROTOCOLS] iel;;t';_addltlonal protocols
TURN THE POWER ON N ALL LINCS TO BE {* SINGLE EXPERIMENT PROTOCOL IM ALL STATIONS 2 [C1)FR5
USED IN THIS SESSION. THEN CLICK ON EMTER first protocol number to be run; |1— 3 [E2)VRE
"CHECK" TO ACTMATE LINCS. 4 FI5

“Yoking 5 [C4) WIS
Check | [~ Stimulus Yoking Master Station: I
r Lincs ’7
. . . ﬂ ﬂ ["oking' cauzes the control subjects to receive the same

~Etations stimuli az the master subject.

EE EE EE BE BE BE BE BE
0 1 2 3 4 5 B 7  MULTIPLE EXPERIMENT PROTOCOL

. POWERED AMD USED IM THIS SESSION ﬁNTEH first protcu:ol nurnber ko be rn in each station:
. MOT PRESENT OR NOT POWERED

Cancel
0 2 3 ~
|:| TURKNED OFF FOR THI5 SESSION I_I_ I_I_ I_I_ I_I_
G e oretmnrieaoe || ([N S R 7 D

Drata Acquisition Subject 1.0
DATA TYPE: & User D.ehrl'ued
O Experimental Archive _ € Fram List in Order
" = From List at Random

Pilot data cannot be averaged with archived data

#start| | 1A ) & @ & | |[&$ Graphic State — Proi... W ga2aM

Now click on the Run button.

The run screen looks a bit like a spreadsheet. There is a section on it for every
possible station given the Linc configuration we have; with 8 Lincs we could have 16
stations. The six that are shown below (because | have 3 Lincs in my stack) have pink

headers waiting for an animal ID to be entered. You may have a different number of

active stations.
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E]Elaphic State --- Project: A First Project - [COULBOURHN INSTRUMEMNTS Graphic State Motation]

End/Terminate Abort  Journal  Alarms Help
[FROJECT: First Project - PILOT  SESSIOM: 1 - Filat test of CRF |5 ession started - DATE: 04/26/2002 TIME: 9:32:53 AM
[OFERATOR: ADMIM [Subject 10: User Defined
Station 0A 1A 24, 3A 4A hA, BA A
?5UBJ ID? 25UBJ ID? ?5UBJ ID? ABSENT ABSENT ABSENT ABSENT ABSENT
Subject
Fratocal ID 1 1 1
Fun # 1 1 1
Cum run time
Previous state
Curment zhate

Ewent 1 in state
Ewent 2 in state
Ewent 3 in state
Ewent 4 in state
Ewent 1 taotal
Ewent 2 tatal
Ewent 3 total

Ewent 4 tatal
Station 0B 1B 2B 3B 4B 5B GB 7B
?5UBJ ID? 25UBJ ID? ?5UBJ ID? ABSENT ABSENT ABSENT ABSENT ABSENT

d;’

Subject
Protocal 1D 1 1 1
Run## 1 1 1
Curn rurn time
Presvious state

Current ghate

Ewent 1 in state
Ewent 2 in state
Ewent 3in state
Ewent 4 in state
Ewent 1 tatal
Ewent 2 total
Ewent 3 tatal
Ewent 4 total

i Start o & |6$ Graphic State - Pro... My s33aM

To enter an animal ID, click on the “?SUBJ ID? field for the station you will be using for
this run. | will be using Station OA (the left half of the top Linc on the stack). | will only
be running one station for this session, but | could run the same or different protocols in
each of the active stations.

The following screen will come up asking for the ID of the animal that is being
assigned to this station for this run. There is a way to create a list of animals and to
assign animals from the list in order, but for this example we will assign an animal
manually. Enter the animal ID “C01001”. Using the possible (not mandatory)
convention | described earlier, this is animal # 001 belonging to control group 01.

Ignore the “Change protocol” field for now and click on the OK button. If you are

using Version 2.102-00 or above, you may use the Enter key instead of the OK button.
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E]Elaphic State --- Project: A First Project - [COULBOURHN INSTRUMEMNTS Graphic State Motation]

End/Terminate Abort  Journal  Alarms Help
[FROJECT: First Project - PILOT  SESSIOM: 1 - Filat test of CRF |5 ession started - DATE: 04/26/2002 TIME: 9:32:53 AM
[OFERATOR: ADMIM [Subject 10: User Defined
Station 0A 1A 24, 3A 4A hA, BA A
?5UBJ ID? 25UBJ ID? ?5UBJ ID? ABSENT ABSENT ABSENT ABSENT ABSENT
Subject
Fratocal ID 1 1 1
Fun # 1 1 1
Cum run time
Previous state
Curment zhate

Ewent 1 in state
Ewent 2 in state
Ewent 3 in state
Ewent 4 in state

Ewent 1 tatal Subject ID
Ewent 2 tatal
Ewent 3 tatal Enter Subject ID for this un; |E00 ao1|
Ewent 4 tatal
Station 0B [Tl Change protocol: 1 = 5B GB 7B
Status ?5UBJ ID? 2S5UBJ | BSEMT ABSENT ABSENT
Subject
FrstozolD i 7 - | Lancel |
Run f 1 1 [
Curn rurn time
Presvious state
Current ghate

Ewent 1 in state
Ewent 2 in state
Ewent 3in state
Ewent 4 in state
Ewent 1 tatal
Ewent 2 total
Ewent 3 tatal
Ewent 4 total

i Start o & |6$ Graphic State - Pro... My s33aM

The station header field will change to a green READY and the RDY state in the
protocol will be active. We did not specify any stimuli for the RDY state, so this will not
be apparent.

If you are using a real animal, place it in the test cage now. If not, put the lever in
some convenient place where you can reach it. Click on the READY header to start the
run. The header will turn to a red RUNNING status and the run will begin.

If you are using Version 2.102-00 or above, there is a “Start All” option on the
menu bar at the top of the screen. Clicking on this will start the run for all stations that
are in the READY state.

The protocol will begin in S1 and the first triple-cue light will be operated with all
three lights on. If you do not have an actual triple-cue light in the cage, you can at least

see the three lights on the front of the Linc. When you, or the animal, press the lever,
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the feeder will be operated briefly (and the feeder light on the front of the Linc will blink

once) and the magazine light (and the corresponding light on the front of the Linc) will

come on for 5 seconds while the triple-cue light will go off. The display on the run

screen will show that the “Current state” is S2 and the “Previous state” was S1. The

count of lever presses (“Event 1 total”) will be incremented. This number will be

incremented every time the lever is pressed, even if the response does not cause a

state change. We coded this particular protocol so that lever presses in S2 (while the

magazine light is lit) do not cause a state change or the delivery of another reinforcer,

but they are recorded nevertheless. If we want to know how many of them did result in

the delivery of a reinforcer, we can find out during data analysis.

Notice also that the elapsed time since the beginning of the run is shown for each

run as “Cumulative run time”.

E]Elaphic State --- Project: A First Project - [COULBOURHN INSTRUMEMNTS Graphic State Motation]

End/Terminate Abort  Journal  Alarms

[PROJECT: First Praject - PILOT  SESSION: 2 - Pilot test of CRF

|5 ession started - DATE: 04/26/2002 TIME: 9:37:00 Ak

Station
Status
Subject

[OPERATOR: ADMIN

0A
RUNNING
o100

14
?SUBJ ID?

25
?SUBJ ID?

3A
ABSENT

[Subject 10: User Defined

44
ABSENT

bA
ABSENT

BA
ABSENT

A
ABSENT

Pratocal 1D

1

1

1

Run #

1

1

1

Cum run time

000:00:23

Previous state

51

Curment zhate

52

Ewent 1 in state

Ewent 2 in state

Ewent 3 in state

Ewent 4 in state

Ewent 1 tatal

Ewent 2 tatal

Ewent 3 total

Ewent 4 tatal
Station

Subject

0B
?SUBJ ID?

1B
25UBJ ID?

2B
25UBJ ID?

3B
ABSENT

4B
ABSENT

5B
ABSENT

GB
ABSENT

7B
ABSENT

Protocol 1D

Fun

Curn rurn time

Previous state

Current state

Ewent 1 in state

Ewent 2 in state

Ewent 3in state

Ewent 4 in state

Ewent 1 tatal

Ewent 2 total

Ewent 3 tatal

Ewent 4 total

|ES Graphic State — Proj...

My 937aM
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When the run ends (after 5 minutes in my case), the header area for the station

will show a blue FINISHED. We can see from the screen how many lever presses were

recorded over the run (52 for my sample here).

E]Elaphic State --- Project: A First Project - [COULBOURHN INSTRUMEMNTS Graphic State Motation]

End/Terminate Abort  Journal  Alarms

Help

[PROJECT: First Praject - PILOT  SESSION: 2 - Pilot test of CRF

|5 ession started - DATE: 04/26/2002 TIME: 9:37:00 Ak

[OPERATOR: ADMIN

[Subject 10: User Defined

Station 0A 1A 24 3A 44 hh, BA A
Status FIMISHED 5UBJ ID? I5UBJ ID? ABSENT ABSENT ABSENT ABSENT ABSENT
Subject 01001
Pratocal 1D 1 1 1
Run # 1 1 1
Cum run time 000:05:00
Previous state 52
Curment zhate FIM
Ewent 1 in state
Ewent 2 in state
Ewent 3 in state
Ewent 4 in state
Ewent 1 tatal 52
Ewent 2 tatal
Ewent 3 total
Ewent 4 tatal
Station 0B 1B 28 ] 4B b8 GB 7B
J5UBJ ID? 25UBJ 1ID? 5UBJ ID? ABSENT ABSENT ABSENT ABSENT ABSENT
Subject
Protocol 1D 1 1 1
Fun 1 1 1
Curn rurn time
Previous state
Current state

Ewent 1 in state

Ewent 2 in state

Ewent 3in state

Ewent 4 in state

Ewent 1 tatal

Ewent 2 total

Ewent 3 tatal

Ewent 4 total

Select End/Terminate from the menu at the top of the run screen and you will be

|ES Graphic State — Proj...

returned to the main menu screen.

My g42aM

You may be asking, “Why did | not get to perform data analysis at this point?”

This is because you have not yet defined any analyses to be done. In a later example

you will see what happens at the end of a run when analyses have already been

defined.
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Analyzing your data

We can add analysis elements to the protocol now (or at any time in the future as
well). From the File drop-down menu, select Edit/Review Experiment Protocol. Select
the first protocol and click on the Review button (or the Edit button in this case since we
have not yet run this protocol in “Archive” mode). We are going to add analysis
specifications, but we are not going to edit (i.e., change) the logic of the protocol.
Therefore we can use the Review mode here and, in fact, we must use the Review
mode for protocols that have been run with real data. This may seem confusing now,
but just take it on faith for the moment.

When you have the starting screen for the protocol displayed (as below), click on

the “Define Analyses” button.



Page 58

E]Elaphic State --- Project: A First Project - [Edit Experiment Protocol]

Fil=  Lizts Help

Protozal Identifization

Pratocol nurber: 1

State Creation

Globalz

Enter description:

Define Analyzes

Mame Switches

LCancel %

Finizhed

|J IES Graphic State — Proj... | w 44 A1

What will appear is a screen for selecting “analysis elements” which will allow you to

enter parameters for producing graphs, lists of computed data, and/or exported data for

importing into Excel.
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E]Elaphic State --- Project: A First Project - [Protocol 1 Analysis Structure B]

Fil= Help

Element Types

Analyziz structure name:
=] m IMPLIT EVENTS
FM of a FROF EVENT in STATE[S)
FM of a PROF EVENT in RN FRACTIONS

- Title:
LN of DISCRETE EVENT(S) in 5TATE(S) |
LN of DISCRETE EVENT(S] - State Flow FRACTIONS = Elrzri
LN of DISCRETE EVENT(S] in RUN FRACTIONS
| RATE of EVEMT(S]in STATE(S)
LRATE of EVENT(S] in RUM FRACTIONS
LN of DISCRETE EVENT(S] - TOTALS far RUN | In <A bins:
LEWEMT LATENCY - CLASS INTERVALS in STATE(S]
LIMTER-EVENT - CLASS INTERWALS in STATE(S) 4
LIMTER-EVENT - CLASS INTERWALS for RUN
LHETEROGENOUS IE - CLASS INTERVALS in STATE(S) =

-tz label Events

Marmed Elements in Anal

Edit Element

Delete Elemert

Finished Listin
LCancel
iiﬁtarl”J oy & |“ES Graphic State — Proj... | My g44aM

You can create one or more “Analysis structures” — groups of analysis elements.
By default, the first such structure is named “B — Untitled.” You may leave the name as
is, or you may overwrite the “Untitled” with any name of your choice. Let’s leave it as is
for now.

The upper left portion of the screen contains a list of all of the possible analysis
types. They are grouped logically into groups of elements that report 1) input events, 2)
episodes of input events (e.g., meal analysis for feeding or drinking), 3) state entries,
exits and durations, and 4) time lines (including cumulative records). The only way to
really become familiar with all of the data analysis possibilities is to experiment with
them. We will go over a few of the basic ones in this tutorial.

Let’s start with the most basic reporting tool of the operant experimenter — the

cumulative record. Highlight the element (near the bottom of the list) called
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‘CUMULATIVE RECORDS” and then click on the “New Element” button. This will bring

up a parameter screen with four tab folders.

Eﬁlaphic State --- Project: A First Project - [Protocol 1 Analpsig Structure B]

Fil= Help
HMTER-EPIS - CLASS INTERWVALS for RUM B [B - [Untitled] CUMULATIVE RECORDS
FEPIS DURATION - CLASS INTE TICUMULATIVE RECORDS (]
LEFIS DURATIOM - CLASS IMTE T
STATES e

LSTATE ENTRIES - FROM name  General | Respanses/Event | State/Pip| Seaiing]
LSTATE ENTRIES - FROM name
LSTATE ENTRIES - RUN-TOTAI

-z label Ewent

FSTATE EXITS - TO named STA This element plats events accumulated on the vertical i
FSTATE DURATIOMIS] by CLAS aris along a continuous harizontal time asis, Select a Az label
LSTATE[S] CUMULATIVE TIME, zingle event or collective [disjoint Boolean] input events

TIME LINE fram the input name izt The cumulative trace moves

CUMULATIVE RECORDS) up one increment for each occurnence of the event(s).

MULTI-CHAMMNEL EVENT REC Enter the wvertical resolution for the walue at which the

cum trace “rezets’’ or returns to the bazeline. Then

- select a state or group [disjoint Boolean)] of states, Thiz

MNamed Elements in Ar iz zhown as a dowmward deflection at the time the
state(s) are entered.

Title

Analpsis EIJ&ent Mame / Graph Title
ICumuIative record for CRF

ak | Cancel |

iaﬁtarl”J ] g |J % Graphic State - Project: .-’-‘«l ||$ 9:45 A6

On the “General” screen that appears first, type in a title to appear on the graph. For
our example, type in “Cumulative record for CRF.”

Next, click on the tab “Responses/Event” and, in the window that appears, select
the event (i.e., the response switch) that you want to analyze. In our case it will be

Switch 1, the lever.
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E]Elaphic State --- Project: A First Project - [Protocol 1 Analysis Structure B]

Fil= Help
HMTER-EPIS - CLASS INTERWALS for RUM B [B - [Untitled] CUMULATIVE RECORDS
FEPIS DURATION - CLASS INTE TICUMULATIVE RECORDS (]
LEPIS DURATIOM - CLASS IMTE T
STATES e
FSTATE ENTRIES - FROM namne General Responses/Event | Statex’F’ipI Scalingl
FSTATE ENTRIES - FROM name iz label Evert
FSTATE ENTRIES - RUM-TOTAI Celect R
FSTATE EXITS - TO named STA FIEEE NS Ve :
LSTATE DURATION(S) by CLAS iz label
LETATE(S) CUMULATIVE TIME,
TIME LINE
CUMULATIVE RECORDS
MULTI-CHAMMEL EVEMT REC
Mared Elements in by {ﬂ
—Wertical [v-&wxiz) label
I'I - lewer
ak. | Cancel |
iaﬁtarl”J ] g |J % Graphic State - Project: .-’-‘«l ||$ 946 AM

A cumulative record is a continuous trace that moves to the right across the page
as time passes and moves up the page by one unit for each response. In addition, it
traditionally includes a brief downward mark (called a “pip”) whenever a reinforcer is
delivered. To specify the state in which the reinforcer is delivered, click on the tab

labeled “State/Pip” and then select State 2 (“DELIVER A PELLET”).
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E]Elaphic State --- Project: A First Project - [Protocol 1 Analysis Structure B]

Fil= Help
HMTER-EPIS - CLASS INTERWVALS for RUM - [B - [Untitled] CUMULATINVE RECORDS
FEPIS DURATION - CLASS INTE TICUMULATIVE RECORDS (]
LEFIS DURATIOM - CLASS IMTE T
STATES e

LSTATE ENTRIES - FROM name  General| Respanses/Event  State/Pip | Seaiing]
LSTATE ENTRIES - FROM name

LSTATE ENTRIES - RUN-TOTAI
LSTATE EXITS - TO named STA _
LSTATE DURATION(S) by CLAS =T P TLEVER FRESS s label
LSTATE[S] CUMULATIVE TIME, S DELIWEE & PELLET
TIME LINE

-z label Ewent

— Select one ztate

CUMULATIVE RECORDS

MULTI-CHAMMEL EVEMT REC

Mared Elements in by

— Harizontal [<-Awiz) label

|S2 -DELIVER & PELLET

ak. | Cancel |

iaﬁtarl”J ] g |J % Graphic State - Project: .-’-‘«l ||$ 946 AM

Finally, select the tab labeled “Scaling.” Here you will select two scaling dimensions for
the graph. The first is the maximum number of responses that should be recorded (by
moving the trace vertically up the page) before the trace is “reset” to the bottom of the
page again. Your choices are 100, 300, 500, 700, or 1000; for this example, select 100.
The second parameter is the time period that should be displayed on each page of the
trace. The choices range from 5 to 240 minutes. The resolution is better with a shorter
time period, and also since our run was only 5 minutes long in total, select 5 minutes.

Finally, click OK to accept these parameters.
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E]Elaphic State --- Project: A First Project - [Protocol 1 Analysis Structure B]

Fil= Help
HMTER-EPIS - CLASS INTERWVALS for RUM B [B - [Untitled] CUMULATIVE RECORDS
FEPIS DURATION - CLASS INTE TICUMULATIVE RECORDS (]
LEFIS DURATIOM - CLASS IMTE T
STATES e

FSTATE ENTRIES - FROM name  General| Respanses/Event | State/Pip  Soaiing |
LSTATE ENTRIES - FROM name
LSTATE ENTRIES - RUN-TOTAI

-z label Ewent

LSTATE EXITS - TO named 574 | iospanses full scale
LSTATE DURATIONIS) by CLAS o abel
LSTATE(S] CUMULATIVE TIME.

TIME LINE Select event zcale: 100 -

CUMULATIVE RECORDS

MULTI-CHAMMEL EVEMT REC

Mamed Elements in S'.EIECl t!me sealein IE 'I
minutes:

ak. | Cancel |

iaﬁtarl”J ] g |J % Graphic State - Project: .-’-‘«l ||$ 947 AM

Click on the Finished button on the data analysis screen and then on the protocol
definition screen to return to the main menu.

Now we can perform this analysis on the data we have already collected. Select
“Statistical Review/Analysis” from the File pull-down menu. A screen with several
analysis options will appear. Select the option “Review and/or recalculate end of

session analysis” and click on OK.
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E]Elaphic State --- Project: A First Project

Eile Lists Help
:E Statistical Review/Analysis | x|
% Feview and/or recalculate end of zession analysid
" Create summary analysiz [¥-records) by uzer defined attributes 2 1 0 1
right 002
 Review summary analysiz ¥ records
n Program
ments
 Ewport raw data
{~ Ewport analyzed data (o Cum Fecords or Traces)
(1]4 Cloge |
#start| | 1A ) & | |[&$ Graphic State — Proi... W ga7aM

Use the drop-down list in the “Choose Session” field to select the session to
analyze. At this point there should be only one session listed there. In the future, there
will be many. A sequential number, the description that you entered when you ran the
session, the run date, and the starting time for the session, identifies the sessions. After
you have highlighted the session, click on Complete Summary Analysis (because we
have not yet run the analysis). If you come back here again in the future to look at this

session, you will select Review Summary Analysis.



Page 65

Eﬁlaphic State --- Project: A First Project

Fil=  Lizts Help
:E Statistical Review/Analysis x|
% Review and/or recalculate end of session analysis
T Review Session | %]
" Create summa
Choose Session:
2
' Fleview summ. I - e — j
5 Pilot test of CRE (47 (i ARpTE )gram
P =
Evport raw dat Bieview Summary Analysis
' Export analyze Complete Summary Shalysis
[ Cancel
iiﬁtarl”J oy & |“ES Graphic State — Proj... | My g4paM

The screen that comes up next will list all of the protocols that were run in this
session (only one, 1 — CREF, this time) and all of the Analysis Structures defined for each

protocol (again only one, B — Untitled).
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E]Elaphic State --- Project: A First Project

Fil=  Lizts Help
ESelecl Protocol{z] and Analysis Structure[s] x|
— Select Protocol(z] and Structure(s]
@ nalyze ALL protocols and stuchures
:E Statistical Revie
0 Analyze SELECTED structures
% Review and/or i
= 1-CRF
LB - [Untitled)
' Create summary .
 Review summary
A
 Ewport raw data
' Ewport analyzed
— v AVERAGE ALL or SELECTED zession data
[2 options above)
(1]8 | LCancel
#start| | 1A ) & | |[&$ Graphic State — Proi... W gasaM

We have the choice of analyzing all protocols and structures or of selecting particular
ones. Leave the option selected to analyze them all. We also have the option of
computing averages across the session (the check box near the bottom of the screen).
In our case, we only ran one animal in one station, so averages are meaningless. In
this case, it does not matter whether the box is checked or not. Click on OK to proceed.

After a seconds you will get a message that the analysis is complete. Click OK
here also.

Now you will see a screen that lists each analysis structure that is available
within each protocol used in the session. In our example, only one protocol was run
and it has only one analysis structure, and they are already highlighted. You would
have the choice of looking at session averages or individual runs, but since there was

only one run, the averages option is grayed out.
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E]Elaphic State --- Project: A First Project

Fil=  Lizts Help
Select Protocol and Structure for Analysiz Dizplay
Select Protocol Select Structure
% Rewview : CRF B [Untitled)
" Create a1
" Review 1
" Ewportra
" Ewport at
SessionLyerage Individuat@un[s] LClose
iiﬁtarl”J oy & |“ES Graphic State — Proj... | My g4gaM

Click on Individual Runs to continue.

A grid that again looks like a spreadsheet is displayed. It will contain every run,
in every station, that was part of this session. The columns are labeled with the Station
IDs (OA, 1A, etc.). When there are more than 8 possible stations (as in this case where
one half of a Linc is used for each station), the second group of 8 is shown on a second
page; use the scroll bar at the bottom of the screen to see them.

Under each station heading, each separate run is listed. It is identified by a string
that is made up of the Animal ID, the Station ID, the Run Number (within a session) and
the Session Number. In our example, we ran animal “C01001” in station “0A”, as the

first run (“017) in this station for session “002”.
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Eﬁlaphic State --- Project: A Firzt Project - [Summary data - Protocol 1 / Analysis Structure B]
Eile

Station 04 Station 14 Station 24 Station 34 Station 4.2, Station 54 Station 64 Station 7A

CO010070401002

K 3

Selectﬁ%lement Bun Journal

#start| | 1A ) & | |[&$ Graphic State — Proi... W gaaaM

Sezsion Journal Cloge |

Highlight the grid “element” for the run you want to view. In this case, it is already

highlighted since it is the only run. Click on “Select Element”.



Page 69

E]Elaphic State --- Project: A First Project - [Summary data - Protocol 1 7 Analysis Structure B]
Eile

Station 04 Station 14 Station 20 Station 34 Station 4.2 Station 54 Station G2 Station 7A

C010010401 002 ::'E] Select Element for Run: 01C0100104A01002 B E

Curnulative record for CRF | LATIWVE RECORDS

| Vie%ﬁraph | Wi Mumbers Run Journal Cloze | =
| Select Element I Bun Journal | Session.Journal | Close |
s | Starl”J oy & |J IES Graphic State — Proj... | My g4gaM

Each analysis element that we have defined for this protocol will appear in a list.
When we highlight an element, we will ordinarily have the option of viewing a graph or
of viewing the data (as numbers) in a list. We will look at an example of the numbers
option later, but for a cumulative record, the graph is the only option. Click on “View

Graph.”



Page 70

E]Elaphic State --- Project: A First Project - [View Plot]
Eile

Cumulative record for CRF
CUMULATIVE RECORDS

100

801

an—+

1 - lever Event

201

0 LbH ! ! ! ! ! ! ! ! !
[ 1
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0

AD1CO10010A01002.E  Time Scale = 5 Minutes
State/Pip 52 - DELIVER A PELLET

Freviaus | et | Save Frint | Llose I
#start| | 1A ) & | |[&$ Graphic State — Proi... M as0aM

This is an example of a cumulative record for a five minute run. The downward “pips”
are somewhat exaggerated in this example graph because the time frame of the graph
is short and because the pip lines stay down for the entire duration of State 2 (5
seconds). Nevertheless, you can see the upward movement as responses occurred.
We will see more traditional looking cumulative records in later examples.

At this point, we have the options of printing the graph, saving it as a bitmap

image file, or of closing this display.
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Adding more analysis elements and creating some more data

We have four other protocols defined, none of them with analysis elements.

Select Edit/Review Experiment Protocol from the File menu, select the FR5 protocaol,

click on Review and then Define Analyses. Add an analysis element to produce a

cumulative record. Repeat this process for the VR5, FI5 and VI5 protocols.

Now, prepare to pretend to be a rat (or use a real rat), and select RUN A

SESSION from the File menu. Enter a session description and specify protocol number

2 to be run. This time, run with the “Experimental Archive” mode selected instead of

“Pilot Record”. Click the Run button.

E]Elaphic State --- Project: A First Project - [Log-In to Run a Session]

Fil=  Lizts Help

Operator: [SOMIN

Seszsion Description: I.&rchived n of FRS

r EGQUIPMENT CHECK

TURN THE POWER OM IM ALL LIMCS TO BE
USED IM THIS SESSION. THEM CLICK ON
"CHECK" TO ACTIWATE LINCS.

Check |
r Lincs
[l B 7|
 Stationz

EE EE EE BE BE BE BE BE
0 1 2 3 4 5 & 7

FOWERED AWND USED IM THIS SESSION
. MNOT FRESENT OR MOT POWERED
D TURKNED OFF FOR THI5 SESSION

Click on [green) powered station numbers above
to exclude them from thiz session.

~ PROTOCOLIS)

{* SINGLE EXPERIMENT PROTOCOL IM ALL STATIONS
EMTER first protocol number to be ram; |2

Select additional protocols:

Yoking
’VI_ Stimulus 'aking b aster Station: I

["voking' cauzes the control subjects to receive the same
stimuli az the master subject.]

¢ MULTIPLE EXPERIMENT PROTOCOL

EMTER first protocol number to be run in each station:

A B A B A B A B
0 Y o AT o T o
A B A B A B A B
T SET LT T

1 CRF

2 [C1]FRS
3 [C2)WRE
4 FI5

5 [C4]W15

Drata Acquisition

" Pilat Record DATA TYPE:
¥ Expenimental Archive ARCHIVE

Subject 1.D.

' Uszer Defined
= Fraom List in Order
0 From List at Random

|J IES Graphic State — Proj...

Lancel

W gs2aM

Enter a subject ID (I used “E01002” to identify animal # 2 in experimental group 1) and

start the run. When the run is finished, click on End/Terminate at the top of the screen.
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This time, because at least one analysis element has been defined, you will be given

the opportunity to analyze data immediately.

Eﬁlaphic State --- Project: A Firzt Project - [COULBOURMN INSTRUMEMNTS Graphic State Motation]
Man FIN - Help

End/Terminate  Abart

Journal

Alarms

IF‘HDJEET: First Praject SESSIOM: 3 - Archived run of FR5

Session started - DATE: 04/26/2002 TIME: 3:5317 Al

OFERATOR: ADMIN

Subject ID: User Defined

Station 0A 1A 24 : 44 -1 BA Fh
FINISHED ?5UBJ 1ID7? 5UBJ ID? ABSENT ABSENT ABSENT ABSENT ABSENT
Subject EQ1002
Fratocal ID 2 2 2
Fun # 1 1 1
Cum run time 000:05:00
Previous state 51
Curment zhate FIM
Ewent 1 in state % Eﬂ End - Teminate
Ewent 2 in state . _ .
Evert 3in stals This seszion iz now terminated, Y_ou may
L analyze the data or cloze the sezsion. (4l raw
Event 4 in state data has already been stored in the
Ewent 1 total 321 database).
Ewent 2 tatal
Evwent 3 total
Event 4 total ! Analyze and Review |
Station 0B 1B : L b8 GB 7B
Status I5UBJ ID? ?5UBJ ID? ABSENT ABSENT ABSENT
Subject
Frotocal ID , Z Llose
Fun 1 1
Curn rurn time

Presvious state

Current ghate

Ewent 1 in state

Ewent 2 in state

Ewent 3in state

Ewent 4 in state

Ewent 1 tatal

Ewent 2 total

Ewent 3 tatal

Ewent 4 total

|J IES Graphic State — Proj...

M gsaaM

Click on Analyze and Review and you will start the series of data analysis screens.
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E]Elaphic State --- Project: A First Project - [COULBOURHN INSTRUMEHNTS Graphic State Motation]

End/Terminate  Abart

Journal

Alarms

Man FIN - Help

IF‘HDJEET: First Praject SESSIOM: 3 - Archived run of FR5

Session started - DATE: 04/26/2002 TIME: 3:5317 Al

OFERATOR: ADMIM
Station
Status
Subject

04

FINISHED

E01o02

Subiect ID: Uzer Defined

25UB.

Fratocal ID

2

1 ESelecl Protocol{z] and Analysis Structure[s] B lia
ENT

BA
ABSENT

7A
ABSENT

7 — Select Protocol(z] and Structure(s]

Fun #

1

1

Cum run time

000:05:00

@ nalyze ALL protocols and stuchures

Previous state

51

Curment zhate

FIN

0 Analyze SELECTED structures

Ewent 1 in state

Ewent 2 in state

B 2-[C1)FRS
LB - [Untitled)

Ewent 3 in state

Ewent 4 in state

Ewent 1 taotal

321

Ewent 2 tatal

Ewent 3 total

Ewent 4 tatal
Station
Status ?
Subject

0B
SUBJ ID?

25UB.

Protocal 1D

2

r

Fun

1

Curn rurn time

Presvious state

ENT

GB
ABSENT

7B
ABSENT

Current ghate

AVERAGE ALL or SELECTED zession data

I

[2 options above)

Ewent 1 in state

Ewent 2 in state

Ewent 3in state

(1]8 | LCancel |

Ewent 4 in state

Ewent 1 tatal

Ewent 2 total

Ewent 3 tatal

Ewent 4 total

|J 8 Graphic State - Project: A,

W g5aaM
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This is how my cumulative record looked.

Eﬁlaphic State --- Project: A Firzt Project - [¥iew Plot]

Eile
Cumulative record for FRS
CUMULATIVE RECORDS
100
80—+
=
L EnL
i
T
<t
20+ Jjﬁ
0 | —— } | | } | |
0o 0.5 1.0 1.5 2.0 b 30 358 4.0 2’5 5.0
ADZ2E010020A01003 B Time Scale = 5 Minutes
State/Fip 52 - DELIVER A PELLET
Freviaus | et | Save Frint | Llose I %
#start| | 1A ) & | |[&$ Graphic State — Proi... M a59aM

If you return to the list of protocols, you will see that now Protocol 2 is listed in
black with the status “Has been run.” We have not yet run 3, 4 or 5 and so they are still
listed in green. We have run Protocol 1, but only in Pilot mode, so it remains green

also.
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E]Elaphic State --- Project: A First Project - [Experiment Protocol List]

Eile Lists Help
Frotocol ID | Description Statuz
1 CRF Ready to mwn Edit
2 [CT11FRS Has been un
3 [C21VRE Feady ta mn
4 FIg Feady ta run ) BLACK, Complete and has been mn with data
5 [C4] W15 Fieady to wn Review acquired. May be reviewed only.
RED Incomplete and must be completed
Copy before it can be run.
GREEM Complete and run with anly pilat data
Delete

or nat yet un. May be edited.

E=port
Impart
['\\3' Cloze
#start| | 1A ) & | |[&$ Graphic State — Proi... M 10004

Add a cumulative analysis element to the remaining protocols (3, 4 and 5). Make
a run of Protocol 3, the VR5. To make realistic looking data, when | am “playing rat”, |
press the lever repeatedly until the feeder light comes on on the front of the Linc. Then
| count to three (pretending that | am retrieving a pellet and eating it) and then go back
to the lever. Sometimes | am a little slower than other times. Sometimes | overrun with
the lever (press it more times than necessary). All of this simulates what happens with
a real rat after it has been trained.

Next, let’s run Protocol 4 and then Protocol 5 in the same session sequentially in
the same station. Select RUN A SESSION from the File menu. Do the station check
(with the Check button) and enter a description as usual. This time, notice the list on

the upper right part of the screen that is labeled “Select additional protocols.” If you are
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planning to change the protocol running in a station sometime during the session,
highlight the additional protocols (i.e., other than the first one, which is still entered in
the field “ENTER first protocol to be run”) that you wish to use. The program will load all
of these protocols into memory before the session begins to avoid slowing down for
multiple disk reads when the new protocol is needed.

For our example, enter “4” as the first protocol to be run and highlight number 5

in the list.

E]Elaphic State --- Project: A First Project - [Log-In to Run a Session]

Fil=  Lizts Help
Operator: [SOMIN
Seszsion Description: IFirst n of F15
~ EQUIPMENT CHECK - PROTOCOLIS) ie'E;t F‘jdd't"j”a' protocols:
TURN THE POWER ON TN ALL LINCE TO BE {* SINGLE EXPERIMENT PROTOCOL IM ALL STATIONS g {gg% 5255
USED IN THIS SESSION. THEM CLICK ON EMTER first protocol number ta be |4
"CHECK" TO ACTIVATE LINCS. 4 FIS
Yoking
Check | ™ Stimulus Yoking Master Station: I
r Lincs ’7
IE‘ H n ["voking' cauzes the control subjects to receive the same
~Etati stimuli az the master subject.]
ationg
[EE EE EE BE BE BE BE BE
I 1 2 3 4 5 3 7 ™ MULTIPLE EXPERIMENT PROTOCOL Bun
POWERED AMD USED IM THIS SESSION EMTER first protocol number to be run in each station:
A B A B A B A B
. MOT PRESENT OR NOT POWERED 0 I_I_ 1 I_I_ 2 I_I_ 3 I_I_ LCancel
|:| TURMED OFF FOR THIS SESSION
A B A B A B A B
Click on [green) powered station numbers above 4 5 5 7
to exclude them from thiz session. I_I_ I_I_ I_I_ I_I_
Drata Acquisition Subject 1.D.
" Piot ecord DATA TYPE: :: E;";; [L’ij"i‘:grder
{* Experimental Archive ARCHIVE  From List &t Randam
m Start || | [#] % Graphic State --- Proj... T10:12 &kd
#Star]

Proceed as usual on the run screen. Enter a subject ID and start the run. When the run
finishes, immediately click on the SUBJ ID field again. The screen comes up for
another subject ID. If you want to run a second subject with the same protocol, simply
enter the new animal ID and click OK. In our case, however, we also want to change

the protocol number. There is a drop-down list beside “Change protocol” with all the
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preloaded protocols. Select Protocol 5, make sure you have also entered an animal ID,

and click OK.
Eﬁlaphic State --- Project: A Firzt Project - [COULBOURMN INSTRUMEMNTS Graphic State Motation]
End/Terminate Abort  Journal  Alarms Help
[PROJECT: First Project SESSIOM: 5 - First run of FIS |5 ession started - DATE: 04/26/2002 TIME: 10:13:08 &M
[OFERATOR: ADMIM [Subject 10: User Defined
Station 0A 1A 24 3A 44 -1 BA Fh
I5UEBJ ID? ?5UBJ 1ID7? 5UBJ ID? ABSENT ABSENT ABSENT ABSENT ABSENT
Subject
Frotocal ID 4 4 E
Fun # 2 1 1
Cum run time
Previous state
Curment zhate

Ewent 1 in state
Ewent 2 in state
Ewent 3 in state
Ewent 4 in state

Ewent 1 tatal Subject ID
Ewent 2 tatal
Ewent 3 tatal Enter Subject 1D for this rur:

Ewent 4 tatal
Station 0B W Change protocal: - 5B 6B 7B
Sla!us ?5UBJ ID? 2S5UBJ | BSEMT ABSENT ABSENT
Subject 0K

Protocal 1D 4 4 =
Fun 1 1

Curn rurn time

Presvious state

Current ghate

Ewent 1 in state
Ewent 2 in state
Ewent 3in state
Ewent 4 in state
Ewent 1 tatal
Ewent 2 total
Ewent 3 tatal
Ewent 4 total

i Start o & |6$ Graphic State - Pro... My 1019 4

When this second run ends, click on End/Terminate and analyze your data.

Now, let’'s add more data analysis elements to one of the protocols and
reanalyze the data we’ve already collected. Select Edit/Review Experiment Protocol
from the File menu. Notice that Protocols 2, 3, 4 and 5 are listed in black now. Select
Protocol 5. The Edit button will be grayed out because you cannot change a protocol
that has been run with non-pilot data. Click on the Review button and then on the
Define Analyses button.

If you previously created a cumulative record analysis element here, you will now
see a list of existing analysis structures (containing the default one named “B (Untitled)”

unless you gave it a different name.
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Fil=  Lizts Help

Protozal Identifization
State Creation
Pratocol nurber: &

Globalz

Enter description: I[[;4] W15

Define Analyzes

Select Analysis Structure

Edit

B [Untitled]

Bewiew

Mew

Delete

LCancel
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i Start |

We are going to add more analysis elements, so you may either click on the New button

to create a new analysis structure containing the new elements or you may click on the
Edit button to change structure B. Click on the Edit button in this case.

Because we have previously analyzed data using this structure, a warning
message appears saying that, if you change the analysis structure, you will need to

analyze the data again. That is acceptable, so click on the “Yes” button.
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Protozal Identifization

Pratocol nurber: &

Enter description: I[[;4] W15

Graphic State

Analyzed data exist for this analysis structure. [F pou

State Creation

Globalz

Define Analyzes

edit thiz structure, the analyzed data will be delsted

and you will have to reanalyze runs from sezsions using
thiz protocal az well as user defined summaries which

iclude these runs.
Do pou wish to continue?

Edit

= || Starl”J

Bewiew

Mew

Delete

LCancel

ol |J Inboz - Microsoft Dutlnokl B Getting started with Gra..."Es Graphic State — P._. | BBEA 10:34 AM

Now we see again the list of possible analysis elements as well as a definition of

the one we already have set up.
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Fil= Help

Element Types Analyziz structure name:

Al m CUMULATIVE RECORDS
N of a PROF EVENT in STATE(S)
N of a PROP EVENT in RUN FRACTIONS g B T
M of DISCRETE EVEMT(S] in STATE(S] New Element tle: Lumulative record for
LN of DISCRETE EVEMTI(S] - State Flaw FRACTIONS = |

FM of DISCRETE EVEMT(S]) in RUN FRACTIOMS
FRATE of EVEMT(S] in STATE(S)

FRATE of EVENT(S] in RN FRACTIONS

M of DISCRETE EVEMT(S] - TOTALS for RUM — iig label: 53 - DELIWER PELLET State
FEWEMT LATENCY - CLASS INTERVALS in STATE[S)
HMTER-EVENT - CLASS INTERWALS in STATE[S)
HMTER-EVENT - CLASS INTERWALS far RUM
FHETEROGEMOUS IE - CLASS INTERWALS in STATE[S] =

-auiz label 1 - lever Event

Curnulati

Edit Element

Delete Element

Ewvent scale: 100

Finighed Time scale: &

Cancel
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Let’s investigate exactly where (i.e. in which state) the majority of the lever
presses are occurring. Highlight the element type “N of DISCRETE EVENT(S) in

STATE(S)” and click on the New Element button.
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INPUT EVENTS A.|

SRSl TN of DISCRETE EVENT(S) in STATE(S) x|

Analyziz structure name:
IB - [Untitled]

M of DISCRETE EVENT(S] in STATE(S)

M of 5 PROP EVENT in RIUM FF
S o DISCRETE EYENT(S) in
L of DISCRETE EVEMTIS) - Stz

Generall Event[s]l Binz | Dptionsl

Title:

M of DISCRETE EVEMT(S]in R iz label Events
FRATE of EVENT(S]) in STATE[S
FRATE of EVENT[S] in RUM FRZ This element allows you to select a single or collective __
M of DISCRETE EVEMT(S] - TO [digjoint Boolean] input events fram the input-name list. In F-dwis bins:
FEVEMT LATEMCY - CLASS INT [Unlike proportional elements, the plotted event may be
HIMTER-EVENT - CLASS INTER' collective becauze they are all discrete.] The units of ;I
HMTER-EVEMT - CLASS INTER' measure on the plat will be "events.” The platted event
LHETEROGEMOUS IE - CLASS | is distributed over a number of bins each of which may

be designated as a zsingle state or a [disjoint Boaolean)]

group of gtates. The name given to each state or group

of states will appear on the plot of data. Y'ou may select

to list and dizplay them in the arder the bins were

created or by population frequency.

Title
Analpzis Elerment Mame / Graph Title
Ligt ir:

LCancel |

Iy

|J Inbax - Microsaft Dutlnokl B Getting started with Gra..."Es Graphic State - P._ | BB 10:40 4M

i Start |

All of the element definition screens are similar in form, but they ask for the specific

| BE e

information required for the particular analysis. This one needs a name for the graph,
the event or events to be counted, the state or states for each “bin” of the graph (i.e.
each bar on the resulting histogram), and some options about the order in which to
display the bins.

Enter a title on the “General” screen such as “Lever presses in each state.” Click
on the “Event(s) “ tab. A list of eligible events (switch inputs), with the names you have
assigned to them, will be presented. Select “1 — lever” and it will appear in the field

called “Vertical (Y-Axis) label.
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Fil= Help
INFUT EVENTS _ | [B- TUnitled M of DISCRETE EWENTIS)in STATE[S)
LGS EMNUEIEIR! T N of DISCRETE EVENT(S) in STATE(S) |
M of a PROP EYENT in FIUM FF .
N of DISCRETE EVENT(S) in 5 il

LN of DISCRETE EVENT(S]-5t:  General Eventis) | Bins | Options |
LK of DISCRETE EVENT(S]in i Zwz labal Everts
rRATE of EVENT(S]in STATE(S — Select one or more events
FRATE of EVENTIS) in RUN FRZ _
FM of DISCRETE EVEMT(S]- TO N fis bin:
FEWEMT LATENCY - CLASS INT i
HIMTER-EVENT - CLASS INTERY 3. =
HIMTER-EVENT - CLASS INTERY 4.
FHETEROGEMOUS IE - CLASS | [1] lever

[2]

[3]

[4]

—Wertical [v-Axiz) label List irx:
I'I - lewer
ak. | LCancel |

J m E ) 2 |J |anH - Microsoft Dutlnokl Getting started with Gra..."Es Graphic State — P._. |\EEE 10:44 AM

i Start |

Next, click on the “Bins” tab. This will bring up a screen where you can define one or

more categories/bars for the resulting graph. Initially, no bins are defined. The screen
lists all of the states of your protocol, and you will select one or more states for each bin

that you want to create.
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Fil= Help
INFUT EVENTS ) - B - [Untitled] M of DISCRETE EVEMT(S]in STATE(S)
LG ANNUEIE T of DISCRETE EVENT(S] in STAT x|

LN of a PROP EVENT in RUM FF .
M of DISCRETE EVEMT(S) in 5 il
h of DISCRETE EVEMT(S

Generall Ewent[s] Bins | Dptionsl

M of DISCRETE EVEMT(S]in A iz label Events
FRATE of EVENT(S) in STATE[S G elect bates for th b
LEATE of EVENT[S] in BUM ER elect one or more states for the current Din _
N of DISCRETE EVENT(S) - 10 ST-AFTER 1.35.7.3 SECONDS In #-Auis bins:
EWEMT LATENCY - CLASS INT 52- 4FTER FIRST RESPONSE
HHTER-EVENT - CLASS INTER 53.DELVER FELLET ;I
FIMTER-EVENT - CL&SS INTER'
FHETEROGEMOUS |E - CLASS |
r— The fallowing bing are defined
List irx:
New Bin I Irzert Bin | Femove Bif |

ak. | LCancel |

iﬂStarl”J m g E |J InbUH-MicmsoﬂDutlnokl Getting started with Gfa---“E&Elaphic State --—- P... |\ﬂgg 10:47 AM
We will define four bins — one for each of the states S1, S2 and S3, and a fourth bin that

includes all three states (and will report the total number of lever presses).

To define a bin, first click on the “New Bin” button and then select the first state.
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Fil= Help
INPUT EVENTS ] - B - [Untitled] M of DISCRETE EVEMT(S] in STATE(S)

LGS ENUEIER T N of DISCRETE EVENT(S] in STATE(S) x|

FM of a PROP EVEMT in RUM FR T

N of DISCRETE EVENT(S] in & te:

LN of DISCRETE EVENT(S)-5te  General| Evertfs) | Bins | Options |

FM of DISCRETE EWENT(S]in R iz label Everte

:EE$E 2: ESEHH%% :: E!L'?‘JTIE% — Select one or more states for the curent bin—— _

FM of DISCRETE EWEMT(S)- TO TAETER i In =iz bins:

EWEMT LATENCY - CLASS INT 52-AFTER FIRST RESPUNSE

HHTER-EVENT - CLASS INTER 53.DELVER PELLET ;I
FHMTER-EVENT - CLASS INTER'

FHETEROGEMOUS IE - CLASS |
Curnulati

r— The fallowing bing are defined
Bin 1 51-AFTER 1357 95ECD
Ligt ir:
Mew Bin | Ingert Bin | Remove Bin |
ak. | LCancel |
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Use the same procedure for states 2 and 3 (first click on “New Bin” and then select the

state). Finally, create a fourth bin (click on “New Bin”) and then select, in turn, all three

states. Your screen should look like the one below.



Page 85

E]Elaphic State --- Project: A My first project - [Prot _|E’|£|
Fil= Help
INPUT EVENTS ] - B - [Untitled] M of DISCRETE EVEMT(S] in STATE(S)
AR LGS ERIEIEIE T N of DISCRETE EVENT(S] in STATE(S]) |
FM of a PROP EVEMT in RUM FR = T
N of DISCRETE EVENT(S] in & te:
LN of DISCRETE EVENT(S)-5te  General| Evertfs) | Bins | Options |
FM of DISCRETE EWENT(S]in R iz label Everte
:EE$E 2: ESEHH%% :: E!L'?‘JTIE% — Select one or more states for the current bin _
M of DISCRETE EVENT(S)- TO I =-axis bins:
FEWEMT LATENCY - CLASS INT
HMTER-EVENT - CLASS INTER' ;I
FHMTER-EVENT - CLASS INTER'
FHETEROGEMOUS IE - CLASS |
Curnulati
r— The fallowing bing are defined

Bin 1 51-AFTER1.35795ECD

Bin 2 S52-AFTERFIRST RESPONSE

Bin 3 53-DELIVER PELLET

Bin 4 515253

Ligt ir:
Mew Bin | Ingert Bin | Remove Bin |
ak. | LCancel |

Getting started with Grap_hic State Matation - Miu:ru?ioftkv_'nrd' \85 54 10:54 AM

iaStarl”J m E > |J InbUH-MicmsoﬂDutlnokl

Click on the “Options” tab. You have two options for the order of the bins on the graph
— either in the order in which we defined the bins, or in order by the frequency of the

responses. Let’s select “By population (frequency”). Finally, click on the OK button.



Page 86

E]Elaphic State --- Project: A My first project - [Protocol 5 Analysis Structure B] - | E’lﬂ

Fil= Help

IMNPUT EVENTS = IE - [Untitled] r of DISCRETE EVEMTIS]in STATE(S]

MM of a FROF EVENT in STATEIS]
FMH of @ PROP EVENT in RUN FRACTIONS

AT w0 T Title: Lever preszes in each state
M of DISCRETE EVEMT(S]) in STATE(S]
LI of DISCAETE EVENTIS) - State Flow FRACTIONS Hew Element |

FM of DISCRETE EVENTI(S] in RUN FRACTIONS
FRATE of EVEMNT(S) in STATE[S)
FRATE of EVENT(S) in RUMN FRACTIONS

-awiz label 1 - lever Events

L of DISCRETE EWEMT(S] - TOTALS for RUM - I =iz bins:
FEWVEMT LATEMCY - CLASS INTERMWALS in STATE(S)
FIMTER-EVENT - CL&SS INTERWALS i STATE[S] Bin 1 51-AFTER1.35,7.95EC0 -
HMTER-EVENT - CLASS INTERWALS for RUN Bin 2 52-AFTER FIRST RESPOMSE
FHETEROGEMOLUS IE - CLASS INTERWALS in STATE(S = Bin 3 53-DELIVER PELLET

Bin 4 51,5253

Marmed Elements in Analysis Structure
d for
yr— Edit Elerment

: it 2ach state

Delete Element

B Listir:

Population [frequency] arder

Cancel

i Start |

Now our new analysis element is listed in the lower left portion of the screen and a

J :ﬂj E > |J |anH - Microzoft Dutlnokl Getting started with Gra..."Es Graphic State — P |\ﬂgg 10:58 AM

summary of it is listed on the right side of the screen (the highlighted element is always
the one displayed on the right). Click on the Finished button and then on another
Finished button to return to the main menu.

Select Statistical Review/Analysis from the File menu. Check the box labeled
“‘Review and/or recalculate end of session analysis” and click OK. From the “Choose
Session” drop-down list, select the session that included the run for Protocol 5. In my

case, it was Session 5 that included a run of Protocol 4 and another of Protocol 5.
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Fil=  Lizts Help

:E Statistical Review/Analysis x|

{® Review and/or recalculate end of session analysis

T Review Session x|

' Create summa

Choose Session: I
I 2

 Feview summ.

(4 First rum of VRS 47262002 10,0125 AM k
3 - Archived run of FRS 4/26/2002 3:53:17 AM =4
" Evport raw dat 2 - Pilot test of CRF 4/26/2002 5:37:00 &AM TES

' Export analyze Complete Summary Snalysis

[ Cancel

#Start| | 11

Click on the “Complete Summary Analysis” button.

ol |J [ Irbo: - Microsoit Dutlnokl B Getting started with Gra..."Es Graphic State — P._. |\EEE 11:02 &k

We can select the option to “Analyze SELECTED structures” and then highlight

Protocol 5, Structure B as shown in the following screen.
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E]Elaphic State --- Project: A My first project _|E’|£|

Fil=  Lizts Help

ESelecl Protocol{z] and Analysiz Stiuck il

— Select Protocol(z] and Structure(s]

™ Analyze ALL protocols and stuctures

:E Statistical Hevie

{* Analyze SELECTED structures
% Review and/or i

B 4-FI5
LB - [Untitled)

" Create summary .

LE - [Untited)

= Review summary

am [

= Ewport raw data

The analysiz structures shown it grey have
' Ewport analyzed previously been analyzed.

— [ AVERAGE ALL or SELECTED zession data
[2 options above)

(1]8 | Lancel |

i Start |

Click on OK and the analysis will proceed. Look at “Individual Runs” for Protocol 5 and

J :ﬁ E ) i |J |anH - Microsaft Dutlnokl Getting started with Gra..."ES Graphic State --- P._. |\ﬂ§g 11:05 AM

select the only run that appears on the next screen. Notice that it appears in the second
row under the header for Station OA because it was the second run in that station for the
session (the first run was using Protocol 4).

The next screen that appears lists both of the analysis elements that are
available for us to view. Move the cursor to the second one — “Lever presses in each
state” — and notice that now we have the option to “View Numbers” as well as to “View

Graph.”
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Eile

Station 04 Station 14 Station 34 Station 4.2 g Station G2 Station 7A
::‘E]Select Element for Run: 05E020060A02005.B

E0200602402005

Select Element

Cumulative record for Wl CUMULATINVE RECORDS

Lever p each state M of DISCRETE EWVEN

Run Journal

Cloze | v

1 I I Wiew Graph | Wiew Mumbers

| Select Element I Bun Journal | Session.Journal | Close |

= || Starl”J

Both of these options are shown below.

ol |J [ Irbo: - Microsoit Dutlnokl B Getting started with Gra..."Es Graphic State — P._. |\EEE 11:08 Ak
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E]Elaphic State --- Project: A My first project - [Wiew Plot]
Eile

Lever presses in each state
M of DISCRETE EVENT(S) in STATE(S)

800

1 - lever Events

Bin4-51,5253 Bin2-52- AFTER FIRST RESPOMNSE
Bin1-51-AFTER 1,357 9 5ECO Bin 3-53- DELIVER FPELLET

ANSED20060A02005.6B
By population frequency

Save | Print | Llose I

= || Starl”J g E |J (L) Inbox - Microsaft Elutln...l Getting started with Gl"Es Graphic State — .. |(ﬂ§ﬁ' 11:12 AM
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E]Elaphic State - Project: A My first project - [Summar _1&] =l

Eile
Station 02 Station 1.4 Station 24 Station 34 Station 4.8 ion 54 Station G2 Station T
ED20060402005
M of DISCRETE EVEMT([S]in STATE(S]
File: nare: A05E 020060402005 B
There are 4 bins.
Count Dezcription
1 E41 51-AFTER 1.3.5.7.95ECD
2 54 52-AFTER FIRST RESPOMSE
3 0 53-DELMER PELLET
4 E35 51,5253
Erint | Export | Close |
| | »
Select Element | Bun Journal | Sezsion Journal | Cloge |

J Inbax - Microsaft Dutlnokl B Getting started with Gra..."Es Graphic State - P._ | BeEEd 11:124M

i Start |

| BE e

Exporting your data if necessary

You may want to export your data to process it further using a spreadsheet (e.g.
Excel). There are several ways to export data. The first one is easy to demonstrate at
this point.

On the current screen, you have the option to Print the list of counts in each bin
or to Export these counts. Click on the Export button. You will be prompted by
Windows to supply a file name for the resulting file (a .txt file). Enter a name and click
on the Save button. Now exit from the Graphic State program completely.

The best way to see what the exported data look like is to import the file into
Excel (or a comparable spreadsheet program). Start Excel now and then open the text

file you created in the last step. If you did not change the default directory, you will find
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the file in the Datafiles directory under your version number directory in the Graphic
State directory. Remember that the file has an extension of “txt”, so you need to tell the
Open dialogue in Excel to look for text files or for all files (not just for Excel files). The

open command will invoke the Text Import Wizard, as shown below.

FA Microsoft Excel - Book1 =181 x|
J File Edit ¥iew Insert Format Tools Data Window Help =181 x|
DEdSR@ o=/ j o - 67w JERIL I B AR A
Al I
A BE | C

3

Text Import Wizard - Step 1 of 3 2]

The Text Wizard has determined that your data is Delimited,
If this is correct, choose Mext, or choose the data type that best describes your data.

riginal data type
Choose the file type that best describes vour data:
' i - Characters such as commas or tabs separate each field,
' ‘Ié.ixed width - Fields are aligned in columns with spaces between each Field,

Stark import ak pow: I 1 E‘ File origin: IWindows {AMST) j

Preview of file C:YGraphic Stakel2, 101-00%DatafilesivIs.kxt,

|1 FilenameOBinOCountOlescription ﬂ
|Z DSEOE00R0RADZ005 _EO1OG641081 - AFTER 1,3,5,7,% 2ECO

|2 DEEQE00E0RA0Z005 _BOZ05405Z — AFTER FIRST RESFONSE

|4 PEEQOZ00&0RA0Z2005 _BO3000%33 - DELIVER PELLET

|5 DEEQEOOS0RDZ00E  BO4OE2E0OS1 52,53 ;I
< 2l

% Cancel < Back | Mext = I Finish |

MAAAAAAAAAA
Slo||~|o ;| I | | =[S |2 |90 2|91 | F (W] =

21 =
[4 4 » | p[Sheetl |4] | L”J
Ready | I [ 0 T

J m E ) 2 |J |anH - Microzaft Outlook, | @Getting started with Grap..." Microsoft Excel - Bo... |\8§ 17:35 &M

i Start |

All of the default settings will work. Click on the Next button twice and then the Finish

button.

You may want to adjust the width of the columns to see the information better.

You will see something like this.
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AT ] -
A |8 C | D . E | F | 6 | =

1 |Filzname Bin Count | Description

2 |05E020080A02005EB 0 1) 641 31-AFTER 13579 5SECO

3 |05E020080A02005EB 0 2 54 52 - AFTER FIRST RESFPOMSE

4 |05EC020060A02005B @ 3 053 - DELIVER PELLET

5 |05E020060A02005E 0 4 695 515253

3]

7 I

8

g

10

11

12 o

13

14

15

16

17

18

19

20 o
21 -
[ 4p M YI5 |4] | L”J
Ready I ] ] ] i
iaﬁtarll J m E > |J InbUH-MicmsoﬂDutlnok | @Getting started with Grap...”Micmso[t Excel - VIS |\a§ A2 11:394M

The data in this file can then be combined with those from other similar files and
processed in any way you like.

There is another way to export data, this time from multiple runs. Select
Statistical Review/Analysis from the File menu. Select “Export analyzed data (no Cum
Records or Traces” and then click on the OK button. All protocols for which there are
analyzed data (other than cumulative records or Multi-channel Event Traces, because

these do not produce bins of counts) appear in a list.
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Fil=  Lizts Help

::'E]Select Protocol and Structure for Analyzed Data Expor

Stucture

3 [C2)VF5
5 [C41v15
 Review
" Create ¢
 Review
= Export 12
{* Export a

(]S LCancel |
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i Start |

Select Protocol 3 and click on the OK button. A “filter” screen now appears which

allows you to select all or only some of the runs for this protocol using a variety of

criteria.
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E]Elaphic State --- Project: A My first project [Export Analyzed Data) _|E’|£|
Eile
r Restrict list by: r— Order list by r Highlight records to average
- Session date {* Seszion " Select all
From: To: " Station " Deselect all
Default is all seszion dates  Fun
Bk " Subject ID
AD3ZEDT0030401004.B
Frarm: I To I ANZEM 0040402004 B
. . —Select list option
Default iz all zessions
7 Show all runs
- Station = Show only rung with analyzed recards
0™ 1A 28 W

0BT 1B 2B B

a5 [ B4 Ba AN
LN B BB B

Default iz all stations

~ Run %
Fram: I_ T I_
Default iz all runz
r Subject ID
1|_ 2|_ 3|_ 4|_ 5|_ B|_

Default iz all subject 1Dz

Filter List |
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Export | Cloge |

i Start |

In the white area on the right side of the screen, you can see a list of all runs that

qualify. In our example, there are only two, but imagine a much longer list containing
runs for many different animals, in different stations, on different days.

By filling in selected portions of this screen, you can reduce the list of runs to only
include those that meet your selection criteria. You may enter a range of session dates
or of session numbers or of run numbers. You may select particular stations (by
clicking in the appropriate check boxes). You may select runs where the subject ID
matches the character or characters you type in positions 1 — 6 of the subject ID. For
example, to select all animals from our sample experimental group 1 (i.e., all those with
ID’s that begin “E01”), fill in “E” in position 1, “0” in position 2 and “1” in position 3 and
leave the last three positions blank. If you use any of the criteria in the left column on

the screen, click on Filter List to remove runs that do not qualify from the list on the right
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side of the screen. You may select individual runs from the remaining list by clicking on
the list items. You may also select all of them by clicking on the option “Select All” —

which is what | will do. Click on the Export button, and you will see a list of analysis

elements for which data may be exported.

E]Elaphic State --- Project: A My first project [Expol _|E’|£|
Eile

r Restrict list by
— Seszion date

Fram: I
Select Element

Default iz all sessio each state N o RETE EVENTIS]in STATE[S]

erage

::‘E]Select Element for Export |

r Seszion

Fram: I_

Default is all zessio

— Station

04 [~ 148
0BT 1B

48 B
LN 5B

Default iz all statior

~ Run

Fram: I_

Default iz all runz

r Subject ID

1|_ 2|_ 3|_

Default iz all zubjec

Expart Element

Llose |

i Start |

Select the desired element (in this case there is only one) and then click on Export
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Element. Fill in the Windows prompt for a file name and click on Save.
Open Excel again and import this new text file just as you did the last one.

After adjusting the column widths, you will see something like this.
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This will show you the data for the runs you selected with each animal as a separate
row and each bin for the selected analysis element as a column. Other identifying
information for each run is also included.

There may be an analysis you need to perform that is not provided as an
analysis element built into Graphic State Notation. A common example of this is a trial-
by-trial analysis of responses in a multi-trial protocol. In this kind of situation, you will
want to export “raw” data and do the detailed processing yourself. The raw data
available include a record (or a row in a spreadsheet) for each response onset or offset
and for each state change during the run. Let’s look at an example.

Select Statistical Review/Analysis from the File menu. Select the “Export raw
data” option and click OK. Just as in the last example, select the appropriate protocol

from the list that comes up (I selected Protocol 5, the VI5) and then use the filter screen
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to select specific runs. | selected the only run listed. The resulting text file, imported into

Excel, looks like this (reduced in size to fit here).

Fd Microsoft Excel - raw BETE

J File Edit Wwiew Insert Format Tools Data indow Help _|5’|5|
DeHal @& o-c- |z &% |msw - @ 2w -2 - B ZU|E|[1-B2
Al | = Project
A | s | ¢ | o [ E | F [ &5 | H | 1 | J | K L [ m [ N [ o | F @ | —
1 P =UserID Frotocol | Bession | Station Fun Zubject | Time Current Etate | Transition Etake | Transition Event | A1 - lever| A2 - AT A - AL1] lewer A[2] A[!;I
2 A AOMIN 5 3 o 2| E02008 i i 1 o i o i o i o
3 A AOMIR 3 s o 2 E0200s6 35 1 1] o 1 o 1] o 1] o
4 A ADMIN E 5 i 2| E02006 36 1 i i i i i i 1 i
5 A ADMIN 5 5 o 2| E02006 33 1 i o 1 o i o il o
B A ADRIMN =) s o 2 E02006 39 1 1] o 1] o 1] o 1 o
7 A ADMIN 5 5 a 2| E020068 40 1 i a 1 a i a i a
B A ADMIN 5 5 i 2| E02006 4 1 i i il i i i 1 i
9 A AORIR =) s o 2 E02006 43 1 1] o 1 o 1] o 1] o
10 | 4 ADMIN 5 5 o 2| E02008 44 1 i o i o i o 1 o
11 | A AOMIR 3 s o 2 E0200s6 45 1 1] o 1 o 1] o 1] o
12| A ADMIN E 5 i 2| E02006 45 1 i i i i i i 1 i
13 | A ADMIN 5 5 o 2| E02006 43 1 i o 1 o i o 1 o
14 | A ADRIMN =) s o 2 E02006 S0 1 1] o 1 o 1] o 1] o
15 | 4 ADMIN 5 5 a 2| E020068 51 1 i a i a i a 1 a
16 | A ADMIN 5 5 i 2| E02006 52 1 i i 1 i i i il i
17 | A AORIR =) s o 2 E02006 ] 1 1] o 1] o 1] o 1 o
18 | A ADMIN 5 5 o 2| E02008 B3 1 i o 1 o i o 1 o
19 | A AOMIR 3 s o 2 E0200s6 57 1 1] o 1 o 1] o 1] o
20 |4 ADMIN E 5 i 2| E02006 58 1 i i i i i i 1 i
21 | A ADMIN 5 5 o 2| E02006 60 1 i o 1 o i o il o
22 | A ADRIMN =) s o 2 E02006 B1 1 1] o 1] o 1] o 1 o
23 | A ADMIN 5 5 a 2| E020068 62 1 i a 1 a i a i a
24 | A ADMIN 5 5 i 2| E02006 63 1 i i il i i i 1 i
25 | A AORIR =) s o 2 E02006 b7 1 1] o 1 o 1] o 1] o
26 | A ADMIN 5 5 o 2| E02008 63 1 i o i o i o 1 o
27 | A& AOMIR 3 s o 2 E0200s6 To 1 1] o 1 o 1] o 1] o
28 | A ADMIN E 5 i 2| E02006 71 1 i i i i i i 1 i
29 | A ADMIN 5 5 o 2| E02006 73 1 i o 1 o i o il o
S0 | A ADRIMN =) s o 2 E02006 T4 1 1] o 1] o 1] 0 o 1 o
3| A ADMIN 5 5 a 2| E020068 78 1 i a 1 a i a i a
32 | A ADMIN 5 5 i 2| E02006 74 1 i i il i i i 1 i
33 | A AORIR =) s o 2 E02006 1 1 1] o 1 o 1] o 1] o
34| A ADMIN 5 5 o 2| E02008 #2 1 i o i o i o 1 o
35 | A AOMIR 3 s o 2 E0200s6 &3 1 1] o 1 o 1] o 1] o
36 | A ADMIN E 5 i 2| E02006 a4 1 i i i i i i 1 i
37| A ADMIN 5 5 o 2| E02006 a6 1 i o 1 o i o il o
38 | A ADRIMN =) s o 2 E02006 a7 1 1] o 1] o 1] o 1 o
39 | A ADMIN 5 5 a 2| E020068 a0 1 2 a 1 a i a i a
40 | A ADMIN 5 5 i 2| E02006 a1 z 0 i il i i i 1 i
41 | A AORIR =) s o 2 E02006 3 2 3 1 1 o 1] o 1] o
42 |4 ADMIN 5 5 o 2| E02008 a4 3 1 [ i o i o 1 o
43 | A AOMIR 3 s o 2 E0200s6 a6 1 1] o 1 o 1] o 1] o -
e e — = = - . o o o o o . o
144 [» [} raw K i ol
Ready [T 1 ] | ] e
| Starll J & W |J B Gietting started with Glalﬂhl---" Microsoft Excel - raw En-f B 201 P

The first seven columns do not change during a single run; they contain identifying
information about the project, user, protocol, session, station, run and animal ID.

The next column, labeled “Time”, is the time stamp (in sample units since the
beginning of the run) for each event or transition recorded in this file. In our case, the
sample unit is 100 ms or 0.1 seconds. Therefore, to convert the times to seconds since
the start of the run, divide each time by 10.

The “Current State” column lists the state number that was active at each time.
State 0 is the RDY (Ready) state and State —1 is the FIN state.

The “Transition State” column shows the state to which control was shifted if the

current line represents a state transition; it is zero if no transition occurred at this time.
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The “Transition Event” column contains a “1” if a state transition occurred
because of an input event (response); it is “0” if no transition occurred or if a transition
occurred because of time or the number of entries.

The next four (in this case) columns record the presence (“1”) or absence (“0”) of
a response onset on each of the possible input switches. The following four columns
record the presence or absence of a response offset. Response onsets are noted with
column headings like “A1 — lever” and offsets are noted with column headings like “A[1]
lever”. For Linc configurations where there are more than four switch inputs, there will
be more columns in the raw data.

Let’s look in more detail at the most relevant columns in this spreadsheet. | have
deleted the leading identification columns and all of the switch columns except the A1
onset and offset columns (so that what remains will fit nicely on the screen and we can

read it here easily). | also deleted many rows; raw data files get very big.
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£ Microsoft Excel - raw ===
J File Edit Wwiew Insert Format Tools Data indow Help ;Iil ﬂ
DEE &8k B o-c- = & il we - B 2w -2 - B IUSE|-H.2
A2 | = 0
A | B | C | D | E | F | &6 | H A

1 |Time Current State | Transition State Transition Event A1 - lewver  A[1] lever

2 0l 0 1 0 0 0
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5] 39 1 0 0 0 1

7 data deleted here

3] 86 1 1] ] 1 ]

9 37 1 ] 0 0 1 <

10 a0 1 2 0 1 0

11 91 2 1] 0 0 1

12 a3 2 3 1 1 ]

13 94 3 1 0 0 1

14 96 1 0 0 1 0

15 97 1 1] 0 0 1

16 data delsted here

17 2995 1 2 0 1 0

15 2996 2 0 0 0 1

14 2998 2 3 1 1 0

20 2999 3 1 ] ] 1

21 3000 1 -1 0 0 0 -
[4[4 [» [} rav K | LlJ
Ready | | | [

#start| | 11 & > ||| B Getiing started with Graphi.. |[[5] Microsoft Excel - raw G 43 z14PM

In the first row, we can see that the run began at offset time 0 (by definition) in
State 0 (RDY) and there was a transition to State 1. All runs begin this way.

Next we see pairs of entries in which the lever was pressed (e.g., at 3.5 seconds
into the run) and then released (at 3.6 seconds into the run). This continues for a period
of time (a time selected from the list for this VI); | have deleted these entries for brevity.
At 9 seconds into the run (row 10 above), there is a transition to State 2. From this
information, we can compute the value of the first variable interval to be 9 seconds (or
90 sample units).

There was also a lever press recorded at time 90. However, this lever press did
not cause the transition to State 2 (it was a time transition), and since it occurred in
State 1, it also did not cause the delivery of the reinforcer. That happened at time 93

(row 12 above) where we see that a transition to State 3 was caused by an event (the
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“1”in the “Transition Event” column) and we see that a lever press response was
recorded. At the next time marker (94), a transition back to State 1 occurred. This is
the start of the next “trial”.

The last line in the spreadsheet, at time marker 3000 (3000 sample units = 300
seconds = 5 minutes), records a final transition to State —1 (FIN).

For anything other than trivial processing, you will probably want to create Excel
macros that you can use repeatedly. A sample macro is included in the next section of

this manual in the example called “Multiple trials of different types.”
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Some additional examples

Meal pattern analysis

A feeding and drinking application usually has a very simple state flow with all the
complexity in the analysis. What | will show here is a free feeding and drinking protocol
where water is available at all times (with licks detected by a photocell mounted on a
Coulbourn lickometer) and a new food pellet is delivered each time one is removed from
the pellet trough (also detected by a photocell mounted on the pellet trough). I'll then
demonstrate some of the data analysis possibilities.

If you are using our “standard” pellet trough, the protocol only needs two states —
one where pellet removals are detected and one where new pellets are delivered. If
you use our auto-feeding trough, you only need one state (to control the total length of
time of the run) because the trough will automatically trigger the dispensing of a new
pellet when one is removed. Assuming the standard trough, the two states look like

this.
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E]Elaphic State --- Project: B Feeding and Drinking - [Create States - Protocol 1] _|E’|£|
Fil=  Portables Lists Conjoin Help

State 51 - IF PELLET REMOVED

51 IFPELLET REMOVED - OO0 1002 ML 30 0d 20 20
52 DELIVER ANOTHER dd Evert Ba T NULLO HLTEQ TONEC
xent o o R 1 Z- Peliet removal &0 TO 52
Add Time Go To
Hew State [}‘:
Bezolve States LCopy Thiz State
Globalz Dielete This State

FEinighed w,/States

E]Elaphic State --- Project: B Feeding and Drinking - [Create States - Protocol 1] _|E’|i|

File Portables  Listz Conjoin Help

State 52 - DELIVER ANOTHER

ROY Ready stte
1 CUES FEEDERS SPARES ALY PRG
FIN  Firished state Add Entry Go To 1000 1802 0F 1002 10 10
51 |PLETHMD\-"ED - 0001002 M 2004 20 20
DELIVER ANDTHER i Evert o T NULLO HLTED TONEO
yent o To HAFTEH 1 Urits &GO 051
Add Time Go To
Mew State
FResolve States LCopy Thiz State %
Globals Delete Thiz State

Finished w/States




Page 104

We can add a Global time GOTO to control the length of the run. Fora 23 %

hour run, it would look like the example below.

E]Elaphic State --- Project: B Feeding and Drinking - [Global Transitions - Protocol 1] _|E’|£|

Fil=  Lists Conjoin Help

State List for Beview
ROY FReady state

18 CUES FEEDERS SPARES AUX PRG
FIN Finished state Add Manual FIN 10001002 0F 100% 10 10
51 IFPELLET REMOWED - OO0 10O M 3004 20 20
52 DELMER ANOTHER NULLO HLUTEQ TOME O
Al B ED e ZFTER 1410 Minutes GO TO FIN

Add Event Ga Ta

Add Time Go To

b

Bezolve States

State Creation

Finizhed w./Global

You might be interested in the total number of water licks and pellet
removals for the entire period, but you are probably more interested in the distribution of
these across the run. | tested a new feeder trough prototype here at Coulbourn with a
67 hour run (4020 minutes) and | have used the data from that run for the analysis
examples that follow. The same kinds of analysis would, of course, be applicable to
shorter runs as well. First, | created an analysis element using the “N of DISCRETE
EVENT(S) in RUN FRACTIONS” element type. | specified the “pellet removal” event

and bins of 60 minutes; this produced the following graph.
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Fellets across the run
M oof DISCRETE EVENT(S) in RUM FRACTIONS

15—

1 - Ewents

A0

10 m an 40 = B0

FOMHORTONTADT003 B
Ein width = B0 Minutes

Each bar on the graph represents the number of pellets removed (and presumed
eaten) in one hour. | started the run at 3:00 PM on a Friday and ended it at 10:00 AM
on Monday morning. The mouse used in this test was more of a pet than an
experimental animal and his circadian cycle was not typical. However, you can see that
there are bursts of feeding interspersed with periods of no feeding.

We can get a different view of the data by defining feeding “episodes.” Using the
analysis element type “N of EPISODES in RUN FRACTIONS”, | defined an episode as
being two or more pellet removals that occurred with no more than 30 seconds between
any two. The screen shown below is where these parameters were entered. The
second screen shows how | then asked to see the number of such episodes that

occurred in each hour of the run.
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The result of this analysis is shown below.

Episodes in each hour
N of EPISODES in RUN FRACTIONS

15—

1- Episodes

18—

1o m o 40 -+ B0

FONHORTOMN1AD1003.C
Ein width = B0 Minutes

This graph shows us there were many long episodes of feeding rather than a series of
short ones; during all but one of the hour periods, only one or two episodes occurred.
This analysis does not tell us how long an episode was nor how many pellets were
removed during each episode, but it does tell us how “steadily” the animal was eating.
As long as the mouse was eating without a break of longer than 30 seconds, this was
counted as a single episode. An episode that began in one hour and continued into a
second was counted only in the first time period.

How long were the feeding episodes? What was the distribution of durations?
To find out, | used the element type “EPIS DURATION — CLASS INTERVALS for RUN”

defining an episode with the same parameters.



Episode durations
EFIS DURATION - CLASS INTERVALS for RUN

1- Episodes
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FONHORTOMN1AD1003.C
Ein width = 30 Seconds

No episode lasted less than 30 seconds (this is a consequence of the definition of an

episode in this case), the modal length was 90 seconds, and the longest was 600

seconds (10 minutes).

There is no limit to the number of different analyses that could be made with

different definitions of an episode. These same analyses could be specified for the

drinking data as well, of course.

Concurrent schedules

Concurrent schedules pose an interesting problem for state notation languages.

How do we superimpose one schedule on top of another and keep all the timers

straight?

As an example, consider a schedule where 15-second periods of continuous

reinforcement (one lever press results in delivery of one food pellet) are separated by

variable intervals of extinction (during which no reinforcers are delivered). Then, let's
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superimpose over this the condition that 10-second periods with a tone sounding are
separated by variable time intervals with no tone.

Let’s start by ignoring the tone/no tone schedule and dealing just with the VI and
CRF combination.

In the first state, we’ll check for the lever press response and GOTO a reinforcer

delivery state.

E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2] _|E’|£|
Fil=  Portables Lists Conjoin Help

State List State 51 - IF 1 LEVER
ROY FReady state
FIN Finished state Add Entry Go Ta o IR TRy T
51 IF 1 LEVER OO 100 ML 3004 20 20
AddE GaT NULL® HLUTEO TOWE O
went o To R 7 1 lever GO TO 52
Add Time Go To
Hew State
Bezolve States LCopy Thiz State %
Globalz Delete Thiz State
Finizhed w./States
iﬂﬂa"l J :ﬂj | 2 E |J IES Graphic State — Proj... \Q:E 349 PH
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The second state will deliver one pellet and immediately return to S1.

Eﬁlaphic State --- Project: D Concurrent ¥1°s - [Create States - Protocol 2] _|E’|£|
Fil=  Portables Lists Conjoin Help

State List State 52 - DELIVER PELLET
ROY FReady state
I1VEFI - OO0 100 M 3004 0 IO
52 DELMER PELLET i B ot HWULLCY HLTEO TOMWE O
xent o o TR 1 Onits &0 051
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State
FEinighed w,/States
iﬂﬂa"l J :-ﬂ | 2 E |J IES Graphic State — Proj... \Q:E 50 PM

However, we want this pattern to be active for only 15 seconds before we enter a
variable length extinction period. We want a single timer to count down the 15 seconds
no matter how much of the time is spent in S1 and how much is spent in S2. We will
add the AFTER 15 seconds statement to S1 and check the box on the statement that

makes it a “portable” statement.

AFTER I'IE ISeconds "l GOP= |1DD j %. TOS |3 "I PA IE oK I Eancell Delete |

The box is labeled “PA” because it is the first (“A”) portable in this protocol. The
subsequent portables we will create will be “PB”, “PC”, etc.

Here’s what it looks like after we add the AFTER statement.



E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2]

Fil=  Portables Lists Conjoin Help
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=181%]

State List

ROY FReady state

FIM  Finished state

51 IF1LEVER

52 DELMWER PELLET

33

Bezolve States

Globalz

FEinighed w,/States

AddEntry Go Ta

Add Event Ga Ta

Add Time Go To

Hew State

State 51 - IF 1 LEVYER

CUES FEEDERS
1001002 0F 1002 10 10
OO 10O ML 3004 20 IO
NULL® HLTEO TOWE O

SPARES AUX PRG

TO 52
TO 53

LCopy Thiz State

Dielete This State

IF 1 1 - lever GO
AFTER 15 Secondz GO

i Start |

el Nl

|J IES Graphic State —— Proj...

SR 3:52 PM

In S2, even though the program will be there for very brief periods, we want to

add the same test. The 15 seconds could end while the program is in S2. Even more

importantly, 10 pellet deliveries (i.e. 10 visits to S2) would collectively take a full second

and we want this time to count towards the 15 seconds.

To add the portable time test to S2, first select S2 from the State List and then

click on “Portables” on the command line and then click on “Time Portables”. You will

see a screen that lists the currently available time portables; there will be only one at

this time.



E]Time Transition Portables

apply

Edit

Delete

Cloze
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Click the “Apply” button and the statement will be added to S2.

E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2]

Fil=  Portables Lists  Conjoin

Help

=181%]

ROY FReady state
FIM  Finished state

51 IF1LEVER

52 DELMWER PELLET

53

Add Entry Go Ta

Add Event Ga Ta

Add Time Go To

Hew State

Bezolve States

Globalz

FEinighed w,/States

iﬂﬂarll“ m ) 2 E

LCopy Thiz State

Dielete This State

State 52 - DELIVER PELLET

CUES FEEDERS  SPARES AUX PRG
10O 1@O20R 1002 10 10
OO0 10 0ZM 3004 20 20
WULLC HLUTE O TOWE O

AFTER 1 Units GO
AFTER 15 Secondz GO

TO 51
TO 53

|J IES Graphic State —— Proj...

Sl %52 PM
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What you do NOT want to do instead is to use the “Add Time Go To” button here in S2.
If you do, you may create a NEW portable (it would be “PB”) instead of using the
existing one.

We want the protocol to stay in S3 (the non-reinforcement phase) for a variable
length of time. We'll use a time list for this, so let’s create the list next.

Use “Lists” from the command line., select “Database level lists” and then “Time
Transition Parameter Lists” The sample below implements a VI 20 seconds which is
weighted so that the most common time will be 20 seconds, the next most common
times will be either 15 or 25 seconds and the least common times will be 10 or 30
seconds. This is controlled by the number of times each time interval appears in the

list. (As | have said before, there are many ways to implement a VI n seconds).

E]Elaphic State -—- Project: D Concumrent ¥1's - [Edit _|E’|£|
Fil=  Lizts Help
Eratocal Identifization
State Creation
Protocol nurnb S RN RE ill
B Time List Detail x|
List number. L1 %
Description: [y between CRF periods I—
rSelection arder——————————— Mumber Walue  Unit I - I
1 10 Seconds
" In order 2 15 Seconds
3 15 Seconds Add
& At randorn w replacement p 20 Seconds
= At random wod replacement 5 20 Seconds
E 20 Seconds gt
7 25 Seconds 3
a 25 Seconds
—wihen finished 3 4l Seconds —
% Begin again —
{ Hald value = to: I j Close
& withdraw ~
iiﬁtarl| J m » E |J IES Graphic State — Proj... \Q:E 356 PM
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We will use “Add Time Go To” and reference the list we just made.

Eﬁlaphic State --- Project: D Concurrent ¥1°s - [Create States - Protocol 2] _|E’|£|
Fil=  Portables Lists Conjoin Help

State Lizt
ROY FReady state
. CUES FEEDERS SPARES AUX PRG
FIM  Finished state Add Enlry Go To 1QCO 1002 0P 1002 10 10
51 IF1LEVER - OO0 100 M 3004 20 IO
DLNEH FELLET HMULLM HLTEO TONEOQ
SR Add Eyent Go To - GG &0 oo
Add Time Go To
Hew State
Bezolve States LCopy Thiz State %
Globalz Dielete This State
FEinighed w,/States
iﬂﬂa"l J :ﬂj | 2 E |J IES Graphic State — Proj... \Q:E 258 PM

Now we have a functional protocol (if we specified a FIN condition) that
implements the periods of CRF interspersed with variable periods of extinction. But, we
want to superimpose fixed-length periods with a tone sounding interspersed with
variable-length periods with no tone.

To do this we will set up another three states that parallel the first three. In one
set, the tone will be sounding; in the other set, the tone will be off. Then we will toggle
back and forth between the appropriate corresponding states based on two portable
times (one for the constant 10 seconds with tone and another for the variable interval

between tones).
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First, click on the “Tone” button in the stimulus graphic for S1, S2 and S3.
Change the names of the states at this time to include something to designate that
these are the “tone on” states.

We also need to make the AFTER L1 statement in State 3 into a portable
because we will be using it in both State 3 and the corresponding State6. It will become

(‘PB”.

E]Elaphic State --- Project: D Concument ¥1's - [Create States - Protocol 2] - | E’lﬂ

Fil=  Portables Lists Conjoin Help

State 53 - WAIT - TONE ON

State List

RO FReady state
. CUES FEEDERS SPARES AUX PRG
FIM  Finished state Add Enlry Go To 1QCO 1002 0P 1002 10 10
51 IF1LEVER - TOME OM - OO0 100 M 3004 20 IO
52 DELMWER PELLET - TOME ON NULLC HUTEC TONE @
53 WalT - TONE ON Add Event Go To AETER O 50 TOET PB
Add Time Go To
%ew State
Bezolve States LCopy Thiz State
Globalz Dielete This State

FEinighed w,/States

Now, we need to set up the parallel states (S4, S5 and S6). Give them names like “IF 1
LEVER — TONE OFF”, etc. State 4 will test for one lever press to GOTO State 5 and

will also include Portable A with the target state modified to be State 6 instead of State
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1. (Apply the portable and then type over the GOTO state number.)

Eﬁlaphic State --- Project: D Concurrent ¥l's - [[:IEE:!:I _|E’|£|

Fil=  Portables  Lists Conjoin Help

State 54 - IF 1 LEVER - TONE OFF

State List
RO FReady state

FIM  Finished state

51 IF1LEWER -TOME OM

52 DELMWER PELLET - TOME OM
53 WwWalT - TOKE OH

Add Entry Gio Ta CUES FEEDERS SPARES AUX PRG
— 1000 10020P 1002 10 10
0001002 M 3004 20 IO
HULL® HUTEO TONE O

Add Event Ga Ta

54 IF1LEVER - TONE OFF -G 1 1-lever GO 7055
5 I Time Transition Portables = x|
LFTER L1 — GO TO 51 PR Spply
Edit
Bezole S Delete
Global: Close

R AI-—rER|15 ISeconds 'I GO P=|UU j %,TDSI "I PA Ean'38||

s

i Start |

J m » E |J 58 Graphic State - Project: D \EQE 3 45 Ph

We will now create our third portable (PC) to toggle from the “tone on” states to

the “tone off’ states after 10 seconds. Create the portable in State 1 to GO TO State 4.
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E]Elaphic State --- Project: D Concurrent ¥l's - [Cre _|E’|£|
Fil=  Portables  Lists Conjoin Help

State List State 51 - IF 1 LEVER - TONE ON
RDY Ready state Add Entry Ga Ta CUES FEEDERS SPARES AUX PRG
FIN Finished state = 10001002 0F 1002 10 10
51 IF1LEWVER - TOME ON - OO 100 ML 3004 0 E0
52 DELIWER PELLET - TOME 0N WULLC HLUTED TOME @
53 WwalT - TOME OM Add Event Ga Ta
54 IF 1 LEVER - TONE OFF I IF 1 Lz Gl V0 52
S5 DELMER PELLET - TOME OFF AFTER 15 Seconds GO TO 53
S6  wAIT - TOME OFF Add Time Go To

Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State

I R | AFTER I'IEI ISeconds VI GO P-= I 0o j %.TOS |4 "I ok I Qancell Delete |

A
iﬂStarlHJ Gl SN |J | S Graphic State — Pro... BRI B 407 eM

Apply Portable C in State 2 to GO TO State 5 and in State 3 to GO TO

State 6.



Page 118

E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2] _|E’|£|

Fil=  Portables Lists Conjoin Help

State 52 - DELIVER PELLET - TONE ON

RO Feady stte
. CUES FEEDERS SPARES AUX PRG
FIM  Finished state Add Enlry Go To 1QCO 1®O2 0P 1002 10 10
51 IF1LEVER - TOME OM - OO0 100 M 3004 0 IO
5 DELIMWER PELLET - TOME ON NULLO HUTED TONE @
53 walT - TOWE ON Add Event Go To -
54 IF 1 LEVER - TONE OFF I R EIEE Ll e [EEl
55 DELMWER PELLET - TOME OFF AFTER 15 Seconds GO TO 53
56 WwalT - TONE OFF .
Add Time Go To AFTER 10 Secaonds GO TO 55
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State %
FEinighed w,/States

iﬂStarlHJ Gl SN |J | S Graphic State — Pro... BRI B s0apM
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E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2] _|E’|£|

Fil=  Portables Lists Conjoin Help

State List State 53 - WAIT - TOME ON
ROY FReady state
51 IF1LEVER - TOME OM - OO0 1002 ML 3004 20 IO
52 DELWER PELLET - TONE ON WILLO HLUTED TONE®@
53 walT - TOWNE OM Add Event Ga Ta
54 IF1LEVER - TOME OFF —— AFTER L1 GO 1031 PB
S5 DELMER PELLET - TOME OFF AFTER 10 Seconds GO TO SE (=T
56 WwalT - TONE OFF Add Time Go To

Mew State %
Bezolve States LCopy Thiz State
Globalz Dielete This State
FEinighed w,/States
iﬂﬂa"l J m » E |J IES Graphic State — Proj... \Q:E 4:09 PH

We will use a similar mechanism to toggle back to the “tone on” states from the
“tone off” states, except that it will involve a list of times with random selection. In this

example, | set up L2 to contain four times (5, 10, 15, and 20 seconds) all equally likely.
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E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2] _|E’|£|

Fil=  Portables  Lists Conjoin Help

State 54 - IF 1 LEVER - TONE OFF
ADY Ready state Add Entry Ga Ta CUES FEEDERS SPARES ALK PRG
FIM  Finished state = 1iO00 10 10 C: 10 10

51 IF1LEVER - TON g FEemR
O Ty y e ] [ime Lists

g Wl T - TO :ETime List Detail
54 . .
S5 DELIVER F List number. L2
56 WAIT-T0 Description:  fy] between tones I—
rSelection arder——————————— Mumber Walue I - I
1 ] Uitz
I order 2 1 Seconds
= 3 15 Seconds Add
& At randorn w replacement p 5 Ceconds
At random wod replacement
Inzert
Besc
rwhen finizhed [%
Delete
L & Begin again
- { Hald value = to: I j Close
EnBhl | @ withdiaw
iﬂSlaﬂ”J H E |J Iss Graphic State --- Proj... \EQE 410 P

In State 4, we use the list to return to State 1 and thereby define Portable D.
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E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2] _|E’|£|

Fil=  Portables Lists Conjoin Help

State 54 - IF 1 LEVER - TONE OFF

RO Feady stte
. CUES FEEDERS SPARES AUX PRG
FIM  Finished state Add Eniry Gio Ta 1000 10020F 1002 10 10
51 IF1LEVER - TOME OM - OO0 100 M 3004 20 IO
52 DELIVER PELLET - TOME ON NULL® HLUTED TONED
53 WwalT - TOWNE ON Add Event Go To
54 IF1LEYER - TOME OFF | H'F 1 1 lever GO 1035
55 DELMWER PELLET - TOME OFF AFTER 15 Seconds GO TO 56 PA
56 WwalT - TONE OFF .
#dd Time Go To AFTER L2 GO TOS1 FD
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State

FEinighed w,/States

iﬂStarlHJ Gl SN |J|Es Graphic State -— Proj... BRI B 411 pM

This portable is then applied in State 5 to GO TO State 2 and in State 6 to GO

TO State 3.
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Fil=  Portables Lists Conjoin Help
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FIH
51

52
33
54

56

RO Feady stte

Finizhed state

IF 1 LEVER - TOME ON
DELMWER PELLET - TOME OM
Wil T - TOWE ON

IF 1 LEVER - TOME OFF
DELIVER PELLET - TOMWE OFF
Wil T - TOKWE OFF

AddEntry Go Ta

Add Event Ga Ta

State 55 - DELIVER PELLET - TONE OFF
CUES  FEEDERS

SPARES AUX PRG
10O 1@O20F 1002 10 10
OO O 10O ML 3004 20 IO
WULLC HLUTE O TOWE O

iaStarl”J m > a

Bezolve States

Globalz

FEinighed w,/States

Iilf-\FTEH 1 Units GO TO 54
AFTER 15 Seconds GO TO SE PA
Add Time Ga To AFTER L2 GO TO 52 PD
Hew State

LCopy Thiz State

Dielete This State

|J IES Graphic State —— Proj...

JEE 4P
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E]Elaphic State --- Project: D Concurrent ¥1's - [Create States - Protocol 2] : _|E’|£|

Fil=  Portables Lists Conjoin Help

State List
ROY FReady state

State 56 - WAIT - TONE OFF

. CUES FEEDERS SPARES AUX PRG
FIM  Finished state Add Eniry Gio Ta 1000 10020F 1002 10 10
51 IF1LEVER - TOME OM - OO0 100 M 3004 20 IO
52 DELMWER PELLET - TOME ON NULL® HUTEQ TOHE O
53 walT - TOWE ON Add Event Go To
54 IF 1 LEVER - TONE OFF I AFTER L1 e Tosd I
55 DELMER PELLET - TOME OFF AFTER L2 GO TO 53 PD
IT - TONE OFF q
Add Time Go To
Hew State
Besolve States LCopy Thiz State
Globalz Dielete This State

FEinighed w,/States

iﬂStarlHJ Gl SN |J|Es Graphic State -— Proj... BRI B s12pM

The addition of a Global time to GO TO FIN completes this protocol. Click on

“‘Resolve States” and everything will turn black and be ready to run.
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E]Elaphic State --- Project: D Concurrent ¥l's - [Global Transitions - Frotocol 1] _|E’|£|

Fil=  Lists Conjoin Help

State List for Feview

ROY FReady state
.. CUE% FEEDERS SPARES AUX PRG
FIM  Finished state el e 7 1QCO 1002 0P 1002 10 10
51 IF1LEVER - TOME ON - OO0 100 M 3004 20 IO
52 DEUVER PELLET - TOMNE ON NULL® HUTED TOMEO
53 wialT - TONE ON Add Entry Go Tao -
G4 IF 1 LEVER - TOME OFF AFTER 30 Minutes GO TOFIM

35 DELMWER PELLET - TOME OFF

56 WAIT - TONE OFF Add Event Go To

Add Time Go To

Bezolve States

State Creation

Einizhed w/Global

iﬂﬁtarlHJ m » E |J IES Graphic State — Proj... @Getting started with Graphi... \ﬂig %03 PH
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Trial-by-trial data analysis

For the final example in this tutorial manual, I've selected a simple protocol with
data analysis that must be implemented outside of the Graphic State program using
Excel or some other program.

This protocol runs 60 trials in total, 30% of one type (“training”) and 70% of a
second type (“probe”), in random order. The trials are separated by a variable inter-trial
interval. On training trials, a tone is sounded for 20 seconds and then, if a lever press
occurs anytime during the next 40 seconds, while the tone continues, a reinforcer is
delivered and the trial ends. If there is no lever press, the trial ends after the 40
seconds with no reinforcer delivery. On probe trials, the tone sounds for the full 60
seconds with no reinforcer deliveries.

State 1 controls the length of each inter-trial interval, the random selection of trial
types and the termination of the run. We want to run 60 trials and State 1 is the starting
point for each trial. | have used an UPON statement to test for the 61°' attempt to enter
State 1; this attempt is the signal to GO TO FIN.

Two lists are used to control 1) which state to GO TO next and 2) after how much

time.
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State List

ROY FReady state

FIM  Finished state

51 Tl

52 PROBE TRIAL

53  TRAIMING CUE

54 FEEDER

55  RESPOMSE INTERWAL

Bezolve States

Globalz

FEinighed w,/States

AddEntry Go Ta

Add Event Ga Ta

Add Time Go To

Hew State

LCopy Thiz State

Dielete This State

CUES FEEDERS
1001002 0F 1002 10 10
OO 10O ML 3004 20 IO
WULLC HLUTE O TOWE O

SPARES AUX PRG

TO FIN

JrOM  B1 Entries GO
AFTER L1 GO

ToL2

iﬂﬂarll“ :gj ) E

L1 is a list of times like those we have created before

|J IES Graphic State —— Proj...

found under “Protocol Level Lists” under “Lists”.

SR 4:13 PM

. L2 is a “Target State List”
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E]Elaphic State --- Project: C Multi-trial example - [E|:': _|E’|£|
Fil=  Portables  Lists Conjoin Help

ROY FReady state R | Frrmene  enanen e nne
FIM  Finished state E Target State Lists il
52 FPROBE TRIAL
53 TRAINING CUE E’E]Targel State Detail ﬂ
54 FEEDER ) VO
S5 RESPOMSE INTERW List umber: L2 TOLZ
Description: {1 st of States 30% probes
r Selection order
€ In order 52 |PROBE TRIAL s
52 |PROBE TRIAL £
At random w replacement 53 | TRAINING CUE
* At randarn wold replacement 53 |TRAIMING CLE
53 |TRAINING CUE Insert
Bezolve States 53 |TRAINING CUE 3
—_— B - 53 |TRAINING CUE
HER (LAsiE 53 |TRAINING CUE -
Globals {* Begin again 53 |TRAINING CUE i %
" Gato SI vI
- Cloze
FEinighed w.,/State
start| |7 > D @&  ||[ES Graphic State — Proj.. JElE aapu

Notice that S2 is in the list three times and S3 is in the list seven times. This, along with
the selection order “At random wo/ replacement”, guarantees that in every set of ten
trials, there will be exactly three probe trials and seven training trials.

State 2 represents an entire probe trial. The tone is turned on and after 60

seconds control returns to State 1 for the next inter-trial interval.
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E]Elaphic State --- Project: C Multi-trial example - [Create States - Protocol 5] - | E’lﬂ

Fil=  Portables Lists Conjoin Help

State 52 - PROBE THIAL

RO Feady stte

.. CUE% FEEDERS SPARES AUX PRG
FIM  Finished state Add Enlry Go To 1QCO 1002 0P 1002 10 10
S1 Tl . - OO0 100 M 3004 20 IO
3 INE Add E GoT OO HUTED TONE®
ventGo Tao
55 RESPOMSE IMTERMAL
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State

FEinighed w,/States

iﬂStarlHJ Gl SN |J|Es Graphic State -— Proj... BRI B 414pM

State 3 is the start of a training trial. The tone is turned on and after 20 seconds,

control is transferred to State 5.
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E]Elaphic State --- Project: C Multi-trial example - [Create States - Protocol 5] - | E’lﬂ

Fil=  Portables Lists Conjoin Help

State List

State 53 - TRAINING CUE

ROY FReady state
.. CUE% FEEDERS SPARES AUX PRG
FIM  Finished state Add Enlry Go To 1QCO 1002 0P 1002 10 10
51 1Tl - OO0 100 M 3004 30 10
PRUBE TRIAL i o a0 e
53 HalMHIMG CL went Go Ta
55 RESPOMSE IMTERMAL
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State

FEinighed w,/States

s

i Start |

| o & | [&8 Graphic State — Proj... Y& E a1apM

In State 5, if a lever press response is detected, control is passed to State 4. If
there are no lever presses, after 40 seconds control will return to State 1 for the next

inter-trial interval.
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Fil=  Portables Lists Conjoin Help

Page 130

=181%]

ROY FReady state
FIM  Finished state
51 Tl
52 PROBE TRIAL
53  TRAIMING CUE
54 FEEDER
RESFOMSE INTERWVAL

Bezolve States

Globalz

FEinighed w,/States

iﬂﬂarll“ :gj ) E

AddEntry Go Ta

Add Event Ga Ta

Add Time Go To

Hew State

LCopy Thiz State

Dielete This State

State 55 - RESPONSE INTERYAL

CUES FEEDERS  SPARES AUK PRG
1001002 0F 1002 10 10
OO 10O ML 3004 20 IO
WULLC HLUTEO TOMWE @

1 - lever press

-R IF 1

GO

TO 5S4

-R AFTER 40 Seconds

GO

TO 51

|J IES Graphic State —— Proj...

SR 4:15 Ph

In State 4, one pellet will be delivered and then the trial will immediately end with

control returning to State 1.
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E]Elaphic State --- Project: C Multi-trial example - [Create States - Protocol 5] - | E’lﬂ
Fil=  Portables Lists Conjoin Help

State List State 54 - FEEDER
ROY FReady state
.. CUE% FEEDERS SPARES AUX PRG
FIM  Finished state Add Enlry Go To 1QCO 1®O2 0P 1002 10 10
51 1Tl - OO0 100 M 3004 IO 20
3 TRAINING CUE pddEyereGoTo | |PUEQ HUTEO TONEQ
ventGo Tao -
55 RESPOMSE IMTERMAL
Add Time Go To
Hew State
Bezolve States LCopy Thiz State
Globalz Dielete This State [«\\3
FEinighed w,/States
iﬂﬂa"l J :-ﬂ | 2 E |J IES Graphic State — Proj... \Q:E 415 PM

With the Analysis Elements provided with Graphic State Notation, we could
create a report of the average number of lever presses made during each of the two trial
types or the average latency to the first lever press during probe trials, etc. But there is
no prewritten element that will report these things on a trial-by-trial basis. This is
relatively easy to do, however, by post-processing exported raw data.

To export raw data, begin by selecting Statistical Review/Analysis from the File

menu, and then select the “Export raw data” option and click “OK”.



Page 132

E]Elaphic State --- Project: C Multi-trial example _|E’|£|

Fil=  Lizts Help

:E Statistical Review/Analpsis x|

= Review and/or recalculate end of session analysis l

{* Create summary analysiz [¥-records) by uzer defined attributes 2 1 0 1

right 2002

= Review summary analysiz ¥ records

n Program

ments
{~ Ewport analyzed data [no Cum Fecords or Traces)
1]4 Cloge |
iaStaﬂ| |5 E & |J | S Graphic State — Pro... JE B 415PM

This will bring up a “filter” screen that allows you to select the run or runs to be
included in the exported data. | have selected all of the runs (there are three in my

sample database).
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E]Elaphic State --- Project: C Multi-trial example [Export Raw Data) _|E’|£|
Eile
r Restrict list by: Order list by Highlight records to expart
r Session date {+ Session
Fram: To ™ Station
Default is all seszion dates  Fun
Bk " Subject ID
Frarm: I T I COTJPM4_
Default is all sessions IR0
r Station [}\,
0™ 1A 28 W
1A 1B 2B B
A A BA T I
48 5B BB [ VB
Default iz all stations
~ Run
Frarm: I To I
Default iz all runz
r Subject ID
1|_ 2|_ 3|_ 4|_ 5|_ BI_
Default iz all subject 1Dz
Export Cloge
Filter List |
iiﬁtarl| J m » E |J IES Graphic State — Proj... \Q:E 416 PM

After selecting the appropriate runs, click on the Export button and supply a file

name and location for the exported raw data file. By default, the file will be placed in the

Graphic State Datafiles directory which is in a directory named “2.101-00" (or the

version number of your software release) in a directory named “Graphic State.” The

structure looks like:

C (or your local hard disk drive)

Graphic State

2.101-00

Datafiles

All the Graphic State project databases are also here.
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After exiting from Graphic State, you can view and process the exported data

using Excel (or another equivalent program).

Start Excel and then select File and then Open. Browse to the directory in which

your raw data resides and set the “Files of type:” field to “All files”. You will see

something like the screen below. (If you forget to change the file type selection, you will

see ONLY any Excel files you already have in this directory.)

FA Microsoft Excel - Book1
J File Edit ¥iew Insert Format Tools Data window Help

=181%]
=181%]

J.C\rial .1z -

BIU S| _-&-2

DEeE gk & ooz &% i -3 2
A1 'I =|

I[:I Datafiles j & | @ > ﬁ + Todls -

Axi[T ]

3

'3 raw %

'3 Trials Macro

File name: I

Led Lol

Files of bype: |p.|| Files

g Coen |

Cancel |

MAAAAAAAAAA
Sl ||~ |o ;| | | =[S |2 |90 2| 91| & [w]ha =

21
[4 4] » |pSheet1 |4]

Ready | | | [
| Starll“ "] > & “ Micmsoﬂ Excel - Book1

BT
]
G B 418pM

The raw data file you are looking for is a text file (the file extension is “.txt”). The icon

looks like a small notepad. The one | created is named “manualtest.”

Select the appropriate file and then click on the Open button. The Text Import

Wizard will take over.
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F3 Microsoft Excel - Book1 _1=] =l
J File Edit Wwiew Insert Format Tools Data indow Help = | Elﬂ
Dedeél @& -z & & imwe - @ 2w .12 - . B2
Al [ =
T =
A . a1 =
1 Text Import Wizard - Step 1 of 2 : 2=l
3 The Text Wizard has determined that vour data is Delimited,
3 If this is correct, choose Mext, or choose the data type that best describes your data.
riginal data bype
4 Choose the file tvpe that best describes your daka:
5 &+ Defimited - Characters such as commas or kabs separate each Field,
5 - Fields are aligned in columns with spaces between each figld,
7
g Start impark at powe: |1 5‘ File origin: IWindows (ARSI} j
9 , . . ,
10 Preview of File C:YGraphic Statelz, 101-00\Datafilesiraw, bxt,
’] 1 LprojectEIUserIDEIProtocolDSessiDnEIStationDRuJﬂSubjectEITimeEICurrenﬂ %
,] 2 |2 ROADMINOSOS000Z0E0Z006000001000000000000000000
|2 ROADMINOSOS000Z0E0Z00603250100000100000000000000
13 |4 ROADMINOSOSO000Z0E0Z00603260100000000000001000000
14 |5 ROADMINOSOSO00020E0Z006e0320100000100000000000000 LI
15 4 | 2
16
17 Cancel < Back | Mext = I Finish |
18
19
20 -
21 -
4[4 » M Sheetl |4] | LlJJ
Ready | | | | | —r

EQStarlHJ = ™ & |J I Microsoft Excel - Book1 i 4:19 PH

Click on the Next button to accept this default option.
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F4 Microsoft Excel - Book1 _1&] =l
J File Edit Wwiew Insert Format Tools Data indow Help _|5’|5|
Dedeél @& -z & & imwe - @ 2w -12 -|B 1 U | . B2
Al [ =

1 Text Import Wizard - Step 2 of 2 2=l =

2 This screen lets wou set the delimiters wour data contains, You can see

3 how wour kext is affected in the preview below,

4 2limiters . -

[ Treat consecutive delimiters as one

3] V¥ Tab ™ semicalon [~ Comma

5] [~ space [ Other: I_ Text qualifier: I jv

7

g i

rDaka preview

9

10

’]1 Froject [JserID [Protocol Bession Ftation Fun  Pubject Time Currentﬂ

12 o LDMIN |5 3 1] E Eozoos B o

o LDMIN |5 3 1] e Eozoos [BE 1

13 o LOMIN 5 5 n ke Eozoons e [

14 i ROMIN |5 s 1 E Eozoos 33 QL -

15 ‘| | O

16

17 Cancel < Back Finish |

18

19

20 -

21 _
4] 4 » [¥i] Sheet 1 |4 | LIJJ
Ready | | | | | —r

e & |J |[2] Microsoft Excel - Book1 SR 4:19 Ph

= || Starl”J

Again, click on the Next button to accept this option.
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F4 Microsoft Excel - Book1 ":: _1&] =l
J File Edit Wwiew Insert Format Tools Data indow Help _|5’|5|
Dedeél @& -z & & imwe - @ 2w -2 - |B I U E[L-BH2
Al [ =
1 Text Import Wizard - Step 3 of 2 2=l =
3 This screen leks you select each column and set olumn daka Format
3 the Data Format, & ceneral
4 ‘General' conwverts numeric values ko numbers, date " Text
5 values to dates, and all remaining values to text, " Date: |MDY -
G " Do not impork column {skip)
7 Advanced. .. |
g i
rDaka preview
9
1 O GCoperal Leperal Gepergl Deperlenersl DeperiGepepal
11 Protocol Pession PBtation [Pun  Bubject [Time Currentﬂ
,] 2 15 5 ul E EQZO0& Q0 ]
15 5 ul =4 EOZ00& (& i
13 & 5 n ke Eozoons e [
1% 1= ul £ EQZ00s [(38 L
14 hd
15 | -
16
17 Cancel < Back Mesxt =
18
19
20 -
21 _
4] 4 » [¥i] Sheet 1 |4 | LIJJ
Ready | | | | | —r

EQStarlHJ = ™ & |J I Microsoft Excel - Book1 i 4:201 PH

Click on the Finish button to accept the final option. A formatted Excel spreadsheet will

appear.
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£ Microsoft Excel - raw ===
J File Edit Wwiew Insert Format Tools Data indow Help ;Iil ﬂ
DEeE &8k & o« = &Ll -8 2w -2 - B IUSE|-H.2
Al | = Project
A B | ¢ | o | E | F | & | H | 1 | =
1 |Project UserlD Protocol | Session | Station Run Subject (Time Current Stz Tra—
2 A ADMIN 5 5 0 2 E0Z006 0 0
3 |A ADMIN 5 5 1] 2 E0Z00B 35 1
4 |A ADMIN 5 5 0 2 E0Z006 36 1
5 |A ADMIN 5 5 0 2 E0Z006 38 1
6 |A ADMIN 5 5 0 2 E0Z006 39 1
7 |A ADMIN 5 5 1] 2 E0Z00B 40 1
g |A ADMIN 5 5 0 2 E0Z006 41 1
9 |A ADMIN 5 5 0 2 E0Z006 43 1
10 | A ADMIN 5 5 0 2 E0Z006 44 1
11 A ADMIN 5 5 1] 2 E0Z00B 45 1
12 |A ADMIN 5 5 0 2 E0Z006 46 1
13 |A ADMIN 5 5 0 2 E0Z006 48 1
14 |A ADMIN 5 5 0 2 E0Z006 50 1
15 |A ADMIN 5 5 1] 2 E0Z00B o1 w1
16 |A ADMIN 5 5 0 2 E0Z006 52 1
17 |A ADMIN 5 5 0 2 E0Z006 53 1
18 |A ADMIN 5 5 0 2 E0Z006 55 1
19 |A ADMIN 5 5 1] 2 E0Z00B 57 1
20 |A ADMIN 5 5 0 2 E0Z006 58 1
21 |A ADMIN 5 5 0 2 E0Z006 60 1 -
4[4 [» il raw loll =~ | . Tl
Read [ Sl e o !
iiﬁtarl| J ] & |“Micmsoﬂ Excel - raw SR B s20pM

By shrinking the “zoom” value on the Excel sheet, you can see more columns without

scrolling.
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4 Microsoft Excel - raw BETEY
File Edit Wwiew Insert Format Tools Data indow Help ;lilﬂ

|

DeHal @& o-c- |z &% |msw - @ 2w -12 -|B 1 U | . B2
Al | = Project
A | s [ c [ o [ E | F [ & | a [ v | a0 [k [ v | m [ wnw | o | r [ & | R [ 8 =—
1 P =UserID Frotocol | Bession | Station Fun Zubject | Time Current 2t Transition Transition| A1 - lever| A2 - AT A - AL1] lewer A[2] ALF] Ald] ;I
2 [A ADRAIN = 5 1} 2 E0200& 1] 1} 1 1} 1] 1} 1] 1} 1] 1} 1] g_l
3 A AOMIR 3 s o 2 E0200s6 35 1 1] o 1 o 1] o 1] o 1]
4 [A ADRAIN S S 1} 2 Enz00g 36 1 L1} 1} L1} 1} L1} 1} 1 1} L1} 1}
5 |a ADRAIN s s a 2 En2006& 35 1 n a 1 a n a n a n a
B A ADRIMN =) s o 2 E02006 39 1 1] o 1] o 1] o 1 o 1] o
T A ADRAIN = s 1} 2 Enz0ds 40 1 1] 1} 1 1} 1] 1} 1] 1} 1] 1}
g |A ADRAIN s s a 2 En2006& 41 1 n a n a n a 1 a n 1}
9 A AORIR =) s o 2 E02006 43 1 1] o 1 o 1] o 1] o 1] o
10 | A ADRAIN = 5 1} 2 E0200& 44 1 1] 1} 1] 1} 1] 1} 1 1} 1] 1}
11 | A AOMIR 3 s o 2 E0200s6 45 1 1] o 1 o 1] o 1] o 1] o
12 | A ADRAIN S S 1} 2 Enz00g 45 1 L1} 1} L1} 1} L1} 1} 1 1} L1} 1}
13 | A ADRAIN s s a 2 En2006& 45 1 n a 1 a n a 1 a n a
14 | A ADRIMN =) s o 2 E02006 S0 1 1] o 1 o 1] o 1] o 1] o
15 | A ADRAIN = s 1} 2 Enz0ds s 1 1] 1} 1] 1} 1] 1} 1 1} 1] 1}
16 | A ADRAIN s s a 2 En2006& g2 1 n a 1 a n a n a n 1}
17 | A AORIR =) s o 2 E02006 ] 1 1] o 1] o 1] o 1 o 1] o
18 | A ADRAIN = 5 1} 2 E0200& g 1 1] 1} 1 1} 1] 1} 1 1} 1] 1}
19 | A AOMIR 3 s o 2 E0200s6 57 1 1] o 1 o 1] o 1] o 1] o
20 | A ADRAIN S S 1} 2 Enz00g 55 1 L1} 1} L1} 1} L1} 1} 1 1} L1} 1}
21 (A ADRAIN s s a 2 En2006& 1] 1 n a 1 a n a n a n a
22 | A ADRIMN =) s o 2 E02006 B1 1 1] o 1] o 1] o 1 o 1] o
23 | A ADRAIN = s 1} 2 Enz0ds B2 1 1] 1} 1 1} 1] 1} 1] 1} 1] 1}
24 | A ADRAIN s s a 2 En2006& 53 1 n a n a n a 1 a n 1}
25 | A AORIR =) s o 2 E02006 b7 1 1] o 1 o 1] o 1] o 1] o
28 | A ADRAIN = 5 1} 2 E0200& S 1 1] 1} 1] 1} 1] 1} 1 1} 1] 1}
27 | A& AOMIR 3 s o 2 E0200s6 To 1 1] o 1 o 1] o 1] o 1] o
25 | A ADRAIN S S 1} 2 Enz00g Il 1 L1} 1} L1} 1} L1} 1} 1 1} L1} 1}
29 (A ADRAIN s s a 2 En2006& T3 1 n a 1 a n a n a n a
S0 | A ADRIMN =) s o 2 E02006 T4 1 1] o 1] o 1] o 1 o 1] o
31| A ADRAIN = s 1} 2 Enz0ds TS 1 1] 1} 1 1} 1] 1} 1] 1} 1] 1}
32 (A ADRAIN s s a 2 En2006& T3 1 n a n a n a 1 a n 1}
33 | A AORIR =) s o 2 E02006 1 1 1] o 1 o 1] o 1] o 1] o
34 | A ADRAIN = 5 1} 2 E0200& &2 1 1] 1} 1] 1} 1] 1} 1 1} 1] 1}
35 | A AOMIR 3 s o 2 E0200s6 &3 1 1] o 1 o 1] o 1] o 1] o
36 | A ADRAIN S S 1} 2 Enz00g & 1 L1} 1} L1} 1} L1} 1} 1 1} L1} 1}
37 (A ADRAIN s s a 2 En2006& &6 1 n a 1 a n a n a n a
38 | A ADRIMN =) s o 2 E02006 a7 1 1] o 1] o 1] o 1 o 1] o
I8 | A ADRAIN = s 1} 2 Enz0ds a0 1 2 1} 1 1} 1] 1} 1] 1} 1] 1}
40 | A ADRAIN s s a 2 En2006& a1 2 n a n a n a 1 a n 1}
41 | A AORIR =) s o 2 E02006 3 2 3 1 1 o 1] o 1] o 1] o
42 | A ADRAIN = 5 1} 2 E0200& a4 3 1 1} 1] 1} 1] 1} 1 1} 1] 1}
43 | A AOMIR 3 s o 2 E0200s6 a6 1 1] o 1 o 1] o 1] o 1] Oy
= w— T = : c H - B B B H B B
44> [p]raw |41 | Bl

Ready |1 ] ] ] B o
il Start J el ) & |“ Microsoft Excel - raw _ Rl B 421 P

i

The first seven columns of the spreadsheet identify the Project letter, User ID,
Protocol number, Session number, Station number, Run number and Subject ID. These
values will be the same for every row for a particular run. This file may contain more
than one run, however, and these identifying columns can be used to tell where the next
run begins.

There is a time-stamped row for each sample period during which either a switch
input was recorded or a switch offset was recorded or a state transition occurred. If
nothing happened during a sample, nothing was recorded. This eliminates unnecessary
data and keeps the file size manageable.

Following the identifier columns, the columns and their meanings are:
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This contains the elapsed time, in units or number of sample periods, since the
start of this run. If the sample size selected was 100 ms, for example, each unit equals
0.1 seconds.

Current State

This is the number of the state currently in control. The RDY state is represented

by 0 and the FIN state is represented by -1.

Transition State

If a transition to a new state has been triggered, the field contains the number of
the new state. If no transition is occurring, this field is 0.

Transition Event

If a transition has been triggered by an event (i.e. by a switch input), this field is
1. If the transition was triggered by time, or if there is no transition, this field is O.

Input switch onset fields A1 — A4

The next four fields report onset events from the first four input switches
associated with the Linc. If the switches were named in the protocol, the names also
appear here. In our example, Switch A1 was named “lever” and column L has a
heading “A1 — lever”.

In each of these columns, a 1 indicates that a switch onset was recorded (e.g.
when an animal pressed a lever) and a 0 indicates that one was not.

Input switch offset fields {A1] — [A4]

These fields are identical to the last four except that they report when a switch

offset occurred (e.g. when the animal released the lever).
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Additional switch onset and offset fields

Additional sets of switch onsets and offsets will appear in subsequent columns if
they were part of the station definition for the project (if you used a full Linc instead of a

half Linc or even multiple Lincs per station).

To save the spreadsheet for later processing, select File and then Save As.
Specify a file name and select “Microsoft Excel Workbook™ in the “Save as type” field.

You may, of course, use any Excel processing that you find appropriate for
analyzing the raw data. The rest of this tutorial chapter will describe how to create an
example Excel macro (a program in Visual Basic that runs from within Excel) to produce
a report from this particular sample raw data.

To refresh your memory, this protocol runs 60 trials in total, 30% of one type
(“training”) and 70% of a second type (“probe”), in random order. The trials are
separated by a variable inter-trial interval. On training trials, a tone is sounded for 20
seconds and then, if a lever press occurs anytime during the next 40 seconds, while the
tone continues, a reinforcer is delivered and the trial ends. If there is no lever press, the
trial ends after the 40 seconds with no reinforcer delivery. On probe trials, the tone
sounds for the full 60 seconds with no reinforcer deliveries.

What we want to do is to report each trial separately, listing the length of the
preceding inter-trial interval, the type of trial (training or probe), the latency to the first
lever press on that trial, the total length of the trial, the total number of lever presses
(switch 1), and the total number of responses on switch 2.

The easiest way to begin to create an Excel macro is to record a sample macro
and then to edit it. Open a new Excel spreadsheet. From Tools on the toolbar, select

Macro and then Record New Macro.



4 Microsoft Excel - Book1
|E File Edit wiew Insert Format | Tools Data ‘Window Help
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This will bring up a dialog box in which you can name your sample macro and

specify a shortcut key sequence for invoking it. | named mine “ProcessData” and

selected Ctrl-p as the shortcut key.

Click OK to continue.

Record Macro

Macro name:

ProcessData

Shortcut kesy: Skore macro in:

hrl+{ | IThis Wiarkbioak,

Descripkion:

Macro recaorded 7f15/2002 by Martha 1, Cichelli

o |

Zancel
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Now, everything you do within Excel, until you stop recording, will become part of
the macro called ProcessData. This is a useful way to find out what the “behind the
scenes” code looks like for any Excel processing.

We can stop recording immediately just to create the basic macro structure.
From Tools on the toolbar, select Macro and then Stop Recording.

To see what we have created, from Tools, select Macro and then Macros. This

will produce a list of currently available macros.

2|

Ix

Macro name:

Fr i Run
[Processpata |

ocessData
Cancel

Skep Inka

Edit

Creake

dd i

Delete

Macros in: IF'.II Open YWiorkbooks j Cptians. ..

Descripkion
Macro recorded 7f15/2002 by Martha 1. Cichell

Highlight the desired macro, ProcessData, and click on the Edit button. What you

will see is the following macro shell.
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% Microsoft Yisual Basic - Book1 - [Modulel [Code]] _|E’|£|
J% File Edit Wiew Insert Format Debug Run Tools Add-Ins Window Help ;[ilﬂ|
Ha- b ead oo, 0wl BES 2| @] s .
I(General} j IProcessl]ata j

Option Explicit il

3ub ProcessDatal) I—

1

' Processhata Macro I

' Macro recorded 7/15/2002 by Martha J. Cichelli

' Keyhoard Shortout: Ctrl+p

End Sub

=

[ ST ol

If you are familiar with Visual Basic, you will know how to expand this to do
whatever processing you want. If not, try experimenting first by recording while you do
additional Excel processing steps “by hand”. There are also a number of good
introductory Excel macro processing books (e.g. in the “... for Dummies” series).

| have listed, in an appendix, the macro | wrote to process this sample data. You
could always copy this code and modify it as required for your needs.

As you create your macro code, save it (in its own worksheet) frequently. The
code syntax is checked interactively as you type. Errors are noted in red immediately.
Logic errors that are not syntax errors can only be detected by testing. It is a good idea
to write your code in small increments and test after each such increment.

To test (or run) your macro, open another worksheet containing your input raw

data. You will have both the spreadsheet containing your macro and another one
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containing your raw data open at the same time. Position the cursor anywhere in the
raw data and type the hotkey (ctrl-p in our case). This will run the macro. If it runs to
the end, you can then look in the data spreadsheet to see your output. If it causes an
error partway through, you will automatically be placed into a debugger which highlights
the location of the error.

You can learn how to use the debugger by experimentation and extensive use of
the help facility, or you can refer to a good tutorial book.

Once the macro is completed and working correctly, it can be run on any
exported data file (for this protocol). Start Excel and open the spreadsheet that contains
the macro. | called my macro spreadsheet by the same name as the macro
(ProcessData) just for convenience.

When you open any spreadsheet that contains macros, you will see the following
dialog. Macros from unknown sources may contain viruses and this message alerts you
to the presence of macros in this file. We want this macro, however, so click on the

Enable Macros button.
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F4 Microsoft Excel - Book1 ==l =]
J File Edit Wwiew Insert Format Tools Data indow Help ;[ilﬂ
DEeE &gk & o - = &L il - E) 2w -12 -|B 1 U | G By .
A | =]
A | 8 | ¢ | b | E | F | 666 | H | 1 | =T
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3]

9 Microzoft Excel 2=l

10 CiMy DocumentsiGraphic State Protocols) Tutorial Manual in
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12

13

14

15 IMacros may c-:_n_tain viruses, _II: is always safe to _disab_le macras, but if the

16 macros are legitimate, wou might lose some Funckionality.

17 {Disable Macros | Enable Macros Mare Info

18

19

20 -
21 _
4[4 » M Sheetl |4] | LlJJ
Read [ o

J m ) 2 E |J |anH - Microsaft Dutlnokl Getting started with Gra..." Microsoft Excel - B... |\EJ§E b4 Z44PM

i Start |

Without closing this spreadsheet, open your raw data spreadsheet (either the text
file as it was exported from Graphic State Notation or a saved version after processing it
with the Import Wizard). With the cursor anywhere in the raw data, type the hotkey (ctrl-
p) to invoke the macro.

What follows is a snapshot of part of the processed data spreadsheet for my

sample data.
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4 Microsoft Excel - Multi-trial-processed _|E’|£|
J File Edit Wwiew Insert Format Tools Data indow Help ;Iil ﬂ
DEeE &8k & o-c- = &5 @se -8 2w -2 - B IUSE|-H.2
K1 ~| = #A1
& | 8 | ¢ [ o [ E | F | & [ H [ 1 | u K L | M
L]F'rotnwl Session | Statian Run Subject  |Trial ITl Type Latency  |Trial durat]# Al # A2
| 2 | 1 28 1] 1 E01001 1 150 P 34 B0.0 kL] 1
| 3 | 2 30T 0.2 .3 16 0
| 4 | 3 10T 4.1 20.a 16 I}
| 5 | 4 NOP 1.7 60.0 7 0
| 6 | a 60T 4.7 M7 16 I}
|7 g NoT 0.2 0.7 14 0
| 8 | 7 3207 27 224 17 I}
| 9 | g 260 T 1.9 2048 17 0
110 | d‘} 9 410 T 1.2 228 15 1]
111 | 10 40P aT B0.0 47 I}
112 | 11 40T 1.5 244 15 0
113 | 12 H0P 4.7 600 35 I}
114 | 13 400 P 1.7 60.0 38 0
| 15 | 14 30T 2.4 204 22 I}
1 16 | 15 w0T 1.3 224 20 0
| 17 | 16 BO0T 4.1 M2 24 I}
118 | 17 BOT 28 2248 14 I}
119 | 18 /0T 4.0 2.4 22 0
| 20 | 18 80T 4.2 21 14 I}
| 21 | 20 260 P 2.4 60.0 49 0
| 22 | 21 MNOP 2.4 600 42 I}
| 23 | 22 HO0T 21 208 16 0
| 24 | 23 180T KR} 220 15 I}
| 25 | 24 170 P 3.4 60.0 a8 2
| 26 | 25 30T 4.3 20.3 14 1]
| 27 | 25 180 P a1 B0.0 36 I}
| 28 | 27 450 T 2.9 M4 16 0
a0 IN0T n? A R i
4[4 [» [#]Sheetl {Faw |4 F LlJJ
Ready [T I o

Once the macro has run, use Save to store the raw and processed data
wherever you want to keep it. Develop a naming convention for these files that will help

you find them later.

Copying, exporting or importing protocols
You may want to make a copy of a protocol (perhaps to make another with a
slight variation), or you may want to send a protocol to another user or receive one from
another user. To do any of these, from the File drop-down menu, click on the first option
Select Database. Highlight the appropriate database and click on the Select button to
make it the active database. Next, from the File menu, select Edit/Review Experiment

Protocol.
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If you are copying a protocol, highlight the appropriate protocol and then click the
Copy button. This will create a new protocol, with a new name, that is otherwise an
exact copy of the original one. The default new name will look like, for example

(C1) Copy of protocol 1
You may change any part or all of this name. The information in parentheses may be
left as is to serve as a trail of the origin of the protocol (if you wish) while the rest of the
name could be changed to reflect the new purpose of the protocol.

You may now change any part of the protocol. You must, at least, use the
Resolve States button on the State Creation screen.

If you want to send the protocol to another user, after selecting it on the
Edit/Review screen, click on the Export button. This will bring up the following screen

where you may specify the location to write the file.

Save in: Ia Datafiles j = ¥ ER-
Higtary
&%

i :

op

[

- by

by Documents

File name: || j Save I
Saveastype | Protocol files [%.gs1) | Cancel |

%

Exported protocols are stored with a suffix of “gs1”. By default, they are stored in

the Datafiles directory, but you may instead write the file anywhere on your hard drive or
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on other media (e.g. a floppy disk). Browse to a new directory, if you wish, and then
type in the filename you want to use and click on the Save button.

To add a protocol to your database from an outside source, from the Edit/Review
screen click on the Import button. This will bring up a very similar screen asking for the
location and filename of the protocol to import. This file must be a .gs1 file that was
exported from a Graphic State database. Locate the appropriate file and click on the

Open button. You will see something like this:

Import Protocol

The imparted pratocal 1D iz 1

Enter the new protocal [D: ||

ok, Cancel |

Select the number to be used in your database for the protocol (usually the next
available number) and click on OK. If the protocol number that was originally used for
the protocol is available in your database, this number will automatically be used
instead and you will not see this dialog box.

The protocol to import must match the sample rate and Linc configuration of the

current database. If it does not, you will see a message like one of the two below:

Graphic State x|

The protocaol cannot be imparked into this databaze.
The line configuration of the protozal iz 2 lincs per station
but the linc configuration of thiz database iz 2 stationz per linc.

Create a new databaze or uze an existing databaze
with the zame line canfiguration.
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Graphic State EI

The protocol cannot be imported into thiz database.
The zampling rate of the protocal is 100ms but the

zampling rate of this databaze iz S0ms.

Create a new databaze or uge an existing databaze
with the zame zampling rate.

In either of these cases, you must create or use a database with the same Linc
configuration and sample rate of the protocol you wish to import.

When the protocol is successfully imported, you will then see it in your list of
protocols. You may, of course modify it in any way. You will, at least, need to Resolve

States.

Keeping your databases safely backed up

The protocols you create and the data you collect are valuable resources that
must be protected. Computer equipment is fallible! Never depend solely on the
working copies of your databases.

You should make frequent backup copies of your active databases — preferably
to external media or to another computer. You can either do this outside of the Graphic
State software using Windows copy facilities, or you can do it from within the Graphic
State software.

The project databases are Access 97 files. All of the protocol descriptions and all
of the collected data are kept in a single database file for each project. You will find
these files in the Datafiles directory under the directory for the current version of
Graphic State on your primary hard drive. For example:

C:

Graphic State

2.102-00
Datafiles



Each of the projects you have defined (e.g. Project A with name MyProject) will
be found in this directory (with the name A_MyProject.mdb). You may use the Windows
file copy facility to copy each of these databases to a safe backup location. There are

other .mdb files in this directory and in the one above it that are used by Graphic State,

but that are not specific to a particular project.

Starting with V2.102-00, you may also make backup copies of databases (and

restore them also) from within the Graphic State program. On the Select/Create Project

Database screen, you will see a Database Maintenance button.

:_:Hﬁraphil: State

Fil=  Help
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=181%]

';‘ESEIect,.-"Ereate Project Database

— Project/User code
Code 1DV | DB Filename

A, &_Matching

M M_Feeding
S S_Sention
W Wi wellesley

Description
Matching protocols
miouse - 20 haoors
Sention project
fear conditioning

Select

Check Settings

[atabase

Delete

Maintenance

—Enter a Mew Project

Project code (D: I

Database name: I

Diescription: I

Enter |

File Mame must be 15
characters or less

Dezcription must be
20 characters or less

Security |

Click on this button to see the maintenance options.
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=1
Minimize

';HSEIEEt,.-"Ereate Project Database

— Project/User code
Code 1D |DE Filename

A A_Matching
[ t_Feeding

5 S_Sention
W Wi wellesley

hg
miousge - 20 haoors
Sention project

fear conditioning

Backup

Bestare into

Clear DATA
OnLY

Exit back to
Froject List

Selected Project

Selected Project

—Enter a Mew Project

Project code (D: I

Database name: I

Diescription: I

Enter |

File Mame must be 15
characters or less

Dezcription must be
20 characters or less

Security |

Move the cursor to the project you want to backup. If you select the Backup

Selected Project button, you will be given the chance to specify the exact filename and

location for the backup copy of the database. Do NOT put your backup copy in the

Datafiles directory — pick a new, safe location.
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Copy Project As el |

Save In: Ia Backup of Databazes j = I.:_:.F _

Deszktop
| e
=

My Documents

File name: I.&_Matching.mdb j Save I
Save az type: I * mdb j Cancel |
o

Click on Save and you will get one more chance to confirm your choice.

Graphic State |

Copy C:hiEraphic Skatel 2, 102-00Datafilestd_Matching, mdb to CiiBackup of
Databasesta_Matching, mdb?

If you need to restore a backup copy of a database into the Datafiles directory,
you will use the “Restore into Selected Project” button. Before you do this, make sure
you have the project defined in the Graphic State project list. If you want to completely
replace an existing project, you will already see it in the project list.

If you are bringing back a database that you have not used in some time and that
you have already deleted from the project list, first use the lower part of the screen to
“‘Enter a New Project”. It is important to give it the name you want to use and to select
the correct sample rate and Linc configuration, but you do NOT need to enter any

protocols because you will be covering them up with the database you will restore.
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=181%]

';HSEIEEt,.-"Ereate Project Database

— Project/User code

Code [ DB Filename ) iphion

) A_Matching ng protocals
[ t_Feeding mouze - 20 hourg
5 S_Sention Sention project

W Wi wellesley fear conditioning

Backup

Bestare into

Clear DATA
OnLY

Exit back to
Froject List

Selected Project

Selected Project

—Enter a Mew Project

Project code 1D: IB

D atabaze name: IM}.mdeiect

Description: |restored projec

Enter |

File Mame must be 15
characters or less

Dezcription must be
20 characters or less

Security |

With the correct project selected, click the Restore button. Specify the location of

the database to be restored, and click on the Open button.
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Restore Database From el |
Look in: I ) Backup of Databazes j &= Ifi( v

@B_MyOIdF'mject.mdbi

[y
W

My Documents

File name: IE_MyDIdP‘rDiect.mdb j Open

Filez of type: I j Cancel

It

Graphic State ' x|

Crverwribe 1 Graphic Statel2, 102-000Datafiles\6_MyOldProject . mdb with C:iBackup of
DatabasesiE_MyOldProject. mdb?

There is another option on the Database Maintenance screen labeled “Clear
DATA ONLY”. This is used only if you have reached or are approaching the limit of 999
experimental sessions per database. You cannot continue with a database that has
reached this limit — even if many or all of the sessions were run in Pilot mode. Itis not a
matter of file size. Each session that is run is assigned the next available sequential
Session Number, and there is no provision for reusing these numbers.

What you can do if you have more sessions to run using the protocol(s) in this

database is to
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1) make a backup copy of the database (for safety and to allow future access to
the data already collected)

2) use the “Clear DATA ONLY” button to delete all of the collected data while
leaving the protocol definitions intact.

When you select this button, you will see the following warning:

Are you SURE you want to CLEAR? El

although it will preserve all of the protocols,
If wou Feel wou will need to use these data at anytime
in the future, please save the database before clearing i,

@ Clearing project B_MyOldProject will COMPLETELY delete the data,

Are you sure vou wank to clear the project?

After you verify that you have selected the correct project, Click Yes. The data will be

cleared and you will see a confirmation.

Graphic State x|

The data in this database have been cleared.

After clearing the data, the program will attempt to compact the database to reclaim the
unused space. It may or may not succeed. You will either see a message that the

database has been compacted, or you will the following two messages.

Graphic State x|

Error: 3159 Mat a valid baokmark, --= crmdClear, Click

Graphic State x|

This database cannat be compacted, buk is probably skill useable,
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This is only a problem if your database has reached the maximum size allowed by the
operating system (approximately 1 GB). In this case, it is better to

1) export all of your protocols from the full database

2) save this database for future access

3) make a new, empty database

4) import all of the protocols into it

5) save THIS database somewhere for future use whenever you fill a database

6) restore the empty database over the full one

If you need more help

We hope this tutorial has been, and will continue to be, helpful. Call us at (610)

395-3771 or send e-mail to sales@coulbourn.com with any questions or concerns.
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Sample Excel macro code

' ProcessData Macro

' Macro recorded 2/20/2002 by Martha J. Cichelli

' Keyboard Shortcut: Ctrl+p

' Summary of Protocol Logic

S1 UPON 61 ENTRIES, GO TO FIN
After variable IT| from list, GO TO either S2 or S3 from random list
S2 Probe trial - tone on; AFTER 60 seconds, GO TO S1
S3  Training cue trial - tone on; AFTER 20 seconds,GO TO S5
S4  Reinforcement - operate feeder, immediately GO TO S1
S5 Response interval - tone on; IF 1 A1-lever, GO TO S4
AFTER 40 seconds, GO TO S1

Desired analysis - placed in new Worksheet in raw data file

For each trial in each run

List trial number, preceding ITI, type of trial (probe or cue),
latency to first lever press, total length of trial,
number of lever presses, number of A2 responses

Dim InputDataRow As Integer
Dim OutputDataRow As Integer

Dim LastProtocol As Integer
Dim LastSession As Integer
Dim LastStation As Integer
Dim LastRun As Integer
Dim LastSubject As String

Dim TrialNum As Integer

Dim StartITITime As Double

Dim StartTrialTime As Double

Dim InterTrialTime As Double

Dim FirstResponseTime As Double
Dim TimeToResponse As Double
Dim ElapsedTrialTime As Double
Dim TrialType As String

Dim NumA1 As Integer

Dim NumA2 As Integer
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Dim MainSheet As String
Dim RunSheet As String

Const TimeFactor = 10 'number of units per second

Const NewlTIState = 1
Const ProbeState = 2
Const TrainState = 3
Const ResponseState = 5
Const ReinfState = 4
Const FinState = -1

Const ProtocolCol =3 'C
Const SessionCol=4 'D
Const StationCol=5 'E
Const RunCol = 6 'F
Const SubjectCol =7 'G
Const TimeCol = 8 'H
Const NewStateCol =10 'J
Const A1ResponseCol =12 'L
Const A2ResponseCol =13 'M

Const OutProtocolCol =1 'A
Const OutSessionCol =2 'B
Const OutStationCol =3 'C
Const OutRunCol =4 'D
Const OutSubjectCol=5 'E
Const OutTrialCol=6 'F
Const OutITICol = 7 'G
Const OutTypeCol = 8 'H
Const OutResponseCol =9 'l
Const OutTrialTimeCol =10 'J
Const OutNumA1Col =11 'K
Const OutNumA2Col =12 'L
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Sub ProcessData()
MainSheet = Worksheets(1).Name

Sheets.Add  'start a new Worksheet for the output analysis
RunSheet = Worksheets(Worksheets.Count - 1).Name
CreateHeadings

LastProtocol =0
LastSession =0
LastStation =0
LastRun=0
LastSubject=" "
TrialNum =0

Initialize Timers
Worksheets(MainSheet).Activate
InputDataRow = 2
OutputDataRow = 2
With ActiveSheet
Do Until IsEmpty(Worksheets(MainSheet).Cells(InputDataRow, TimeCol).Value)
If (Cells(InputDataRow, A1ResponseCol).Value = 1) And _

(TrialType <>"") Then
NumA1 = NumA1 + 1

If FirstResponseTime = 0 Then 'FIRST lever press recorded
FirstResponseTime = Cells(InputDataRow, TimeCol).Value
End If
End If

If (Cells(InputDataRow, A2ResponseCol).Value = 1) And _
(TrialType <>"") Then
NumA2 = NumA2 + 1
End If
If Cells(InputDataRow, NewStateCol).Value = NewITIState Or _
Cells(InputDataRow, NewStateCol).Value = FinState Then
If TrialNum > 0 Then 'calculate and dump last trial
OutputLastTrial
Initialize Timers
End If
End If

If Cells(InputDataRow, NewStateCol).Value = FinState Then
TrialNum = 0
End If
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If Cells(InputDataRow, NewStateCol).Value = NewlITIState Then
If NewRunStarting Then
Outputldinfo
SavelDInfo
TrialNum = 0
End If
TrialNum = TrialNum + 1
StartITITime = Cells(InputDataRow, TimeCol).Value
Elself Cells(InputDataRow, NewStateCol).Value = ProbeState Then
TrialType = "P"
StartTrialTime = Cells(InputDataRow, TimeCol).Value
Elself Cells(InputDataRow, NewStateCol).Value = TrainState Then

TrialType = "T"
StartTrialTime = Cells(InputDataRow, TimeCol).Value
End If

InputDataRow = InputDataRow + 1
Loop
End With

End Sub
Sub CreateHeadings()
Worksheets(RunSheet).Activate
With ActiveSheet

Range("A1").Select
ActiveCell.FormulaR1C1 = "Protocol"
Range("B1").Select
ActiveCell.FormulaR1C1 = "Session"
Range("C1").Select
ActiveCell.FormulaR1C1 = "Station"
Range("D1").Select
ActiveCell.FormulaR1C1 = "Run"
Range("E1").Select
ActiveCell.FormulaR1C1 = "Subject"
Range("F1").Select
ActiveCell.FormulaR1C1 = "Trial"
Range("G1").Select
ActiveCell.FormulaR1C1 ="ITI"
Columns("G:G").Select
Selection.NumberFormat = "0.0"
Range("H1").Select
ActiveCell.FormulaR1C1 = "Type"
Range("I1").Select
ActiveCell.FormulaR1C1 = "Latency"
Columns("l:I").Select
Selection.NumberFormat = "0.0"
Range("J1").Select
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ActiveCell.FormulaR1C1 = "Trial duration"
Columns("J:J").Select
Selection.NumberFormat = "0.0"
Range("K1").Select
ActiveCell.FormulaR1C1 = "# A1"
Columns("K:K").Select
Range("L1").Select
ActiveCell.FormulaR1C1 = "# A2"
Columns("L:L").Select
Selection.NumberFormat = "0"
End With
End Sub
Sub InitializeTimers()
StartITITime =0
StartTrialTime =0
InterTrialTime =0
FirstResponseTime =0
TimeToResponse =0
ElapsedTrialTime =0

TrialType =""

NumA1 =0

NumA2 =0
End Sub

Sub OutputLastTrial()
InterTrialTime = (StartTrialTime - StartITITime) / TimeFactor
If FirstResponseTime > 0 Then
TimeToResponse = (FirstResponseTime - StartTrialTime) / TimeFactor
Else
TimeToResponse =0
End If
ElapsedTrialTime = (Worksheets(MainSheet).Cells(InputDataRow, TimeCol).Value _
- StartTrialTime) / TimeFactor
Worksheets(RunSheet).Cells(OutputDataRow, OutTrialCol).Value = TrialNum
Worksheets(RunSheet).Cells(OutputDataRow, OutlTICol).Value = InterTrialTime
Worksheets(RunSheet).Cells(OutputDataRow, OutTypeCol).Value = TrialType
If TimeToResponse >0 Then
Worksheets(RunSheet).Cells(OutputDataRow, OutResponseCol).Value =
TimeToResponse
Else
Worksheets(RunSheet).Cells(OutputDataRow, OutResponseCol).Value = "*"
End If
Worksheets(RunSheet).Cells(OutputDataRow, OutTrialTimeCol).Value =
ElapsedTrialTime
Worksheets(RunSheet).Cells(OutputDataRow, OutNumA1Col).Value = NumA1
Worksheets(RunSheet).Cells(OutputDataRow, OutNumA2Col).Value = NumA2
OutputDataRow = OutputDataRow + 1
End Sub
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Function NewRunStarting()
If Worksheets(MainSheet).Cells(InputDataRow, ProtocolCol).Value = LastProtocol
And _
Worksheets(MainSheet).Cells(InputDataRow, SessionCol).Value = LastSession
And _
Worksheets(MainSheet).Cells(InputDataRow, StationCol).Value = LastStation And

Worksheets(MainSheet).Cells(InputDataRow, RunCol).Value = LastRun And _
Worksheets(MainSheet).Cells(InputDataRow, SubjectCol).Value = LastSubject
Then
NewRunStarting = False
Else
NewRunStarting = True
End If
End Function

Sub Outputldinfo()

Worksheets(RunSheet).Cells(OutputDataRow, OutSubjectCol).Value = _
Worksheets(MainSheet).Cells(InputDataRow, SubjectCol).Value
Worksheets(RunSheet).Cells(OutputDataRow, OutRunCol).Value = _

Worksheets(MainSheet).Cells(InputDataRow, RunCol).Value
Worksheets(RunSheet).Cells(OutputDataRow, OutStationCol).Value = _
Worksheets(MainSheet).Cells(InputDataRow, StationCol).Value
Worksheets(RunSheet).Cells(OutputDataRow, OutSessionCol).Value = _
Worksheets(MainSheet).Cells(InputDataRow, SessionCol).Value
Worksheets(RunSheet).Cells(OutputDataRow, OutProtocolCol).Value = _
Worksheets(MainSheet).Cells(InputDataRow, ProtocolCol).Value
End Sub

Sub SavelDInfo()
LastSubject = Worksheets(MainSheet).Cells(InputDataRow, SubjectCol).Value
LastRun = Worksheets(MainSheet).Cells(InputDataRow, RunCol).Value
LastStation = Worksheets(MainSheet).Cells(InputDataRow, StationCol).Value
LastSession = Worksheets(MainSheet).Cells(InputDataRow, SessionCol).Value
LastProtocol = Worksheets(MainSheet).Cells(InputDataRow, ProtocolCol).Value
End Sub
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