











Appendices
A Dataset Split

Figure 5: Dataset splits

All 700 routes that are exclusively in the green
rectangle are in the unseen test set. All 605 routes
that cross the green border are in the development
set. None of those development set routes extend
further than the blue rectangle. The training set
consists of routes within the red rectangle but out-
side of the green rectangle. The partially seen test
set consists of 700 randomly sampled routes from
the training set (and removed from the training set).
Partially seen means that subsequences of those
routes can be present in the training set.

B Evaluation Navigation Success Rate
Analysis

We analyze the navigation success rate with respect
to properties of the corresponding routes. Figure 6

Figure 6: Navigation success rate in respect of route
length. Length is measured in number of nodes in a
route.

shows that the length of the route has little influ-
ence on the navigation success rate on the partially
seen test set. On the unseen data there is tendency
in favor of shorter routes for the g2t+pretrain model.
The reference instructions do not show such bias.
Figure 8 shows navigation success with respect to
number of turns in a route which is another com-
plexity indicator. The success rate drops with an
increasing number of turns for all systems but not
for the reference instructions. The analysis reveals
that performance of our model drops with increas-
ing route complexity while it is stable for reference
instructions. The rule based system appears to be
more stable with increasing number of turns in
comparison to the learned models.

C Landmarks

Table 5 and 6 presents a scoring of types of land-
marks produced by our pretrained model. A com-
parison of landmarks produced in human-generated
reference instructions to those produced in model-
generated instructions shows a large overlap on
partially seen data, and ranking is similar to hand-
crafted salient scores used in work in geoinformat-
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Figure 7: Navigation success rate in respect of number
of intersections in a route. Each node in the route with
more than two neighbors is counted as an intersection.

TEST UNSEEN 200 INSTANCES

1.0
mmm reference
msm rule_based
w08 -_— grapthext.
,<_( s g2t+pretrain
o
0
wn
306
o
=1
[
g
= 04
5
Q
>
<
b I II
0.0 I
1(61) 2 (100) 3(36) >=4 (8)
NUMBER OF TURNS IN ROUTE (#INSTANCES)
10 TEST PARTIALLY SEEN 200 INSTANCES
. = reference
mmm rule_based
wos ] graphztext.
g == g2t+pretrain
o
v
0
806
[S]
>
w
3
= 04
=
Q
>
<
Zo02
00 I

1(60) 2(98) 3(30)

NUMBER OF TURNS IN ROUTE (#INSTANCES)

>=4(12)

Figure 8: Navigation success rate in respect of number
of turns in a route. A turn is defined as an intersection
that isn’t crossed in straight direction (345°to 15°).
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Reference Model
Top OSM tag Score OSM tag Score
1 amenity: bank 0.41 | amenity: pharmacy 0.39
2 leisure:  park 0.35 | shop: furniture 0.38
3 amenity: pharmacy 0.32 | amenity: bank 0.37
4 shop: furniture 0.30 | leisure:  garden 0.29
5 cuisine:  burger 0.29 | cuisine:  burger 0.28
6 leisure:  garden 0.29 shop: supermarket  0.25
7 cuisine:  coffee_shop 0.26 | cuisine:  coffee_shop 0.25
8 amenity: place_of_worship 0.25 | cuisine:  american 0.24
9 cuisine:  american 0.23 | shop: convenience  0.22
10 | amenity: bicycle_rental 0.23 | cuisine: italian 0.21

Table 5: Frequency of OSM tags of landmark occur-
rences in the instructions for the partially seen test set,
normalized by the number of occurrences in the input
graph.

Reference Model
Top OSM tag Score OSM tag Score
1 amenity: cinema 0.58 | cuisine:  juice 0.64
2 shop: wine 0.53 | amenity: pharmacy 0.55
3 shop: computer 0.53 | shop: convenience .50
4 amenity: pharmacy 0.51 amenity: cinema 0.46
5 cuisine:  coffee_shop 0.49 | cuisine: coffee_shop 0.46
6 tourism:  hotel 0.44 | shop: computer 0.45
7 shop: convenience 0.42 | tourism: hotel 0.41
8 shop: houseware  0.31 shop: pet 0.39
9 shop: supermarket 0.31 | shop: beauty 0.38
10 | amenity: bank 0.28 | shop: wine 0.38

Table 6: Frequency of OSM tags of landmark occur-
rences in the instructions for the unseen test set, nor-
malized by the number of occurrences in the input
graph.

ics (Rousell and Zipf, 2017). The distribution of
landmarks in the unseen test data is different from
the partially seen data. To some extent, the model
is able to adapt to the unseen environment.

D Annotation Instructions

The AMT workers got the following instructions
for the writing task:

The goal of this task is to write navigation in-
structions for a given route. Imagine a tourist is
asking for directions in a neighborhood you are
familiar with and try to mention useful landmarks
to support orientation. Another annotator will later
read your instructions in order to find the goal lo-
cation in StreetView (Navigation Run Task). If the
other annotator successfully navigates to the goal
location, your instruction is validated.

E Examples
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reference: Head straight past the playground and turn left at the light. Turn right at the next light with Fantastic Cafe on the right. Continue down the very long
street and stop at the next light with turntable 5060 on the near left corner.

rule based: parking left pitch left playground left pitch left bus stop right light left Citibank left light right Fantastic Cafe left Church of the right Dorian Gray Tap
left Perbacco left Matcha Cafe Wabi left B4 left stop

seq2seq: Go straight to the light and turn left. Go straight to the first light and turn left. Go straight to the first light and stop a couple of steps before the next light.
You should see Perbacco on your left.

graph2text: Head to the light and turn left. At the next light with Fantastic cafe on your near right corner, turn right. Go to the next light and stop in the middle of
the intersection. B4 Gray Tap should be on your left.

g2t+pretrain: Head to the light and turn left. At the following light with Fantastic cafe on the far left corner, turn right. Go to the next light with 4th street Deli on
the near left corner and stop in the middle of the intersection.

Figure 9: Route from partially seen test set with successful navigation for g2t+pretrain.
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reference: Turn right at the light right ahead of you. Go through the following light. The next light is a double intersection. Turn left at the first of the lights, and
go through the second one. Pass a graveyard on the right and stop at the end of it, right as the church starts. It’s about 2/3 down the block.

rule based: Garden left light right Chef Restaurant Supplies right light straight bus stop left light left light straight grave yard right stop Saint Patrick’s right
seq2seq: Go to the light and turn right. Go through the following light, Restaurant on the corner. Pass a bus stop on the right, and go through the light. At the
following light, bus stop on the corner, turn left. Go through the following light, and stop after a step or two. Saint Mary’s church will be on the right.

graph2text: Turn right at the first set of lights. Go through the next set of lights and then turn left at the following lights. Pass Second Time Around half way down
the block. Stop at Saint’s around Saint’s church on the right.

g2t+pretrain: Go to the light and turn right. Go straight through 1 light and at the following light, there should be a bus stop on the far left corner. Turn left and
go about 1/2 to the next light, stopping in front of Saint Patrick’s church on the right and graveyard Memorial’s on the right.

Figure 10: Route from unseen test set with successful navigation for g2t+pretrain.
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reference: Go to the light and turn right. Go through the following light with Optical 88. The next light will have Da Gennaro on the far right corner, go through
the light. Go through the following light as well, with a school on the corner. Turn right at the following light. Take the first left possible and stop after a few steps.
rule based: Hong Kong Supermarket left light right Sweet Moment left light straight 12 Corners right light straight Da Gennaro right Public School 130 right
light straight parking left May Wah Vegetarian right Hair Lounge right light right intersection left stop

seq2seq: Go straight and take a right at the intersection where Hong Kong supermarket is. Go through the next three intersections and at the fourth one take a
right and stop at Hair Lounge.

graph2text: Go fo the light and turn right. Go through the following light, Optical 88 on the corner. Go through the following light as well, Da Gennaro on the
corner. At the following light, Hair Lounge on the corner, turn right. Take a step and stop.

g2t+pretrain: Head to the light and turn right. Go past the next 2 lights with Da Gennaro on the right corner. At the 3rd light with May Wah Vegetarian on the far
right corner; turn left. Take one step and stop.

Hong Kong
Supermarket

Figure 11: Route from partially seen test set with unsuccessful navigation for g2t+pretrain.
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reference: Go straight to the light and turn right. Go through the next 3 lights. At the 4th, there is a Chase and Nike store on the corners. Go through the
intersection and stop on the other side at your destination.

rule based: Public School 21 left light right Lombardi’s Pizza left park left Rice to Riches right drinking water left playground left Taim right light straight
Tartinery left Duane Reade left light straight restaurant left Premium Laces right Starbucks left light straight MUJI at MoMA right Balthazar left SoHo left light
straight Niketown right stop Chase left Chase left shelter left

seq2seq: Head to the light and turn right. Go past the next 3 lights with Starbucks on the left corner. At the 4th light with Chase bank on the near left corner, cross
the street and stop.

graph2text: Head to the light and turn right. Go past the next 2 lights with Starbucks on the far left corner. At the 3rd light with Chase on the far left corner, cross
the street and stop. Chase should be on your left.

g2t+pretrain: Head to the light and turn right. Go past the next 3 lights with Starbucks on the left corner. At the 4th light with Chase on the near left corner, cross
the street. Take one step and stop.

Figure 12: Route from unseen test set with unsuccessful navigation for g2t+pretrain.
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