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Reminder about Undergraduate Assessment 1

• Due on 7th November

• If you haven’t already, read:
• The assignment brief 

(https://kennysmithed.github.io/oels2024/assessment/UGAssignmentBrief2024.pdf) 

• The FAQ 
(https://kennysmithed.github.io/oels2024/assessment/oels_assignment_faq.html)

• The generative AI policy 
(https://kennysmithed.github.io/oels2024/assessment/GenerativeAIPolicy.pdf)

• No questions after 10am on Monday 4th November!

https://kennysmithed.github.io/oels2024/assessment/UGAssignmentBrief2024.pdf
https://kennysmithed.github.io/oels2024/assessment/oels_assignment_faq.html
https://kennysmithed.github.io/oels2024/assessment/GenerativeAIPolicy.pdf


Ferdinand, Kirby & Smith (2019)

Ferdinand, V., Kirby, S., & Smith, K. (2019). 
The cognitive roots of regularization in 
language. Cognition, 184, 53-68.

Large frequency-learning experiment run on 
MTurk

• Do domain (linguistic vs non-linguistic) and 
demand (tracking 1 vs 6 frequency 
distributions) influence regularization 
behaviour?

Vanessa Ferdinand
(formerly Edinburgh, 

now Melbourne)

Simon Kirby
(Edinburgh)



Variation in language

Languages exhibit variation at all levels (paraphrase, synonymy, 
allomorphy, allophony), but variation is constrained

• Languages have lexicons and grammars

• Linguistic (phonological, lexical, syntactic, semantic) or sociolinguistic 
conditioning of alternation
• English past tense allomorphy: hunt/ɪd/ vs fish/t/

• Noun classes: la chaise, le sofa, la fille, le garçon 

• T-glottaling: glo/t/al vs glo/ʔ/al

Why is language like this?



Variation-learning experiments

glim cow fip
ooshra buzzo trunko

glim dog dak

glim dog bup
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Figure 1

Example test tr ials for binary (left) and ternary (right) tasks. Across Experiments

1, 1B and 2, adult human participants are presented with shapes and are asked to select

one using the arrow keys; in binary tasks, they only use the left and right keys, and in

ternary tasks, they use the left, up and right keys. In Experiment 1 and 1B (standard

reinforcement procedure), participants receive feedback after selection, which indicates

whether their selection is correct or not and the bonus reward accumulated. In Experiment

2 (guidance reinforcement procedure), participants also receive the same feedback on their

selection. However, after incorrect responses they are told which would have been the

correct response and are asked to select it to be rewarded. In Experiments 3 and 4 we

adapt the procedures applied in Exper iments 1 (and 1B) and 2 for baboons respectively.

Baboons are presented with the same shapes and are asked to select one by screen-touch.

In Experiment 3 participants receive a rice puff after a correct selection and a green screen

signal ling failure after an incorrect selection. In Exper iment 4 correct responses lead to

a rice-puff reward and incorrect responses are fol lowed immediately by a correction trial

(without the display of a green screen). In the correction trial, al l shapes disappeared from

the screen aside from the target shape, and the trial ends when baboons select the shape and

received a rice-puff reward.
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Figure1: Each panedisplays thepercentage of participants that responded with agiven output frequency of theminority marble

(m) during testing. Columns are the input ratio of m:M during training. Dashed lines mark the input frequency of m. In the

one-item task, participants probability matched, reproducing the input ratio with high fidelity. This task was between-subjects;

each participant was trained on one input ratio only. In the six-item task, participants were more likely to regularize than to

reproduce the input ratio. This task was within-subjects; each participant was trained on all six input ratios concurrently.
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Figure 2: Training and testing trials for the six-item task.

same bag. In each training trial, a picture of the bag was

displayed for 1000 milliseconds and then a marble (blue or

orange) appeared over the bag for 2000 milliseconds. There

were 10 training trials, with no break between trials. In each

testing trial, thebag wasdisplayed with thetwo marblecolors

below. Participants mouse clicked on a marble to make their

choice of one draw from the bag. Their choice was displayed

above the bag for 2000 milliseconds and then thenext testing

trial began. There were 10 testing trials with no breaks be-

tween trials. Locations (left or right) of the blue and orange

marbles were held constant across test trials for each partici-

pant, but counterbalanced across participants.

A fixed ratio of blue to orange marbles was shown in the

training phase. Each participant was randomly assigned to

one of 6 training conditions based on this ratio. The color of

the training ratio’s minority marble (m) and majority marble

(M) wascounterbalanced across participants. All possible ra-

tios of m:M were tested and will be referred to as the 0:10,

1:9, 2:8, 3:7, 4:6, and 5:5 conditions. 192 participants took

part in this task, with 32 in each condition.

Six-item task This task is based on the word frequency

learning task from Reali and Griffiths (2009). Participants

observed 10 marble drawseach from six different containers,

totaling 60 marble draws (see Figure 2). Each container was

associated with 2 unique marble colors (12 unique marble

colors were therefore used). Training and testing trials were

identical to the one-item task. Each container was uniquely

associated with one of the possible ratios specified by condi-

tion 0:10, 1:9, 2:8, 3:7, 4:6, and 5:5 above. Thus, thesix-item

task is a within-subject version of the one-item task, with the

addition that training and testing trials from all six conditions

are interleaved. Assignments of a ratio and marble colors (in

predefined color pairs) to each container was randomized per

participant. 64 participants took part in this task. Two ad-

ditional versions of this experiment were also run; onewhere

all 6 bagswere in condition 0:10 (each container wasmapped

to onecolor only) and onewhereall 6 containers were in con-

dition 5:5. Each of these versions was completed by 32 new

participants.

Exper iment results

Participants in the six-item task were more likely to regular-

ize their responses per container than participants in the one-

item task. Here, we refer to regularization as the production

of a more extreme ratio than that observed during training,
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same bag. In each training trial, a picture of the bag was

displayed for 1000 milliseconds and then a marble (blue or

orange) appeared over the bag for 2000 milliseconds. There

were 10 training trials, with no break between trials. In each

testing trial, thebag wasdisplayed with thetwo marblecolors

below. Participants mouse clicked on a marble to make their

choice of one draw from the bag. Their choice was displayed

above thebag for 2000 milliseconds and then thenext testing

trial began. There were 10 testing trials with no breaks be-

tween trials. Locations (left or right) of the blue and orange

marbles were held constant across test trials for each partici-

pant, but counterbalanced across participants.

A fixed ratio of blue to orange marbles was shown in the

training phase. Each participant was randomly assigned to

one of 6 training conditions based on this ratio. The color of

the training ratio’s minority marble (m) and majority marble

(M) wascounterbalanced across participants. All possible ra-

tios of m:M were tested and will be referred to as the 0:10,

1:9, 2:8, 3:7, 4:6, and 5:5 conditions. 192 participants took

part in this task, with 32 in each condition.

Six-item task This task is based on the word frequency

learning task from Reali and Griffiths (2009). Participants

observed 10 marble draws each from six different containers,

totaling 60 marble draws (see Figure 2). Each container was

associated with 2 unique marble colors (12 unique marble

colors were therefore used). Training and testing trials were

identical to the one-item task. Each container was uniquely

associated with one of the possible ratios specified by condi-

tion 0:10, 1:9, 2:8, 3:7, 4:6, and 5:5 above. Thus, thesix-item

task is a within-subject version of the one-item task, with the

addition that training and testing trials from all six conditions

are interleaved. Assignments of a ratio and marble colors (in

predefined color pairs) to each container was randomized per

participant. 64 participants took part in this task. Two ad-

ditional versions of this experiment were also run; one where

all 6 bagswere in condition 0:10 (each container wasmapped

to onecolor only) and onewhereall 6 containers were in con-

dition 5:5. Each of these versions was completed by 32 new

participants.

Exper iment results

Participants in the six-item task were more likely to regular-

ize their responses per container than participants in the one-

item task. Here, we refer to regularization as the production

of a more extreme ratio than that observed during training,



Sample size, study duration etc

• US-based MTurk workers

• N=512 after exclusions

• 4 minutes (1-item task) or 11.5 minutes (6-item task)

• $0.10 (1-item task) or $0.60 (6-item task) 











Regularization during encoding, or retrieval?



Individual 
differences



Minority 
regularizers



Simulating person-to-person 
transmission (iterated learning)
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Ferdinand et al.’s conclusions

Effects of domain and demand on regularization

• More regularization on linguistic than non-linguistic tasks (why?)

• More regularization when under greater cognitive load

Regularization effects mainly in recall (not encoding)

Simulation of iterated learning can reveal additional differences in 
regularization (cf. marbles6 vs words1)



Time for Q&A/discussion on this week’s reading 



Next up

Lab

• A frequency learning experiment

Next week:

• Perceptual learning, audio stimuli

• The end of the “basics”
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