Experiment HP-3: Interference of Stimuli on Associative Tasks - The Stroop Effect

Background

In his doctoral thesis published in 1935, J.R. Stroop reported that the completion of a tas
strongly influenced by stimuli from another task to which it is associated. In his work,
that a subject’s ability to read words was influenced by the color in which the words we

the actual words. Each task, naming colors and reading words, received inte
associated with the other task.

interference of color stimuli on the task of reading words. Stroop als osed the strength of the
two tasks.

In another test, subjects were asked to name the conflicting €
For example, the word “Red” was printed in green and t

symbol was printed, the increase in the time taken b j react to the colors of conflicting

i the task of naming colors. Go to the
fourth column on Table HP-3-B1 and name the co the words are printed. It’s not that easy,
is it? Through your experience, you have bee he meaning of a word is more important
than the color in which it is printed. When y@Qu t attention to a color and name it, the word
stimuli interferes with the task.

In this experiment, subjects will
ways: the effect of word stimuli
effect of word stimuli on naming
time of each task will be used as an in
task; Stroop correlated longe

emonstrate the Stroop Effect in several different
, the effect of color stimuli on reading words, the
stimuli of your own choice or design. The completion
of the strength of the interference of the stimuli on the
ompletion times to higher degrees of interference.

Since these tasks are also
recorded before, durin
correlate to the level e during a task?

rs, the heart rate and skin conductance level of each subject will be

Or Wi . For those with ADD, this test is extremely difficult, for unknown
@ people with ADD use a completely different part of the brain when doing this
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Figure HP-3-B1: Pulse, skin conductance level (SCL), and heg
reciting the names of colors printed in black. During the tas
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increased by 1.83%.

Table HP-3-B1: Sample lists of colored words us

Task1 Task 2  Task3 Task 4
BLUE BLUE XXXX RED
GREEN GREEN XXXX E
RED BLACK XXXX N
GREEN BLUE XXXX BL
RED  GREEN
RED
BLUE GREE
GREEN
BLUE ), B
B
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Experiment HP-3: Interference of Stimuli on Associative Tasks - The Stroop Effect

Equipment Required

PC or Mac Computer

USB cable

IX-B3G USB recorder
GSR electrodes

Three ECG electrode leads
Disposable ECG electrodes
Alcohol swabs

Tables of words and symbols

IX-B3G Setup
Use the USB cable to connect the computer to the USB port g

Start the Software

1. Click on the LabScribe shortcut on the com esktop to open the program. If a shortcut is
not available, click on the Windows Start

4. Pull down the Settings menu again. ct the StroopEffect settings file from Human

Psychophysiology.

5. After a short time, La
StroopEffect setti

cribe will appear on the computer screen as configured by the

settings used to configure the LabScribe software and the IX-B3G
e programmed on the Preferences Dialog window which can be

6. For your info ion, t
unit for this e iment

Setup (opens automatically)
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GSR and ECG Setup

1.

Connect the GSR electrodes to the IX-B3G (Figure HP-3-S1). Connect the purple color-coded
electrode to the purple connector on the IX-B3G and the orange electrode to the orange
connector.

Insert the connectors on the red, black, and green ECG electrode lead wires into t tc
sockets on the IX-B3G (Figure HP-3-S1).

Instruct the subject to remove all jewelry from their wrists and ankles. Another Opti 0 use
the area just under each clavicle which will give a better recording.

Use an alcohol swab to clean and scrub a region with little or no hair, o insideOf the
subject’s right wrist/clavicle. Let the area dry.

Remove a disposable ECG electrode from its plastic shield, and a the electrode to the
scrubbed area on the wrist or under the clavicle.

Repeat Steps 6 and 7 for the inside of the left wrist/clavi€le an sid@ of the right ankle or
lower right abdomen.

subject to sit quietly with their hands in their lap. If the subject moves, the ECG
trage will move off the top or bottom of the screen. If the subject moves any muscles in the

ecording as noise.

\ r upper body, electromyograms (EMGs) from the muscles will appear on the ECG
r
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Calibration of GSR Amplifier
1. Place the GSR electrodes on the lab bench so they are not touching any surfaces.
2. Click on the Record button; record data for 1 minute.
3. Click on the Stop button.
4. Set the baseline to zero:
* Click the down arrow to the left of the GSR channel to open the Channel
*  Click Units
* Click Set Offset (Figure HP-3-S2)
* Set the offset to 0 and check Apply to all blocks

¢ (Click OK.
Apply Offset to Data L-_&_J
|| Apply units to the next recorded block
(V] Apply units to all blocks
4| SetMean Value between Cursors to:  0.000000
[ Cancel ] [ OK ]
Figure HP-3-S2: Apply Offset window for séftin R unit to “0”".

Note: If the user clicks the Recor
the iWorx hardware cannot be fo
computer. Then, click on the OK
select the Find Hardware function, and fol

r window appears the Main window indicating
the iWorx unit is connected to the USB port of the
ror window. Pull down the LabScribe Tools menu,

ct Units from the channel menu and Simple from the Units submenu.

e The Simple Units Calibration window will appear with the values for the two-point
£ calibration of the iWire-B3G amplifier already entered.

N\
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Experiment HP-3: Interference of Stimuli on Associative Tasks - The Stroop Effect

Exercise 1: Interference of Color Stimuli on Reading.

Aim: To determine the effect of the color in which a word is printed on the subject’s abili ea
word.
Procedure

1. Select one person from your group to be the subject. Ask the subject wash his

or her hands with soap and water, and dry them thoroughly. Washing the
surface oils or other substances, which might lower skin conduction, are rem
alcohol to clean the fingers, alcohol dehydrates the skin.

” Do not use

Connect the GSR electrodes.

3. The subject should sit with his or her back to the compu onHor. Usgithe subject’s hand

Note: If the user clicks the Record butto

which is closer to the iWorx equipment.

Attach each GSR electrode to the volar surface of the ¢
fingers; the index and the ring fingers are the ones us
Velcro straps so that the straps are snug, but not o

The subject should rest the hand with the GSR
electrodes and transducer should be free fro xtrandous pressure and their cables should
be hanging freely. Instruct the subject not
movement will introduce artifacts into the r

Type Task 1: Read Words in Black, ]
Mark button.

Click on the Record butto
(Figure HP-3-L.1). The si

ger'segment of two non-adjacent
Attach the electrodes with the

e> in the Mark box that is to the right of the

t er right side of the LabScribe Main window
in scrolling across the screen.

nd there is no communication between the iWorx unit and

computer, an error window appear in the center of the Main window. Make sure the iWorx unit is
connected to the USB por computer. Click OK and select the Find Hardware function from the
LabScribe Tools menu.

Click on tk All button in the LabScribe toolbar. The signals on these channels

11 the channel windows.

@al is upside down when compared to the trace in the figure, click on the
to the left of the channel title and select the Invert function. The trace should
imilar to the one in the figure.

a larger ECG signal is required, the electrodes should be moved from the wrists to the skin
diately below each clavicle.

Vec d until the skin conductance level of the subject, recorded on the Skin Conductance Level
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channel has reached a stable baseline.

J - IX-B3G - None - LabScribe v:

File Edit View Tools Settings Advanced Help
(e @R e 2 G QM AR B s s
Speed: 200 s/sec  Display Time:  26.000 sec Mark = v ALL  T2-T1(2:21.593 - 2:19.428 )= 2.165 sec
|~ AtiscL GsR aAaai V2-V1= 0.142 microSiemens|
., 3935-
23924~
53913~ b
@ 390.2-
2389.1-
£ ags-
- ;;Ecné 05-30Hz25mV @ & Q £ V2-V1= 0,080 mV
11—
0.8- I/
B 05
0.2-
-0.1- I
N -0.4-
v C2:Heart Rate P.Rate(Comp Ch1) A @ Q fx V2-V1=1.283 bpm
76-
E 74~
a 72—
= 70-
68—
66~
2:17.263 2:23.763 2:30.263 2:36.763 2:43.258
TimeOfFile < m )
i| Done Calculating data for Block 1 |
Figure HP-3-L1: Skin conductance level (SCL), EC h%bsubject performing the task of
reciting the names of colors printed in black. During the the subject’s skin conductance level
increased.
10. Instruct the subject to read the word column of Table HP-3-L1 aloud, and as quickly

as possible. Press the Ente

11. Type End of First Colum

d as soon as the subject begins reading the list.

12. Press the Enter key on the keyboard
column. Continue to record.

13. While the subject rel
the Mark box.

oon as the subject has read the last word in the first

s for 1 to 2 minutes, type Task 2: Read Words in Conflicting Colors in

14. Instruct the su t to r
quickly as po e. Pres
the list.

the words in the second column of Table HP-3-L1 aloud, and as
he Enter key on the keyboard as soon as the subject begins reading

1d Column in the Mark box.

ct Save As in the File menu, type a name for the file. Choose a destination on the computer
ich to save the file, like your lab group folder. Designate the file type as *.iwxdata. Click
\n the Save button to save the data file.
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19. Begin Exercise 2 after allowing the subject to rest for 1 or 2 minutes.

Exercise 2: Interference of Word Stimuli on Naming.

Aim: To determine the effect of words on the subject’s ability to name the colors in which t @
are printed.

Procedure
1. While the subject relaxes for 1 to 2 minutes, type Task 3: Name Color of Symbols i ark
box.

2. Instruct the subject to say the colors of the symbols in the third column o
and as quickly as possible. Press the Enter key on the keyboard as soon as t
saying the colors.

3. Type End of Third Column in the Mark box.

4. Press the Enter key on the keyboard as soon as the subj S e last word in the third
column. Continue to record.

5. While the subject relaxes for 1 to 2 minutes, type Tas r of Conflicting Words in
the Mark box.

6. Instruct the subject to read the words in the fourt
quickly as possible. Press the Enter key on the
the list.

7. Type End of Fourth Column in the Mark

ble HP-3-L.1 aloud, and as
as the subject begins reading

8. Press the Enter key on the keyboard a
column.

ubject has read the last word in the fourth

9. Continue to record for 1 to

10. Click Stop to halt the rec

tes.

11. Select Save in the File me

Data Analysis: Pre-Task 1

1. Scroll through t locate the recording that was made before Task 1.

ime ic@hs to adjust the Display Time of the Main window so that the segment
viewed on the screen.

icon (Figure HP-3-1.2) so that two vertical lines appear on the Main window.
elect the complete segment before Task 1. This section of data can also be

cing the cursors on either side of a stabile recording of the subject’s skin conductance
and heart rate.

Clicking the Zoom between Cursors button on the LabScribe toolbar to expand or

\ contract the recording to the width of the Main window.
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File New Main Journal Stimulator  Zoom  AutoScale  One Record
l Filiopen l FFT l Meter l dis;llay AI 1ursor Views PreIiew l ’
e @& % 2 BREAMMAR B omrven | o] [ © @

I R r

Save File  Analysis  X-Y View Marks Half Double  Two Sequences
display ~ display  cursors

Figure HP-3-L2: The LabScribe toolbar: V

nwthe Windows menu to
1gure HP-3-L3).

4. Click on the Analysis window icon in the toolbar or select Ana
transfer the data displayed in the Main window to the A

5. Look at the Function Table that is above the Pulse channel 1
mathematical functions, Max, Min, Mean, and T2-T1, sk
for these functions are displayed in the tables across th argins of the channels displayed
in the Analysis window.

6. Once the cursors are placed in the correct positi
functions in a stabile section of the recording

ns to the Journal using the Add Title to Journal function

in the Skin Conduc annel menu.

* Transfer the values for t nctions on all channels to the Journal using the Add All
unction in the Skin Conductance Level channel menu.

drag a cursor to the left margin of the data displayed on the
¢ other cursor to the right margin of the same data.

8. Use the mouse to
Analysis windo

9. Record the va' for Max, Min, and Mean on the Skin Conductance Level and Heart Rate
1 using the one of the techniques described in Steps 6 or 7, and on Table
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3 J - IX-B3G - None - LabScribe v3

File Edit View Tools Settings Advanced Help
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13-
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v C2:Heart Rate P.Rate(Comp Ch1) A @ Q fx V2-V1= -0.466 bpm
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TimeOfFile < L} »
IDone Calculating data for Block 1

Figure HP-3-L3: Skin conductance level (SCL), EC h%hta for Task 2 (Words in
subject took 20.075 seconds to complete

Conflicting Colors), as displayed in the Analysis wi
this task. During the task, the subject’s SCL rose

Data Analysis: Tasks 1, 2, 3, and 4
1. Scroll through the data fil

e recording that was made during Task 1.

Display Time of the Main window so that all data
n the screen.

2. Use the Display Time ico
recorded during Task 1 can be vi

3. Click the 2-Cursor ic
window. Use the curs
data from Task 1

4. Click on the
Analysis win

(Figure HP-3-1.2) so that two blue vertical lines appear on the Main
, or the Zoom between Cursors function, to select the complete set of

ysis wilidow icon to transfer the data displayed in the Main window to the

at the beginning and end of the data recorded during Task 1. Measure the
wing parameters:

, MInimum, and Mean Skin Conductance Levels, which are detemined by
ing the Max, Min, and Mean computed functions on the data in the Skin Conductance
1 channel.

Maximum, MInimum, and Mean Heart Rate, which are detemined by using the Max,
4 \ Min, and Mean computed functions on the data in the Heart Rate channel.
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* Task Completion Time is the time between the first and the last word or color in the task
being spoken, which is determined by the T2-T1 computed function.

6. Transfer the values for these parameters to the Journal using either of the techniqu
in the previous analysis section. Record the values for these parameters on Table HP-
Calculate the difference between the maximum and minimum skin conductance levels, a
maximum and minimum heart rates. Record these values in the Journal, and Tab

7. Repeat Steps 1 through 7 on the following segments of the data file:
* Time between Tasks 1 and 2.
* Task 2.
* Time between Task 2 and 3.
e Task 3.
* Time between Tasks 3 and 4,
* Task4.
* Time after Task 4.

8. Calculate the differences between the completion time €D and Task 1, and Task 4 and

Task 3. Report these values in the Journal, and T;

Questions

1. Is there a difference between the changes in*thig,subject’s skin conductance level (SCL) in Tasks

1 and 2? Is there a difference betwee bjectls heart rate in Tasks 1 and 2?

2. Did the subject take longer to compl Task 2? Did the color stimuli interfere with
reading words?

3. Is there a difference between th s in the subject’s skin conductance level (SCL) in Tasks
3 and 4? Is there a differe een the subject’s heart rate in Tasks 3 and 4?

4. Did the subject take longer to ¢ e Task 3 or Task 4? Did the word stimuli interfere with

naming colors?

5. Did the subject take 1
naming more di
so?

er to complete Task 2 or Task 4? Did the word stimuli make color
e color stimuli make reading words more difficult? Why is this

Predictions
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4. What would happen in Task 4 if the subject was a child who had not yet learned to read?

5. What would happen in Task 4 if the subject was just beginning to speak English?

Table HP-3-L2: Skin conductance levels, heart rates, and completion times during T:

through 4.

Skin Conductance (p1S)

Heart Rate (BPM)

Times (secs)

Task Max

Min

Mean

Max-Min

Max

Min

Mean

Max-Min

Completion
of Task

Before
Task 1

Differential

Task 1:
Read in
Black
Print

Between
Tasks 1
and 2

Task 2:
Read in
Different
Color

Between
Tasks 2
and 3

Task 3:
Name
Color of
Symbol

Between
Tasks 3
and 4

Task 4:

Human Psychophysiology — StroopEffect
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Exercise 3: Interference of Word Stimuli on Determining Direction

Aim: To determine the effect of words on the subject’s ability to name the location of a wo
frame.

Procedure
1. The subject should sit with his or her back to the computer monitor. The subject shc a t the
hand with the electrodes comfortably on his or her lap.

2. Instruct the subject that the object of the task is to name the position of't rd ipf€ach frame
on Table HP-3-L3 aloud, and as quickly as possible.

3. Type Task 5: Name Position of Same Word in the Mark box that i he right of the Mark
button.

th Scuibe Main window
ecord until the skin

4. Click on the Record button located on the upper right si
(Figure HP-3-L1). The signal should begin scrolling across
conductance level of the subject has reached a stabile baseli

5. Press the Enter key on the keyboard as soon as the subje s naming the position of the

word.

6. Type End in the Mark box.

7. Press the Enter key on the keyboard as soon bject has named the last position on Table
HP-3-L3. Continue to record.

8. Type Task 6: Name Position of Differ. T he Mark box, as the subject relaxes for 1 to
2 minutes.

9. Instruct the subject to name sitio word in each frame on Table HP-3-1.4 aloud, as
quickly as possible. Press ghte Ent e keyboard as soon as the subject begins naming

the position of the word.
10. Type End into the Mark box.

11. Press the Enter key onythe keyboard as soon as the subject has named the last position on Table
HP-3-L4. Continue tojtecord as the subject relaxes for 1 to 2 minutes.

12. Click Stop to hal
13. Select Save 1

2. Use ime icons to adjust the Display Time of the Main window so that the segment
sk 5 can be viewed on the screen.

e techniques used on the data from Exercises 1 and 2 to measure the maximum,
imum, and mean skin conductance levels and heart rate from the data recorded before Task
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4. Transfer the values for these parameters to the Journal using either of the techniques described
in the first analysis section. Record the values for these parameters on Table HP-3-L5.

5. Use the same techniques to measure and record these parameters for the other seg
Exercise 3:

6. Measure the task completion times for Tasks 5 and 6. Record the valu

Task 5,
Time between Tasks 5 and 6,

Task 6,Time after Task 6.

Journal and on Table HP-3-L.

7. Calculate the difference between the maximum and minimum skin conductance®levels, and the
maximum and minimum heart rates. Record these values in the

8. Calculate the differences between the completion times
in the Journal, and on Table HP-3-L5.

9. Select Save in the File menu.

Table HP-3-L5: Skin conductance levels, heart ratesw

ts

and Table HP-3-L5.

K Task 5. Report this value

n times during Tasks 5 and 6.

Skin Conductance (p1S)

Heart Rate (BPM)

Times (secs)

Task

Max Min Mean Max-Min

Before
Task 5

Task 5:
Name
Same
Direction

Max  Min

Mean

Max-Min

Completion
of Task

Between
Tasks 5
and 6

Differential

Task 6:

-
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Questions

1. Is there a difference between the changes in the subject’s skin conductance level (S
5 and 67 Is there a difference between the subject’s heart rate in Tasks 5 and 6?

2. Did the subject take longer to complete Task 5 or Task 6? Did the word stimuli ifer ith
naming directions?

Exercise 4: Additional interferences

Aim: To perform another test for interference between associative tasks.

Procedure
1. Find or devise an additional test for interference betwee ks eem to be associated.

* Additional tests to demonstrate the “Stroop Effect” ¢ ound by searching the
Internet. You should be able to find tests that d ate ‘Ofher interferences: word
stimuli on counting, word stimuli on naming g d audio stimuli on naming.

* Devise your own test on tasks that think a

* Test one of the predictions made earlie i iment.

used in Exercises 1, 2, and 3.

Data Analysis
1. Use the same methods employed4 rcises 1, 2, and 3 to analyze the data collected from this
additional Stroop test.
2. Construct a table to display the of your test. Share these results with other groups in your
class.

3. Compare the strength
the additional sti

interference of this additional stimuli to the strength of interference of
ther groups of students.

4. Compare the stf€ngth o
demonstrated 1 rcis

terference of this additional stimuli to the strengths of interference
1,2, and 3.

Human Psychophysiology — StroopEffect HP-3-15



Table HP-3-L1: Lists of colored words used in Exercises 1 and 2 of “The Stroop Effect”.

>

Task 1 Task 2 Task 3 Task 4
BLUE BLUE XXXX RED
GREEN GREEN XXXX BLUE
RED BLACK XXXX GREEN
GREEN BLUE XXXX
RED GREEN XXXX BLAC
RED RED XXXX UE
BLUE GREEN XXXX
GREEN RED XXXX
BLUE XXXX
BLACK
BLUE
BLACK
BLUE
GREEN
BLUE
GREEN
BLACK
BLUE LUE XXXX GREEN
GREEN XXXX RED
RED E XXXX BLUE
BLACK RED XXXX GREEN
E GREEN XXXX BLACK
RE RED XXXX BLUE
E GREEN XXXX GREEN
RED XXXX RED

Human Psychophysiology — StroopEffect
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Table HP-3-L3: Frames with identical words and positions used in Exercise 3 of Experiment 38.

Table HP-3-L4:Frames with different words and‘pos

up LEFT LEFT RIGHT
DOWN
LEFT ur RIGHT ur
DOWN
ur RIGHT ur LEFT
DOWN
LEFT up
DOWN
LEFT RIGHT
DOWN

ns used in Exercise 3.

UP LEFT DOWN RIGHT
LEFT UP WN UP
UP DOWN RIGHT up LEFT
DOWN RIGHT DOWN
LEET DOWN UP RIGHT
L 4

N
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