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Longitudinal analysis of the effect of digital textbooks
on cognitive competencies
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ABSTRACT

A longitudinal analysis was conducted to empirically verify the effectiveness of digital textbooks. The study used long-term,
extensive panel data collected from 1,418 students in 35 elementary schools over a three-year period. To investigate the im-
pact of continuous use of digital textbooks on students’ cognitive skills, including self-directed learning, problem solving and
academic skills, we compared the changes between two groups: the first group used digital textbooks continuously for three
years, while the second group used digital textbooks for only two years before discontinuing use. The study revealed a sig-
nificant improvement in cognitive skills in the continuous use group compared to the discontinued use group, and a tendency
for cognitive skills to decline with discontinued use of digital textbooks. These findings suggest that the use of digital text-
books is an effective means of improving students’ cognitive competence. Therefore, it is recommended to continue using
digital textbooks to maintain or enhance this effect.
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Table 1. Literature review

References Grade Samples Period Subjects Effect Applications
[1], 2023 K3,4 771 3 yrs. Soc.”, Sci.”, Eng” AC”
[3], 2022 K3,4,8 690 3 yrs. Soc., Sci., Eng. AC
[26], 2022 K4 140 8 wks. Eng. AC Blended learning
[28], 2022 K5 101 12 hrs. Geo.” AC, SLA” Model development
[39], 2022 K4,5,6 324 1hr Blended learning
[27], 2021 K8 5 hrs. Math.” Satisfaction DT* using New Cabri
[9], 2019 Univ.” 880 Usefulness
[8], 2018 K7.8, teacher 370 1.5 yrs.
[30], 2017 K348 1yr Sci. SLA, PS”
[32], 2017 K3 40 5 mos. Soc. PS, CT” 4L-ACC
[37], 2015 K8 100 8 wks. Eng. AC, LM™
[38], 2015 K1-K6 6,211 1yr
[40], 2015 Univ. 416 2 yr8.
[36], 2009 K5 139 3 hrs. PS
[41], 2009 K5 125 1hr Sci. PS

*) DT: Digital Textbook, Eng.: English, Geo.: Geoscience, Math.: Mathematics, Sci.: Sciences, Soc.:Social Studies, Univ.: University
**) AC: Academic Competency, CT: Critical Thinking, LM: Learning Motivation, PS: Problem-Solving, SLA: Self-directed Learning Ability
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Table 2. Participants

Variables Group Sample Size Ratio
Men 634 43.2%

Gender Girls 734 51.8%
Third graders 708 49.9%

Grade 50 rih graders 710 50.1%
Redi Metro cities 703 49.6%
Si%‘;“ Medium cities 203 20.7%
Small cities 422 29.8%

Total 1418 100.0%
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Table 3. Variables description and reliability
Variables Sample item Item No. | Reliability
Self-directed learning ability I make my own study plan and study independently 6 .886
Problem-solving ability I can explain what needs to be done to solve a given problem 9 933
Academic competencies in social studies | I can describe various ways to solve social problems 10 .962
. o I try to accurately understand the given problem by using the
Academic competencies in science scientific knowledge I know 10 .960
AFE 53 =54 Q74 13 237
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Table 4. The descriptive statistics for each year

i 1% year(2014) 2 year(2015) 3¢ year(2016)
Group Variables

N Mean SD N Mean SD N Mean SD

Self-directed learning ability 708 3.80 .80 708 3.82 .83 704 391 .83

Treatment Problem-solving ability 708 3.81 .76 708 3.86 .76 704 3.90 .76

group Academic competencies in social studies 708 3.63 .89 708 3.73 .84 699 3.78 .85

Academic competencies in science 708 3.76 .85 708 3.85 .84 701 3.85 81

Self-directed learning ability 710 3.86 .82 710 3.85 .84 707 3.74 .79

Control Problem-solving ability 710 391 .76 710 391 .78 707 3.69 75

group Academic competencies in social studies 710 3.83 .83 710 3.77 .85 708 3.60 .83

Academic competencies in science 710 3.89 .82 710 3.87 81 708 3.67 81
Lawshe(1975)9] 7%l w2} CVRo] .62 olola, % o, 24 Axmol= Ax5gke] o] whoror} 1 4}
257k BE ol A% Wk FEo AUt ot tha TaEn AXND] FE 134 dx
[48]. YA, A7xl 3]e]o HErtEelFE Bal SAE HIsl| A 23} Aol Heto] okt dE A, A
T Z0& AgsiAth oA, B wAte] HES 2 W7} QIAV oY 24k 7] wiolth 3k A
B SH=TI O el £2o APHES 4 ol BAYD A 4P Gito] Pasle] A

STk vhAmte 2, 20878 o dulzAlE A

AEle] 23 A g 9 AgE BAo] gAHs B
3 FRugste] HF SAETE At

AA QAL AN AFEFANA 2 ATl 282
AFEsgd, EANAE e AAFH | 39|
aQlow FAEg o, A B H8t Sh]A e
AP Aol Folsh= S5THA Likert 2ol -
Hehs Bgo R AU FAETY T4 L
T8, A8 &+ Table 337 2om, AA 32 [F5]

off AAISHAT.

A=

=
Ay

AN FEIHEES FEAOR Sy A BE
3l 3k5S ol s HEE BE 6EFos =
AEQTE B AT A AHLE E7= 7‘4@% £](2014)

of ARA SNQ0I4NA A= T35, 49] o1F P
geegRde qAgudy Zi4 @A}E%li A
Salo] BEER AL 44 - BT RoBA, Y BT
o) Rl we} A FEstEelRe XA dgon

A2l Rk ARz

aAlPE 88 o)L
A= Table 49} 2t

Table 49] 7|1=EA ¥ S AWRH 13} A5 =
ARG QA2 A7 Fto] SAF Dol Hlsh w3k

o} % rom, el 71e%

Ao otk olst 2ol

o)z

F

147 ofare] Biro]

[¢]

Q] me} Z7hsL ass B A BAL
FAHA &7] Wi 23} Axo] Wl 33 A=

of st

33 A74EA 2 AR

=

£

o) e172] 3d

&1, 1xF-23}

30

=

TRl BAR
olg} Be o2 AL 1, 2, 35
H3}A] 2
3t2 FESk] 2o

=]
24

I:w Jepe EJME
4ol k.
A8 A AFRZ=R) k] Q1A A

lo Jb

A 2ok 5

SRS AR

o2 A&
4A3ke] Table 59} 22

o

ol gk el 7“’&6}04

[}
o] A<

Qo] Wz}, 2331 A
FSIBIT.

JERSy

gl

[13
=

287} gk

0]

H

=
U= \_Ti

jis

o] Aol = A

o s} by

v weto 24 tXDuata AL aaE A=3)
OAEnTA AME-S X2 Brid, A
FAHTE FAPG

ATEA7} 7hssith
Table 5. Research design

gLl

1% year | 2" year 39 year

Group Q1) | o5 | o)
Treatment group (0] ) 0
Control group 0O 0O X

L | L |
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Table 6. Differences between groups in the patterns of change in cognitive abilities

Self-directed Problem-solving Academic competencies | Academic competencies

Independent learning ability ability in social studies in science

variable b SE b SE b SE b SE
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Figure 1. Differences between groups in the patterns of
change in cognitive competencies: (a) Self-directed
learning ability, (b) Problem-solving ability, (c) Academic
competencies in  social
competencies in science
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