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A systematic literature review on the definition and
core components of learning analytics systems
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ABSTRACT

This study aims to investigate the definitions and core characteristics of
learning analytics systems and to derive their fundamental structure and
constituent components as the technological foundation of digital teaching
and learning systems. To achieve this, a systematic literature review was
conducted, analyzing 70 relevant studies. The key findings are as follows. First,
a learning analytics system is defined as a foundational software architecture
that functions as a subsystem of a digital teaching and learning system,
responsible for collecting, storing, integrating, and analyzing data generated
throughout the teaching and learning process, and ultimately providing
actionable prescriptions. Second, the study proposes a structured framework
of the learning analytics system composed of three interrelated subsystems—
the database layer, analytics layer, and interface layer—and delineates the
relationships among them. This study presents a theoretical and structural
foundation for conceptualizing the learning analytics system not merely as a
technical tool, but as an enabling infrastructure that facilitates the provision of
adaptive, data-informed support to stakeholders engaged in the teaching and
learning process.

Keywords Learning Analytics, Learning Analytics System, Digital Instruction and
Learning System, System Components, Systematic Literature Review
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Records identified from databases
(N=992)

Records removed before screening:

RISS(N=32) « Duplicate records removed(N=113)

Records excluded:
Records screened « Papers unrelated to the topic(N-597)
(N=879) + Unavailable to access full-textN~11)

+ Not written in Korean or English(N=6)

WoS(N=960)

‘ Identification ‘

‘ | Screening |

Records excluded:
« Studies focusing only on
assessed for cligibility specific subsystems, such as
(N=265) chatbots or assessment systems(N=174)
« Studies lacking detailed discussion of
system architecture(N=21)

Full-text articles

Eligibility

Included

Records included in review
(N=70)

Figure 1. PRISMA research protocol
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Table 2. Inclusion and exclusion criteria
Inclusion Exclusion

+ Unavailable to access full articles

» Not written in either Korean or English
+ Studies focusing only on specific
subsystems of learning platforms,

such as chatbots or assessment systems

« Studies that are limited to analyzing
log data collected from learning
environments

» Studies lacking detailed discussion of
system architecture

* Peer—reviewed
journal articles

+ Studies
examining the
definitions, system
components, and
architecture of
learning anlaytics
system
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Table 3. Definitions and key characteristics of
learning analytics systems

Definitions

echnological infrastructure for

System analyzing teaching and learning processes
Scope within digital teaching and learning
systems
Supporting technologies such as
. big data handling techniques, actuator
Underlying
systems, and local/remote database
Technology

interaction for analyzing real-time
learner—system interactions




Generating actionable learning analytics
solutions to support personalized learning,
instructional decisions, and system—level
improvements in digital teaching and
learning environments

Purpose

Key characteristics

+ Automated real-time data collection and analysis

+ Adaptive integration of diverse data types and analytic
techniques

+ Interoperability with various educational technologies and
systems
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Table 4. Classification of reviewed papers by system layers

Examples of reviewed # of
System Layer
papers Papers
Dj‘tabase [36, 50, 54, 68, 70] 61
ayer
A?alyt‘“ [36. 37, 41, 50, 54] 38
ayer
Interface
1 [47, 56, 62, 70, 71] 13
ayer
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Figure 2. Learning analytics system structure(Summary)
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Figure 3. Learning analytics system structure(Detailed)
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208, sty AAEN YR 519 AlAElel= LMSe}
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Zel= e Al A" Fo] Ja[36, 68, 74], L ol k5t
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SIS(student information system, gh5AF JH A|AH]),
SAS(student administrative system, Al &7 A| A,
LIS(library information system), 24 njtjo] 5o] lct
[65, 68, 74]. 4 21} YA Al AHE 21 5= 7]E} 4
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S 2 AMejol] AE 4= QltH3e6, 46, 67]. o|FA &
e dlolEl 52 18 E el 543 dlolElet AlAH] o2}
& dlojel2 Uo] 4E 4

dlolEel $7 R AFS
WA, WA A% 0590l
ol uret Agtet A W4

o},
Gt AZLEQojoA=
o 4d diojge &

Alo] AXHErt45]. EF dlo]
E]Ql xAPI(experience API) 49| dlojE& ‘T4 -5
At xR 7|5 EM[49, 55, 60], JSON Z4o=
LRS(learning record store)oll AZ#tHe69, 75]. LRS=
S A2 E s YrFH O 2 NoSQL(Not only SQL)
7Rt 2 = 4 Qlth54, 68]. AAZF AEFY Ho]
Efu of -83F vl x| dlojEle] %%, shs(Hadoop) AJE
AE FAo2 He==d(23, 73, 76], HDFS(Hadoop
distributed file system)oll &AF A% =31, Apache
Sqoop, Flume, Kafka 5 53l 441, 74, 77]. 0]
% YARN, MapReduce, Hive, Pig 5& Z-&3l Hx{e|=
o] glo]& ntE(data mart)2 2o|A| ©rH4l, 78]. o] =
4-& ETL(Extract-Transform-Load, F%-#%H-2 7))
= W=20[50] o] % Ao FAE FH|E oItk 55,
K-anonymitye} 22 a3t 9 g3} 7 A& 7|
QIR HE 7} o] 2o]d 4 ItH79-81].

o
A

=3
A=)

of
o]

4.2.3 o de gl A glo]o]

o2 gl A 2ojof= do]EH|o] Ao X A2 H Ho]
Bl E dARol 24 EAof gA| Hejst= AL E 0] 2
olo]& oJm|gttt. ofd gl A gojo] o], ofubx] ShE Tt
At #E 7Rte g FgHH[77. 82], 24 EHEE
Python, R, Mahout 5°] AM&-HtH41, 63]. ofd2|g A
glojol& e 24 BEdf stgRo] B4 dixlom 4
‘gEtH16].

M7, 24 BEL 7|e4, o554, WA g5EA10]
olghs 2 FAlof wet, tlolE E 24 =
StrHie6]. dlofEl 2 Al A3k dlojEHo lﬁ
tlole 93 txetZon, A = E2 oA
g, waleld 2 geid 7|7, dlojgfntold, ey 4

A5} 7R 0 &2 o] A4 HE 4= 66, 70, 81-84].

24 A2 glofgHo] A glofojo|A] HEREE to]¥
€ 7|§to 2 A mgoA Aajxl A FHof gt glo]
E{Ho] A AJ/dsitt. o] HAfEet By A3t S A
A B AaE-S AJdeitt48]. ojw) s = £ AaHE
< 24 2E5g 1S w S22EHY, A4S 59 Ve
A 24 A} oE 9 B2Re] Ay, Z6lzx U 58 g5
AR 2 A, shaat E A 2dE g vd £ Q)
o}, Z4zkol AnbE2 AASH A ZbsE 9l W] 71 oy 2
d Zel= Z3F Agteto] QIEjmo| A gljojo] 2 HEHTh

4.2.4 Q1EjH| o] A glo]o]

QEfso] 2 aloof wAa}, ShaAt, e Ao 2
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& wpshg FAeE AlAR TR A ARl e AES 7t
5ot ok, w4shs FATE AIARICRRE A4EE 2
A Aol A-REA " & 7 St Az E O] o]
ofojt}. o= U2 QI 7|ZF 02 ARSI Zotou et al. [25]

o] e del o= Z3EA ke, £F A4S Fal
‘presentation layer’[42, 70], ‘interface layer’[36, 85],
‘dashboard’ [8, 23, 47] 51} -2 7l\go] wkEZ o2 9f
e wpshs A0k sk A AlAE] The] HeAtg Y
To] B a/gdo] dxE o] IEHo]A glo]oE =ES3AT-
WehE Ao Wt 3w dlolE et AlSE = A
H7F defal=d), o] oA QIE|E| o] A 2llofofe} ofd g
gl A gojoj7} I SHA] A& ofof Fh59]. thA] T,
WohE FARRE £E dolE Y AME = A of
gl A gojojE Fof 24" AoES T 4 2lofok
&tk Z1oltH35]. oleF 22 HHE2 ey AREAt QI
Ho] A(graphic user interface, GUI)S &3 that B4
oz ANZetE s, 3 F 23 22 GUI L4 9fs)
wshs A9 Al AE Q] Fo Aol w7l E T AolA

& 2.5IHH86].
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