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Introduction

	There are simple reflex movements such as the knee-jerk that occurs without the involvement of the cerebral cortex. The knee-jerk is a monosynaptic reflex and is controlled by the neurons at the level of the spinal cord. Essentially, the information about muscle stretches travels through the spinal cord and is then synapse with an alpha motor neuron. Once this happens, a command to contract the muscle is generated. Because of the distance from the stretch receptor to the motor neuron and back to the muscle is relatively short, the reflex reactions are fairly quick and short therefore, no decision-making is necessary.

	Since voluntary motor commands are very complex, it uses the input from many cortical and sub-cortical structures.  These structures include the pre-motor areas, M1, the cerebellum and the basal ganglia. When voluntary movement is caused from the reaction to the surroundings, decision making is required and this additional information usually comes from the frontal and parietal lobes. Basically, more complex actions (ones that require decisions) are the ones that take longer to start. The purpose of this lab is to compare the reaction time between simple reflex and voluntary movements under three different tests.

Background

	In order display a reflex movement, an arc reflex is used. This reflex includes a receptor (one which receives the stimulus), a conductor (one that moves the information) and an effector (muscle that does the movement) (Heiden, 2010).

	 When conducting the knee-jerk reflex, the hammer stretches the quadriceps, the muscle spindle (stretch receptor) of the quadriceps femoris muscle sends information by the sensory neuron into the dorsal root of the spinal cord, synapses with an alpha motor neuron (ventral root), and a command is generated to contract the quadriceps femoris muscle (Heiden, 2010).

	A voluntary motor command is relatively complex because it utilizes input from many cortical and sub-cortical structures (Laboratory 5, 2010). These include the pre-motor areas, M1, the cerebellum and the basal ganglia (Laboratory 5, 2010). 

Rationale

	Different experiments were conducted to show the difference in the speed between reflex movements and voluntary movements. The experiments that were performed would show the difference in speed between reaction times for the simple task and the choice task, the differences in speed between the reflex knee extension and the voluntary knee extension and the differences in speed between the voluntary knee extension and voluntary elbow flexion. 

These experiments are based on the hypothesis that reflex movements are faster than voluntary movements because the cerebral cortex is not involved in reflex movements.

	Hence, I first hypothesize that the reflex knee extension would have a faster time than the voluntary knee extension, voluntary elbow flexion, simple task and choice task. The reason is because the reflex knee is a reflex movement, unlike the voluntary movements that need requires decision making which occurs with the cerebral cortex.

	Secondly, I hypothesize that simple task time would be faster than choice task time. Reason is because through a simple task, there is less decision making compared to the choice task.

	Thirdly, I hypothesize that the voluntary elbow flexion would be faster than the voluntary knee extension because the distance is shorter between the elbow and the brain than the knee to the brain.

Methodology

Equipments:
· Instrumented Hammer, Pressure Switch, Timer
· Reaction time Board
· 30 cm ruler
Procedure:
	This experiment took place in the Mont Petit gymnasium. The divisions of groups of 3 were made amongst a class of 1st year students. There were six procedures that were carried out. For procedures 1.1 and 1.2, one person from the group was chosen to be the subject. For procedures 2.1, 2.2 and 2.3, a different person from the group was chosen to be the subject. For procedure 3, each member of the group was tested.

Procedure 1.1: Simple Reaction Time Procedure
	The subject’s right index finger was positioned above the button C0. The subject was then told to focus their attention on the cue light above C1 (once the trial began, the cue light would turn on). The subject was instructed to shift their attention to the stimulus light above C1 as soon as the cue light was turned off. After the cue light turned off, the stimulus light above C1 would turn on. The subject was then instructed to press the button C1 as quickly as possible when the stimulus light appeared. The reaction time was recorded and this was repeated for a total of 20 trials.

Procedure 1.2: Choice Reaction Time Procedure
	The subject’s right index finger was positioned between the buttons R1 and R2. The subject was then instructed to focus their attention on the cue light above C1 (once the trial began, the cue light would turn on). The subject was then instructed to shift their attention to the stimulus lights above R1 and R2 as soon as the cue light was turned off. When the cue light was turned off, one of the stimulus lights would be turned on. The subject was then instructed to press the button (R1 or R2) corresponding to the stimulus light as quickly as possible. The reaction time was recorded and a total of 20 trials were performed.

Procedure 2.1: Reflex Movement – Knee Extension
	The subject was positioned by sitting with their right knee at the edge of the therapy table. The electronic switch was attached to the table leg and the subject’s heel was positioned to close the switch. The subject was then instructed to close their eyes and completely relax their right leg. The instrumented hammer was then used to tap the subject’s patellar tendon. The timer would start when force the force was applied to the hammer and the timer would stop when the subject’s knee extended and the heel moved away from the switch. The movement time from the display was recorded and the test was repeated for a total of 20 movement times.

Procedure 2.2: Voluntary Movement – Knee Extension
	The subject was positioned in sitting with their right knee at the edge of the therapy table. The electronic switch was attached to the table leg and the subject’s heel was positioned to close the switch. The subject was instructed to close their eyes and extend their right leg as quickly as possible when they felt the hammer tap on their right knee. The instrumented hammer was used to tap the subject’s patella. The timer would start when force is applied to the hammer and the timer would stop when the subject’s knee extended and the heel moved away from the switch. The movement time from the display was recorded and a total of 20 movement times were recorded.

Procedure 2.3: Voluntary movement – Elbow Flexion
	The subject was positioned in sitting at the edge of the therapy table. The electronic switch on the table was positioned at the subject’s right side and the subject’s right hand was placed on top of the switch. The subject was instructed to close their eyes and flex their right arm as quickly as possible when they felt the hammer tap on their right elbow. The timer would start when the force is applied to the hammer and the timer would stop when the subject’s hand moved away from the switch. The movement time from the display was recorded and a total of 20 movement times were recorded.

Procedure 3: Ruler Drop Test
	The subject was positioned in standing with the preferred hand in a pinch grip position with the elbow at 90 degrees. The ruler was held above the subject’s hand with the “0” mark level with the subject’s thumb. The subject was then instructed to catch the ruler as quickly as possible after it was released. The ruler was then released and the distance between the “0” marker and the top of the subject’s thumb after the ruler had been caught was recorded. A total of 10 catches was performed.

RESULTS

	The reflex knee extension time appeared to be shorter than the voluntary knee extension time. The voluntary elbow flexion time appeared to have taken longer than the voluntary knee extension time.

Table #1: Reaction times recorded for simple task, choice task, reflex knee extension, voluntary knee extension and voluntary elbow extension.   

	
	    Simple rt
	    Choice rt
	Reflex Knee
	Voluntary Knee
	Voluntary Elbow

	Trial 1
	0.178
	0.250
	0.096
	0.176
	0.158

	Trial 2
	0.170
	0.199
	0.159
	0.284
	0.206

	Trial 3
	0.192
	0.258
	0.240
	0.248
	0.181

	Trial 4
	0.172
	0.234
	0.154
	0.176
	0.176

	Trial 5
	0.143
	0.235
	0.102
	0.179
	0.228

	Trial 6
	0.213
	0.252
	0.295
	0.188
	0.186

	Trial 7
	0.162
	0.268
	0.458
	0.184
	0.175

	Trial 8
	0.181
	0.244
	0.137
	0.266
	0.188

	Trial 9
	0.182
	0.239
	0.155
	0.326
	0.316

	Trial 10
	0.198
	0.322
	0.306
	0.223
	0.191

	Trial 11
	0.124
	0.291
	0.134
	0.192
	0.184

	Trial 12
	0.166
	0.291
	0.168
	0.182
	0.174

	Trial 13
	0.204
	0.225
	0.169
	0.196
	0.164

	Trial 14
	0.176
	0.263
	0.126
	0.211
	0.182

	Trial 15
	0.107
	0.268
	0.121
	0.163
	0.257

	Trial 16
	0.168
	0.240
	0.202
	0.181
	0.202

	Trial 17
	0.177
	0.307
	0.168
	0.180
	0.260

	Trial 18
	0.193
	0.245
	0.188
	0.157
	0.304

	Trial 19
	0.200
	0.241
	0.208
	0.222
	0.170

	Trial 20
	0.187
	0.223
	0.163
	0.191
	0.168



Table #1: The differences in reaction times for simple task, choice task, reflex knee extension, voluntary knee extension and voluntary elbow flexion. This table shows that simple reaction times are faster than choice reaction times. Reflex knee extension times are faster than all the rest as shown in this table.







Table #2: t-Test: Average Reaction Times for The Simple Task vs. The choice Task

	

	 
	 
	 
	Simple Task
	 
	Choice Task

	Mean
	
	
	0.17465
	
	0.25475

	Variance
	
	
	0.000678
	
	0.000896

	Observations
	
	20
	
	20

	Hypothesized Mean Difference
	0
	
	

	Df
	
	
	37
	
	

	t Stat
	
	
	9.02967
	
	

	P(T<=t) one-tail
	
	3.43E-11
	
	

	t Critical one-tail
	
	1.687094
	
	

	P(T<=t) two-tail
	
	6.87E-11
	
	

	t Critical two-tail
	 
	2.026192
	 
	 

	
	
	
	
	


 	
*Significant difference in average score between Simple Task and Choice Task, t(37) = 9.02967, p < 0.05.

Table #3: t-Test 1: Average Latency Times for The Reflex Knee Extension vs. The Voluntary Knee Extension

	

	
	
	
	
	
	

	 
	 
	 
	Reflex Knee
	 
	Voluntary knee

	Mean
	
	
	0.19545
	
	0.20595

	Variance
	
	
	0.006981
	
	0.001937

	Observations
	
	20
	
	20

	Hypothesized Mean Difference
	0
	
	

	df
	
	
	29
	
	

	t Stat
	
	
	0.49724
	
	

	P(T<=t) one-tail
	
	0.311384
	
	

	t Critical one-tail
	
	1.699127
	
	

	P(T<=t) two-tail
	
	0.622767
	
	

	t Critical two-tail
	 
	2.04523
	 
	 

	t Critical two-tail
	 
	2.093024
	 
	 



*Significant difference in average score between Reflex Knee Extension and Voluntary Knee Extension, t(29) = 0.49724, p < 0.05.

Table #4: t-Test 2: Average Latency Times for The Voluntary Knee Extension vs. The Voluntary Elbow Flexion


	

	 
	 
	 
	Voluntary Knee
	 
	Voluntary Elbow

	Mean
	
	
	0.20595
	
	0.2033

	Variance
	
	
	0.001937
	
	0.002114

	Observations
	
	20
	
	20

	Hypothesized Mean Difference
	0
	
	

	df
	
	
	38
	
	

	t Stat
	
	
	0.186195
	
	

	P(T<=t) one-tail
	
	0.426641
	
	

	t Critical one-tail
	
	1.685954
	
	

	P(T<=t) two-tail
	
	0.853282
	
	

	t Critical two-tail
	 
	2.024394
	 
	 



No significant difference in average score between Voluntary Knee Extension and Voluntary Elbow Flexion, t(38) = 0.186195, p > 0.05.

[image: ]

Figure 1. Average reaction times for ruler drop test for 3 subjects each completing 10 trials. Subject 1 was a male and had the slowest average reaction time.  Subject 2 and 3 were females with subject 2 with the faster average reaction time. As observed, females have faster reaction time than males.

Discussion

	Comparing the reflex reactions to the voluntary movements, I hypothesize that reflex reactions occur more quick. The recorded results fully demonstrate and prove this hypothesis.
This hypothesis is proven in the observations in table 3 where the mean reaction time for the voluntary knee extension is higher (0.20595) the reaction time of the reflex knee extension (0.19545). 

	The average score between voluntary knee extension and reflex knee extension yielded a significant difference, (29) = 0.49724, p < 0.05. Again, according to table 1, this shows that reflex knee extension was the quickest reaction time out of the others. Essentially, this again proves that reflex time is quicker than voluntary.

	The anatomical/physiological approaches to the reason behind this is that the distance travelled from the stretch receptor to the motor neuron and back to the muscle is relatively short and no complex decision-making is required for the reflex movement. The reflex movement does not require the involvement of the cerebral cortex. Whereas the voluntary movement, the cerebral cortex is involved, hence, the distance from the stretch receptor to the motor neuron and back to the muscle is longer. Also, it may require additional information from the frontal and parietal loves for decision making. 


	 Comparing the average score between Simple Task and Choice Task, t(37) = 9.02967, p < 0.05. there appears to be a noticeable difference in which the data in Table 2 suggests that simple reaction times are faster than choice reaction times. Simple reaction time is portrayed as a quicker reaction time due to the fact that there is only 1 blinking light, hence, less involvement in the brain to make decisions. When there were 2 possible areas of where the light would have blinked, there was a delay in reaction because there would have been more thinking to do.

	When comparing the results yielded from Table 4, it is observed that the voluntary movement performed with upper extremities occurs faster than that of the lower extremities. Even though the voluntary elbow flexion recorded as slightly faster, the average reaction time was still relatively similar. 	No significant difference in average score between Voluntary Knee Extension and Voluntary Elbow Flexion, t(38) = 0.186195, p > 0.05 was observed and some anatomical and physiological reason for the following results includes the distance from the receptor to the cerebral cortex. The distance is longer from the lower extremities comparison to upper extremities. Hence, in the lower extremities, the decision the decision making and movement reaction time will take longer in lower extremities than upper.

	In Figure 1, it shows that reaction time for the ruler drop test varied across individuals. Subject 1(male) had a slowest reaction time than Subject 2 and Subject 3(females). Therefore, as observed, females have a faster reaction time.

	Some sources of errors that occurred during the lab that alters the reaction times include the prediction of the experiment. The subject could have reacted before the light was to turn on or in the case of the knee and elbow reflexes; they knew that they would have to react. Also, if the subject sat close to the edge of the therapy table or sat far away from the edge, this positioning may have altered the reaction time.

Conclusion

	Since reflex movements occur without the involvement of the cerebral cortex, it is concluded that it moves faster than voluntary movements. Also, if there is a task that has little decision making, this task will initiate a faster reaction time compared to choice task which involves more thought. Voluntary movements are dependent on the extremities. The upper extremities occur faster than movements with the lower extremities because the closer distance to the cerebral cortex. Lastly, gender plays a factor in the reaction times.

Appendix

Calculations

Formula for the reaction time for the ruler catch trial:

rt =   2d/a

Where: rt = reaction time in seconds
	  d = distance in meters
	  a = 9.81m/s

Therefore:
	rt = 2(0.16)/9.81
   	    = 0.18 
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