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In this supplementary material we present some additional information on the
data, training procedure and results. In Section 1 we elaborate on the procedure
we follow to create a train-test split that allows for testing of new words and
compositions. In Section 2 we detail the different ways we have of controlling
the information flow. In Section 3 we show qualitative results of our model on
predicting new compositions, as well as extended tables of language model results
when ablating model design choices. In Section 4, we provide further detail on
our implementation procedure. We provide more visualizations for the models
trained on the Flickr30k dataset in Section 5.

1 EPIC-Kitchens Train-Test Split

The EPIC-Kitchens dataset does not provide action narrations for its test set,
which we need for evaluation. We therefore create our own train-test split from
the dataset following their conventions. We aim to generate an 80-20 train-test
split. We select a small subset of verbs and nouns to remove entirely from the
training set, as well as verb-noun compositions. We remove around 4% of nouns
and verbs and withhold them for testing, and around 10% of all compositions.
These are not uniformly distributed, and removing a verb or noun entirely from
the training set often results in withholding a disproportionate amount of data.
Therefore, with these parameters, we end up with around a 81-19 split. We will
release this dataset splits for others to build on our this work.

Below, we list the words and compositions that are withheld from the training
set, but present during test.

List of new nouns:

1. avocado
2. counter
3. hand
4. ladle
5. nesquik
6. nut
7. oven

8. peeler
9. salmon

10. sandwich
11. seed
12. onion
13. corn

List of new verbs:

1. fry
2. gather
3. grab
4. mash
5. skin
6. watch
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2 D. Suŕıs, D. Epstein et al.

List of new verb/noun compositions:
Since there are around 400 new compositions, we include only the 20 most
common here.

1. close oven
2. cut peach
3. dry hand
4. fry in pan
5. grab plate
6. open cupboard
7. open oven
8. pick up sponge
9. put onion

10. put in oven

11. put spoon
12. remove garlic
13. rinse hand
14. skin carrot
15. stir pasta
16. take plate
17. wash hand
18. wash knife
19. wipe counter
20. wipe hand

Since the Flickr30k dataset has a larger vocabulary than EPIC-Kitchens and
thus a larger train-test split, we only list here the new verbs and nouns, and not
the new compositions.

Flickr30k new nouns: 3d, a, A&M, ad, Adidas, Africa, AIDS, airborne,
Airways, Alaska, America, american, Americans, Amsterdam, Angeles, Asia, ax,
B, badminton, bale, barrier, Batman, batman, Bay, be, Beijing, Berlin, big, Birm-
ingham, Blue, Boston, bottle, Brazil, Bridge, Britain, British, british, Bush, c,
California, Calvin, Canada, canadian, Canyon, card, Carolina, case, catholic,
cause, cd, cello, Celtics, Chicago, China, chinatown, Chinese, chinese, christmas,
Circus, Claus, Clause, clipper, co, cocktail, colleague, Coney, content, convert-
ible, courtyard, Cruz, cup, cycle, dance, David, Deere, desk, Dior, Disney, dj,
Domino, dragster, drum, dryer, DS, dump, east, Easter, eastern, Eiffel, Elmo,
elmo, England, Europe, fellow, Florida, Ford, France, Francisco, Gate, gi, Giants,
glove, go, God, Golden, golden, graduate, Grand, Great, Haiti, halloween, hedge,
Heineken, helicopter, hi, hide, highchair, hispanic, Hollister, Hollywood, hoop,
Houston, iMac, India, Indian, Indians, information, ingredient, Iowa, Island, Is-
rael, Italy, Jackson, jam, Japan, Jesus, Jim, Joe, John, Klein, knoll, La, Lakers,
Las, latex, layup, legged, liberty, library, Lincoln, locomotive, London, loom,
Los, Lynyrd, ma, mariachi, Mets, Mexico, Miami, Michael, Michigan, Mickey,
mickey, Mike, Miller, mind, Morgan, Mr, Mrs, Music, muslim, Navy, New, new,
NFL, Nintendo, no, nun, NY, NYC, o, Obama, officer, Oklahoma, old, op, orien-
tal, ox, Oxford, p, Pabst, Pacific, Paris, Patrick, Paul, pavement, pc, Penn, pew,
piercing, pig, plane, pot, punk, rafting, rain, razor, Red, Renaissance, repairman,
research, robe, Rodgers, runway, RV, S, Salvation, San, saris, scrimmage, scrubs,
Seattle, second, shooting, shrine, Skynyrd, something, South, Sox, Spain, Span-
ish, Square, SquarePants, St, St, start, States, Statue, Story, style, superman,
surfs, T, t, tech, Texas, texas, the, Thomas, Times, today, tooth, Toronto, Toy,
trinket, tv, type, U, UFC, UK, ultimate, Unicef, United, up, US, USA, v, Vegas,
Verizon, Volvo, vw, W, Wall, Wars, Washington, Wells, West, White, Wii, wind,
windsurfer, Winnie, winter, Wonder, wonder, x, Yankees, yard, yo, yong, York,
york.

Flickr30k new verbs: address, am, amused, applaud, armed, baked, bar,
be, bearded, blend, boat, bound, broken, build, button, cling, complect, confused,
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cooked, costumed, covered, crashing, crowded, crumble, darkened, decorated,
deflated, do, dyed, fallen, fenced, file, flying, go, goggle, graze, haircut, handi-
capped, inflated, injured, juggle, listening, lit, living, looking, magnify, measure,
mixed, motorize, mounted, muzzle, muzzled, numbered, oncoming, opposing,
organized, patterned, pierced, populated, proclaim, puzzle, restrain, rim, sad-
dle, scratch, seated, secure, sell, shaved, skinned, slump, solder, spotted, sprawl,
streaked, strike, stuffed, suited, sweeping, tanned, tattooed, tile, tiled, train,
uniformed, up, wheeled, woode, wooded.

2 Information Flow

To use the episode, information needs to flow from reference examples to the
target example. Since the transformer computes attention between elements, we
can control how information flows in the model by constraining the attention.
We implement this as a mask on the attention: Hz+1 = (S �M)V where Mij

is a binary mask to indicate whether information can flow from element j to i.
Several masks M are possible. Figure ?? visualizes them.

(a) Isolated attention: By setting Mij = 1 iff i and j belong to the same
example in the episode, examples can only attend within themselves. This is
equivalent to running each example separately through the model, and optimiz-
ing the model with a metric learning loss.

(b) Full attention: By unconditionally setting Mij = 1, attention is fully
connected and every element can attend to all other elements.

(c) Target-to-reference attention: We can constrain the attention to only
allow the target elements to attend to the reference elements, and prevent the
reference elements from communicating across each other. To do this, Mij = 1
iff i and j are from the same example or i is a target element.

(d) Attention via vision: We can also constrain the attention to only
transfer information through vision. Here, Mij = 1 if i and j are from the same
example, and also Mij = 1 if i and j are both images and i is a target element.
Otherwise, Mij = 0. Information is first propagated from reference text nodes
to visual nodes, then propagated from the visual nodes to the target text node.

Some attention mechanisms are more computationally efficient because they
do not require computing representations for all pairwise relationships. For full
attention, computation scales quadratically with the number of examples. How-
ever, for the other attention mechanisms, computation scales linearly with the
number of examples, allowing us to efficiently operate on large episodes.

3 Language Model Results

We show EXPERT’s outputs when given a sentence containing a new composi-
tion of verb and noun. The verb and noun are masked, and we ask EXPERT to
make language model predictions at these locations (as in the standard BERT
cloze task setting). Results are shown in Figure 3.
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Fig. 1: Predictions of new compositions: We show some examples of our model’s
ability to generalize to new compositions, given only the images shown (and their
bounding boxes), as well as the unmasked words in the sentence. We show the top
five predictions for each word. As in the paper, we indicate masked words with the
dark box , and their predictions below it.

In addition, we provide detailed language modeling performance figures in
Tables 1 and 2, breaking accuracy down by model variant.

4 Implementation Details

For all our experiments we use four transformers (Z = 4) and four heads. All the
models are trained with the Adam optimizer, with a learning rate of 3 × 10−5

and ε = 0.0001. In our experiments, optimization typically takes one week on a
single GPU.

In training, we mask out text tokens 1
3 of the time and image tokens 1

6 of
the time. Following [2], a masked text token gets assigned a special [MASK]

token 80% of the time, a random word token 10%, and remains unchanged 10%.
Similarly, we zero out image tokens 90% of the time and leave them unaltered
10%.

We construct episodes by first randomly sampling a target example from the
training set. We then randomly select between 0 and k+ = 2 text tokens as
targets, which will be masked with probability 1. For each one of these tokens,
we randomly add to the episode another example in the training set whose
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Method Verbs Nouns All PoS

Chance 0.1 0.1 0.1
BERT (scratch) [2] 68.2 48.9 57.9
BERT (pretrained) [2] 71.4 51.5 59.8
BERT with Vision [1] 77.3 63.2 65.6

E
X

P
E

R
T

Isolated attn 81.2 74.2 66.8
Target-to-ref attn 80.9 69.6 69.8
Via-vision attn 81.9 73.0 74.9
+ Input pointing 80.1 73.2 67.0
Full attn 79.4 68.7 67.3

Table 1: Acquiring Familiar Words on EPIC-Kitchens: We report top-5 accuracy
at predicting words seen in training for new visual instances.

text contains the token. We then randomly add between 0 and k = 2 negative
examples (distractors) to the episode, which do not contain any of the target
tokens in their text.

We randomly shuffle examples in an episode before feeding them to the
model. Then, we combine them with indicator tokens to demarcate examples:
[IMG] v11 , . . . , v

1
I1

[SEP] . . . [SEP] vk1 , . . . , v
k
Ik

[TXT] w1
1, . . . , w

1
J1

[SEP] . . . [SEP]

wk
1 , . . . , w

k
Jk

[SEP]. We denote example index with the superscript and k =
rand(0, k ) + rand(0, k+) + 1 is the number of examples in the episode. Ii and Ji
are the number of image and text tokens in the ith example of the episode.

We use the PyTorch framework [3] to implement our model. We base much of
our code on a modified version of the Hugging Face PyTorch transformer repos-
itory. 1 In particular, we implement our own model class that extends BertPre-
TrainedModel. We write our own input encoding class that extends BertEmbed-
dings and adds visual embedding functionality as well as all the φ functions that
are added to the word and image region embeddings. We use hidden size=384,

intermediate size=1536, num attention heads=4, num hidden layers=4, max -

position embeddings=512, type vocab size=64, vocab size=32000 (and all
other parameters default) to configure all models except the pretrained BERT
one, which uses the original weights from BERT-small.

When we give an example to the model (whether individually or as part of
an episode), we include all bounding boxes provided in the EPIC-Kitchens and
Flickr30k datasets as well as the whole scene image, though our method can
generalize to all formats of image input (e.g. multiple whole image frames, to
provide temporal information and help action disambiguation). In practice, we
filter out all bounding boxes of width or height < 10px since they do not provide
useful information to the model, and resize both the entire image and bounding
boxes to 112 × 112.

1 https://huggingface.co/transformers/
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Method Seen New Difference

Chance ~0 ~0 -
BERT (scratch) [2] 34.3 17.7 16.6
BERT (pretrained) [2] 39.8 20.7 19.1
BERT with Vision [1] 56.1 37.6 18.5

E
X

P
E

R
T

Isolated attn 65.0 51.6 13.4
Target-to-ref attn 61.7 45.7 16.0
Via-vision attn 63.5 53.0 10.5
+ Input pointing 62.7 48.3 15.4
Full attn 59.2 44.4 14.8

Table 2: Compositionality on EPIC-Kitchens: We show top-5 accuracy at pre-
dicting masked compositions of seen nouns and verbs – both the verb and the noun
must be correctly predicted.

Test BERT with Vision EXPERT

Acquiring Familiar Words

Seen verbs 68.5 71.7
Seen nouns 44.6 59.3
Seen compositions 35.7 40.9
New compositions 30.0 34.4

Acquiring New Words

Nouns 1:1 56.2 78.6
Verbs 1:1 60.5 72.1
Nouns 2:1 50.7 71.5
Verbs 2:1 44.1 64.5

Table 3: Results on EPIC-Kitchens without Bounding Boxes: We show accu-
racy on all evaluation metrics used in the paper, but withhold ground truth object
bounding boxes at test time. EXPERT continues to outperform the competitive vision
and language baseline.

4.1 Does EXPERT require bounding boxes?

We test EXPERT on EPIC-Kitchens without any additional image regions (i.e.,
only with the full image) to quantify the importance of providing grouped im-
age regions. This model experiences a slight performance decrease in language
acquisition, performing 4% worse with a 1:1 distractor ratio, and 2% worse with
a 2:1 ratio. However, the baseline BERT with Vision model has larger decreases
on all metrics when tested without additional image regions, so our model still
outperforms it. When testing on masked language modeling (as in Sections 4.4
and 4.5 in the main paper), EXPERT performs 10% worse on verbs, 14% worse
on nouns, 24% on seen compositions, and 29% on new compositions. However,
the baseline model again has larger decreases in performance. These experiments
show that while EXPERT improves when provided more visual information, it
can acquire new language even when provided just with one image and perform
stronger than baselines.
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On Flickr30k, when testing with only the full image as model input in ad-
dition to text, performance decreases by at most 7%. Therefore, EXPERT does
not require using image regions at test time. Performance decreases by a similar
amount on vision and language baselines, such that EXPERT still outperforms
them.

5 Flickr Visualizations

60 40 20 0 20 40 60
80

60

40

20

0

20

40

bearded

smile

be

take

do

jump

wear

fly

prepare

spread

ride

eat

spray

race

dress

shovel

try

look

sit

seem

show

walk

carry

play

hold

entertain

include

polish

shave

stand

lie

strap

pose

pass

feed

drink

lean

put

have

point

watch run

start

raise

water

say

speak

compete

go

fish

catch

kick

close

complete

post

blur

follow

approach

read

sleep

paint

roll

pay

numbered

launch

turn

stripe

overlook

talk

engage

work

climbing

climb

mill

surround

hit

drive

singing

dressed

enjoy

striped

get

spot

listen

line

hang

wrap

wash

fill

demonstrate

check

tackle

oppose

rain

chat

pedal

stare

appear

perform

blow

chase

lay

attempt

throw

block

shoot

crouch

sweep

colored

strike

converse

cook

set

conductobserve

clean

bent

make
lift

surf

crashing

skating

scale

move

fight

bend

help

crash

pull

slump

use

suck

gather

leap

place

standing

stop

grasp

swimming

float

inspect

gestureexercise

travel

serve

admire

park

stretch

see

flip

direct

give

step

swing

protect

march

wave

face

burn

seat

attend

nap

focus

running

watching

come

practice

shine

teach

treat

peer

cross

occur

examine

sell

shape

number

fence

sing

stroll

aim

shake

hike

grill

measure

performing

record

wrestlestruggle

dye

glide

fix

splash

involve

vie

rest

shield

knit

breaking

study
gaze

dancing

respond

laugh

slice

film

arrest

like

swim

view

party

cover

display

posing

zip

picture

riding

suspend

perch

reach

drag

skate

wheeled

walking

peak

lead

rush

costume

bicycle

present

tie

patterned

descend

string

accompany

wait

board

await

locate

tune

fall

box

ask

bounce

bow

hug

receive
beat

score

pattern

prop

rake

touch

squeeze

share

building

bring

bound

cool

balance

squat

diving

staring

relax

bury

cut

write

crawl

hugging

punch

pet

sleeping
talking

participate

separate

dry

draw

keep fold

joke

stir fry

signal

grab

stick

pour

jumping

land

happen

remove

stuff

wake

arrive

adjust

open

kiss

clear

exit

purchase
review

tend

bored

wade

sail

selling

biking
playing

embrace

grind

greet

snap

exchange

dig

tell

arrange

construct

tag

interact

plant

pick

form

smiling

slide

flash

operate

theme

trim

brush

navigate

push

hear

attach

change

offer

round

crowd

mixed

enter

repair control

tuck

defend
paddle

rolling

glance

matching

tug

drop

let

protest

break

confused

finish

shop

pop

spend

scratch

decorate

sip

extend

mix

closed

smoke

raft

grimace

label

head

promote

wipe

clap

swinging

choose

painting

begin

lose

fetch

lit

test

assemble

feel

abandon

age

visit

cradle

herd

address

leash

find

sling

lounge

leave

ski

contain

weave

apply

eating

lick

snow

peek

carrying

gain

fire

advertising

grin

toss

five

stain

meet

drift

learn

sand

photograph

tape

reading

coloreye

marry

racing

join

create

hide

match

press

name

cheer

ring

bike

decorated

steer

text

tread

bowl

emerge

search

consist

prevent

dive

describe

feature indicate

rise

stay

release

retrieve

pretend

return

notice

attack

attire

kneeling

maneuver

win

knock

capture

pitch

interview

hand

shopping

answer

design

flow

border

allow

opening

light

camp

mount

pin

tilt

think

call

sniff

fishing

bite

barbecue

discuss

drinking

concentrate

sitting

smooth

frame

connect

saw

dock

assist

remain

traverse

deliver

group

chew

explain

vary

scoop

represent

warm

laughing

canoe

celebrate

rope

type

clutch

shower

buy
spin

bang

avoid

silhouette

stack

ready

row

pray battle

sketch

chop

broken

load

holding

trail

collect

flying

back

occupy

braid

communicate

tumble

dodge

act

fan

bowling

project

strain

reflect

sign

cast

split

select

execute

support

cry

hail

speed

know

parachute

ware

gray

pause

shaped

overlooking

obscure

hook

manipulate

litter

clasp

harness

pack

cooking

mark

arch

express

taste organize

cycle

need

injured

spinning

site

charge

shade

depict

kissing

explore

skiing

married

fallen

love

grow

drill

scream

harvest

bald

flap

cleaning

skip

wheel

survey

print

save

ignore

sponsor

smoking

crack

guide

iron

discover

smell

stuffed

decide

lock

salute

poke

handle

wind

motion

want

tow

bundle

hammer

patrol

upset

secure

hoop

tattooed

add

wooded

haul

steady

vault

dump

tan

wander

pump

parade

living

empty

challenge

pointing

tip

damage

plug

floodrub

washing

asleep

tattoo

weigh

become

twist

roast

brace

lower

worn

send

s

order

accept

sort

investigate

glow

resemble

grip

chewing

flower
working

beg

steal

looking

baked

spike

hop

being

trek

tear

hope

down

zoom

sport

continue

pursue

curl

star

miss

supervise

hurry

nurse

reveal

care

vacuum

garden

jam

dip

flame

smash

bear

rid

bat

buck

shout

rock

yell

maintain

shaved

consultponder

confront

buying

spill

style

react
whisper

guard

bark

fit

top

state

rip

writing

chain

position

near

spell

comfort

live

peel

comb

craft

circle

waiting

uniformed

scramble

stride

monitor

bind

fighting

file

fiddle

pound

don

sailing

cheering

sprint

bare

expose

aged

packed

transport

replace

surprised

sample

fling

stream

pile

rear

frowning

drum

m

tanned

provide

crying

loading

bag

man

jogging

scrub

escape

frown

flex

man

jacket

picture

background

motorcycle

racer

curve

dirt

track

woman

room

exercise

person

shirt

lawn

crowd

people

gymnast

air

food

event

table

vegetable

group

city

road

skyscraper

little

boy

rest

ice

cream

cone

bottom

number

motor

biker

path

stair

rider

bike

fountain

jewelry

individual

laptopcomputer

book

hill

pole

sport

jean

excitement

dog

toy

mouth

lady

hat

rooster

saxophone

player

sweatshirt

accordion

street

pirate

brass

court

house

front

window

curtain

girl

jumping

tiger

figure

face

mirror

dress

file

leather

something

hand

water

bridge

tennis

shoe

bench

backpack

back

rock

car

field

grass

bite

type

family

wine

baby

motherfather

baseball

cap

weight

foot

block concrete

corner

suit

camera

storage

unit greyhound

fist

short

tree

garden

hose

instrument

left

bicycle

racing

ponytail

phone

tank

top

helmet

banner

harness

orange

coat

snow

monk

column

feather

stage

sort

hike
wood

yarn

work

bunch

soccer

ball

outfit

tie

split

floor

hair

surfer

wave

ocean

eye

park

routine

gym

mat

chair

restaurant

fan

light

ceiling

violin music

stand

violinist

collar

hind

leg

ear

statue

couple

buildingwall

fence

meeting

attention

someone

lot

gear

mountain

scene

descent

style

bamboo

chess

night

sky

ramp

bag

middle

sidewalk

shot

glass

alcohol

bottle

time
martial

art

fight

gentleman

cat

lab

microscope

container

uniform

taxi

friend

leaf

ground

skirt

sock

sweat

area

team

boat

cricket

focus
blue

child

porch

trick

skate

adult

pool

lounge

brunette

bra

side

plaza

wrap

ballet

dancing

polo

curb

race

cyclist

smile

package

bus

shop

police

patrol

performer

stick

branch

waist

amusement

ride

tube

nose

female

soap

sud

blood

pressure

football

plaid

joy

display

arm

belt

body

neon

guard

rail

pride

parade

flag

support

screen

video

game

center

cliff

band

member

vocalist

vest

guitarist

scarf

soldier

platform

fur

surf

shore

pile

wire

bedroom

pose

board

slide

line

javelin

set

arena

kid

umbrella

order

parking

transit

station

view

basket

beard

debris

trash

zone

brick

keyboard

teenager

substance

cup

tray

sweater

liquid

bucket

audience

bookstore

library

rope

swing

swim trunk

sand

post

bow

fruitjuice yoga

glove

tong

cooking

meat

cowboy

boot

cabin

distance

sun

orchestra dancer

day

landscape

metal

knee

walk

jump

mound earth

horse

formation

photo

marathon

flute

meal

store

gate

circuit

roller

derby

turn

clothing

down

costume

end

machine

wheel

cafe

supply

backyard

pillar

truck

courtyard

net

fishing

patio

infant

sheet

winter

spark

guy

bowling

alley

sailor

break

diamond

lime

circle

karate

men

log

variety

tool

step

backseat

cop

mp3

bikini

denim

performance

teammate

carrier

photographer

paper

harbor

sign

tee

country

beachedge

shopping

knit

viewer

setting

piece

grill

spoon

plastic

arcade

bubble

bath

highway

stunt

outside

leader opponent

cigarette

flower

doorway

film

crewathlete

act

pastureroadway

railing

youth

color

flight

entrance

stadium intersection

t

-

walkway

worker

mess

purse

semi

microphone

guitar

balcony

stroll

playhouse

community

knitting

class

male
student

university

forest

structure

ski

ring

barn
desk

tower

match

cement

limb

ally

way

rise

moment

reflection content

facility

maker

trail

fun

climbing

trafficpitch

part

presentation

booth

white

grandmother

neck

yard

watch

monument

tourist

other

hospital

balance

speed
shoot

ninja

tournament

bathing

sling

pub

billboard

pier

course

vendor

ingredient

bowl

beam

coach

custom

conversation

beer

competition

musician

actor

necklace

teen

party

age

swimming

painting

tub

nap

seating

cello

chicken

hug

playground

grin

lead

climb

show

cloth

slope

fire

engine

spray

cause

sheep

manual

lane

home

aid

technique

skater

square

accident

equipment

sunset

song

carnival

construction

site

object

warehouse

hillside

sleeve

suitcase

marina

overall

hardwood

downtown

one

photograph

gymnasium

weather

drink dinner

ticket

hut

bass

neighborhood

rainbow

ledge

hockey

rink

camouflage

medium

rugby

steam

fisherman

land

scientist

place

can

town

ship

handle

carousel
stream

brown

sample

head

clock

studio

pilot

plane

iron

bar

blanket

punk

look

bug

advertising

wrestler

rack

deck

newspaper

girlfriend

mud

bat

speaker

pond

talk

farm

security

bartender

stop

railroad

telephone

diving

robe

pipe

woodland

mall

pot

graffiti

ethnicity

staircase

piano

exhibit

knight

basketball

hoop

businessman

hay

pony

port

surface

tow

grocery

puppy

direction

cane

spectator

dinosaur

puppet

red

peach

broom

leave

right

tattoo

boxing

transportation

vehicle

saddle

sound

fair

lip

couch

question

classroom

clay

sculpture

life

runner

luggage

airport

control

heel

jersey

stone

slab

prayer

hole

stool

oven

van

chest

subway

nighttime

hour

concert

pit

help

science

project

image

kitchen

batter

pan

goal

web

blouse

point

mask

horn

shoulder

lap

box
government

tour

guide

passenger

safety

son

company

collection

badge

cargo

stove

base

kind

festival

tent

wilderness

butterfly

fairy

purple

dive

mohawk

breadbutter
cheese

victory

tram

advertisement

adolescent

lake

drum

call

string

televisiontv

skin

start

tan

hiking

vessel

stripe

cart

potato

basin

choir

queen

bush

airline

saw

dark

mixer

frame

asleep

spike

boxer

metro

craft

mixing

piercing

case

grain

softballmix

plate

fog

tractor

pottery

nature

scenery

bathroom
village

map

wing

cheek
chin

evening

character

airplane

towel

slam

sea

profile

creek

discussion

club

balloon

animal

artwork

converse

ruin

up

belonging

stack

crate apartment

gardening

commuter

carrot
tire nail

while

play

breakfast

ladder

period

wig

hotel

lobby

pay

cover
east

hammer

text
business

treat

waterfall

demonstration

hip

wind

catch

activity

school

congregation

snack

liquor

punch

sunlight

ensemble

straw

cycle

santa

market

inline

paint

pumpkin

patch

meadow

write

ceremony

knife

ping

entertainer

priest

hallway

fixture

gig

hall

button

name
tag

beverage

row

level

attire

cake

army

fatigue

roof

pigeon

vacuum

produce

amount

star

theater

graduation

counter

attraction

service

polka

float

peace

bull

flip

flop

meter

green

garage

tile

cow

tongue

pop

rag

heart

rapid

river

print

percussion

archway

public

seat

civilian

automobile

door

thing

camp

daughter

rear

catcher

telescope

interior

barber

shave

apron

finger

mic

mark

soda

trim

rabbit

wheelchair

renaissance

item

sale

writing

idea

duckbird

cleaner

backdrop

vegetation

skier

razor

bed

pickup

kiss

cloud

space

golf

raft

briefcase

sash

barrier

mist

master

canopy

cattle

rodeo

forehead

material

shepherd

clearing

pattern

drawer

ribbon

breed

salmon

reporter

note

doctor

patient

pavement

dish

dot

design

diner

onion

cabinet

pastry

chef

citizen

mural

good

farmer

flock

racetrack

bend

bunny

stall

owner

customer

speech

device

terrain

marking

bay

crab

folk

observer

marketplace

black

asian

valley

product

waterfront

war

belly

jet

staff

procedure

monitor

plant

ankle

gesture

dock

herb

pillow

gathering

monopoly

artist

mom

maneuver

barefoot

birthday

blond

fish

church

parachute

old

news

ox

memorial

desert

pitcher

umpire

shade

surgeon

operating

crossing

footballer

kick

world

exhibition

run

bounce

leopard

pad

jumper

pair

poverty

concession

pink

stairway

lamp

holiday

reception

companion

foam

dad

goat

pen

system

nun

living

mattress

daytime

garment

lipstick

tackle

singer

drummer

wedding

biking

fabric

volleyball

tunnel

picnic

magazine

suite

conference

policeman

apple

monkey

office

museum

blow

sofa

messenger

contact
scrub

operation

shooting

range

crop

cheer

steering

workshop

jungle

rubber

mouse

yo

crocodile

alligator

pedestrian

leap

wool

record

auditorium

be

rifle

folder

bride

groom

podium

shoreline

burger

power

boardwalk

series

word

eating

donkey

palm

clown

coral

cage

entertainment

spot

mass

ballroom

pet

zoo

information

fork

lift

rug

paperwork

finish

obstacle

smoke

awe powder

v

visitor

fall

tight

destination

senior

motion
pig

coast

arch

roll

shit

spaghetti

high

five

position

gold

weapon

bell

hurdle

makeup

zip

region

serve

shelf

signal

cooler

establishment

skyline

shrub

handful

behind

marriage

driver

repair

eat

cruise

carriage

hood

rain

sack

scuba

diver

sandwich

protest

terminal

embankment

shape

present

jogging
indian

cotton

candy

grape

banana

afternoon

coaster

joke

elephant

stride

flame

seed

cash

exit

tail

turquoise

rod

cross

chalk

solo

location

college

rescue

trolley

golfer

backstroke

hundred

maroon

muscle

torch

clean

tide

surgery

snowfall

recording

model

temple

dolphin

soil

blur

laundry

shovel

teacher

lesson
machinery

poster

paddle

autumn

yellow

money

league

summer

trio

bin

logo

christmas

vacation

paw

celebration

cable

landmark

today

boogie

stretch

decoration

troupe

fashion

arrow

professional

move

length

warrior

armor

storm

silhouette

geese
midst

jar

hit

disc

rush

jockey

camel

rooftop

purchase

cheerleadingwalking

gown

gun

trainer

exterior

cinder
castle

check

action

fencing

chocolate

coconut

gallery

outdoors

training

parent

lunch

navy

protection

expression

wear

garbage

slack

spear

cycling

pain

fellow

occasion

insect

beak

wrist

fireplace

ref

tug

camping

radio

job

accessory

bouquet

drag

sausage
antique

referee

cutting

horseback

pine

shotgun

running

push

shelter

corn

playing

participant

ollie

gift

cook

jeep

fighter

peer

maintenance

eastern

fly

american

crane

contest

trailer

sword

article

movie

message

thumb

mustache

pencil

dough

coffee

plain

roadside

sight african

cherry

popcorn

drill

hang

cola

wrestling

dusk

attempt

rocket

swimmer

sporting

blossom
canoe

rim

duty

fighting

nightclub

mate

strike

seal

seafood

hold ad

wallet

subject

judge

preparation

pin

suspension

elevator

mug

underwear

bulldog

leash

hound

pedestal

cue

milk

champagne

drawing

architecture

batman

anticipation

stump

half

axe

dummy

stomach

calf

barbecue
factory

stuff
read

expanse

tribe

year

coldspin

stairwell

inside

campus

dining

badminton

floral

bit

internet

aisle

toilet

skiing

kettle

workout

baton

relay

plank

thought

possession

self

breath

utility

puddle

process

trip

complex

arrangement

session

streak

mane

portrait

ferry

strip

wand

gas

rose

award

drop

olympic

wagon

slot

quarter

shadow

traveler

asphalt

trombone

furniture

oil

mascara

peanut

trade

somebody

weave

mini

pedal

gravel

test

anchor

trumpet

polish

brother

sail

hedge

preschool

chemical

story

rally

lantern

crest

cast

dollar

bill

disk

redhead

covering

cardboard

peak

stance

apparel

toe

candle

steer

holder

statute

countryside

weed

walker

task

carpet

pump

volunteer

cab

jug

slice

tip

progress

jack

dig

dorm

lighting

braid

form

herd

sleep

dozen

feature

drinking

trench

accent

cancer

tea

unison

mail

assemblyinstruction

cloak

pack

dread

carving

letter

muslim

cathedral

ritual

patron

lens

card

selection

thread

parlor

shrine

breast

reed
laugh

change

hate

height

nurse

vista

scout

troop

menu

steel

mushroom

venue

register

strap

cut

mesh

beauty

canal

olive

shower

surfing

protector

domino

electronic

section

baggage

enclosure

waterway

hero

bust

guest

marble

portion

cemetery

nation

horizon

array

assistance

conductor

chain
link

bundle

organ

department

sink

official

keeper

merchandise

environment

album

outdoor

pass

singing

drain

equestrian

lover

dessert

brush

practice

dye

sister

dune

landing

ridge

painter

napkin

elbow

notebook

wheat

layer

riding

marker

husbandwife

convention

stock
shack

tooth

muzzle

puck

mustard

jazz

nothing

amazement

surrounding

brand

trophy

chinese

cave

loading

baseman

cookie

function

pull

textile

grandfather

skating

turkey

panel

splash

detail

canvas

ax

toast

shed

symbol

boulder

barrel

kit

tomato

rig

pamphlet

bee

march

bakery

dustlaboratory

shield

wheeler

peacock

route

cape

graduate

blacksmith

clarinet

crack

oxygen

atv

lecture

instructor

pocket

employee

pavilion

cord

pathway

dentist

sit

talent
experiment

quad

go

round

dome

technician

four

drive

pepper

condition

quilt

border

overlook

bear

chart

tap

egg

merry

coinlock

pizza

everyone

doorstep

flour

flea

liberty

theme

ultimate

aqua

load

bracelet

grandson

cleaning

apparatus

care

gum

rice

throw

kitten

sanitation

key

pie

shell

ambulance

crown

delivery

bean

puzzle

zombie

meet

morning

potter

spring

contestant
attendant

rake

assortment

cafeteria

beat

topic

spotlight

ware

scale

root

use

need

well

shaft

island

newborn

railway

blade

hook

donation

angle

human

photography

foliage

lizard

label

wash

veil

vault

cartoon

trouble

harmonica

native

doll

personnel

new

glider

strawberry

coloring

tunic

local

out

vase

flyer

see

bank

tin

chunk

granite

dart

defense

robot

professor

artifact

coke

bearer

smoking

silver

lighthouse

veteran

cigar

picket

devil

marsh

welding

love

junk

bazaar

culture

daylight

projection

sex

casino

paddy

kite

nut

ditch

caution

cockpit

steak

sponge

ravine

pasta

emergency

rocker

skill

main

foundation

district

chemistry

dump

reading

coca
poker

aircraft

copy

source

isle

tattoos

horseshoe

embrace

skull

bone

page

curl

bassist

press

teddy

document

york

surprise

captain

litter

creature

supermarket

lei

coal

quartet

win

cushion salon

fry

handkerchief

angel

season

competitor

skeleton

emotion

suv

glacier

canyon

waiter

heat

mule

sunshine

chip

merchant

everything

incline

pew

medal

bun

washing

harp

score

driveway

waitress

butt

bronze

gaze

designer

defender

language

interest

globe

crystal

brace

aluminum

cylinder

procession

eagle

dolly

hawk

assistant

torso

gray

butcher

stroke

%

tuba

tune

cannon

state

banquet

lettering

mechanic

convenience

salad

vine

corridor

monster

target

foil

amplifier

punching

basis

turtle

squad

warning handler

third

rubble

battle

prize

spiral

tissue

penguin

oriental

hamburger

soup

opening

mascot

greenhouse

situation

buffet

creation

lace

gorilla

pyramid

quarterback

aquarium

winner

bowler

combat

homework

seminar

military

touch

size

bumper

list

backside

twin

snake

escape

bandage

eyebrow

engineer

zebra

moon

partner

warmer

ray

basement

pick

dragon

prop

scope

sculptor

deer

cell

swan

riot

beginning

loaf

trap

hazard
carpenter

cocktail

forefront

problem

whistle

circus

ink

charcoal

princess

baker

enthusiast

clerk

helicopter

auto

lumber

recipe

technology

panda

flashlight

resort

bulb

young

lion

controller

crash

tablet

mine

sauce

buy

bonnet

octopus

force

lid

scrap

fort

chat

booklet

squirrel
silk

law

enforcement

lacrosse

lobster

runway

tape

rower

sewing

chew

topping

recorder

glow

stem

forearm

barbie

pearl

lamb

halloween

cube

wizard

operator

velvet

shark

banjo

lemon

battery

limo

price

goose

reindeer

slip

bunk

adventure

superman

locker

footprint

convertible

cereal

sumo

bonfire

in

for

on

of

near

through
at

before

with

down

behind

from

as

along

over

than

up

while
by

-

around

towards

outside

off

against

across

beside

into

between

inside

during

toward

about

out

under

after

underneath
past

onto

because

round

above without

amongst

beneath

like

aboard

among

whilst

so

next

atop
that

amidstbelow
beyond

though

amid
besides

if

upon

within

except

nearby

a
the

an

all

some

-

another

this

each
that

those

both

no

these

other

either

every

cross

any

,

green

several

other

black

outdoor

multiple

fresh

sandy

red

teenage

high

electric

favorite

large

colorful

white

pink

tan
brown

blue

blond

plush

single

young

haired

tall

small

unidentified

dark

little

-

purple

many

three

wheeled

old

buddhist

dress

head

similar

striped

nice

long

yellow

busy

maroon

grassy

bright
victorian

style

gray

close

asian

indian

extreme

wooden

big

martial

cover

pale

forest

front

next

short

urban

orange

ready

fancy

snowy

same

naked

type

military

upper

gay

rainbow

colored

sharp

female

reddish

male

fluffy

rocky

wide

legged

bearded

clear

athletic

color

left

navy

sunny

angry

middle

aged

shallow

airborne

muddy

backwards

sheer

great

full

protective

european

rough

video

empty

native

fold

outside

musical

crazy

huge

fuzzy

tight

light

east

tropical

silver

rainy

vertical

wooded

gate metropolitan

plaid

open

public

brunette

oriental

digital

major

few

skinned

african

american

quiet

first

dirty

wet

lean

elderly

fast laden

uniformed

homemade

ornate

newborn heavy

silly

cloudy

low

down

like

cold

competitive

personal

rural

sized

beautiful

massive intense

floppy

bald

adolescent

outdoors

remote

plastic

half

different

grand

excited

nearby

a

plain

opposite

scottish

concrete

right

arabic

acoustic

fair

beige
floral

stripe

gold

reflective

deep

chinese

traditional

thin

sleeve

cool

barefoot

numerous

clean

indoor

off

adjacent

own

icy

stuff

shaggy

hard

hood

live

dead

roman

jewish

paved

least

unusual

wild

back

portable

natural

serious

two

toy

lone

sexy

formal

more

poor

daytime

stationary

piece

professional

foreign

good

steep

all

cellular

heated

medieval

hairy

flower

local

fashioned

skinny

checked

human
golden

dot

french

peaceful

solitary

pregnant

shape

length

homeless

free

multi

residential

line

german

camera
oppose

up

strange

senior

new

folding

unique

religious

flat

mini

muslim

medical

messy

british

hooded

fit

brownish

round

commercial

circular

twin

mid

asleep

underground

hot

flip

soft

burgundy

casual

fence

main

downhill

bare

lime
loose

mobile

furry
caucasian

giant

latin

only

one

sad

abstract

frozen

still

decorative

muzzle

fake

electronic

narrow

funny

distant

collar

vibrant

match
arid

adorable

handed

modern

happy

third

separate

eyed

surgical

various

goofy

carpet

ceremonial

comfortable

odd

lush

padded
outer

makeshift

available

metallic

turquoise

sweet

elevated

japanese

matching

scenic

thick

diving

political

dusty

ancient

rim

warm

mountainous

visible

antique

hilly

broken

audio

unhappy

exciting

last

historic

overhead

weather

dry

fill

identical

international

islamic

tired

suburban

straw

cute

electrical

barren

underwater

pretty

double

attractive

unseen

theme

knit

intricate

shaped

tiled

ethnic

early
rectangular

raw

olive

rustic

leave

fluorescent

mirror

interested

classical

lovely

shady

tile

decker

fashionable

broad

age

quick

strong

mature

hispanic

hawaiian

forested

expensive

fat

artificial

spanish

near

pet

raise

calm

horizontal

oversized

panel

postal interesting

fellow

western

miniature

upset

side

shiny

armed

entire

most

straight

lead

dangerous

canadian

tiny

check

scary

rear

active

husky

sparkle

masked

blank

hair

wrong

iced

greenish

korean

medium

perfect

official

cultural

south

weird

diverse

wavy

elegant

feather

dye

look

hind

air

facial

national

sure

romantic

curly

square

wheel

playful

dental

unknown

patriotic

string

compact

muscular

go

israeli

elaborate
fine

defensive

mechanical

such

draw

drunk

social

paint

dilapidated

industrial

elementary

curious

vivid

rusty

vintage

olympic

friendly

in

pre

pattern

nighttime

unfinished

inside

solid aqua

curve

far

bottom

dim

four

eastern

top

temporary

aerial

index

mexican

bad

retail

tattooed

italian

graphic

upside

lit

windy

possible

indigenous

historical

vast

tribal

physical

special

intimate

english

lavender

pro

bottled

stuffed

roadside

much

importantlively

slow

surprised

parallel

watery

grown

lonely

amazing

sleepy

smooth

cream

enthusiastic

arab

fourth

random

run

center

sporting

complete

float

skilled

artistic

classic

comic

safe

real

relaxing

deserted

late

handheld

upright

semi

whole

magic

bored

well

normal

merry

proud

nude

irish

exotic

daily

inflated

mixed

tri

dressed

able

sweaty

ornamental

alcoholic

road

married

stainless

non

pot

ceramic

misty

colourful

incoming

.!?
'

one

i

up

next

high

outside

still

backward

brightly

yet

just

forward

hand

nearby

together

directly

overhead

very

right

back

in

by

backwards

off

alone

behind

slightly

over

formally

upwards

too

not

about
as

well

away

aroundalong

far

ahead

out

pretty

outdoors

there

close

playfully

half

down

closely

possibly

eagerly

completely

somewhere

upside

straight

fast

again

downhill

camera

here

wide

similarly

intently carefully

below

else

almost
fully

also

tightly
happily

nearly

-

already

freshly

spray

extremely

partially

highly

warmly

above

quickly

mostly

low

past

barely

legged

heavily
only

partly

sideways

indoor

apparently

all

downward

inside

maybe

hard

underwater

nicely

perhaps

patiently

newlycurrently

deep

somewhatso dimly

upward

poorly

casually

presumably

darkly

enthusiastically

simultaneously

broadly

barefoot

probably

much

seemingly

most

gently

really

halfway

rather

on

first

slowly

dark

oddly

near

late

once

professionally

even

alike

asleep

through

quietly

excitedly

otherwise

aside

recently

proudly

across

approximately

seriously

neatly

re

apart

mainly

awkwardly

everywhere

likely

quite

fairly

underground

strangely

beautifully

horizontally

intensely

one

two
three

four
six

seven
five

3

12

5

ten

4

eight

2
nine

7

1

2012

9
twelve

10 6

20
308

11

eleven

50

twenty

13
25

2008

to

orand

but
either

-

&

down

on

up

off

in

around

out

along

over

away

by

together

through

back

-

;
: that which

"
'

"
''

-

s

there

who

what
whose whom

(
)

how

where

when

would
may

can

will

ca

could mustshould $
#

all

Fig. 2: t-SNE 2D projection of Flickr embeddings: We show a 2D projection
computed using the t-SNE algorithm [4] of the word embedding matrix for EXPERT
trained on the Flickr dataset. Each dot corresponds to the word shown to its top right.
Please zoom in to view in detail.
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Fig. 3: Acquiring New Words on Flickr30k: We show examples where the model
acquires new words. ? in the target example indicates the masked out new word. Bold
words in the reference set are ground truth. The model makes predictions by pointing
into the reference set, and the weight of each pointer is visualized by the shade of the
arrows shown (weight < 3% is omitted).
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