Evaluating Navigation and Comparison Performance of
Computational Notebooks on Desktop and in Virtual Reality
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° The default setup of notebooks
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o Results updated in the merged windows

Error: 98%

Error: 21%
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e Branch 1: Creation of branch at 1st branching point

Plot = Line

Plot = Line

k=2
Plot = Scatter

(a) Introduction

(b) Branch 1

(c) Two outcomes from Branch 1

(d) Branch 2 (e) Four outcomes from Branch 1 and 2|
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@ Desktop @ VR

(a) Deletion Time (s) (b) Relocation Time (s)
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Pairwise comparisons with significant difference and
their effect size (Cohen’s d)
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@ Desktop Linear @ Desktop Branch @ VR Linear @ VR Branch

| Comparisons in solid Effect Size
| and dashed lines (Cohen’s d)
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. Desktop Linear . Desktop Branch . VR Linear . VR Branch
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Pairwise comparisons with significant difference and
their effect size (Cohen’s d)

|.vs.|1.90| |.vs.|1.26|

0 T A
000 00000t Ooo0ooo 0bo U boo 0bo bodooo 0o tooome tioao
00 000 00oO00o0 000 boo bokobo 0o Coko 0ooooiooo boo oo ooa
00000000 b000OR0RD b0 OO 0000 D00 10000000 0000i0aiooo oooo
00000000 Dold p < 0.050 10 000000 DODOO 0000 000 OO0 00000
000 00000000 0bD0L0i0ool Ootoito Dot bohbo 00ooooo boootooo
000 ODDI00DIDO Uooooooo 0ooooooOn

00 00000000 00 00000000 000 000t 0000 000 00 00 Do0ooooo0en
(000 0000 0000000 bOooomon 00 booBoinoI 00 000 00000000 booomooo
000000000 00000000 00 0000 booibOno Iboooioenl b Domoo 00bOoooeo
00 000000 00O 01000 000 DO0Doooo 00000l C0ooOa0oo Ditioooo o 000
00 000o00000 Ceomobon O 0000000 0000100 booooooon bom
(0000 00000 0o0Ioibeno boioo DOl 0000 I0e0 4o00o 0ooo booog
100 O00o0! 0000000 0 00oo 00 000000800 000 00000biob 0000000l 0oo
0000 0000000 00 Doooio0 000 booorooo DioboOom CIio 0ooooboooo
0000000000 O0moo bCbOoDoo 0o 00 0 0Ooro0otoo oibooooo 00 boooooo
000 00O DooOo0o OboboOo bioO boroiot 0o boimoo boooooo
0000007 oo biot Doibooioioo ¢ bobomoooot boooo to Oiobog
000000000 00 000000 C1000 000I0o0n 0000001000 000 0obooCooao
0000000000 00 00000 Dooi0000 10000000 0000000 (00 Doooioo o
000 0000 C0o0iboo oo bObOiooooo Ot DotOiobo foboooo tboo boeo
00000000 O0Citr bOooooooDboo oo bol 000 DO000io0mon] e Dooio
000I00 0000 0000mo 000 DoCIboOD im0 0o0o0doo 000 000 0oDOo00teo
(0007 boorEiboOoD boO0ooooo b 01000 Donioobooo hot Lo 0oooomo oo
(0000000 CO0I0O0 DO0nt Co0oioon 000 000000 0om0oe 000 booo 00000
0000 000000000 0oC 0ootooaooo

(0 b0D 0000 0o 00C00oniol 00 O0i0inioo ot Uoomoreon too
00000007 00 0O0I00000 bo00ibo 0 0000000 Dib0000 00 0000 feoon 0000
000m 000 00000000 [00O0I0000 10 0000 10000 Lobomo0It 10000000 0o
000000 000iooCoo0o ObOmobondn brooboo oo tOhobomo bomooo
(00000000 00 00 00B00000 000 b0oB0oDoon [0 00000 00 000 0000 0o
(00000000 0000 0oODbiomoo oo

00 000000000 O OO0ooo 0bobOooodoo

000 IO D00 00obom OO b 0000 000 I0mobonnto 0o hoo 0ooooo
000000 000010000000 Do00Ib0oD oho DoDoiNmoo 000 ioo 0bObonooo
(0000 [0 0oot OO0 LOo Doobobol Oooiooomnt booriito0o Lomoolo
000000000 000 BOROD0O 000000 DoomIooio 00 0000 0o OO0t bobooa
000000000 000 0000000000 0o D00 00 000 0000000 0000 0000000000
00000000 00 b0O0E0oC booboooo Oomobo biboon 0o 00O hed
(00000 00 00 00000 0000000 000000000000 00000 0 0000000 0000000
10000000 00N O0000mo0 oo 0000noomo0o 00000 000 0hooooinboo
(00 00 0000itoo 0booiomot Dooobooo: 0oo oo 0bOo0oobo fooa

Trovato et al.

(0 0O0 00000l bOo booobeo & DO0000o 0oooboo boooo 0bobooo bom
00 000 000000000 o0 boODoooo 0o 00 DO0o00n O0b0o0 booom
(00 0 000000 D00 000000 0000 0000t fidon ltobooboomoo fooobooo
(000 CO00I0D booo CUbCorioo boo DohIdrobmo booboo Diobo Dioooa
000 00000000 000000t 000000 (300 00000000 0o00no 000000000 oo
000000 00 0oo000to 00001 0000007 DO0I000 0000 000 0o0itom 0o
100 DOOI00oDb0 C0iobob o DOoboboo 0oo 0O bomooiht bor booodo
00000 0o0o D000 0ooomioo 000 0000 0000000 0iniooooo 0000
0000000 0obooob 0o GooO00 0000 0o booooo 0o bbo0o 00 0ooo oor 0a
000000007 000 0000boC O 000000 inoiooo bo0ooooo 0ot boOoooo
0000000 000 000 00000 Dooooboo 00 0000000 000000000 0000000 00 0o
0oon

0 OD0Dhoodbioooobbo ftgioboioour 4o
ooopoo Looo

000000It0IE0n bO000oIoC booinomool Do bChoooo 0odo 000 0ooo
0000 00 10080000 o0 boooieol boCibono0 [0 OO OO0 000e0 0o
0 0000 00ooo 0o DODonotoobo oo 10000000 tobiiboOboD CI0o o
000000000 00 0o0 0Oo0oo bOooooo 0ot oo booooeo 000 boooeoo
0000000 00 D00 000000 Io00Bi0o 0o000oNon 0o 00000 omoioooo
000 DOCIO0O0 tODoOD booooooonit Doiooooo 0o 0o0o0o boorocoooo
00000 00000 0O0000o0 D0 Do boonoroooooboot biboooo
0000 00 000000000 0000 100000 0000 booo boo00o boo0l C000 0000
000 0 Diooo 00 000100moe0D 0o beo 4boo boooooiio bo0ooiobooon
00000 0 0000 000 O 0ob0Dibo IO 0000000 booow 0oon 00 oo boo 0oo
000000 00 00O0I00oe0 00000 oo boo00o 0000 00ioo0Bo0l 0Lhaooom
(00 00000000 000 o0o0enoo Oo0itonto [0 00000 CinOo 000o 000 jhonooa
ooooooOn

000000000 t0OOD00o0oo 00O 0000000 O 000000 doooon oooooo
0000000 [0 0000 Oo00ioo 0oo 00 Do0moo0O0000 Como boo 00io0ooo
(00 00000000 ioo0one0to hoob Lot boO 000000000 booo oo 0eo
0000 Ooonibo0Oo 0001 0o 000 00000000It0 000000 bo0ooo0 4o joom
(1000 DO00000 0O0Ioono 0Oooo b boboo Doibbobn Dooooo ooooo
000000 DO00 00 0000000 000 000 boooo 000 00i0o0 00 0ot booo oa
000 10000 00 0000000 4100 000000 DIt0oi0o 000 [0000000000I00
000000 0 D00 boOoobbo0I bomooobo0r 0Oieoono boobooo 000
00000000 boboooo O O00000 Dobonio 0o 000D 0000t OboIOmomo
000 0100000000 (000t 00 000000000 000000 L0000 0o 00O0I0000
(00 0000000 O B00000 I000Ib00mo 0o tiobioobon 0oohoo o
(00000000 000000000 Donoionn

0000 00000000000 b0 000 000 00000 DOD000eC00o bodrooooo oo
00000000 D000 0000 [0obooooooD [0 Do bobboboooioo [oooeC oo tooo
00100000 bOOOI0O 000 bO00 DOIom bOC 100 000000 000000 boooooa
00 00 DOmC000o Doom oo Diobi0C0000 O 0000000 0000 [ooteoomto
(00 OO 000DO0ICIo boooo 000 0omooo bboboooool bow 0o 00007 oo
00 00000000 0000oooo 00hO00o 0o boon boooooo ibboooood oomoen
(0000000 000 DInI0O000 bO0oo 0000t booo 0o00 DOoooooo0 0000 0o
(000000 DOO0oe0n boboooooo booo bo bOomomon boooboooo 0o oo
00000000 OoO0ODT 00000 00000000 bOOIo 0000 oo iboioboooo
110000000 Oihio 10t 00 b0oo0! 00Coboo000oo it boboooo 0oboomo
{000 000 DoO0D000 I0tiotionb 000ne fioooo 0oo bhooooot boooo
(00000000 000 0000 00 00000 000 00 0000 j000000000 0000000000
10 DOBDOD 00Coo0o 0o 000 0000000000t foobon 00 000010y Oomonto
01000 00000 OitiOinot booboitoo 0ooo ioonbooitom bhomoeo




Evaluating Navigation and Comparison Performance of Computational Notebooks on Desktop and in Virtual Reality

10000 D0OCod fobo 0o 0oooboOb O0boo Lo 0rooindintoooto tooo
010000 00000 [0 0000 bO0O booooo oo boo 00 0000000 000 00ioo0o
(0000 0000 0ODOoDO0o 0onto bOm boooooa

00000000 000000 0o bo0 000 Oobob 0o00oioo [ofe Do 0do
000000 00000000 00 DO 00000000 000 0000 00000IDoonl 0000 gioo
000000000000 O 000000 0oC00m00 100D too000n j0tio00 Choooo 0oooooo
(00 0000 0000booo boooomoon ioo 0oofotl OoooOooo Omooooon too
0000 000 0000000 010000000 0oe000B00 000 000000 00 0oobooo I00
(1000000000 D00 00000 Diooo cibdooo o 10000 04o. boorooooo
0000000 0OD000b00oe 0o ODoooo0oen 0o bOooboo hoooo bootooo
00 0000 000000 00 00000 00000 0Doo00Cooon 0ooO0o boobImoOooo
8 O
{000 0rooo [0 O0boO o 0 0ooo00ooo boooeo 0o 0 beonbooooo
0 0001000000 Dooo 0000 Co0Iobonn 0000100000 00 Do 00000 000
000000 00 00000 tioO000 bolioooto 00t0tooibOooIto iOo0oo Lotoooo
000000 00000 bODOooo oo 00booom 0oo eoo0o0 o boooeooo
0000000 00000 OO0 t00o000D 00i00000010 00 000 00800000 [00000 0o
000 DO000 Doooooool hhooooD doi0ioon 000 fito 0o 00mooo Ao
00Iboo0r 000000 0oC0oboo0o foo0o00o booone 0onboot joooo boogdon
0000000 boo 000000000 00 000 D00oo0a00e 0o bboioaome 0omhomoeo
000 0000000 000000 fo O0g

000000000000 00 0 0b0o0D booot o 0O0omoit 00000 oododo
000000000 0000000 000 00000 thoow 0000 000 bho0obo Doiooooe 0000
(01000 000 000 0o 0000 0o0 0o bomno 0000 40 000000000 0ooio000a
[0 000 00000 C0o0 00 0000000000 o000 000 bobooooeo boo
000000000000 00 (00000 0Coooboon 0000000 0Oi000i00 0000000000
000000 000 00b00tooo [0 00 tooo0o 000 00oho000o 0o 0ko [0oo0m Loam
(00000 bO0D0o0o0o 0o 0 Coooooo Diioboo tooh foo Ooer O0OUo0m bom
00000000 Ib00b00oo booob DOoooboo0 000 000iD 00Obo00oo booionoo
(1000000000) Ori000000a0h DOaoo00 00000 00000 00 D000 0o 0oooooo
000000 00 0 0000 ooOoom boOobom 0000 I00n0boeoo 0o tobmeoeo
00 000000000 0iobooon Oiobobo boo Doo 0oo0iD 00000000 i000o0
000000 DO0Doo! Io 000 0000 ooo0o 0oDoo0o0 0o0ono 000000 boooo
(00000000 0B0 00001000 D000 DoooB0oD 0ooIboe 000 booooooo 0o
0000000100 100000 00O0000mnooon 0boebooo 000 0000 booono
000000000 0oooooom

0000000000 DO0m0000 00O0ononooo0 booobob 0O0omoonoo
00 0OO1 000 0oib0o DOi0o0ot tooo 0o j00ooooo 0o 000 000000Ioo oo
1000000 000 000000000 00 bhO0oioIbonl bobooobom 0o boooo 0oo
10000000001 M000000mOEo 0o OO0 booIboD 0600 OO 000 bonoomono
0000 000000000 I00000oa00 o 0000000000 booo 0o boooo
000 D00 0000bu0o0o 000 bomO0n 0ooooorto 0o 000 boDo0ooomoooo
00000000 ioO00000 I0 DOr 000 0000000 boooionoo 000oooo bo
000000000 000 tC00000 0o 0oBboito booitoo OO0 00000 00 000000 000
00000 00000000 bO00booo0o boooo bomn O000boer 0oDobmroeon
000000000 0000 0001000 00000 000mi00000 100 000 0000 [000000a 0a
U 00000000 0000000000000 0o000! 000000 00hoiooombo 000 booioom:
00000000 00007 Doy bobOoooam 00000 boooioo bow bomooo
0000000 b0000o00bo 000 boboioon 0o 0oioboboo 00 boohoooo oo
(10 001000 DOo0000000 00000 Do0mo0Doo e 00 0 I0bo0ooo boedo
(00D OO0t oo boomon o teoOoir oo o 0 booo biooo
(100000 D00 0OD00000I600 foo Co0mO0 bouooDooomon 0OLOoo OOmom
00000l 00000 jhoDooor OO Oooo 0o booiono 004 00 boooo 0o0iom
000 000000 00000t Dob 00000000 Loboooioe Lo Do oo iooooeo
0000 Doboouooom

CHI 24, May 11-16, 2024, Honolulu, HI, USA

0 0ODboooboigd

[0 0000000 000 000O00n0eonr boibtbobd honbooooo ok bobdooo
0 00 000 0000b0 0o bO0OmOo0000 i00o0oo 0 000000mno0 0ioom 000
000000 00000000 0000 Do0000oo [0 00 DoobooitoOorb booooboo oo
0000000 [0 DOoOIooooo bOoitoot oo hoo I0hiooibo oo 0 0oboboo
0 00000 1000000 0Onooio 00000B00 000 0000N0000 0000000000
00000007 DO0II0000000 00000000 0oao 00D 0000000on Lo 00 Oooo oo
(0000b00OO0CO0 [COOnOo0Ioo oo ibo 000 0booobo 0o 00ooioBo
0
110 00000000 D000 0e0o [0000000oo o 00 0o0O0ioo 0 0oomneobon 0o
(0000 0OOIo 0o Doooitnit Oio I000ho bobodeoObot 0 boooDooo
000 00000000 [0b0B0IbCioo bOo 00 Doooo bOB0O0 D000 100000 oo
00 000100000000 0000 o0 OO0 00000 0booooob0oe 000 tOoooto
000000000 0o bbO0oinrtooD 00inooeoo 1o 001 bodoone0o [0 bboboto
100 000000000 000 00OD000ib0o 000b0Do000 000 000000B00 0oo
0000100007 bio 100000000 00 0000 0ooo boo 00 tooooooon OO bhooioo
000I0 DOrbCooo 00 0CooTeonn booboooo bor DoDhoomoo! boo oto
0100 00 Do0oC 100000000 0obooooooo o0 booomoo 0o D00 00ontio
10000I0B000 00O 000tmo001 0oioboboo [0 DO? 000000t Do bo00mo
0000000 DOonOiooot Loiooooo 0boboooon oo Oidoo boo 0o oooo
0000000 0000001 000000000 000000 bOD000000l 0O00OI00 [0000000I0oan
000 0000i000 000100000 0o 00 000 O 000000 000i0m0D Doonooomonm

toooonooobdoooo

100 0000 OO0 00boboooo 00 booo 00 000 o000 boojoooooeo
000 000 000 D0o0oD boo boooor tiooooroioibooon 000 Doomooo
000O00mo0 Itoooom

Uooogoooon

000 0000 0000001 0ood 000000 O000e0 o0t 0000 0007 000 O000 O Oh000n 0o0a

000000 000 O00000001 0000001000 00 0i0i00oi0000 0000 00000000 0o 000I00omoo

000000000 1000 100000000000 00 Dii00mi0Ion D00 00000000 00000000 000 0 0000000

00ooan

(00010000000 0000000 i00 000800 008 D000 DC000? 0000r 00000 00 000000 (0000

000000000I00I00 Oioouoio 0ob 0hO00000000] 00 0000001000 00 000 oroo0itoomdooon

00 00000 0000000 [0 00000000 00000007 000000

I 0 1 o

000000000 0B0B0000a

000 DoCI00O0D 00001 000010 0i0o0 1000000 00000 CO0I00 Do0o0m bO0 De00oomo

00000 000! 10 O0ioonoO 0 00 booor 000 0000000 0o f0ooooomoo 0ooooomnoo

00 00 OI000m000000 I0 O O00000 DO0001000 ChoO000e0 0000000 1000 00bo000IooD

00 Oii00moomoo boD 00000000 0o000000 00l 0 00000 00000 D0000000 - 00000i00o0m

000000I000000000I0000mo00o0n

000000 Oom? Cooo OOt 000 0000 0r 0000000 ool 0000 00 (000000

00000000 0O00I00l OB0iDOmon 00 0000000 0000 0o0o00Co000 0o 10000 Ooio

000000 00 DOo0C0O00000 00 000 000000 0000000000 00 00000 0000000 00 DoO00m

00 00000030 0 DOD 1000 DOO 000001 000 00007 DOooo000d! 0000 00000000 - booooo

0 A )

0000 01 0000000 00000 0000007 000oka o booooio 000 1000 00000000 00o0 oo

(0000 I000000000] 10000 D00 000000l ©o00000 Ciooiob 0000000 000mooibo om

1007 Ooan

000000 DoOO0n 0000 00C0C0 oo 0000 0100 bo000! Di00I0000ro0o000o00D

000000000 000000000t

(000I0CC0toon tooo! 000000000007 00000000 0000 Cooaninibooniiboitiotoa0o

000000000 0000000000

00000 DO000C000000) I0000 Do0b00l Doont O D000 Do boooCo 000 000

000100 00001 0000 00000 000 boO00000t00! Doi0000800 0000 00000 0O0000

000 DO0I00 0000000000000 00 00000000000 00 000 0000 000 0000010000 60 00000

0000000 I0 000O00m00 000000 0000

0000 0000 DO0bo0001 000 Oooooo! 000 000000t o 000000007 00000 O 00000 0o
00000000 Co0odn booDO0onl 000 000000 0000b00 0000000000 00O 00000000
0000000 000000 000 0 0000000 00001

01000 D00I00 Oooooi 010 00O00T OO0t Oooi0l 00100000 00001 000 Do0oioan 0od
00000 O 00000 boB07 0000000 f0rboCndioo 000Itoo 0o 0oit000 0000000000
0000000000 00 000000000000 CioCiooo 1000 Di0000001000 00 Oo00Cno0moo oo
00000000 Dooooooo 0on b 00000 boooooot

o

=

aol

=

aal

=

aal

=

o

=

aal

=

aol

=



https://www.apple.com/apple-vision-pro/
https://doi.org/10.1109/TVCG.2017.2745941
https://doi.org/10.1109/TVCG.2017.2745941
https://doi.org/10.1145/1240624.1240656
https://doi.org/10.1145/1240624.1240656
https://camel.apache.org/
https://alpha.trycarbide.com/

CHI

0000

0ooo

1oao

0ooo

1ooo

1ooo

0ooo

0000

1oao

1ooo

0ooo

0oao

0oao

1ooo

1oao

0ooo

0oao

1ooo

0ooo

0oao

0ooo

1ooo

0oao

0ooo

0oao

’24, May 11-16, 2024, Honolulu, HI, USA

00000000 00001 CoO00I0I0000 DoItooB0 0000 0Io0m0O0OooeCmeomeoan
000000000 000000000

000000000 DOo000 0000ooo 0000 COi0ooo 0oooicool  Oio0onidCOtoiotooonooan
(00000000 bo0o0ooo0D

00000 000100000 D00 000007 0i00oC 000000 0000 0 0000000 000 0000 o000
(00000 0000000 000 000i0mo0 Lo 00000000i00 Cooniooono 10 100000000 00000 10
10001 0000 00000000000 0O Cil0O00mon LO0 00000000 Coooo0ot 0ooooo
000000 0000001 DO0000 000000071 0000 000007 1000 000000000 000 000000 O
(00007 00000 00000000 0000000 0000000001 000000000 00 000 0000 0o0000o
000000001 00 bO0O 0000 (000000000000 Co0000o00C B0 0000000 DO0I0000i00 ooom
10000 0000oooa0n

000000 00 08 00 0000 00! O00010 000000 0800 Coio 00100 Oiitom 01e00d
00000 01000 Obobar 00000 00Ih0000 Oeo00 000 0o 0m boodr boooon 000000000
00 0000100 DoCCOIoo OotooooCoto 0o O0Ioodio O00m0tIooo i000ooo Omoon
O00000C 0001 00 00000000000 00 000 0000 OO0 0000000000 00 00000 0000000 0
0000000 o000 00600

00oo00O0 000000 0000 000 00000 000000 000 00000 0000 00000 00 0o0oco
(100000l O 0000000000100 LOooo. 00 boo odoooooon it DoOoooO0O0000d foooooo0oan
(000000100 000 I000nOo0td mhooOoondooo 100000 bootn 001 boo0I 0o 0o 0oo
[0 000 0000 000 0000000000l DO00000000 DO 00001 Coooo0l 001 0001 0000 000007
00001 00Boo00Io0m 0000 0 000 00010000 0B00000D

000080 CiC00inm 0000000 00000 0000 000000 000 00000000000 0000000 booan
00000000 00000 Do0t0oC 000 COmt000 toioooCmoD I 000000000C0 0o 000 Ono00n
0000000000 00 00000 bo000oo [0 00000000 00000007 0000000007

000000 DOool Do0Io0no 0oool o000 Dooooi: DIbeo 0oo0i0e! Co0000 0o0iooal
100000 110000 Oob000 000000001 000I00t00 000000] C0N0000 Do00o0n 0000
000000 00 00 0000 00000 bOo0No0000 10 10 D000I00 bOoI0000] 00 00000000000 0o
(00 0000 000 oo0tooooo 0o 00000 boooood 0o 00Oo00on toooom tooa
O0000000e0I 00001 000000000000 COo00000 o0 DIioooo0io00000000 O000000aD
00000000an

(0000 0000007 DrHoo000o DofoiC00! Dot OiiooCCooO! i0to 00000000 toooo
000000 000 000D 00000l 0000 00DID0IDO0 00000000000 00 0RO00000000r 0oioocoa
00000 10 00 o000 00 0ooo 0hoo 00000000 0o 0Oiodr 0ooooo0o0 Goo booood
0000000 0oO00m00 (0010000 10007 oo

0000 CEoIO000r 00ooo 0or 0000 Dimoot! 0000000 00000 000 D000 0 0Im00o0m
00000 D000 00 000000000000 00000000 100000000 000t000i000 0000000 Dooomon
000000000 000 000mOo 0000007 00 0oO0oo0IbOo 0o 0o Oooo boooon bod toOoomoa
[0 0000 (00000000 0000000 0O 0000010000 Doooo0]

00000000000 00000000 00100 0001 000 000001 10000 0000l 00000001 0000
(000 0000 0000000000 00 bitiooo 0O00ooar 00 0000000000 oo 000 0o0o Oooool 0oa
00000000 00 0000 100000000 0000000 000 000000000a] 00000000

000000 0080 o0t 0000007 000 000i? Cioooo O Ooooo0m 000 000000 Dooioo
00000 Ob000i00 O00000 [0 b0O 000000000 0000000000 00 00000000000 00 000 000D
000 000000000C 00 DOO0D0 bopiooo [0 00000000 0000080 00000

0000 O 00000 000000000 000000 000 001000 000071 00007 00 ba000000 000000
000000 bo0OB0I000 O 00000 00 booitonoo 0000000 Cino0Im00io0ar [h000000me0
0000000000 boi 0 0bo0om tooooaan

0000000 00 0000 00l 00000 000007 000000000 000000 000 001000 00000 00000
(100 00 000 00000 0 0000 bo0e00omno0 DR 00b00i0oO0000 00 Doooooo 000 10
0000000 DO0I0m (000 CI000000I000 B0 OID00m0000 000 0000000 00000000 100000
1000000000000000 00001 0000000 0000001 00000I000ii000i00 C01000000000000000
0l0000O000e0in0o0o0oIooo0i0oIoooonon0o0obb0bOOOI00  oh0000a0 00000000
I000000C00000001 00000 000000000000 DOI0000 0000 0oo00iio0000tooo0 oo
0000000 0000000000

0000 O000r 0008 001 0000l 000000000 0100 D000l 000 000000 000000 00001
0000000 iO0oo0et boO000m00moo 1o boOboitonoo0n bonboooo boioo [ooooood
(00 0000 000000 00 00000000000 0o 000 0000 000 0b0ooooot 0o o000 botiodo o
00000000 00000000 00007

000 D000 000 0O000 0000000l 000 D00 O D000l 00000 Do0omii! 0000oonao
00010000000 00000000000 B0 0000 00000010001 00 000 000 001 0000000000000000
000 0000 Oopdl C00Itoo 00000000 Dooioo boodr 0ooo O 1000 000 boeo O
(100000 00000 30 00000 00 000 000000007 00000000000 0o00 booooo OdioC o moootoo
00000000000 0000 00 booCo00Io00 00 000 bO000 OO0 0000000000 00 D0O00 0000000
10 00O00nO0 00100 booo

000000 O0000a0 0000 000001 00000000 00100000007 b00 01000000 0000000 too
(000000001000 000 000IB0O000 0o 0000 10001 00 00000000 Ooi0oto 000! 0o Oooeooo
000000000 00 000 0000 000 0000000000 00 DO0O00 0000000 00 00000000 000000
000l

000007 0000 00O000RIt00l Do0it0o0 Co0n CIlfmi00BImoI000000 0000000a0
0000000000

(100000 0ooo OOoooo! 0000l 0iotoood CoboooOCon! 0 bobo00ot 0o0oan cano
(00000 0000000

[0 000000 O CI00N0T 07 Doio0l 07 00000 O Of 00000 000 0 0000 0000l 0 100000
(00 100000000 Lo D000 io00Itoomot Ooooon jobo 0ioChodnooo ob Binoomoomon
000 00000000 0oo00oo 000000 0000 0i00iio0no0oitointooib0DOCo0teo0oon0o
(000 Oooo00l 002000000 OoRitoom 0oo 000mooo Oeoobo0o0 D000l 0ooool ooooo
00000000 0O CE00000 0000 00000 Ooj0000 Cooono 00 0000000 00007

0ooo

0ooo

1ooo

0oog

1ooo

0oog

0ooo

1ooo

1ooo

0ooo

0oog

0ooo

1ooo

0ood

1ooo

nooo

0ooo

0ooo

0oog

1ooo

0ooo

0ooo

1ooo

Trovato et al.

0000000 0O0O DOooo OO0I00T 00000000 bool 000 DO00I0ID 00100001 O 00000
[0 000000 0000000 000 10000000100 C000000 000 00000000 00000 Cinbomoomno
1000 0000000000 00 O0100mo00o0 000 00000000 00000od 000 0 00000 00000
000000000 Cooooliooonooooo0oooocoOCObooooooooo0

(0000 0000 0OIboo 00000 (000000 0000 bo0 000000000 O0000m 00000 00oonoo
0000000000 0000000 [0 100000000 bo0I0o0on 0o 0000000 01000000 Ciboo0 0o00ot0oal
(000 0oo00000o0o 0o Cinoorenmon 000 0000000 Ooooommo ooooo

000 00000l 010000 00007 00 000000 0000l 00000 D00I0! 000 0000 Or 000000
00000 Doobomon 000 0000000 0o 000 0000000 0oooo 0o 10000 00 0ooo bao
(000000000 00 000000 oot OO0 0O 0000 0000000000 000000000 bO0 00000000
10000 0000 Omotoo 001 0001 00000001 0oi001000Cmo000o0on0oi00 Cooooo
000000000

000 O0ooor Oomo 00010c00r DoO00a Mol Oindoz 0o Oooo boo 0000 4! ooooooo
0 T T A )
(0100000 00000 000 00 0000 1000000000 0000 00007 000007 0O00000 00000000 0o
(000NO00000NobolO0too00mobdtoooo

{0007 0000 00000 Cooo000Do! 000 00000 O 0oC00! 0000l 0O00000000000 000 0aio oo
0000000000 00 D000 0O0i000 0o00oo0a0l 0000 bobooCooooo 00 Oinboroomoo ooo
00000000 00000mo 007 0 o000 boboad

1100000 0001 000000 booo0000! 000000 0000 000 010 0000m 00001 00000 000

00R00000 00 10000000080 DO6N O0m0ii0 0000 01000000000 10 100000000 000000
[0 0000 0000 0000000000 00 O0Di0o0 O00oio 000 00 0000 0000000000 0000 000an
0000000

100000 0000 Oobo00 0ooCooo0! Ooooto DOl 000 000 O000m 0ootr 000000 00
0000000 00000 00 00000l B00o000 000 10000000 bo0toO0o0 0oootooiteo 0o
100 000 00 000O00B00O00INI 18000000000 00 000 0R00B00 0000000

iItCoo 00on DOR0 000O000r Oi08 80 100000000 b0t 000000 Doo00ou: 00000
10000 000000 0o 000 00 00000 000 0iotd0o0 00100000 0o booboooo 1o 0ooo
(00000 0000010 000 DOMB0000I00 000000000000 00 00000000000 00 000 0000 000
0000000000 o0 DOO0O0 0000000 00 00000000 00000000 000071

000 C001I000 boio 00000000 000 DO00m 0000000 000000 0010000 00000 010007
00000000 000! Conooo0 biootorooom 000 00bot O CDO0m 0000l 10000ne0
00000 Com 0Oo0an 000i000m

(0000 00001 000 00001000 O00000DI0 000000001 DooomOO0iootooan
000000000000R0oIooioC0OC00oo000It000R00NIDODO0IbI00O0Ni0000R000ID0tta00000d

(0000000c0O0000000000 Coooooooo boodooooon

00000 00000 01000 [boor 000 Ciooool Ooboon 0oo0r 00010000 00000 boooio0ao
{000 DOoo0ooooo00 oo 000 0000 0oo0OOooo 07 0 000000 00000000

000000 O 0000l 000000 0000 Dood 0000 000ibdl  0oi00000000i00000010000
000000000 0B0B0000a

00010 0000000 O0iooo! oo0o0oo bO00Do! 00000 000000000 000 000 DO0oo0n ool
(1000000 (J010000 [0 Ootioao 0oomon O 00000l 000000000 00 Doi00itioOo0n cona
100000 bO00m 0000l OiooitonoooIooooooio0000an

0000007 b0oor 0000000000l omno000 0000 Oo000ii0000000000000I00Im0an
000000000 0B0B0000a

0 o oo o o A
(i00O00I 7 bobO0o0000m On Ciniool n 0o0000d!D 0 Co00000000] 41 boooom Or 000
00000071 O 0000001 [Of 000000 000 00 0000000007 00000 00I0ioaioooal Oooomoo
00000000 00 000000 0000000 00 CO00000 00000000 Do00cooo 00 00000 00e00oo0m

100000 £ 0itoool Omiet O bo00000 000 DO008 0000007 05001 0o0008 000D 00000
10000000000 00 T000i000 000000 00 0i00o00 0C0iioC 4000 00 00000000000 00 000 0000
10000000 00 (000000oo bo 00000000 booooo0z

(00000 0100000 000 0o oo 00000 Do000001 0000000 Oioooo 000 0;oon
I o 1 1 o
(000000000 0 0000001 00O DO00d 0oobooD [ooid 001 Doo0oio00n0o000oeo0oicoooo0a
0000000

00000 O 010000t boo 00mo oo 00001 0000000 booooo 000 Om;ooa
0000000000 DODOI0OD 00000 00 0i000l 000000000001 D00 00000000000 00 C0C00000
00000 00000000000 000000 00 0 00000 00000 00000000 Don00iiio0noooI0oen0on
0000000I0000000

0000000 0obooooooo0 000000l 0o 0000007 000 D00t 0100000 000 booan
(100007 00001 0000 0000 00010000 000000j000i00 000 000000 00000 0000 holooo
000000000 bO00 00030 00 0000001000 00 000 0000 000 0000000000 00 00000 bO0io0
10 00000000 0001000 booo

0010000000000 00000000 D0g0l00 00000000 0000000 0000000 000 0000000
(000000000 b0o0l 000000 00000 0o 0000 0oiehoo 0000 00 00000 OINoO0o 000000
(000001 DO000000 0000000 00000000000 007 O 00000m 01

000000 000 000 000000 O Doooi 00001 30 00000 0001 O000000 0ooo00oon boo
0000000 0000000000IDo0 10 0O 1000000000 100000 booonn0 0oobomooooo 000 iooo
0000 10000O01007 00 00R0oo000a0 0o 000 Bi00 00 bO00000000 00 00400 0000000 00
000000100 00000010] 00000007

[00I0O000m 00007 0B00000 0000 0010000 00000 Oii00ii00i00i0000000 000000001
0000000000

000000 0000 0000000 00l 000 001000 0000l 00000 OOIri00000 000000 0o 0oa
00000 000000 00t 0I00 00 0000I0C 000 10 000000 00000t 00 Oooioonaol
[0 0000 D000 (0000000000 boO00mo0 00 Dooob oo booOo0o0d Ooomo [moooon
10007 0000000001



https://www.databricks.com/
https://www.datarobot.com/
https://colab.google/
https://github.com/jupyter/surveys/blob/master/surveys/2020-12-jupyter-survey/README.md
https://github.com/jupyter/surveys/blob/master/surveys/2020-12-jupyter-survey/README.md
https://jupyter.org/
http://www.knime.org/
https://doi.org/10.1109/TVCG.2019.2934395
https://doi.org/10.1109/TVCG.2016.2520921
https://doi.org/10.1109/VRW50115.2020.00073
https://doi.org/10.1109/VRW50115.2020.00073
https://doi.org/10.1109/VR50410.2021.00077
https://doi.org/10.1109/VR50410.2021.00077
https://www.meta.com/help/quest/articles/headsets-and-accessories/meta-quest-accessories/tracked-keyboards-meta-quest/
https://www.meta.com/help/quest/articles/headsets-and-accessories/meta-quest-accessories/tracked-keyboards-meta-quest/
https://www.meta.com/help/quest/articles/headsets-and-accessories/meta-quest-accessories/tracked-keyboards-meta-quest/
https://nifi.apache.org/
https://doi.org/10.1145/3180658
https://orangedatamining.com/
https://doi.org/10.1145/1556262.1556270
https://doi.org/10.1145/1556262.1556270
https://doi.org/10.1145/1165734.1165736
https://doi.org/10.1145/1165734.1165736
https://rapidminer.com/

Evaluating Navigation and Comparison Performance of Computational Notebooks on Desktop and in Virtual Reality

0000

0oao

1ooo

0ooo

0oao

1ooo

1ooo

0000

1oao

0oao

0000 DO Oo0emot 0000001 000 10000 O DOm0 0000l booi00bmoo 000 000000
000000 00 0000000000000 0000000007 00 00800000000 00 000 0000 B00 0000000000 B0
00000 booooo [0 toO000na0 bojoOn 0000l

00000 O Do0oo008000] 000 O0itboo Oi00m 00000 0i000itol O01000106o Oomiiooon
(0000 DI000m0ono0D 00 0000000000 o0 0ob 010000 0000000000 00 00000 boboodo [0
00000000 00000000 bO0c0000D

00000 0O0000 0000io0n 080000 0000 D000 D000 0o0it0 0000000000 0aa
00000000 000007 00000 C1000 000000 001 00 001000 1000000 10 10000000
0000000 DooCo0oiooD oo 0oo 0OO oo 0000001000O00000 00000000000 07 000 i00000

000
0000000 000D 0000 O 00000 000 00000 O Doom 00000 0000000 000I00 000
0 Tt o

(000000 0000000 40000 & O0o000 000 bOooioo booidooal 0ooor 0000 boiomoa
(00 00 bomECo0000000 00 00000ooo 00 O0ibco 0 DOo0o 1000000000 000000000 0
(00000000000 00 000 0000 000 D00000000o 00 00000000 100000000 0000000000 Co0an
0000000

00 00001 O000 000 004 0001 C000! 0000 0 0000000 0100000000 0o0a
000000 10 000 0oubo booor oot 0000000 0o 00o0o0o0o0io0 0o Omitooma
0000000000 00100000000 Oiioomiomno Do 00D0IbO00oi00bar 0o 0000 0000 Oo0o
(000000 O000000 0000od 000 00 0000 1000000000 0000 00000 00000000

00000 O CI00000 00001 Ooit0 0 000 0000 00 00000000 Bo0 000000 0000 oo
100000000 0I0000000i00 00 00000000 (00000100000 00 0001000000 00 0100000000000
01000000 Cooo 0o0C0000000 oo 0000 0000 000000oeor 00 Ooiooo 0oojio 0oo to Oood
000000000 000m 10000 0000000

0000 00 0000 Bi000 00 000hibbooo bobood 000 00000 0000 bo0al Oomioooo
00000000 1h0D 000 00 D0DO0CHNO0 bo0000R0I000 B0t 000000010000 000000
(00000 00 00000000000 08 000 0000 000 0000000000 00 00000 0000000 10 00000000
00oibom 0o0an

00000000 000000 Coo0oo O Do0000T Oii0d 000000 000 0Oo0000 Do010m 00001
0000 000 00000000 binioooo 0o0o0o0otoo 00 o0O0000o00l 0oinoCooo 0o oood
00001000 B0 000 0000 OO0 0000000000 B0 00000 booiood 00 boO00000 000nam
0000

000000 0000l 00 boo0l ooooboo 00obiot o000 Gobod 00moo 07 foeoooan
000 DOoiD O 0OI0ioOg 00000 O 0000001 000100 00000 0oio0o 000000 0o

0ooo

1ooo

1ooo

nooo

0ooo

0ooo

1ooo

0oog

1ooo

CHI 24, May 11-16, 2024, Honolulu, HI, USA

000000000 DO0IiooO0D [ob0 0o00000Io Dootioon 1000 00000000000 00 DoIoomoooon
000 0BO00000 00t0000 001 00 0OB0! 00000 b0B000B0a!  DI00mi001EC0000I00000
0000100000000000

(00000 0ooor booi00 00oooi: 000000 00oom ti0 0000w bid 0000040 boo
00000000 000000 00000 0O0000008 0o0i000i00 00 100000000 00000000 0000 0o
0D00o00o0D 0o 0OO00IDO0 o000 00 0000000 00000 000 00 000000000000 0000
00000000000 B0 Bii00N00m00 000 00000000 Co000000 001 b 00001 000000B0a
000000 0000 010 DO00m 0B000000 j0000 0OIC O000000 Oe0i00 boooom 000
100000 DOo0! 000l OooitoCoonoomoo 0ud Doko 0 I00ooooo 0o0mooooomI
000 Oo00000m000 00 00100000 DOD 0bO00000 OOo0o00d 000 0 100000 00000000
000000i00no00In0mo00mbotioo00uo0oaoa

00000 00007 Bi0 0O00T 010 O000000 00000000 00000 000 00000 00000000
00000 O0oh O007 i00000000o0 ooo0Mio0o 0000000 OO0000moo Oo0r 0ona Ooo ooo
(000 00000 00 tOCooboo 000000000 000 0i000C00oa0 00 0i00I000oo 000
00000000 0000000 007 00 000000 0000000007

00000 00000 0Bo00000 10000) 0i0 00001 010 Cooobel 000000 00000 000
000000 DoooBm 00001 C000 b00 Cih00o 10 0000000 000000 £0O0000D 0oo0ao
00000 000 0 00000 00000 0000000 - 0oo0ornonninooootnonoooog

(00000 00000 10000 oo oot 0obo0o0an 000000 Oooodr booooo 00000 boo
(00000000 DOO00m 00001 350 000000 00 00 000 00001000 O0 0001000000 00 00000000000
1000010000 000 1000m00! 0000000007 000 b000000001RI00 000010 [0 C0iit00000
100000 0I0CO0oome0n 00 tooio00000d 0o 000 0o00 000 0000000000 00 00000 0000000
[0 00000000 00000007 0000z

(0000 00 000 Oib0000 O OO0l 00007 000 C0O00000000 J00100000 ib0O0000o
100 0000000 0000 O0b 0 000000 006 D000 000 DitOooBOmooD 00 Oiboiitomen oo
00000000 booo00d 00 b 000001 00000800

00000 00 000 000800 O 0oz 00080 0100000000 0 0000007 10000000 100800000
100 0ooooo Dooo 0000000000 Oooio © 0000000 0odibdo 0000 0ooooooooooo oo
(0000000000 boo 00000000 00000000 bo? O 00000m 0o0an

000000m0D 0000l 00O000000007 boiooo0o 0000 001001000000010100000010000 Ood
0000001 DO0R000000]

000000 0O00? 000000 000007 Of 0000 010000 0000 000000 00000 010000000 0ol
000 010000 00007 00007 Coi0000007 0oooo00000 0004 CoO00000r [oi0000n000 000
0I000moonE0r 0ol i00BoO00o O 0 [0o000 000000



https://doi.org/10.1109/TVCG.2020.3009003
https://doi.org/10.1109/TVCG.2020.3009003
https://doi.org/10.1109/tvcg.2018.2865192
https://doi.org/10.1111/cgf.13431
https://zeppelin.apache.org/

	Abstract
	1 Introduction
	2 Related Work
	2.1 Challenges in Computational Notebooks
	2.2 Navigation and Comparison in Computational Notebooks
	2.3 Immersive Analytics

	3 Adapting Computational Notebooks to VR
	3.1 Design Goals
	3.2 Adaptations

	4 User Study and Evaluation
	4.1 Study Conditions
	4.2 Task and Data
	4.3 Experimental Setup
	4.4 Participants
	4.5 Design and Procedures
	4.6 Hypotheses
	4.7 Measures

	5 Results
	5.1 Quantitative Results
	5.2 Layout Strategies
	5.3 Qualitative Feedback

	6 Findings and Discussions
	6.1 Is VR beneficial?
	6.2 Is ``branch & merge'' beneficial?

	7 Generalizations, Limitations, and Future Work
	8 Conclusion
	Acknowledgments
	References

