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Presentation Overview 

I. What is “cognition”: is it non-motor? 

II. Testing cerebellar cognitive function using fMRI:  

A. Language 

B. Working memory 

C. Additional task types: executive function, emotion, 
classical conditioning  

III. Summary of cognitive activations: 

I. Activation overlap in the lateral cerebellum 

II. Evolutionary interpretation (by Henrietta Leiner) 

 



Cognition:   the mental act or process by which 
knowledge is acquired 

What is Cognition? 



Cognition:   the mental act or process by which 
knowledge is acquired 

 

Implication = no motor activity is involved 

What is Cognition? 



Cognition:   the mental act or process by which 
knowledge is acquired 

 

Implication = no motor activity is involved 

 

Question:  Is it possible to perform a mental act 
without involving motor activity (even if imagined)? 

What is Cognition? 



Cognitive Testing in the Scanner 

 Stimuli are reflected onto a 
mirror above the head. 

 

 A button box can be used to 
record responses. 

 

 

 Stimuli are usually presented in blocks so that brain 
activity in one block can be compared to that of another 
block.  



A. Language 

B. Working Memory 

C. Overview of additional types of tasks: 

A. Executive function 

B. Emotion 

C. Classical conditioning 

Testing Cerebellar Cognition 
Using fMRI 



A. Language 

Usually, tasks that involve word production in the 
absence of overt speech 

 

Representative Tasks: 

Verb generation, word stem completion, verbal 
fluency 

Language 



 Verb Generation : 

One of the earliest cognitive tasks linked to the 
cerebellum  

 (PET study byPetersen et al., 1989)5 

Verb Generation Task 



Verb Generation Task 

CAKE -- ?  



Verb Generation Task 

CAKE – “eat”  



Verb Generation Task 

SCISSORS -- ? 



Verb Generation Task 

SCISSORS – “cut” 



Verb Generation Task: 
Control Condition 

BALL – “ball” 



Design & Interpretation 

 Depending  on control conditions, data may be 
influenced by: 

 Speech output (if overt responses given) 

 Motor imagery (of verbs) 

 Difficulty level (read & repeat vs. generate) 



 Word processing conditions: 

1. Verb reading: throw – “throw” 

2. Verb generation: ball – “throw” 



 Word processing conditions: 
1. Verb reading: bounce – “throw” 

2. Verb generation: ball – “throw” 

 

 Articulation conditions for each of the above: 
1. Overt (speak aloud) 

2. Covert (inner speech) 



Overt vs. inner speech: 

Verb generation vs. verb reading: 

Cerebellar Activation Differs by 
Articulation and Generation Demands 



Overt vs. inner speech: 

Verb generation vs. verb reading: 

Motor Output = medial 
Inner Speech, Generation = lateral 



 Word Stem Completion: 

 pre_________ -- “prepare” 

 dis_________ -- “disturb” 

Other fMRI Language Tasks That 
Test Cerebellar Function: 



 Word Stem Completion: 

 pre_________ -- “prepare” 

 dis_________ -- “disturb” 

 Word Fluency: 

 F:  “floor, food, fire….” 

 A: “apple, about, ant…” 

 Fruit: “apple, banana, grapes…” 

Other fMRI Language Tasks That 
Test Cerebellar Function: 



B. Working Memory 

 Ability to actively hold information in mind 

 Temporary storage of information 

 Brief manipulation of  information 

 

 For verbal working memory--verbalizable 
information (rather than spatial) 

 

 Representative Tasks: Sternberg, N-Back 

 

Verbal Working Memory 
 



Following a recipe 



Following directions while driving 





Event-Related Design Allows the Study 
of Specific Cognitive Processes 



EXAMPLE 



 # # C 

R # # 



 

 

c 



(match) 



 Used Sternberg paradigm: 

 Compared verbal storage vs. manipulation 

 Focuses analysis maintenance phase 
 



Storage Condition (control) 



Manipulation Condition 



EXAMPLE 



 # # F 

# # # 



 

 

h 



(match) 



L # # 
# T # 



 

 

m 



(non-match) 



Study Overview 

 16 healthy, young adults (10 females) 

 Right-handed 

 Mean age: 23.7 years 

 Mean edu: 16.4 

 64 trials each of Manipulation and Storage 

 Performance:  

 Accuracy: equated % accuracy between conditions 

 Response times: slower on Manipulation  trials 

 
Marvel & Desmond, Brain & Lang, in press 



fMRI Results 
Manipulation Minus Storage 



fMRI Results 
Manipulation Minus Storage 

From Frings et al. (verb generation) 



N-Back Task 

• N-back Task: compare current stimuli with 

preceding stimuli 

 

Smith & Jonides, Science, 1999 



N-Back Cerebellar Activity 
Pfefferbaum et al., 2001 (visual converted from Table coordinates) 



N-Back Cerebellar Activity = 
Lateral Cerebellum 

Frings et al. (verb 
generation) 

Marvel & Desmond (verbal 
working memory: Sternberg 
task) 

Pfefferbaum 
et al., 2001 
(n-back) 



1. Executive function:  e.g., risk taking 

2. Emotion: e.g., evoked by pictures 

3. Classical Conditioning: e.g., eyeblink conditioning 

 

Additional Tasks 



Executive Function 

Executive Function:  

 Umbrella term that encompasses many 
cognitive processes 

 Controls and manages other processes (e.g., 
attention, working memory) to enable 
organization, planning, complex problem 
solving 

 Tasks used to test are highly variable 



Risk Taking 

Vorhold et al., Neuropsycholgia, 2007: 
•  indicate risk level (0-3) or number of “E”s in the word  



Risk Taking 

Vorhold et al., Neuropsycholgia, 2007: 

Peak 
activation: 
 
X = 33 
Y = -87 
Z = -42 



Emotion:  International Affective Picture 
System (IAPS) often used 
 

Emotion 





Lateral Cerebellum Responds to 
Aversive Images 

Aversive pictures > neutral 
Correlated to negative ratings of aversive images 

(visual converted from Table coordinates) 



Classical Conditioning 

 Basic model of learning and memory systems 

 A stimulus becomes associated with a behavior 

 The new stimulus-behavior pairing = “conditioning” 



Eyeblink Conditioning 

 Unconditioned Stimulus (US) = air puff to the eye 

 Unconditioned Response (UR) = eye blink 

 Conditioned Stimulus (CS) = warning tone that 
precedes air puff 

 Conditioned Response (CR) = eyeblink in response 
to tone rather than to air puff 

 The timing of these events determines 
conditioning. 



Eyeblink Conditioning 

Cheng et al., SFN 2011  poster 







Cerebellar Activity During 
Eyeblink Classical Conditioning 



Summary 

A. Cerebellar cognitive tasks can be modified for 
use in the MRI environment 

B. Tasks vary from study to study, but all generally 
tap higher-order processes 

C. Activation overlap of “cognitive” areas across 
cognitive domains (separate from “motor” 
areas within the cerebellum) 



Cognitive Overlap: Lateral Cerebellum 

Language: Verb 
generation task 

Working Memory: 
Sternberg task 

Working Memory: 
N-Back 

Executive Function: 
Risk Taking 

Emotion: IAPS 
Classical Conditioning: 
Eyeblink Conditioning 



Henrietta Leiner and  
the Lateral Cerebellum 

1. A dramatic enlargement of the lateral cerebellum 
during the evolution of higher primates 

2. Suggested that the parallel circuitry of the 
cerebellum allows rapid information processing 
(like a computer) 

3. Hypothesis:  the evolutionarily newer circuitry of 
the cerebro-cerebellar system in humans enables 
the cerebellum to improve the speed and skill of 
cognitive performance in much the same way that 
the older circuitry enables the cerebellum to 
improve the speed and skill of motor performance 

Henrietta Leiner, Neuropsychology Review (2010) 
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The End 


