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Abstract

Background and Aim: In processing large data, scientists have to perform the tedious task of analyzing hefty
bulk of data. Machine learning techniques are a potential solution to this problem. In citizen science, human and
artificial intelligence may be unified to facilitate this effort. Considering the ambiguities in machine performance
and management of user-generated data, this paper aims to explain how machine learning can be combined with
the active citizenship concept. In addition, it discusses the necessary conditions for advancing the citizen science
and beyond.

Method: The review method and comprehensive systematic study was applied to assess the concept of machine
learning, citizen science and human-computer interaction.

Results: Many research problems seem to be computationally insolvable and may demand human cognitive
skills. Therefore, due to classification activities which are performed in the majority of large-scale citizenship
science projects, in addition to participants who may learn lessons about the science, machines also learn lessons
about human and imitate him and slowly its learning capacity enhances over time. Artificial intelligence, par-
ticularly machine learning is a debatable topic with related ambiguities and biases which should strongly take
into consideration.

Conclusion: The application of machine learning techniques carries many advantages including classification
time cut and masterful evaluations in the process of making decisions on big data sets. However, algorithms
usually act as a black box where data biases are not observable at first glance. Taking this problem into consid-
eration may mitigate serious risks arising from the application of such techniques.

Keywords: Artificial Intelligence, Citizenship Sciences, Computer Vision, Data Generation, Machine Learning,
Transparency.

Conflicts of Interest: None
Funding: None.

How to cite this article

APA: Abolghasemi, M., FahimNia, F. (2022). Machine Learning and Citizen Science: Opportunities and Challenges of Hu-
man-Computer Interaction. Human Information Interaction, 8(4);15-28. (Persian)

Vancouver: : Abolghasemi M, FahimNia F. Machine Learning and Citizen Science: Opportunities and Challenges of Human-
Computer Interaction. Human Information Interaction. 2022;8(4):15-28. (Persian)

The journal of Human Information Interaction is supported by Kharazmi University, Tehran, Iran.
This work is published under CC BY-NC-SA 3.0 licence.


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

$bly 5 gl Jobs sl 5 oo 8 fsg 0 psle 5 (ile (653L

099

ool 2 g Gage b9y 4 B8 Dlwn 92 @ Bl Gl
pole comile (6353b L badye (ygte diapllai 5 ol adlllas
w223 518 (e 3y50 1y wbly 5 sl Jols 5 (g5 00
SRl ol sloodls o (g39506d pole (sbaojg o]
Wit 35 poie B S (S jobots b (93 c0)lgale aile
B wodls s g Sl gpglaen (YOV & )
4 Al GBS U o Wt glacdld op Szl
w3 e plol ale B Wl 8 3 08 cS)lte o
6L 3l eoliwl cslie joboas (Yoo Mo g (S)
> 4 ooy gl jos gad o I ilie oo 3 (edle
geyS) i Wl Ay S lapi,eSl
L dezrlge 3 g 4 lind oo ploxl | (Stwg 9 siades
ey o By dlaie dmosly I oglie polde

a4y JoaY Sluwloes Jlas 5 Slisios OS5l (6l
o sl 5,15 35 sl 5 (ot loo 4 g Aias o
3 pan lolis ) Gl (Ul L il ood joi baile
LinlgS 5bge yMix s Latude WS g S B,y elsl
SR aegeme (od 2lolid b (guudib (uSep 0g
S (2L Nlgie pdle (5L (alyen b ol |l
Bgr 9 Mg CS)lie «ygo cpl )3 (g Bk il
JSs wle by pbsl ol ol 1 b e
S jolaie 4y S olaodly jl eolitwl b edly (slade gozee
S92 3053 (659 56 lodd ()1 py ()3 ey )5
it 5793 SIS ofgn (VNN TS 5 (5)50)
I g QUSRS (Sighyghyee S plulid 4
5 rlly T T an g gtsl) cul cusd
5 (Bld Slac)lee g gy crl (Y1 P Ken
O 5 el 08 0ol 3 Sl (guolone &S ¢ S8 RIS
e 5l gt aleoj 3 &S 2950 Jled 4 3505, Jbb
P 5>l 0nd (ialojl s b 35 (oo JS55 iLo)
iz &5 oleesly I (ool polie sunaib g Cypie
ool Sludl (gamolre | wanl osd Wy )8 bawg o

el

® Ceccaroni et al.

10 Neal

11 Bonney et al.

2 Torney et al.

¥ The Galaxy Zoo project
4 Fortson et al.

15 Walmsley et al.

OleMb! g Sl Jolbss
VO-YA (1 Fe e line)) oyl o Lot piid al>
http://hii.khu.ac.ir

\\4

Aodbo

RS JoSo &S (J)yge 53 coludl g (wile (6p50k oS 5
D) Y slgues pole )3 ol (sosall (glad S il
55 0l Jl S 5 3l pgomendly (slvejg I (sl 3 <0590l
N Then 5 (i) d9iee edlaal gpSol S
(Al) T giae Gign sl (YA T)iSan 5 olods
a loetysSI b apatle lsil slos 4 o,l3l (sl Ll
9 x5l dhome godmlie 4 B &S 30
(ML) Popile 555k Mol 5 citud (6565 ool
Slgi o & 29 0 iy (Sghas hgn I (las gerre P
§ XS e 0D Lo I3l s 5l olizel L 1y LS
Tk 2 &S et 3 1) wie gord plolid lagS
S 5 4 L9 odis o3> iy b yelaie LT call
Jb 55 odle 50k GlaeysS (YIY 7S 5 i)
wle dlisee sadiej > @Sl npln pob
Sl )85 g i jarsls LS § pgal parsls
Sx5k D9y sled & Jewegil 3l L VS ik > ol
3 pele Cliiod ilises sladiej )5 (65L5 3,) udle
sl pole g pod (pwlidcam Ale (e gite (slaojo 9
@525 L (VN0 & e 5 0,02 ) ol o 3l (slaigoi Lo
Comd (S9065 pole 1> (S12> Eadge (Sotan b oS
@byl Sl (oSen (VIR Sl 5 ()
039 (nl 0> 6153k sl sl g dmodly (392w yiws 3
59 3ylae udm jd g3k sl s Las Ml
Cygpd dax 1 M Ll wlonds oy
ke I lapny oSl Cgllan g sletel CobB (g pdhany
ol SIS gy g g dle S0k Clii>s
5 )8 Candg e 53 555 35 o oolizl L 3dlp
ol b lg e (1) il (oo wten I 99 4 bl
SV pole slaojon 3 1) Slles dx ile (5500 ]
5l oolitul poo slacusyd o laayags (V) g Sliad o plodl
s (X005 pole 5> oile (5253

! Citizen Science

2 Willi, et al.

3 Sullivan, et al.

4 Artificial Intelligence
% Machine Learning

¢ Popenici and Kerr
"Go

8 Jordan and Mitchell


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

Wipad 9 (sosldlli

sl

I8 )S )5 oy g 9930 290 & (St 9 S )le (polal
x5 b hadye Glegdge (owp g Cou 4 dlio adbl )
81y bl (Ggpcd pole g (idle

Omile (670530 )3 (5,530 lagSl

Oedle (6553 jlosliul b (5 4 &5 by (o) (s
Cunl oY s o plxl glgpcd psle laojgn
SN ds pils o 5 ool |y Ll L L po glagS)
xSl (VY Yplall o Ll) sl ond a3l cypilo
31 bl b w351 Loy b g0l (ine Mol
M5 o ol g o0l slrodly 5)ke 4 L baodly seiges
Ol 3 O ol 0l adil g asastie bawgs
o 03 18 uile JLisl jd (Losly) ladiges I (slaegeze
590 sodld Wlgn oabe s (65l w3l b g
o3lil by cg 18" Ll |y ( objo0] (sladiges | (slie gooro)
09 (6s5b 39 Cad ol 0395 o o (slmodls ]
sodly 5l eolaiel b cpable (6050L g Swe ol
oo cdd o Sl 5ol 4 gl oS gdards
GMs S LIS ealsy o bl ¢ ploin], woSomn
4.s9§.'>uz (Sl g9 og.] P el 650
sl BgSopen & ine ol 4 )5 292y (lissnaih
Olia H ko b cpdle 65 ¢l b Dgus g0l 030> puiile 4
63l WS Slolis |y Cannyp 286 slaodly > 35350
Pl 4 cly canlie (o8l 351 Jlod 4 erdicu o5
O s b 5185 (e (8L (s by ile 5 Ll38le 5 5]
2 iyl a8 Jb j0 05d e odliiel (obb L xBse
zome ozl (g9l slaodly lis poad )l 550k
S 0A5Cash (653 ) (Sl g e bl
SN 4 & 3,5 oo paeual oA g Jole 395 g )l
09 b ol cnl ans plosl Ao (ailsy ploxl 4
s 3 By g Bjgal (slaosls | slasgoome & (oo
dle 650k o Sd I (52050 0k Ghag s
ol & )llas 38l g oasjllas b 595) 90y 1 lgT o &S
J> & J.5|93‘_5,c s d)ﬁfali Caw! \‘y.o.c d)ﬁf.ﬂi &S

¢ Bird et al.

7 Sathya and Abraham

8 Supervised learning

® Reinforcement learning
10 Deep learning

YA

Sl izl (clys cq lodsy wle 51 (gl 1D i e Lnodls
285 (o090l Sl B (lid by 4 dagl kS
oy g alllas (ghod S S5 4 (sdigped pole )3 o] 350
Tosls ey ol by (Y18 o Sam g 5SS o)) ool o
I Br gabogl QUly Al (ale codlad ks &
el @Bl Il 58 )5 by g 0yejg) (slaasl
Saglanz salopo y cpiile (S0 (slani, gl ] oliz
G b lbs 0 slleal, dad e cel b
a bollas (a5l azdls Sevg — Al o olols Cigllg-
5 SilS)) dwy 25 Sl 4 ledh cuas 5 Jols
IZSLORINLIN

zlyzel (Jae oo Caa b ooy a5 ey )00 3)lge 4o
sl o (gilo e Bubiod OVIaw & Fuoly 5 leMb)
L yolaie 4 39 oo odlitul (yble (6553 (slapi ¢Sl
sosly oSl comne b clnlie p» o L,
&35k )il (gylol Lo 0gMe wrds)slaer
T Ohen 5 jrms) 5 oo oolitl &)llas (g 9 ol
@lsyo oyl 3 (YN8 &) San 5 ol granl S5 gy ¥+ VA
Mio doodly (6pSow Ll slp wuwl (Koo pimed
o5 sl b VA EesS 5 (32) rse slas S 5
dle 6553k (slapty )5Sl | il (g Jolse b
(YN e g 3) 29 ool

xSk Cilies (elad )8 5 Sl ilodie clbuuss oyl
lie cpl Bun cunl (g9 b pole ofagts g ple 5> (ile
x5kl odlital (so)ly> (I s sl Jgl salng 5
ot sy gy ool 0 1 eg B9 aed pole 5 e
Sl 4w Lisu )0 Cal (i Wdg 10 udle g lus]
Sbojon 9 qwmibpie owdle 6350k b hsye 650k
Mo (60,3 s cpudd oo Al gl (el (cliges
3 22055 pleel (semis )3 45 gig e pole Lol (I
pie cpl p Jleisl gade o0 g 9 oo bl gy
Sy iy n g Eon IS )Y wiS o Con ol
Ot 5 oo )d (plolid Gl gl pols > 3
S o 03l aily )3 cymiblo g o]y Joles 51 3l

! Lukyanenko et al.

2 Big data

% Vicens et al.

4 Poncela-Casasnovas et al.
5 Chen and Gomes

OleMb! § Ol Jolbes
VO-YA OV F o b)) pyloa o,lods piiin ol
http://hii.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

$bly 5 gl Jobs sl 5 oo 8 fsg 0 psle 5 (ile (653L

o Cul liged (sl (mas S4SuD Sage5 (sl
Sl olpd 5 48 S 58 Tanlecad o buy
9 9] A cwSs ) 5 e Sl b Sl
[N Ko

SH9e P9l )3 (ynile (653 (s diged
SHges ogrde on (lp pbadigel ) jolate 4
x5k 5 &Sy Slgnad pole saly &5l (SesS
ol () Jodn) Caslodds awyy S o odlaiwl (il
Sx5l rap)lS sals SSbles bejgn nl 25 e
Sl ol 51 b gl bl s (5359,06 pole 5> (yile
A o

i) el (gnals Co CMSie I ol gly]
SaS (NLP) (s (1) 5100 5 Soels 25 b (2l
oisp I lasgereni el olw b alss S
sebas v2yeSl 5l eolaswl b 1y cleMbl &S cul eguas
LS Oom Sy ool g b ugal e
d)j;l, 2 K Baas? L£°5‘5 .(Y'\ﬁ c‘_')l)&o.lb 9 u.»g)&w))
IS @ Y pl oyl o)Ll (odaxio sladY & Bree
Dok abls S e (sloaSus baoe &5 Jia
3@l 3 Ylozsl (ONN) ¥ iz ae (550
2 Y ya aSs cpl p0 2ed e Sl b e slaasY
ool exSie JB waY 1 @dgy9 JalS sloyos
Yiisl s o JWsl dm saY 4 5 XS0 i

g pole gy 3 edle 6,50k I aladises N Jgu>

ossle 650b 555l @) o £ghae (e £95 selgio o595 pU
;Y
g oxdllas (6 ,50L Py S5 = Faels ol Sl Galaxy Zoo
CNN | oslazuwl 3 o s |y b lises jksle o
oxslas (Sl st ple Sl ol sl g 8 paceis J (S 5 - omelS Gl suuail  Human Protein Atlas
P OB hcadee oSl | (S)i wlde (gandil
stsSwg e yghal
ol (g Sk pole bl ly Sgo brodls b polas caaib - poesls ol sandib iNaturalist
o bosS
21d)lis 653kl gl BUST g oy il gl mgitedls ) - Fomell 2l anaib 'I\g:fr?ii:g
by Assisted
Image
Annotation (MAIA)
g oddellai (4,500 clacl pgle Ol ovas gyl ppsal > O)loe Gl - FeelS ol b Mindcontrol
CNN 5l sl 3 oS 5 5 oolizal b (mae ol (wd (63598 ¢l Bd05des
o> (B0l pstils oligyaed dle 613 5 5 )lrox
o)l (g Sl pols 9> sl 5 odbidlplaay cblge Ol s = Famels ol JERTAR «Nature through

the eyes of many»

et Mgy slaoals jl ealizul b laaigs lulis 5 Sl oS4

Py
oxdes,lls (¢Sl pols oS Gudal bl (gl - Fgnals’ ol RIS Org. saalie
lea:mw)
POl gen xSl Jelepiun ot Sl 0abanogs oSl edlitl - 308 Yl o SciStarter

slogas @)lse by (sNgd psle
od 8D (50595 (sline

by Scistarter b Ll L3 &Molss sluo o ol )8 32Me
TSI JE TR P PSS N S B v

el 52 ol o (sloefyyy 8l slp S

odben b (6 S3k pole

oolizl b (g 5555 ool = aio)lislo slaodls Guas (550l gavaib Snapshot

Serengeti

PCIC I SaisS Jlb) Crogi 9 (3 y0d calolid gl res 5500
Orpgd 4l 3 L85 g

% DeepMind

SleMb! 9 bl ols
VO-YA (1 Fe e line)) oyl o Lot piid al>
http://hii.khu.ac.ir

* Neural network
2 Convolutional Neural Network


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

Wipad 9 (sosldlli

obod 4 |y (e calis) sladgl ganaid bl j»
30 ol 03,8 39T 1) rglaas &S (g IS A) w8 o Slpiii
Sbodsd (a3l 63,8 andib 1) il WS el Ko
g &S oo pMel HLael W81 L yoine 1) Slosde sl sinadl
Srsa 330 35 1555 Hbbonys 1AV Jihs o Jloj b
sloofon > Cunl (Son 18y () sl ansly jlas lasl
5 13,5 01535 1 ) s o S s Gl
2 sl Gdle (6p50L sl )s0l (6l (63959 2925
13 s i 4 Byl JS 3 sl o ) USG5
e 9 oo o1 5 edle (6650 Sl B (sl oS o
4l SleMbl oL 5 oalatwl (oo Sl ol b ilodds ool
seySol plo » alie Ko & olg e 1) e

D325 4 (B9 b pole ) (ndle
S5 e 55y S b Lo (36 Bloss 3525
by cpl 9,8 ookl ¥ (5l lacsil CBlanl (ol Ll )
O]st).e(;‘) LS‘):’ oS )lie 9 .\.ulida 8 iy (50 5:55] oUL.oJ..{J
Jiel Wlgs o o Blodyd WS o a6 iy Culis el
L1y pglas a5 Sbbosss (o] ol cims iljsl 1) 395
D2l 5 jine S (o ()N ez s Yl 36
23S od (gaaib ogva |y slwl a8 SBloays 5l awd ol
oS el oBTo93 5 55k o5l o2 1y eitaaons 5,15 2B b
AIML 5 o3kl b pgud (candids 401,86 .cusls salgs
gdb glaoaly S Wb o asls SLISA L laig e o
bl len,S () l3S,L SleMbl ool 3 1y g3 pyed
pole bo)y 90 yb 3l edlaiwl b1y livleesly wilgs o inlyay
WY Co pdo u.)l.c)'ﬂol OKJL 2D S gwan u»}tb 9 d"bﬁ)‘e("’
WS (o S 5 e S 3 ) oy cnl & bt
Sl S coles cov g Wb (ool sl
VoV o )en 5 danl) 15,5 0 IS5 565 wile Sy
L,W.Jo 9 Cuw ) Ja..m )'l cblas Ul.a L;LmdLo)‘L» ¢JL.o dl).g
Sl Jols g0y ang BB polie I edlatel b iy o
oo S0 1) 0aBEl pglal 593 oy myed sl (x>

" Trojan et al.

8 Snapshot Serengeti
® Swanson et al.

10 Gamification

o8 0)la 653k I alaaises Vgax (slaojyy Al
hiodlg 186 41 )3 oadedlitul (clag oSl 45 i
)10 55 (28 bjgel s enlpliy g s L pasets
T o0y oM gl gorme S b Vgane byl )
ol il paastie bawgs (1SS aile ale) & igd o
o590 (Mg e ¢y lods (6)S a2 059>
I rSrp saeserme il glp bowen ol
555 s gasme (pl il aules ) 5 diiS o ol Waodls
o3l oasic s pile (6,u50b 5l Jae iigel (slys 00l
s jebay 1) sl (dcgeme (sadS & 2 o

S (oo ) ez
1 3litol U 005 )1a5 (6,80l Lol o slmoggy s
el Gonals ol s0jo> ) gl paseds lBle
9 om9> 4B g SBg b pole slaodly 1> igeals ol
2l (0,5 3Sele 5 el laig e 4 S pslite o
b 9eSU (ol 9 (et gly 385 pgad (sinail
Ohler 5 (59)8m) 298 s o3litul (g b olS) wigS
(V¥ S ohen g aenl) Tty b i (sojon (V41
i Gl (oGl pglas o5 cwl (98 aiges
sges | cwl Ojle K05 I md oo S |y (93
95 45 €Ol )b oSS I by £ L layl
b sl Lo oMol oKL (soggp ) sloddoslial
s> sals 5 (Y+1 2 oS 5 Siorg)) ol ® olSic
il oy 5 Wy s ol i
oS baygeds o) 8 (VN I )Sen 5 ol ) g o0
Gogleezr ompp ol ) gloojns (o4 3k
SEM! srolol ()95 54l pslal 059yl D950
2l el ) liinde 3l U85 5 )glaer |y il
Sliciml (50595 » 456l Wlan 1S o W] 00 g glen
o pile (Y415 & olyKad g oyl lgm) 315 (595 S5 oo
01i 6 9laen polad jd Sl puomo ololis ;> ddien
A 53 il g e (alpd iz )3 A B39
St ol sl ) plhee 15 9 (alolid ) SUlgs «bows
@) ppal (Soias Shon dunl WS o W (egias Sign
ol Jll b gls 5148 o oandil 5055 JSS

! Mind control

2 wildlife Insights

® Ahumada, et al.

4 Nature through the eyes of many

5 Informaéni systém pro spravu zdznamd z fotopasti
6 Lehejcek et al.

OleMb! § Ol Jolbes
VO-YA OV F o b)) pyloa o,lods piiin ol
http://hii.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

$bly 5 gl Jobs sl 5 oo 8 fsg 0 psle 5 (ile (653L

655 5 Lz & 0ol S el (sailo oo Jlo 1)
EEN 198 "j b wloas old (glgandals syl cely b gdg)g
Sl 4y aeddMe by iS4 8 (S Mol ol
5 ) )l oyl (ol sy Shy H> 4 oS L
.(Y' AR cul)m

el opdle 6350h )3 xS g pledl I (8L OISk
Cudlads cgw Sl Sl L 6pSels jolaio 4 9 e
Gy odlaiwl 350 slrodly g lagi oS Sl > iy
pole Sl Sl clesMo cnl adl (gygpe syl Lhise]
,80as slaojes (cadS p lalad 5 Aliud  (gXg,aud
Jb ol b )i e b oile 6,80 claens Sl
S ySow 9 GHgrd pole ofyn Lol cunle
4 (SLg e pole Gliie by dag iae 4 g5l o]
ol pin 45 S glaalsy (ol odly cuas il ylebol
WS (o My 6y Cormnl le (6 50L sl Sl
S bl ogls il slaJSs pedle (6500 5 pleel
ol ol a8l ol by o] SIS o 5 3aBd
5 Bisdgyy & Conl ot obw s> (IS jobu
Iy ‘_’j S dl.a:.x:.;j)é Lol chlosnline | O] FRREYPESYes
Wle opdle xSl glapuysl e el el
oS Wlodomy (6584 B e (6,50l 5 s e
LQ;T 5920 (&3S paeuadl dl.aa.\:,{i)é 5 Oldes Cunle calis
el 4 v b g oS ) ol Kon g Mas
Sl (b (See 3 S (p it 4 (ol sl ol
sbaaly Mo 45 a23 o 3 Slo 55T (YN 2 (p3s)
P bl bl ae glassly Jod JBr @l
TS 5 Py B99) 1udb 01d 20l g o (Blg (sladels
S g el WG o ol (caun 13U (opl 2929 b YNV
2338 o b sl (555 liges 4 098 e o g
P ke Slaptess & 29d e dpog ()90 ix
Juzal o sl scadlye wdlie b b ye aee logonas
(YN pdg)) 39ai5 ookl )] ale o

oo (653 lalee! &3,

@ copilo (6500 Sl edlainl b ylul g yidey i olp
B amnsls jlo S50 BB g pdspouls pudydings (sl )55
o8 (@15 5 iy glas S g o) (glais,S g

5 Mehrabi et al.
5 Rudin
" Doshi-Velez and Kim

OleMb! g Sl Jolbss
VO-YA (1 Fe e line)) oyl o Lot piid al>
http://hii.khu.ac.ir

i dpde goud gyt gl g
Sylibeau s e
e Cilnse gl g ST L E Bl
{ ¢ a3 30 sAlF
() 5 Lo o
e sle o e,
Al gaslinl 2594 ctle gadt ol
smem e g g L
a2k ~i-| 3l Sals
T o el T glausls dogaz.

vy

Oby > odle 638 sl g los o Jolbs N JSS
9 s bl ol )5 pgad gaiadd

owile (65800 5 aaliw! sCus b g CYSLiw
Sl g otle xSl S iRl
L) Wgus o bl aodls 5l Loyt oSl ol sloxy) ol
S o odlizl ol oyl 5l 48 sladeliy (VoY Qalal ol
F55e Do 5 | sy > Sy pliie 4
A8 o iy y5 il el ) b conS B 1) (650 (g0
g8 LB olol  (650h porde cul (Y40 I JoSL)
ool )] )SS g L yd il (g glyal dlos 3l e il
9 0l dlﬁgﬁ] vasuis oy polie Hlade xyw
5 Oloylsd) Cunl 0ads o] cualad pae byl b 3 (65 i
y..olf Jl> s » 9 & u")}"] ‘u.sl).:Lu (Y' ALY “ﬂul)&‘m
ol ple oo Blanl 1 (S pile (550 cslo oo 355
b gned pole 3 (650 opdle 1 odlaal (b cnl b
1 o5l Mo ol awl ol o IS § 840 S0
29 o el luil ue S0 oS il puile 5 Slos ple!
Ol (g0,ly0 0L dgumme (oL > U Oi = 5, Sles
Cou oM jebdy day Lis ol (SeSs g cudlad sl
IRWRVAPES

Osdle 553k oRgr 9 (Sgian ign I edlitul S
Fdog) Slleel il JIS (g0)lp> (oobj slacen,
Eolen g olyme) Ll 5l b slaspSgw g (V)5
sokaie (Vo VF) g iy o Lo el aily JUis & (Y44
ppsNl Glagzg s )8 & cwl obaglads pledl )

! Sathya and Abraham
2 Blackwell

3 Dellermann et al.
4 Burrell



https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

Wipad 9 (sosldlli

5 sl Sl ysl S5 9 St leMbl aiile s
WSl bl Blad slaptunw o> slag Sl
Jol b oy cela laial, 5 Jsol Cole 5l oolapunsilSo
S ol 5 i wublas b gl B!
Ongr) 1S Jolbs pliebl (ogad w2 5 6 phicgine
(YNNI g gpsld VT e

Sbul 4 uile (£050L ) Blail o so,by0 b SIS
Byo 15 oo ol ol 2 85 e pie s 50
Conl 3Y aSly 0,50 S5 JB055 (S el Slive 2
(YA Lo 5 33)530) 423 b5 |y (6565 ol W39, oy
(ole Sy s el b sl pgle > Lol ol 5,8
Bl ool 4 (aite GRS & e IS 2 0gMle
gy epl 31y il cqulis 1S5 Sl 31 sl wlgn b 3l
9 g s999) 35y 9 bl 55 1) (o g 03,5 gl el
(YWY oS

oS ol ad 3 ol ghem g Slp shde s,
355 odlitul Ny pd psle sloejsn ) I g
O 3290 PSS Gboslis (VA ToSes 5 (S9355)
Oaled VUSS 53 1Bl glaojgn g ol s slaojyy
Sdin) (SNgymad pole O aivd Kmyd Cuvlodds ool
P (gl sl (o gime (hon cudlid (I8l gl (olie
P S G g ol g )Sen glpl cdlis wl
o sl ) (oMl Lol e bl (g 0 pole
Jodlimel 5 (555l Gpae Gk ) Jn g <y Spe
31 & S8 (I (3390 pole > Mlto (Ll gl
ol slp phBl s 3 g ple Wy lp ety
Ol g pole (oud 31318 e sl pa (2l
IS L an & latedily b g )Kan 5 el
o §) ondadl) slmosls §l oolizal (gl 45 (gl Kbl
OhSed 5 (S9055) Wlodd (ghydeby Slusl ldbgly
@ adad N9 pole gofen (JB cnl b (YIA
Ol (slasdgyg jl SualiS” 5l &8 dimd as (LS 955
5o 350 NS ela Jilio 5 S el bty S oo oalito
5 oludl (6)8em 239 &Sl ) T (s23g 5 ple 5
A8b oo (ohan Ghgn

4 Right to an explanation
® Edwards and Veale
¢ Guidotti et al.

Yy

OiplS 1y isgel )3 03kl 590 (clamodls 5 b )¢S o)k
V-

28 Cdlad g Gpdped (Spliany Wl el
B g B (egas (hen b ladpe plie )3 les S
5 omkS Nedie il Sy slea (> )lse
Al sy 9 4l ay Wi (Vo0R) ) Sen
B sls g o] s @ g 1 25 L5))
B sl sy ppds )3 olol cl 3 G
38des (g Jol5 g sl sl S50 BB (o8 @
by iy G g e 03 sy 3> IS5 4
Ojls oedle 63650k 53 Gpdppads (YY) o5 9 o
BB clbMasl jl oslaiwl b &)l b zeudgs (SUlg» 1 cowl
Lol gl Sy

I Eghae (i sl @ bap gonl (nlpl
Sl paasda (ly o8 9500 (U lapn oSl 2]
Ly (B Ko Blg5 o a5 (5950 & ol Sy LB
oyl cpl ST Sy e o Fy &S]y SBLE] g aad ausuls
Sl )i« 5 (et 4 ol L& ) olaw (glavaa> b
2 Jolae g e gosnlin & aid oloels )5Sl dy pnds
2 5 g9 o 5l (B Jleinl BB e 5 e
OS) S5l o oSl 1y oo (sl yiall b (6399
(VN ) Kan

S )3 3 (g Ng e pole slaofon I pam
4 (3l gdn e (6 el Wg) b 4 4
ool 2 &S gl paplsse ST Jlie (gl s 42
oS (sl 1) S 981 plal g 3980 0> S
51 Lol oS o0l olpus (gdumn (sloJe 1 walgi oo Shos
el b oS Sl Slasead aoxs ol 5l il 18
JLERUCERINESTS S LS VP SO JECH JE iR
2 9% 9990 (nl )l SL kel (Juo 4 S (s
selornl claosls b Ll )3 a5 (oo Lolazsl ple
2 gl oplple 95l Coaonl o)l ) g uguoxe
il 4zl b anels gl LS5 5 bogins Slg3 oo ulos
oy &S Cuwl bxe (pl & presi (£ySamw g0 ol o
Slead 5 (e o lulypd oSl e bulys J9 bl
5 Clizsl gl timd e i g LS e S5 |y Leless]
sloodls (gl slaofay 53 (V407 (Jyg) sos 559

! Gilpin et al.
2 Jobin et al.
% Floridi and Cowls

OleMb! § Ol Jolbes
VO-YA OV F o b)) pyloa o,lods piiin ol
http://hii.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

$bly 5 gl Jols sl 5 letio b £ kg 0 pole g (mile (5350L

(S 35 4ot g Sy

13,55 5L ccmile (653l oolial (1933159, (yialj3l 3929 L
pole > owidle 653k A8 (5o)byd (ele slacon
4wl odile (8L Slwl Jalye o lies (gdg,000
(S g s pole i g5 &5 S s oyl 50 Sylee
SVl 38 65950 llis )3 oIS g (9K oS jglas]
&S 35 canis cpl dSL cund (glodd s il WS e
bl Jolye )3 5 Cans gybads) QI (sguae Jiga»
oo sl oS qwyd GOLS 3l je g )l 1,8
il o 5lgds 1y o goybyd Slisio zels

pole slaofyy > Ciltke B)b 4 (dle (6350h 2,505,
S)Sen o0 U canl oY 1 2580 03 (g9 0l
2o cpile (653L (galawg 4 & g o lo g ]
)8 ol osole Slaie )39 (yp B3 L g 00
stebre Pacl b g oddpe (hgn porde liee
S o sl el (ol Jlgws Il 2980 Gl (S
S Llgy My Sl 58 cblo 5 il o
DB piile Glolil S puads (] 5> cldidos )y Jglise
ple slp (ool OMSde plply g s odalia
5 ol (Bibo «wdlid il Ban b gy
ol Syl M ol 5] S 239 p0 sln] il
@ baye Gizw 0 ol 2y90 o dlaais il (5500
Sladsoly I (o plgis 4 il (6500 (sl Sl
Ored Jle ol el zedgs Gdle 653k pled &,
& o8l )0 ydy Cdlad (gl Cuslgd > a5 dad o LS
D9 g0 D930 Cuwd ()l (cogle 4 & g (g9 b pole 4
)18 o b elan] (5355 0lal plos 2 g0l s y6SJ)
oS ey (il ) slorh ol UL I (S s
ol 0] 5 il g sl oy Jols

S8 3 (SVgcd pole 4 da g b Lol 90 (Sl ool
Man (S adly dle L] &S il ol dle (5500
ol o 5 ol ilisios slacallad (sl ooy b
2 eS)lie sly gl Gldls 5l pase plas 4 el
hW)lS ) odms 45 395 00 1S (559 06 pole slaogs
2o ol b ans e plosl 5seedlS 31 350 5 siae ol
K8 G185 o) )3 oS o) Slegidge 4y by slaes
P LYY T ) cul bgye oludl olss 4 buas

N il elel &S oo Jre p e glaojsy

2 Haklay

SleMb! 9 bl ols
VO-YA OV F e lian)) pole o Lot qpitin al>
http://hii.khu.ac.ir

Yy

Saylye Sl o138 S22 4

383,00 £y ¥ slmasls gl 4o

Blid claogyy 5 ol (sam> o clacglis ¥ S5

e Sy b o p (B ggdge pl K> )b ]
pole slaojon > BAS cSls 4 (egiae Sign
U}'Lc.)ﬁol sedbs sl b gou]osb ) (S5 g o
Egas phgh 9 il (hga & ola el 5 489>
Jol Cawd il o cdimd o Lgu &b iy ole i & 1)
s Clelill g (egtae Jign 3Slos (o520 jl )0 S 9
sleodls caas b byl o ehga o)) clbcadgise
bl sl dag )5Sl (192 dute sl 5l )90 e )is o
9ok (she> (S g pree OIS b (oghae (Bgn
P Egan Ghep Sl J8 &S Jaulyd > o) S5 pg))
@S (65 el (oloinl g (Sbjy wae Slegdge 390
O o)l Skl Cuop ) gl
S¥9cb pole coul iy 2,105 )13 (e )Ll > (eguan
Lg)s.)b d‘)) u‘JaaM L Ko 2 L;FL“} Lol dgde L;mfb
sloefyn Sl elyl 4 polg oo (o015 b, oSl (g0,
4 SaS bujo gl Gun & pulpdin (cNgpd pole
Pl (sguae Gigr o)l x5k Gl Mges
ol 4 3l ollloghs ! plgcsl ale) Wog g 51 (55
2 co}"?ﬁ: )] ool » OSM.C cua.wLo d)jbb umm
5 owgele (glanyms oS sl ansh g8 58 o) oLk
Dher i) > slal (b Uy o)
S SNo S pole Srofon Jl odlil b o gian
Eghan ghep Sl GRer (S0 (hpS lp (el

! Eyewire

[
[3

s

G

14

4


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

Wipad 9 (sosldlli

Slize aoj (nl 53 650k 45 ) agel b wls el e
P15l as gl clacylad ams ;o )l caclias
9dse Pl Sip ol b gned pole slaofyn
ole oy e Vil & oniSeS Lt opdle
acld o)l (e gel b 55 Gedle jgel e
i ol 31095 b 23 L a5 WS oo a5 o 51l
DyS

cnl 3l i o (o b Loy oS0 (S 9 (0l 508
I san wjgpel cwladl Gl d jeas LB
9 48,5 oy ply Slacsriallys | ppble (653k ST
Eghas Uhgh paasie a5l oo splp ol b Sl
hee 2Ulg &S cuol guae dibe abi Aplocys (S5
OB smdw laylidle agin 4 S8 Gl (sshan
w2 s Sl S oo Uil ) Ll (S I slee 2
OFsn SE saVlogy Sall 3T 3 (S5 e
dnsgwlgiel (cliuo p g Bl o i ) @S ol ol
¢ 93 SIE )3 (YA Ugows) sl ol ) el s
o p)LiseS sl sl (ol (mas saSud I odlatl
Pl |y o it ol 2oy 1 51 g o7 ()87 0
o ygliwd cpl pf ple il (65S0leeSs s wins
4 Wilg ol by puiile a8 31y Dgm g (IMSUie o 0lall 5,5
SHo 4y lgioe o o g 1S By |, el e
15 Elee 3 oolizol b SBYS claculled Lol a5 55 o)Ll
(VR Ko 5 lolsd) Gl (455 s

L (YIA) 7(sdppld g ogusly (saiiS @ dizaj ol 3
oo ol 1) lese 4 el placd iy el e
S5 SBLEST | ol paitala Ll oS o WolKisg 3
Cewl ppile g b oyad oo (¢)Son Jols os]

b owdle (6550 ggdge bxial )3 a2 )5 oS hgel B 1l
by salliws o3 0 e (S Hig e pole jloalitl L
Jgol 5l oslasal oplply scunl (JS (2990 dmel> g ol
I wsale aalis gail)) (sl U9 pole (g5l
» oohe (sloinl (8 gamwg Jl gpdn 5 (0300 )b
J3 ol & B s o 5 &0 e Sgiame B9 s
Gl |, 355 g oS it ldbgly oy gy &S
s Jedljgisy cole,y wlooly jolaid| «ule 4 oS>
Sl pasws glaodly I eolatwl (gdie) > ibed s

4 Lintott and Reed
® AlphaFold
& Watson and Floridi

vf

T s Gl (YO ) 5 Sl Y (ISe) S e
sobods Mol aeleb pl 95 L 535 3,15 ol LT &S 36,5 o
law d> g llgpad By donis 10 g g pbl H04s
Qo) Ml Al (Ggpe g8 paaste pluedih
b Gyt lo)lS jo) 4 joy 2550 b owdle ST.(V+)A
o] )3 (sl 5) gyl cmd plorsl slasel L IS5 4
bl dnlgd Lid d

Szl el 53 o 45 Canl ) et gy K
Saiej  ele Cladsd 4 (glgad pole (5)bxa
I B (cwlidey > Ngdoo Jorio 5)lgdd slacullad
b S )lie Giomis j a8 8 lie ol (giipped <8 )lin
2 4 0 ojlel (dne 4 9800 (g0 03y (5 )Lde pgle
pole > olmwger 1 5V (ol )3 b sl luieiils
wlolid b oS ole b amsl dzdl oS )lhe (cligpd
Sk ]y 3 (b ShdS slaojyy (o Ot
Ilede 4 dr g5 bojgyal pols jobdy (VY ( ISIa) a8
ogMe (g9 1 pole )> & Lo 0B jgore0dls Sliios
elbaol s g il 5 odlizl b bl 1) iz dlaw
4 (D290 S U9ed pole (sLrojg il (5l Aiko chindgn
YL 4 ol SladS ) edle (653b j ealiul jolate
D)1 5l @27 (15598 Slgus @ (590 pole

Shawlxe Gdize) 53 o5 ()50 (Wl cj2 (Jl ol L
Syl Lol canl 04 08olT 0315 dlgus a5 5)l3 g g Sl
Dybier gilae (sNgned pole @ byye legdge )
pole sbojay > CS)lie (A 4 il Wb oLkl
bas obedly 4 55 lidgd il p e (o890
solaie & Wgd (B3l eab] ) Cusl (Ses & Ngd oo
13 5555 yoboty Lo &5 y)lS 5 Sles dmodls S ol
s )3 e ol lyis 4 4 095 oo Cu Lot
2SS b &y by e SleMbl lgie by (9 ouSIS 25Le)
Ty 5 0gd) S 2y90 4 & e ol (Solel Lais (4l
S4yD 5D (g, pole aS Ll 5l 39 co e3liul (Y- VY
Cusl pY Wigdio (Db (e (il oyt lp Jol
Lo onbidys (slaodls oyt j) Jlois] oEaS S i
Sloal3 5k 4 o anly (gla iz b i b illas ()8
Aol 26T wilers  Sio lmosls 4

! Franzen
2 Code literacy
% Data literacy

OleMb! § Ol Jolbes
VO-YA OV F o b)) pyloa o,lods piiin ol
http://hii.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

$bly 5 gl Jobs sl 5 oo 8 fsg 0 psle 5 (ile (653L

ol o ) ale b e > bl (65500 5l ealatul
Olfm:wy ‘);wlf O\W’ b ‘54,..\5 do.l.c u.a.]yf.wc
5 (ele) luedil plo gezmen 5 Cledbl (4)5l3
alylas o Y| $ad &Sl Vg pole et
Sasbasls

3y5buod = ol (sl saiailyy (gdmwgd )3 @ g b iy

298 g9y (29l oalS Colo siej > SIS )i
wlg Lo 4 ol gxe cpl 4= (Vo) Qe o 434)])
O bs w8 Sy e |y dmsle 5 ole p o b 5 cocal
pole Cudbse tpmoy o S (a5 & doxiy] )3 pd plSen
5 Jlo @lio & (5893068 pole 53 (ble (5 50L 9 (S90S
Sty Slados g5 cnl sl 02l g G956l o yed JB 8

23,

ST g a8

SlSen ol b plosl )3 a5 (ool 8l Sl alasg
..\J‘_;o Jes dy G0y08 ¢ S cidges

&l o)l

LXVCTUV] PERy W)

g5y Bl > ok g Jie (dmgh ol imgh
Gl 005 ‘ol.?d‘ soles

References

Ahumada, J. A., Fegraus, E., Birch, T., Fores, N.,
Kays, R., O’Brien, T. G., et al. (2020). Wildlife in-
sights: A platform to maximize the potential of
camera trap and other passive sensor wildlife data
for the planet. Environmental Conservation, 47(1),
1-6.

Arute, F., Arya, K., Babbush, R., Bacon, D., Bardin,
J. C., Barends, R., et al. (2019). Quantum suprem-
acy using a programmable superconducting pro-
cessor. Nature, 574(7779), 505-510.

Bird, T. J., Bates, A. E., Lefcheck, J. S., Hill, N. A.,
Thomson, R. J., Edgar, G. J., et al. (2014). Statisti-
cal solutions for error and bias in global citizen sci-
ence datasets. Biological Conservation, 173, 144—
154,

Blackwell, A. (2015). Interacting with an inferred
world: The challenge of machine learning for

OleMb! g Sl Jolbss
VO-YA (1 Fe e line)) oyl o Lot piid al>
http://hii.khu.ac.ir

Yo

pole sbojon (Jb ons 5> Cunl bacuglsl (p o
ohigel a3 bty )5S plagl b 1o sl (Ko (g 3g 1
Wle (ol)Susy Ll Al sl pBiy NSy,
Cudlad ll 6l pdyds Jao galbjb o Clwsy
Jilre 5 o] (go)byd 1l oS Conl eabge conl B e
Cnlply 298 Cou Judn Mg b Geizzed 9 (IR
sloofn od] GBumsansg (g9) Shn e salls
Sl il (sghae Gher (sdine) ) SNgRD pole
2 g 355 1553 5 05K bl e Gl 455>
595w 3,8 Ly guis g 31> bjgel Ll 4 cmesly sl y
r Ol sbojey 4 baye Sl JulKes
4 ady0 3l e8P 1led,S AMS yj b 4 |y clbogly
Pl b Slanysl Gjsel 4 Gl lee g ool
fod (1L el 4 g S 0255 9 (519,48 Cnl 03,57 S8
@bl ol 8 (Jb s (YR (Sen g (g pe)
e Sl onl sl alie pole (g)buin glaylis Lo
oy 551 g lmodls 5l o3lil 4y bogypo Jguo! 51 45 355 oo
slopisy plo gly Ll b glpe ojlsl a2 b 6518395
ool o i/ s b ()5 Blual (clr 039 ¢ o loz>

2,5
o sl elonb ool colis I pise Yl g5 )l
Sboseg plod 3929 b 1 isd Colid gowg (ool ) b
dlas (eloarb (3 gdang lp (ogime pooa L sy
b (B b Bl wliles @ Sl W 5l Ll eges

humane computer interaction. Aarhus Series on
Human Centered Computing, 1(1), 12.

Bonney, R., Ballard, H., Jordan, R., McCallie, E.,
Phillips, T., Shirk, J., & Wilderman, C. C. (2009).
Public participation in scientific research: Defining
the field and assessing its potential for informal
science education. A CAISE inquiry group report.
Washington, DC: Center for Advancement of In-
formal Science Education (CAISE).

Burrell, J. (2016). How the machine ‘thinks’: Under-
standing opacity in machine learning algorithms.
Big Data & Society, 3(1).

Ceccaroni, L., Bibby, J., Roger, E., Flemons, P., Mi-
chael, K., Fagan, L., & Oliver, J. L. (2019). Oppor-
tunities and risks for citizen science in the age of
artificial intelligence. Citizen Science: Theory and
Practice, 4(1), 29.

L Arute et al.


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

Wipad 9 (sosldlli

Chen, D., & Gomes, C.P. (2018). Bias reduction via
end-to-end shift learning: Application to citizen
science.

Dellermann, D., Calma, A., Lipusch, N., Weber, T.,
Weigel, S., & Ebel, P. (2019). The future of hu-
man-Al collaboration: A taxonomy of design
knowledge for hybrid intelligence systems. In T.
Bui (Ed.), Proceedings of the Hawaii International
Conference on System Sciences (HICSS) (pp. 1-
10). ScholarSpace/AlS  Electronic  Library
(AlSeL).

Doshi-Velez, F., & Kim, B. (2017). Towards a rig-
orous science of interpretable machine learning.
Edwards, L., & Veale, M. (2018). Enslaving the al-
gorithm: From a ‘right to an explanation’ to a ‘right
to better decisions’? IEEE Security and Privacy,

16(3), 46-54.

Floridi, L., & Cowls, J. (2019). A unified framework
of five principles for Al in society. Harvard Data
Science Review, 1, 1.

Fortson, L., Masters, K., Nichol, R., Borne, K., Ed-
mondson, E., Lintott, C., etal. (2012). Galaxy Zoo:
Morphological classification and citizen science.

Franzen, M. (2019). Changing science-society rela-
tions in the digital age: The citizen science move-
ment and its broader implications. In D. Simon, S.
Kuhlmann, J. Stamm, & W. Canzler (Eds.), Hand-
book on science and public policy (pp. 336—356).
Cheltenham: Edward Elgar.

Gilpin, L. H., Bau, D., Yuan, B. Z., Bajwa, A., Spec-
ter, M., & Kagal, L. (2019). Explaining explana-
tions: An overview of interpretability of machine
learning. In Proceedings — 2018 IEEE 5th interna-
tional conference on data science and advanced an-
alytics — DSAA 2018 (pp. 80-89)..

Guidotti, R., Monreale, A., Ruggieri, S., Turini, F.,
Giannotti, F., & Pedreschi, D. (2018). A survey of
methods for explaining black box models. ACM
Computing Surveys, 51(5), Article 93, 1-42.

Haklay, M. (2013). Citizen science and volunteered
geographic information: Overview and typology of
participation. In D. Z. Sui, S. Elwood, & M. Good-
child  (Eds.), Crowdsourcing  geographic
knowledge (pp. 105-122). Dordrecht: Springer.

Jobin, A., lenca, M., & Vayena, E. (2019). The
global landscape of Al ethics guidelines. Nature
Machine Intelligence, 1(9), 389-399.

Jordan, M. I., & Mitchell, T. M. (2015). Machine
learning: Trends, perspectives, and prospects. Sci-
ence, 349(6245), 255-260.

Lehejcek, J., Adam, M., Tomasek, P., & Trojan, J.
(2019). Informacni system pro spravu fotopasti
[National database of photo trap records].

Lintott, C., & Reed, J. (2013). Human computation
in citizen science. In P. Michelucci (Ed.), Hand-
book of human computation (pp. 153-162). New
York: Springer.

Lukyanenko, R., Wiggins, A., & Rosser, H. K.
(2019). Citizen science: An information quality re-
search frontier. Information Systems Frontiers.

Mehrabi, N., Morstatter, F., Saxena, N., Lerman, K.,
& Galstyan, A. (2019). A survey on bias and fair-
ness in machine learning.

Michael, M., & Lupton, D. (2015). Toward a mani-
festo for the ‘public understanding of big data’.
Public Understanding of Science, 25, 104-116.

Neal, L. (2013). The ‘human sensor’. Bridging be-
tween human data and services. In P. Michelucci
(Ed.), Handbook of human computation (pp. 581-
593). New York: Springer.

Poncela-Casasnovas, J., Gutiérrez-Roig, M., Gracia-
Lazaro, C., Vicens, J., GOmez-Gardefies, J.,
Perelld, J., et al. (2016). Humans display a reduced
set of consistent behavioral phenotypes in dyadic
games. Science Advances, 2(8), 1-9.

Popenici, S., & Kerr, S. (2017). Exploring the impact
of artificial intelligence on teaching and learning in
higher education. Research and Practice in Tech-
nology Enhanced Learning, 12(22).

Rudin, C. (2019). Stop explaining black box ma-
chine learning models for high stakes decisions and
use interpretable models instead. Nature Machine
Intelligence, 1(5), 206-215.

Sathya, R., & Abraham, A. (2013). Comparison of
supervised and unsupervised learning algorithms
for pattern classification. International Journal of
Advanced Research in Artificial Intelligence, 2(2),
34-38.

Sullivan, D. P., Winsnes, C. F., Akesson, L.,
Hjelmare, M., Wiking, M., Schutten, R., et al.
(2018). Deep learning is combined with massive-
scale citizen science to improve large-scale image
classification. Nature Biotechnology, 36(9), 820—
832.

Swanson, A., Kosmala, M., Lintott, C., & Packer, C.
(2016). A generalized approach for producing,
quantifying, and validating citizen science data
from wildlife images. Conservation Biology, 30
(3), 520-531.

Torney, C. J., Lloyd-Jones, D. J., Chevallier, M.,
Moyer, D. C., Maliti, H. T., Mwita, M., et al.
(2019). A comparison of deep learning and citizen
science techniques for counting wildlife in aerial
survey images. Methods in Ecology and Evolution,
10(6), 779-787.

Trojan, J., Schade, S., Lemmens, R., & Frantél, B.
(2019). Citizen science as a new approach in geog-
raphy and beyond: Review and reflections. Mora-
vian Geographical Reports, 27(4), 254-264.

Vicens, J., Bueno-Guerra, N., Gutiérrez-Roig, M.,
Gracia-Léazaro, C., Gdmez-Gardefies, J., Perelld,
J., et al. (2018). Resource heterogeneity leads to
unjust effort distribution in climate change mitiga-
tion. PLoS One, 13(10), 1-17.

Ol g Sl Jolbss
VO-YA :(VFr e liee)) prlez o leds aiid Al
http://hii.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.24237418.1400.8.4.1.6 ]

$bly 5 gl Jobs sl 5 oo 8 fsg 0 psle 5 (ile (653L

Walmsley, M., Smith, L., Lintott, C., Gal, Y., Bam-
ford, S., Dickinson, H., et al. (2019). Galaxy Zoo:
Probabilistic morphology through Bayesian CNNs
and active learning. Monthly Notices of the Royal
Astronomical Society, 491(2), 1554-1574.

Watson, D., & Floridi, L. (2018). Crowdsourced sci-
ence: Sociotechnical epistemology in the e-re-
search paradigm. Synthese, 195, 741-764.

OleMb! g Sl Jolbss
VO-YA (1 Fe e line)) oyl o Lot piid al>
http://hii.khu.ac.ir

A

Willi, M., Pitman, R. T., Cardoso, A. W., Locke, C.,
Swanson, A., Boyer, A, et al. (2019). Identifying
animal species in camera trap images using deep
learning and citizen science. Methods in Ecology
and Evolution, 10(1), 80-91.


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html

Wipad 9 (sosldlli

[ £0-20-920¢ U0 11I'Je"nup 0Tespu Wo.j papeojumod ]

Olwey) polez o)leds (piiie ol

http://hii.khu.ac.ir

St § Sl Jolss

VO-YA :(\F- -

[9T'¥'8'007T'8TY/E2i2 T TO0T 02 “HOd ]


https://dor.isc.ac/dor/20.1001.1.24237418.1400.8.4.1.6
https://ndea10.khu.ac.ir/hii/article-1-2987-fa.html
http://www.tcpdf.org

