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Abstract

Based on a powerful notion that the quality of kighducation is crucial for innovation
in a digital economy and that this quality is sabj® a conception of trust in teachers to
deliver good education as well as the advancememfarmation and communication
technology (ICT), the dynamism of the co-evoluti®iween Teacher trust and ICT was
analyzed.

Using a unique dataset representing the aboversyatel consisting of: 1) the rate of
trust in teachers providing good education in thetext of quality of education 2)their
social status, 3)the level of higher education adjl the state of ICT advancement
toward digitally-rich learning environments, an engal numerical analysis of 20
countries was attempted. These countries wereiftd@sss advanced semi-advanced
andgrowing

It was found that while ICT advanced countries hawgbarked on a co-evolution of

ICT and higher education and trust, the ICT growgogntries have not been successful
in this due to a vicious cycle between ICT andttr&sland’s educational success can
be attributed to this co-evolution which correspoitd the emergence of un-captured
GDP similarly to the leading edge of an ICT-drivdisruptive business model. The

paradox of education productivity in ICT growing uecries can be attributed to

disengagement from this cycle.

It is suggested that steady ICT advancement futllizimg external resources in
digitally-rich learning environments may be ess@ntpb ICT growing countries in
achieving higher education. On the other hand, igoimg innovation to transform
learning environments into new digitally-rich lesngp environments should be
maintained in ICT advanced countries.

A new approach for constructing the above-descrimedvolution in a systematic way
is explained and explored.

Keywords: Trust in teachers, Pedagogical love, Education ymrtwdty paradox,
Digitally-rich learning environments, Blended leiagy Un-captured GDP
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1. Introduction

High quality higher education is crucial for ecaries that want to move up the value
chain beyond simple production processes and ptedWorld Economic Forum: WEF,
2013). Since this quality is subject to trust in teashi®r delivering a strong education
(OECD, 2014; Varkey Gems Foundation: VGF, 2014;li8aly, 2010; Stehlik, 2016)
and the advancement of information and communioaehnology (ICT) leading to
digitally-rich learning environments (UNESCO, 2008)e co-evolution between higher
education, trust in teachers and advancement of W&3 been gaining increasing
significance.

This paper aims to explore a new approach for coctsng the above-mentioned
co-evolution in a systematic way by using a uniga¢aset representing the a system
consisting of the rate of trust in teachers to @levgood education in the Global
Teacher Status Index (VGF, 2014) that analyzesh&¥&c impact on educational
performancé together with statistics on higher education le\®/EF, 2012) and ICT
advancemenit (WEF, 2018). Using this system we undertook an empirical nizaér
analysis of 20 countries in relation to this codation dynamism.

While the rate of trust in teachers was focused/aunger students corresponding to
PISA assessors, given that the result of the assgggepresents institutional states of
teachers as well as educational system of the nfafMGE, 2013; HAAGSE, 2015;

1 Aiming at identifying how the level of respect fteachers affects educational performance represémytesuch
international comparative student assessment &, RIGF conducted a survey in 21 countries including rating

of “Trusting teachers to deliver a good educatis®&eAppendix 3). Given that trust in education consists of titost
a personality and also to system (Luhmann, 1978 rate can be attributed timst to personalityandtrust to system
and the weights between them differ depending enirbtitution of respective countries examined. ldegr, the
objective of this analysis is to analyze the cokational relationship between ICT, higher educatéom this value
(whatever the weights of personality and system).ptoviding policy suggestions to each respectiventry

analyzed, careful attention to the weights corradpw to respective countries would be paid.

2 Given the primary objective of the contribution higher education to economies moving up the valain
beyond simple production processes and produdighéh education” encompasses secondary and teeimaofiment
rates as well as the quality of education as etaduly business leaders. The extent of staff mgirs also taken into
consideration because of the importance of vocatiamd continuous on-the-job training for ensurgcunstant
upgrading of workers’ skills (WEF, 20&3see the detailfable A6).

3 Networked Readiness Index (NRI) measured by the WEFL3) was used which measures worldwide
advancement of ICT by computing the following falimensions with ten pillars as indicated in paresit (i)
Environment (Political and regulatory environmertusiness and innovation environment), (i) Readines
(Infrastructure, digital content, and affordabi)ityiii) Usage (Individual usage, business usagd gavernment
usage), and (iv) Impact (Economic impact and sagiphct).

4 Cultural, political and economic factors and sbstanding play a role in the position of teacharsach country,
and having an influence on how these might impaataucation systems.
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Stehlik, 2016), analysis using the above data @ednsidered to provide reasonable
insight into system dynamics.

The 20 countries examined were classified intoddigs: ICT advanced countrid&\C:
Finland, Singapore, Netherlands, Switzerland, UKSA) Korea, Germany, lIsrael, Jar)anICT
semi-advanced countriekSC: Portugal, Spaij, and ICT growing countriedGC: Czech
Republic, Turkey, Italy, China, Brazil, Greéce

Given the significant shift from traditional teanbi practice to blended learnihg
toward digitally-rich innovative learning environnts (DILE) and also the significant
effect of the learners ability of “overdrawing” pasformation on trust (Luhmann,
1979), the state of the country in this shift hasdme crucial for its performance.

IAC has shifted to DILE and constructed a co-evolaigndynamism between ICT,
higher education and trust. This corresponds torgimg un-captured GDP as observed
in the ICT-driven disruptive business model (Watsnat al., 2016, 2017).

ISC are in transition from traditional teaching andrténg environments to DILE and
experiencing unsuccessful co-evolution due to aioug cycle between ICT
advancement and higher educational level enhandemen

IGC remain in traditional learning environments andfesudisengagement due to a
mismatch between ICT advancement and trust in &gach

These findings give rise to insightful suggestitmshe respective countries concerning
their successful co-evolution that depends on thte ®f their ICT advancement.

The paper is organized as follows: Section 2 resighe significance of higher
education in the progress towards digitally-riclariteng environments. Section 3
analyzes the co-evolutionary dynamism in those @fnhtries. The structural source of
the contrast of co-evolution and disengagementha 20 countries is analyzed in
Section 4. Section 5 briefly summarizes some notdwdindings, implications, and
suggestions for future analysis.

5 Blended learning is a formal education program mclv student learns at least in part through dgfive
of content and instruction via digital and onlinedia with some element of student control over time
place, path, or pace (Wikipedia).



2. Trust-based Higher Education towards Digitally-rich Learning
Environments

While better educational outcomes are a strongigiedof economic growth, wealth
and spending on education alone are not (OECD, )2Hhland demonstrates the
world’s most outstanding educational performagag, WEF, 2018 Saarela et al., 2014put

no single factor can explain this performance. fiees capacity to teach in classrooms
and work collaboratively in professional commurstibas been systematically built
through academic teacher education (Sahlberg, 20i0)as been pointed out that
“pedagogical love,” the relationship between stusleneachers, parents and even
educational administrators based on trust, mayhbesecret to Finland’'s educational
success (Stehlik, 2016).

The importance of the concept of trust in the etlanal context has been increasingly
recognized, and a growing body of literature suggptire idea that trusting relationships
between teachers and students are fundamentallgrtamp, both for the students’

ability to learn and for effective teaching. Withtraustful relationship, teachers can
anticipate students’ behavior and feel encourage@dtively participate in lessons
without the fear of being compromised by the teadqiszhlte-Pelkum et al., 2014).

Trust in the education environment provides stuslantopportunity to take initiative in

their learning (Brown et al., 2007).

Contrary to these expectations, Varkey Gems FoionddVGF) who conducted an
international comparative survey on the Global heaStatus Index claimed that “there
is no correlation between trusting teachers anccaéhnal outcomes. For example,
Brazil places the most trust in their teachers, lyas one of the lowest learning
outcomes in the 21 countries surveyed” (VGF, 2014).

These contradictory attitudes can largely be aited to the dramatic advancement of
ICT that has significant impact on the educatioealironment (UNESCO, 2003;
OECD, 2010; Jeferry et al., 2014) but also oftecoenters some resistance (Oreg et al.,
2015).

Luhmann (1979) defined trust in education as ctingiof trust in personality and in
the system as well. He postulated that trust isresequence of “overdrawing” of past
information, not only utilizing a student/teacheown previous experiences but also
inference thereon, allowing the learners to minamsk and uncertainty. This postulate
suggests that while advancement of ICT may enha&igiger education and trust in
teachers by accelerating “overdrawing” of past rmfation by means of ICT



advancement, which leads to co-evolution betweemthit may lessen the correlation
between higher education and trust in teacherdhienchse of a digital divide in the
learning environment.

Despite teachers’ resistance to the use of advatemduhology in education, there has
been an ICT-leveraged rapid increase in blendedileg and technology has increased
the breadth and depth of access to education (€heth, 2010). This is significant
because it has been the hallmark of western eductitat co-location in time and space
of teachers, students and resources issthe qua nonof education (Jeffery et al.,
2014).

Learning environment as a broader setting thansmas, as the context in which
learning is situated, has gained popularity. Thigr@enment consists of the physical and
digital setting in which learners carry out thedtigties, and it includes all the tools,
documents and other artifacts commonly found in $e#ing. Besides the physical and
digital setting, the socio-cultural setting for I@i&s become crucial in the innovative
learning environment which should have the necgssachnological, social and
educational affordances to provide opportunitieeson (Zitter et al., 2012).

In this innovative learning environment, teacheeed to be adequately prepared to
implement a state-of-the-art ICT curriculum. Progsaof professional development for
teachers are most effective if directed to the estafy ICT development reached by
schools (Anderson et al.,, 2002). In this contex¢ mote that a hybrid model that
combines reinforcement learning with supervisedrnieg outperforms a pure

supervised learning model and a pure reinforcerteamhing model (Henderson et al.,
2008; Makela et al., 2014). Cross-fertilizationdsao new forms of learning which

integrate aspects of both formal and informal le@ynLearning and working processes
become intertwined, thus benefiting from the sttbagf both formal, school-based

learning and real-life experience (Igbal et al.1@0Zitter et al., 2012). Thus, new and
emerging technologies are provoking a re-concejat@én of teaching and learning

(Groff, 2013).

Out of these trends, blended learning has emergetnding us of the significance of
trust in teachers in providing good-quality blendedrning as a hybrid model in an
innovative learning environment.However, despite ttlear demonstration of the
benefits of using technology in education, theratiomes to be a marked reluctance
among academics to engage with online educatiorgfson, 2008). It was revealed
that teachers were much less positive than thetftesits about the learning benefits of
an online learning component (Heaton-Shrestha e2@09). Teachers’ status can easily



be eroded, as learners can compare teacher-desigsedrces with video lectures
across the world on similar topics and chat diyeatith experts in the field through
their blogs (Greener, 2009). The potential for saomparisons often made teachers
fear possible exposure to ridicule or unflattercwmparisons (Jeffery et al., 2014).
Some teachers claim that technology has no beakfffect on learning and is even
instrumental in maintaining students in a stateashi-disengagement (Heaton-Shrestha
et al., 2009). Teachers who fail to recognize tkedhts of online learning are less
likely to create effective blended courses (Jeffetyal.,, 2014). In addition, many
educators share experiences of students who atketipaand unwilling to engage in
the learning experience, ultimately failing. Thesadents have learned to withdraw
from the classroom as a defense (Brown et al., 2007

Peslak (2005), utilizing the US annual survey ahpaters, ICT and other technology,
as well as library resources, in 2000-2001 assabsidcontribution to educational test
scores and revealed that ICT factors do not shawistent, positive relationships with
higher educational scores. As one possible reasorthis educational productivity

paradox he saw that more time was spent with coenptihan with actual education and
learning activities.

These contradictions in positive and negative aspef blended learning can be
attributed to distinct phases of ICT developmerthminnovative learning environment.
UNESCO'’s Institute for Information Technology hamlkiated the degree to which ICT
has been integrated in an educational system, dilnguishing four distinct stages: (i)
emerging, (ii) applying, (iii) infusing, and (ivyansforming (UNESCO, 2003). These
stages offer us a lens through which we can obdewelCT has leveraged incremental
and deep change in learning environments.

Faced with digitally-rich learning environments andorder to effectively utilize this

potential for higher education, the key task farasion is to find how to smoothly shift
from traditional teaching practice to blended l&agnOne way to do this is by realizing
the distinct stages of ICT integration in an ediorasystem.

Conflicts in a system generally emerge in the ftaoms between these stages before the
transformation stage is reached. Success in tranatmn largely depends on the
rigidity or flexibility of the school curriculum (@®ff, 2013), which is strongly
influenced by cultural, societal and institutionf@lctors (Anderson et al., 2002).
Therefore, an optimal balance between ICT and oldducational technologies
reflecting national and regional cultures is theg k®mmponent of the organization’s
strategy(Anderson et al., 2002; UNESCO, 2003).

The foregoing review highlights the increasing ota&ion of trust-based higher
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education towards digitally-rich learning envirommteand elastic institutional system,
enabling a smooth transformation from traditiomaahing practice to blended learning.
However, no-one has analyzed the co-evolutionanadysm between trust in teachers
and higher education enabled by ICT advancemenagas$sible fear of disengagement
in the transition phase considered as the fundahsatirce of the problem.



3. Co-evolutionary Dynamism between Trust in Teachs, Higher
Education and ICT Advancement

3.1 ICT-Driven Education Development

Dramatic advancement of the Internet beyond amtimp in terms of its diffusion
speed and scope has led to ICT-driven economidaj@vent worldwide. Consequently,
the economic development (e.g., GDP per capitgpdimry of 120 nations (see
Appendix 1) can be depicted by a logistic growth functioni@ied by the advancement
of ICT (Zhao et al., 2013).

Given the strong correlation between economic agrakbnt and enhancemed higher
education level as demonstratedrig. 1, the contribution of ICT advancement to the
risen education level can be depicted by a logmtowth function as demonstrated in
the sigmoid curve ifrig. 2 (seeAppendix 4).
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Fig. 1. Correlation between Economic Development @aHigher Education Level
in 112 Countries(2013).
Sources: [10], [32].

InY =0.289+ O.lS]Jn%

(5.55)  (23.19) adj. R*=0.83(

Y: Higher education leveV/P. GDP per capita,

ICT top 120 countries excluding 8 countries witmsstandardized performance, hamelyembourg,
Kuwait, Egypt, Botswana, Paraguay, Pakistan, NaniBuriname.

The countries named are the 20 selected coshtrie
The figures in parenthesis indicate t-statistilsar@ significant at the 1% level.

6 Based on the criteria introduced by Global TeaStatus Index (VGF, 2014) as representing each
major continent and also different strands of etlanal systems (se&ppendix 3).
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Sources: [32] [34].

3.2 The Stage of ICT Advancement
Thus, advancement of ICT plays a significant raleenhancing education levels

worldwide.
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With such understanding in minklig. 3 compares the advancement of ICT in 100 countries.
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Fig. 3. Level of ICT Advancement by NRI in 100 Coutries (2013).

Source: [34].

On the basis of global ICT advancement andcistribution to enhancing higher
education together with trust in teachers, thisepdpcuses on the analysis of the
co-evolutionary dynamism between trust in teaclsrd higher education enabled by
ICT advancement. We consider 20 countries for whetable trust in teacher data is



available (sedppendix 3).

Fig. 4 focuses on comparison of the level of ICT advanagnme20 countries by taking
the average of NRI between 2012 and 2015 Aggendix 1).

Looking at Fig. 4, we notice that the countriestlgir state of ICT advancement in the
world can be classified into ICT advanced countr{gsC), ICT semi-advanced
countries [SO), and ICT growing countriesGC) as follows:

IAC: Finland, Singapore, Netherlands, Switzerland, UBK, Korea, Germany, Japan,
Israel, New Zealand and France;

| SC: Portugal and Spain;
|GC: Chez Republic, Turkey, Italy, China, Greece anazB.

Given the significant role of ICT advancement irhamcing higher education level, as
reviewed earlier, these states play a decisive iroleducation: for example, blended
learning has played a significant role in enhanadgcation, and dependency on this
learning corresponds to the state of ICT advanceEWESCO, 2003; Groff, 2013).

NRI value (2012-2015 average)

5.8 ICT advanced countries (IAC)
ICT
5.4 semi-
advanced
50 countries
|47 \{SC)
4.6 ICT growing
countries (IGC)
4.2
3.8 T T T
T 2 £ T £ ¥ § 2 3T 2 8 8 £ 2 22 8 F
S 254> 55 E8c:c 5 252 £ 8 ¢
£ §355° ®2ESEAZTEELEE DS A
= 2 2 8 3 N £ e ~
2 Z é
S

Fig. 4. Level of ICT Advancement by NRI in 20 Counties (2012-2015 average).
Source: [34].

Fig. 5. Compares the level of higher education amongaz2iiries.
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Fig. 6 compares the degree of trust in teachers amorg@@ries
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Fig. 6. Level of Trust in Teachers to Deliver a Gad Education in 20 Countries
(2013).

Source: [25].

With a hypothetical understanding that a successhift from traditional teaching
practice to blended learning and toward digitaihrearning environments can largely
be attributed to the co-evolutionary dynamics betwdCT advancement, higher
education and trust in teachers (Watanabe et@l52 201&), this co-evolution in 20
countries is analyzedables A3-5compare the advancement of ICT, higher education
level, and trust in teachers among 20 countiiable A6 demonstrates the composition
of higher education level.
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3.3 Co-evolutionary Advancement between Trust in Teaakrs and Higher
Education
Utilizing the foregoing data, the co-evolution betm the advancement of teachers and
higher education level in 20 countries was analykgddividing them into 12 ICT
advanced countriesAC), 2 ICT semi-advanced countrie§C) and 6 ICT growing
countries [GC). The result of the analysis is illustratedrig. 7. We note that, contrary
to Varkey Gems Foundation’s observation that “Thsneo correlation between trusting
teachers and educational outcomes” (VGF, 2014jetaee strong correlations between
them depending on the state of ICT advancementléeMigher education level depends
on trust in teachers IMC andISC, this correlation is opposite to thatl&C. In IGC, it
is anticipated that trust in teachers spoils sttglesducation, declining their higher
educational level. (For detailed explanation ofahalysis seAppendix 5).

High education / Low trust High education / High trust
6.5
Finland

E 6.0 Singapore
en 1 AC Germany Py
= g Nethe%ands i
‘= Switzerland @ USA
= New Zealand

5.5 e
£ 5 Korea UKo
-g Japan France Spain
< . PS
5 Portugal
.Q 5.0 fstacl 84
g = Czech Rep ISC
< Greece
_g P ; Italy
2as Cc
) Turkey
Eﬁ C lgna Brazil
- Low education / Low trust Low education / High trust

4.0

5.0 5.5 6.0 6.5 7.0 7.5

Trust in teachers (X)

Fig. 7. Correlation between Trust in Teachers and kgher Education Level in 20 Countries
(2013) Sources: [25] [32].

3
InY =a+ Z[ﬁ, D;] InX i=1 for IAC (others =0),i =2 for ISC (others =0),i =3 for IGC (others = 0].|<
=1

InY = 0811+ 050D, In X +0.43@, In X - 087D, In X + 232D,

(3.47) (3.92) (3.54) 3.07) (4.01) adj. R“*=0.87:

D,, D, Ds: Coefficient dummy variables corresponding to IAEC and IGC, respectively.
The figures in parenthesis indicatstatistics: all are significant at the 1% level
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Inspired by these observatiodg. 8 analyzes the effects of the higher education level
on increasing trust in teachers. Fig. 8 demongrdtat while higher education
demonstrates a positive correlation with trusteachers inAC andISC, it shows an
opposite effect inGC: that is, while higher education stimulates tindgeachers itAC
andISC, it results in decreasing the trust @C.

High trust / Low education High trust / High education
7.5
<% .
® OC’ Finland
7.0 Brazil (@) -
& Spain C
China N ‘b USA
Q .T . { (O Singapore
: 6.5 BI e ) Portngal _ ® ®Netherlands
- Italy o New Zealand
g UK
g Greece e France S\\'itzerlclnd
L]
< 60 Czech Rep Germany
|
Rl
z
~ 5.5 Korea
o Japan o
Israel o
L]
Low trust / Low education Low trust / High education
5.0
4.0 4.5 5.0 5.5 6.0 6.5

Higher education and training (Y)

Fig. 8. Correlation between Higher Education Leveland Trust in Teachers in 20
Countries (2013)

Sources: [25] [32]

3
InX =« +Z[,6,- D;] InY i=1 for IAC (others =0),i =2 for ISC (others = 0),i =3 for IGC (others = 0).
=1

InX =-0.631+140@, InY +1.54D,InY -0.81D,InY +3.72@, + 0.11D

(-1.5%"  (5.86) (6.07) (-2.58) (5.89) (2.85) adj. R*=0.707
D: Dummy variables (France, UK = 1, others = 0).
The figures in parenthesis indicate t-statistidisa@ significant at the 1% level, except * &nd
at the 2% and 15% level, respectively.
The analyses in Figs. 7 and 8 demonstrate thagaserin trust in teachers stimulates
higher education, which in turn induces trust imacteers leading to co-evolution
between them inAC and ISC, whereas inGC both disengage, resulting in a vicious
cycle.
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3.4 Co-evolutional Advancement between ICT and Trusn Teachers

Inspired by the foregoing findings on the co-eviomtbetween trust in teachers and
higher education iHAC and ISC, and their disengagement IGC, the correlation
between ICT advancement and trust in teachers nalgzed next.

Fig. 9 demonstrates the result of the analysis of theretairon between ICT
advancement and trust in teachers in 20 countigssitied by ICT advancement state.

High Trust / Low ICT High Trust / High ICT
G,
C X
_ 58l {ﬁ leang
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) ICT advancement (2)

Fig. 9. Correlation between ICT Advancement and Trst in Teachers in 20 Countries

(2013)
Sources: [25] [34].

3

InX = c:—l—Z[j?i D;] InZ i =1 for IAC (others = 0),i = 2 for ISC (others =0) =3 for IGC (others = 0).-
=1

In X =4.177+ 0.524D,InZ -1.490D, InZ -1.613D, In Z — 3.216D, — 0.169D
(7.82) (2.5C" (-4.24) -4.28) -5.24) -7.89) adj. R“ = 0.84¢
D: Dummy variables (Japan, Israel, Czech Rep., Keraothers = 0,.
The figures in parenthesis indicate t-statistitlsar@ significant at the 1% level, except ** aetB%

level.

Fig. 9 shows that while advancement of ICT indunesesase in trust in teacherslAC,

in line with the Luhmann’s postulate (Luhmann, 197® demonstrates the opposite
effect not only inlGC but also inlSC. Advancement of ICT contributes to the increase
in trust in teachers IMAC as generally anticipated in case of digitally-rigarning
environments. It is surprising to see that advamenof ICT has the effect of losing
trust in teachers, not only IGC but also inSC.
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Inspired by such surprising observatiéilg. 10 analyzes the effect of trust in teachers
on ICT advancement.

High ICT / Low trust High ICT / High trust

1AC

6.0 Sil&gapore Fi;lland

Switzerland g ® Netherlands

o 1< /

S 55 Korea euSY
S Ter
= Israel Germany New Zealand
) Japan ’ ©
= France
@ 50 ;
>
s Portugal I‘PC
> =
= 45 de °.
—_ Czech Rep Turkev Spain
Q L TR
— ™ Italy China

4.0 Greece g Brazile

Low ICT / Low trust Low ICT / High trust
3.5 )
5.0 5.5 6.0 6.5 7.0 7.5

Trust in teachers (X)

Fig. 10. Correlation between Trust in Teachers andCT Advancement in 20 Countries(2013)
Sources: [25] [34].

3
InZ=a+ Z[ﬂl D;] InX i =1 for 1AC (others =0),i =2 for ISC (others =0),i =3 for IGC (others =0).+
=1

InZ =2535+0.360D, In X = 0.530D, In X -0.591D, In X -1.461D, — 0.099D

(10.03) (5.98) (-4.00) (-4.38) (-5.25) (7ys ad.R*=0.98:
D: Dummy variables (France, New Zealand, GreeceathErs = 0)
The figures in parenthesis indicate t-statistilsar@ significant at the 1% level

Fig. 10 demonstrates a positive correlation betwéeist in teachers and ICT
advancement also IAC; as in Fig. 9, it changed to negativd$C andIGC.

The analyses in Figs. 9 and 10 demonstrate theaot@n between ICT advancement
and trust in teachers IAC similar to its co-evolution between trust in teaxshand
higher education. The effect is opposite in casks@, similar to its disengagement in
the earlier correlation. In case 8C contrary to its co-evolution between trust in
teachers and higher education, it changed to désgmgent in case of the correlation
between ICT advancement and trust in teachers. Uihexpected contrast iI5C
between co-evolution of trust and higher educationpne hand, and disengagement of
ICT advancement and trust iBC on the other, suggests a possible system coitilict
the transition of distinct phases of ICT advancemmeward digitally-rich learning
environments.
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3.5 Co-evolution and Disengagement between ICT, Edudah Level, and
Trust in Teachers

On the basis of the foregoing analyses, the coutionl and disengagement between
ICT advancementZ), higher education level] and trust in teacherX) in IAC, ISC
andIGC can be summarized as illustratedrig. 11

(2)

/\ Y Education Level
Z

ICT Advancement

Trust in Teacher

X

3) (1)

ICT advanced | ICT semi-advanced| ICT growing
countries IAC) | countries ISC) | countries IGC)
(1) ZandyY + + +
(2) YandX + + -
(3) Xandz + - _

Fig. 11. Co-evolution and Disengagement between ICEducational Level,
and Trust in Teachers in 20 Countries Depending onICT
Advancement.

+ : Co-evolution (virtuous cycle); : Disengagement (vicious cycle)

As summarized in Fig. 11, while the correlationvimtn ICT advancement and higher
education was demonstrated in co-evolution of lAIC, ISC and IGC, correlation
between higher education and trust demonstratesasbibetween co-evolution 1AC
and ISC, and disengagement il&GC. Similarly, correlation between trust and ICT
advancement demonstrates contrast between co-ewvolatlAC and disengagement in
ISCandIGC.

16



4. Structural Source of the Contrast of Co-evolutia and Disengagement
between ICT, Education Level, and Trust in Teachers

Inspired by these findings with respect to coningsto-evolution and disengagement
depending on the ICT development state (Cowen, )2Gh&s structural source was
analyzed and modeled.

4.1Logistic Growth in ICT-driven Higher Education and its Bi-polarization
(1) Bi-polarization Fatality of Logistic Growth

As illustrated in Fig. 2, advancement of ICT cdmites to enhancement of higher
education level in line with a following logisticaywth function:

3 . N where Y: Higher education levelN:
Higher education Y =——— imi . o
1+ be—az : Upper limit (carrying capacity)Z: ICT
Y advancementa: velocity of diffusion,
r'y - .
Upper limit (carrying capacity) andb: initial state of education level.
N 6.5.
N2 4.85.
32, 7 ICT advancement
3.2 4.7 6.2
Inb
a

Intlection point

Fig, 12. Logistic Growth Function for ICT-driven Higher Education in 120
Countries (2013).

This logistic growth results in a bi-polarizatios idustrated inFig. 13 (Tokumasu et al.,
2009; Zhao et al., 2013; Watanabe et al., 20145&08ee the details of this dynamism
in Appendix 5).

The figure indicates that, whilmarginal inducement of ICT through higher education
enhancemen{dz/dY) increases as ICT advances Z(t¥)/dZ > 0) when the ICT
advancement level exceeds a certain thresholdnféection point Z > In b/a). In
contrast, it decreases when the ICT advancemesiltlemains lower than this threshold
(Z < In bla). This contrasting behavior between a virtuoudefyand a vicious cycle as
a consequence of a bi-polarization may play a decisole in contrasting the
co-evolution and disengagement between ICT advaesgrhigher education and trust

7 Virtuous cycle depends on ICT’s contribution to &oerawing” of past information for trust increase
(see Appendix 5).
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in teachers depending on the state of ICT advancefiéatanabe et al., 2086

A ICT growing/semi-advanced countries (GC/I SC)

ICT advanced countries [AC)

Un-captured:
GDP

L=—

= Enables absorption and
= application oiCT-driven new
u’u ‘E services for higher educatipn
: & which hitherto could not be
S afforded,by leveraging ICT to
E‘ =3 transform learning environments
=]
s B into digitally-rich new learning
E' E environments
g B
g5 Vicious cycle between _ Virtuous cycle between
= T
E‘ 2| dz/dY decline and stagnate dz/dY-enhance and advance
;. -
=] - - - -
n d (e d [fdZ)
2 —i—i=0 —i—|>0
&\ drf | &Z\dr |
.
' Inb

ICT advancement (£)
a

Inflection point

Fig. 13. Bi-polarization of ICT-driven Higher Education.

(2) Stages of ICT Integration in Education

According to the UNESCO’s Institute for Informatidechnology, the degree to which
ICT has been integrated in an educational systembeadescribed by four distinct
stages: (i) emerging, (ii) applying, (iii) infusingnd (iv) transforming (UNESCO, 2003),
as illustrated irFig. 14 These stages offer us a lens through which weobaarve how
ICT has leveraged the incremental and deep chandgarning environments (Groff,
2013) and provide us a reasonable explanationeofiategoing bi-polarization behavior.

Transforming

Infusing

Emerging

Yet to begin

Fig. 14. Stages of ICT Integration in Education.

Source: Groff (2013) based on Anderson et al. (2002
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The first three stages represent learning environsnesing ICT as a means to solely
move toward more digitally-rich learning environner{Groff, 2013). During these
stagesmarginal productivity of ICT in enhancing higheruedtion(dY/dZ) increases as
the use of ICT advances and in the way that is rgélgeanticipatefl However, the
required ICT advances corresponding to ICT-drivew iservices cannot be afforded by
such ICT use. This results in a vicious cyalearginal inducement of 1CTdz/dY)
declines as the ICT use continues as illustratettheteft of Fig. 13.

Learning environments that seek a more holistimghaand dramatically overhaul the
existing environments have leveraged ICT to coreplleé process leading to the fourth
stage, the transformation through ICT. At this etalCT is not used as a lever for
advancing toward more digitally-rich learning eoviments but to transform learning
environments into digitally-rich new environmentssr¢ff, 2013). Such new
environments can absorb and effectively apply 1@Veth new services to higher
education, which hitherto they could not afford.eféfore, in this transforming stage,
marginal productivity of ICT in enhancing higheruedtion (dY/dZ) declines as ICT
advances in its initial stage, and absorption gulieation of new services cannot be
afforded. However, strong desire to enhance higlercation in digitally-rich learning
environments induces transcending innovation toesfiam learning environments into
digitally-rich new learning environments that cabserb and effectively apply
ICT-driven new services to higher education

This desire leads to a virtuous cycle between |Givaacement andmarginal
inducement of ICT through higher education enharmdfuz/dY) as illustrated on the
right of Fig. 13. This virtuous cycle enables alpson and application of ICT-driven
new services to higher education, which hithertalémot be afforded, by leveraging
ICT to transform learning environments into digitaich new learning environments.
This behavior corresponds to the emergence of ptured GDP® as observed in the
forefront of ICT-driven disruptive business mod&BM) (Watanabe et al., 20b%
Foregoing review demonstrates the significance tages of ICT integration in

8 Advances of ICT toward more digitally-rich learniegvironments generally contribute to enhanced
rewards via the use of ICT for education by inciegeew functionality development. Given that sdsoo
seek to maximize profits in competitive learningieonments, marginal productivity of ICT correspsnd
to the relative price of ICT in education enhancenfsee the detail in Appendix 5).

9 Transcending innovationtransforms learning environments into digitallyiicnew learning
environments which can absorb and effectively applydriven new services to higher educatiehile
also increasing trust. This function is equival@nto-evolutionary acclimatization through harnegghe
vigor of counterparts for maintaining a virtuouleyin the ICT advanced environments (Watanabé et a
201%). In this case, it can be said that “to harnessvijor of time” as trust depends on "overdrawing”
of past information (Luhmann, 1979).

10 Un-captured GDP can be defined as added value dingvifor people utility and happiness
beyond economic value. However, it cannot be medstloy traditional GDP accounting that
measures economic value (Watanabe et al.,&015
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education in identifying the contrasting state afion’s ICT-driven higher education

trajectory.

With this understandinglTable 1 summarizes a matrix of key features in respective
learning environments by stages of ICT integrationeducation. A given learning
environment or education system can be mappedthistonatrix by being evaluated on
various dimensions, such as content, pedagogycaluim, etc. (Groff, 2013).

Table 1 Learning Environments by Stages of ICT Intgration in Education

Learning Stage Emerging Applying Infusing Transforming
environments
Vision Limited, pragmatic, Drive_n _by ICT Drive_n-_by subject Entire learning community
dominated by specialists specialists involved
interested individuals|
Learning Teacher-centered | Teacher-centered; | Learner-centered; | Critical thinking; Preferred
pedagogy ICTs are a separate Collaborative learning styles;

subject

Collaborative, experimentg

Development
plan and policies

Accidental,
restrictive, no
planned funding

Limited; Centralized
policies

Individual subject
plans for ICTs;
Permissive policies

ICTs ar¢integral to overal
school development plan
(budget, professional
development)

Facilities and
resources

Limited and non-
current digital
resources;
Restricted access

Diverse and varying
in model, platform;
Aligned with

specific content and
pedagogies

Diffused access to
various digital
resources; Support td
implement these in
various ways

Whole school learning and
diverse learning environment
Web- based learning spaces,
distance education, student self-
management software

o

Understanding
of curriculum

ICT literacy;
Responsibility of
individual teachers

Use of software ang
applications in
discrete subjects
(isolated)

Integrated;
Resource-based
learning,
problem-solving
project methodology

Virtual and real time contexts
modeling; Integrated
curriculum delivery via the
Web

b

Professional
development

Individual interest

Training on ICT
application;
Involvement

Subject-specific;
evolving

Integrated learning
community; Innovative;
Self- managed, personal
vision and plan

Broad-based learning

Community Accidental Some parental and| Subject-based
community community, providingl community; Involving
involvement occasional guidance;| families, business, industry,
Global and local organizations, universities,
networked communitieg St~ School as a learning
resource for the community
Assessment Responsibility of an Teacher-centered; | Learner-centered, Continuous; Holistic,

individual teacher;
Didactic;
Paper-and-pencil

based

Subject-focused

Subject-oriented,;
Integrated; Multiple
media to demonstrate
alignment

open-ended, project- based;
Learning community
involvement

Source: Groff (2013) based on Center for Reseandtifelong Learning (2009).
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Table 1 demonstrates that the state of the Interwedss as well as quality of education
system and management system are particularlyidedis shifting from the first three
stages to the fourth stage, the transformatiorutftrdCT.

With this identification,Fig. 15 characterizes and identifies the state of transétion
through ICT in 20 countries by correlating ICT adeament byNRIand Internet access
in schools'* On the basis of the collation of scores of govegrfiactors ofNRI (see
Table A6) and with the key features of the stagksCd integration in education
featured in Table 1, Fig. 15 also identifies theges of ICT integration in education in
20 countries.

Using ICT as a means to solely make | Leverage ICT to transform learning |,
advances toward more digitally-rich | environments into digitally-rich new
learning environments - environments

Yetto begin __—

6.6 ICT ‘semi: : mland|
saticed . Neﬁle;iands S;n apore

ced : K

6.2 Countries Koreg ¥ ® Switzerland
countries - iy
e ®New Zealand
Portugal

5.8

Japan
& Israel

SP:}H 0 Ge

Internet access in schools

/ ICT advanced countries +

3.9 4.2 45 43 5. 5.4 5.7 6.0
ICT advancement (NVRI)

Fig. 15. Correlation between ICT Advancement and Iternet Access in Schc in
20 Countries(2013).

Sources: [32], [34].

11 Internet access in schools is one of the key compb of higher education and training level as
demonstrated in Table A6. This table also demotestréhe significance of the quality of educatioatsgn and
also the ability of education management at a higlecation level.
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Fig. 15 demonstrates that ICT advanced countdA€)(have been moved to the
transformation stage while ICT semi-advanced caeesiti{SC) and ICT growing
countries IGC) have still remained in the emerging, applying arfdsing stages, thus
providing support to the preceding analysis

Table 2 demonstrates the locomotives of such transformatimovation which trigger
un-captured GDP emergence.

Table 2 Transformative Innovations for Digitally-rich Innovative Learning
Environments

First-order innovations Second-order innovations
blogs, wikis augmented reality (AR)
social networking sites simulations

virtual learning environments (VLE) digital games

laptops, netbooks and tablet PCs console games

interactive whiteboards remote-response systems
Web apps mobile/handheld computing
digital cameras, scanners, projectors | programming applications
e-learning pico projectors

digital portfolios electronic books

Source: Groff (2013).

Currently, first-order innovations are prevalentaam many technology-rich learning
environments, being implemented under the noti@t By leveraging many of these
tools together produces a dramatically differentucadional climate. Second-order
innovations are more disruptive but essential ® ¢imergence of un-captured GDP.
They appear on the periphery of the educationaldeape and are just beginning to see
their full potential. These innovations are slowjgining attention and traction at the
forefront of digitally-rich learning environmentsna will likely see increased
development and application over the next decadef&013). Furthermore, they are
expected to accelerate the creation of ICT-drivesnugtive business models and the
emergence of subsequent un-captured GDP.
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4.2 ICT Elasticity to Trust in Teachers and to Higher Education
Bi-polarization fatality of logistic growth suggestontrasting behavior among 20

countries depending on their state of ICT advanecgmieurthermore, given that the

inflection point that distinguishes contrastingjeécdories also distinguishes higher
education level as illustrated in Fig. 12, theecapries of those 20 countries can be
identified by the matrix classified by the threstofjoverned by the inflection point.

With this understanding, ICT elasticity to trustteacherSand also ICT elasticity to
higher education in the 20 countries were classifigith the foregoing matrix
depending on their state of ICT advancement (sedekails inAppendix 5).

(1) ICT Elasticity to Trust in Teachers

On the basis of the identification of the positiaisthe 20 countries in digitally-rich
learning environments with bi-polarization, the pir behavior oflISCin a transition
from IGC to IAC indicates that, against our expectation, truseachers decreases as
ICT advances.

This peculiar behavior was demonstrated by ideinfyfCT advancementj elasticity
to trust in teachersX and its composition as classifiedTiable 3 (see the composition
of respective elasticity iAppendix 5)

This explains the reason whysC demonstrates, against general expectations, the
peculiar behavior of trust decreasing with advagd@T.

Table 3 Classification of ICT Elasticity to Trust in 20 Countries(2013)

Educatidn
IC level Y > N vy < N
level 2 2
Inb _
Z>— din X (1% increase
a Xz = >0 in
dinZ Z induces

ICT advanced 12 countriekAS

Eyy = £
a * dinz * dinz
ICT semi-advanced 2 countrid§SC) | ICT growing 6 countriesiGC)

<Inb _dInX<0 _dInX<o

12 Degree of percentage increase in trust in teadhyenseans of 1% increase in ICT advancement.
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(2) ICT Elasticity to Higher Education
This finding leads to another noteworthy findingmmely, that the advancement of ICT
may be in decline in higher education, dependinghenposition in the digitally-rich

learning environments.

Therefore, similarly to Table 3, this behavior wdsmonstrated by identifying ICT
advancement?) elasticity to higher educatiorY)( and its composition as classified in
Table 4 (see the composition of the respective elasticixppendix 5).

Table 4 Classification of ICT Elasticity to HigherEducation in 20 Countries(2013)

Educatiot

IcT Jevel y>N y<N
level 2 2
Inb
Ay =Y >0
“ InZz
ICT advanced 12 countri(IAC)
/< m o
a L iny 0

iz 1., 7
iii 4

ICT sem-advanced 2 countri

ICT advanced 6 countrieB3C)

This reveals the unexpected behavior that advanueofelCT results in decline of
higher education level in a particular positiorthe digitally-rich learning environments,
as has been observed8Cin its transition fromlGC to IAC.
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4.3 The Effect of Blended Learning and Teachers’ Resistance

(1) The Position of 20 Countries in ICT-driven Higher Education Trajectory

Realizing the bi-polarization nature of the logistirowth that governs ICT-driven

higher education trajectory in 120 countries towaigitally-rich learning environments,
as reviewed in Fig. 13, and also by the classiboatf the possible trajectories in such
bi-polarization as reviewed in Tables 3 and 4, gbsitions of 20 selected countries in
their trajectories can be identified as illustraieéig. 16

Y N
A o
N Upper limit (carrying capacity) 65 1+ bE_aZ
1AC— '
VAYel ~ Educatiq! N N
level| v Y<~
N 4.85 IcT 2 2
> | level
~ G 32, ,
3.2 47 6.2
Inb z<Mnb ISC IGC
— a
a
Inflection poin
6.4
< 6.1
= 5.8
§ 5.5
: sc
< Spam ...........
2 52 R
8 Portugal
B 4.9 -
5 P Greece _, - "Czech Rep S
Eh 46 - - Italyj.. 4
o 7 //
/ . £ “ ,/ C
4.3 | Brdzi) China==3"% _-{(G
I
£ 3.93 5.98
3.8 774 4.2 4.4 4.6 47438 5 52 5.4 5.6 58 7% 6.2

ICT advancement (2)

6.50

6.27

4.22

Fig. 16. Positions of 20 Countries in ICT-driven Hjher Education Trajectory

(2013).

26



(2) Blended Learning and Teacher’s Resistance

Prompted by the empirical findings above, partidylay the peculiar behavior d6C

in transition fromlGC to IAC bringing a decline in its higher educational lewéth the
advancement of ICT, the effect of the shift to lleth learning and teacher’s resistance
against this shift was reviewed as they demonsth&eoncave educational level in the
transition from traditional technical practice.

The use of the Web and other Internet technoloigiesiucation have exploded in the
last couple of decades (Chen et al., 2010), leatlinthe creation of digitally-rich
learning environments as reviewed in Tables 1 and 2

Fig. 17 illustrates a scheme of ICT advancement contmigutio higher education.
Blended learning, which introduces digital and oalimedia to education system by
harnessing the vigor of the advancement of thereteis certain to increase the speed
of this trend (Jeffrey et al., 2014).

Under these circumstances, contribution of ICT adeanent to higher education can be
developed in a hybrid manner through traditionatteng practice and blended learning
as illustrated in Fig. 17 by the diphasic logigtien of two functions with inflection and
stability points (Mischan et al., 2015).

Transition
Period

ol
" Blended
learning

N ol
N _

« 7"~ Traditonal
\\

Higher education and training (Y)

A\ 4

Teacher's resistance to the use
of new technology in education ICT advancement (Z)

Fig. 17. Scheme of the Contribution by ICT Advancerent to Higher Education
by Stage

While strong resistance by teachers to the useewf technology in education can
impede the dependency on blended learning (Andei2@d8), once a certain higher
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education level has been attained, increasing digmey on blended learning will
overcome this resistance (Jeferry et al., 2014dihepto a co-evolution between the
advancement of ICT and further dependency on bkbiekrning. This is demonstrated
by the strong correlation between ICT advancemet laigher dependency on the
Internet access in schools as shown earlier in F8g.The figure shows a significant
correlation between ICT advancement and the Inteaoeess in schools and suggests
co-evolution between ICT advancement and blendeatnileg boosted by the
dependency on the Internet.

However, before this co-evolution can be realizeahsition to blended learning results
in decline in higher education at its transitiomipe as illustrated in Fig. 17.

A careful examination of Fig. 16 reveals tH&C is in transition fromlGC to IAC,
which is contrary to a normal trajectory as dema@itst inlGC, and IAC shows a
slightly negative coefficient. This correspondghe decline in the transition period.

With this observationfig. 18identifies the state of hybrid development of 2diaries
in 3 groups.

=
S .
gb Finland
.E ‘AC = . o
i sSritzerland Singapore
> ~ ® Netherlands ¢
= ysa N
e ?
= YAYol Transition 7 Z Kozea UK
S i i
g Spain Period @™ Blended
= * ’\ $pfance learning
5 IGC Portugal 7 Israel [CAnE
= P s d
8 * . ’ AN . /
- Greece S e
2 R
= .+ China A .~ ~._ Traditonal
= Brazil Turkey .- Sso i sardics
= OB, . - ~.. teaching practice R
Teachers resistance to the
use of new technology in education ICT advancement (Z)

Fig. 18. State of Hybrid Development in 20 Countris.

Fig. 18 demonstrates th#Cs concave trend is a consequence of transitiom fro
traditional teaching practice to blended learniflgis justifies the findings of Table 4,
which reveals the unexpected behavior of advancewfelCT resulting in decline of

higher education level in a particular positiordigitally-rich learning environments, as
has been observedi8Cin its transition fromGC to IAC.
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4.4 Co-evolution and Disengagement Reassessed

The finding urge us to reassess the co-evolutiehdisengagement dynamism between
ICT, higher education level, and trust in teacherthe 20 countries (Fig. 11kig. 19
presents the reassessment.

(2)
Trust in Teachers  y Y Education Level
3) \ (1)
Z
ICT Advancement
ICT advanced | ICT semi-advanced ICT growing
countries (AC) | countries [SC) | Countries [GC)
(1) ZandyY + - +
(2) YandX + + -
(3) XandZ + - -

Fig. 19. Re-assessment of Co-evolution and Disengagent between ICT,
Educational Level and Trust in Teachers in 20 Countes Depending
on ICT Advancement.

+: Co-evolution (virtuous cycle); : Disengagement (vicious cycle)

Fig. 19 reveals that contrary to general understanéds summarized in Fig. 11,
advancement of ICT decreases higher education ieV8IC as a result of its transition
from traditional teaching practice to blended |é&agn

This re-assessment identifies the state of digiath learning environments and
subsequent co-evolution and disengagement for @heo@ntries which depend on the
state of their ICT advancement. This identificatiaill provide insights to the

respective countries regarding their priority ceunteasures for the co-evolution
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between ICT advancement.

In this regard, highecatibn enhancement and trust in
teachers increase as suggestdeign 20.

State of digitally-rich learning environments and
subsequent co-evolution

Priority countermeasures

ICT advanced countries
(IAC)

Shifted to DILE

Constructed co-evolutionary
dynamism between Z, Y and
X.

Continued transcending
innovation to transform
learning environments into
DILE

Transfer transforming
experiences to ISC and IGG.

Harnessing the vigor of
growth potential from IGC.

(1SC)

ICT semi-advanced countrigs

Transition from TTLE to
DILE

Unsuccessful co-evolution
due to a vicious cycle
between Z and Y.

Transforming Y-Z
disengagement into
co-evolution by making full
utilization of X-Y co-evolution

. Learning the DILE shift
experiences from IAC

Accelerating the shift to
DILE.

ICT growing countries
(1GC)

Remain TTLE

Disengagement due to

mismatch between Z and X.

Enhancing Y by making full
utilization of external

resources on Z based on Z-Y|
co-evolution

Transforming X-Y
disengagement into
co-evolution by learning
experiences from ISC and |IAC

Stepwise introduction,
absorption, application,
diffusion and transformation
of Z by collaborating with ISC
and IAC

DILE : Digitally-rich Innovative Learning Environments

TTLE : Traditional Teaching and Learning Environments

X: Trust in teachers Y: Higher education level Z: ICT advancement

+ <« Co-evolution (virtuous cycle) = ¢ .- ___]

Disengagement (vicious cycle).

Fig. 20. State ofDigitally-rich Learning Environments, Subsequent Coeevolution and

Priority Countermeasures.
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5. Conclusion

With the notion that the quality of higher educatiis crucial for innovation in a
digital economy and that this quality is subjectatsophisticated system with trust in
teachers and advancement of ICT, the dynamism @votution between them was
analyzed.

An empirical numerical analysis of 20 countries vedtempted with the help of a
unigue dataset representing the above-describ¢ensysonsisting of the rate of trust in
teachers for providing good education in the cantéxquality of education system and
the social status of teachers..

Noteworthy findings include:

(i)

(ii)

(iii)

(iv)

(V)

(vi)

(vii)

(viii)

ICT-driven trust-based higher education is becomgrgcial for nations’
competitiveness in digitally-rich learning enviroents (DILE),

In such environments, ICT advancement, higher aducaand trust in teachers
are closely interweaved with each other,

The 20 countries examined can be divided into 3umgso ICT advanced
countries (AC: Finland, Singapore, Netherlands, Switzerland, UKA) Korea, Germany,
Israel, Japap, ICT semi-advanced countriedSC: Portugal, Spaiy, and ICT
growing countriesl(GC: Czech Republic, Yurkey, Italy, China, Brazil, G&)ec

Given the significant shift from traditional teangipractice to blended learning
towards DILE, the state of the country in this slhids become crucial for its
performance,

IAC has shifted to DILE and constructed co-evolutiondypamism between
ICT, higher education and trust,

This co-evolution corresponds to emerging un-caat®BDP as observed in the
leading edge of ICT-driven disruptive business nhode

ISC is in the transition from traditional teaching alehrning environments
(TTLE) to DILE and to unsuccessful co-evolution dte a vicious cycle
between ICT advancement and higher educational éaencement, and

IGC remains TTLE and suffers disengagement due tosmatch between ICT
advancement and trust in teachers.

These findings give rise to insightful suggestitmshe respective countries about their
successful co-evolution being dependent on thaiesif ICT advancement:

(i)

(ii)

For IAC, continued transcending innovation, which transi®r learning
environments into digitally-rich new learning ermnments, should be
maintained,

Successive innovation for further DILE is requiredl as to correspond to the
decline in marginal productivity of ICT advancemeotr higher education
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enhancement,

(i) Timely transfer of the co-evolutionary resourcesG€ is needed to harness its
vigor in a programmatic way,

(iv)  Inspired by the emergence of un-captured GDP, I@7d disruptive business
model toward digitally-rich learning environment®sld be explored,

(v) ForISC, clear understanding of the state of transitiomftGC to IAC should be
maintained,

(vi)  Given the peculiar phenomena particular to thisnditéoon, namely, that
advancement of ICT brings a decline in higher etianaan optimal supplement
compensating this decline should be taken,

(vii)  Effective utilization of external resources for aelerating the shift to DILE
should be provided,

(viiiy For IGC, effective utilization of external resources foealy advancement of
ICT should be undertaken on a priority basis, and

(ix)  Consistent effort for a steady shift to DILE shoblel made in a programmatic
way while maintaining an optimal balance with TTLE.

This paper explored a new systematic approach Her co-evolution between ICT
advancement, higher education enhancement andcegage in trust in teachers, thus
advancing the existing knowledge on this subjecbweler, we should note the
limitations of this study which are (i) our dependy on the value of trust in teacher’s
data, which was available only for 21 countriey ghortage of detailed micro-analyses
covering the effects of specific initiatives such \asion, leadership and curriculum.
Further work should focus on in-depth analysisrstitutional systems accelerating or
impeding this co-evolution and on detailed micradgsis of specific initiatives
including vision, leadership and curriculum. Furtl@alysis of peculiar behavior at a
transition in digitally-rich learning environments another important subject to be
undertaken. For that, a wider empirical analysisecmg more countries should be
considered. Furthermore, with the notion that tdegpends on “overdrawing” on past
information, a business model constructing a cdtgiamary acclimatization through
harnessing the vigor of time should be envisioned.
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Table Al Level of ICT Advancement by NRI in 144 Coautries (2013)

Country Value Country Value Country Value
1 AN Finlanc 5.9¢ 51 HRv Croatic 4.17 101 RN Iran, Islamic Re; 3.4
2 sGpP Singapor 5.9¢ 52 urY Uruguay 4.1€ 10z cT™ Guatemal 3.4z
3 Swe Swedel 5.91 53 cri Costa Ric 415 10% PER Pert 3.3¢
4 NLD Netherland 5.81 54 Rus Russian Federatit 4.1 104 pry Paragua 3.37
5 NOR Norway 5.6€ 55 Mus Mauritius 4.1z 10t pak Pakistal 3.3t
6 CHE Switzerlant 5.6€ 56 AzE Azerbaijar 4.11 10€ kHM Cambodii 3.34
7 GBR UK 5.64 57 BRN Brunei Darussala 4.11 107 SEN Senege 3.3¢
8 DNK Denmarl 5.5¢ 58 cHN Chine 4.0% 10¢€ vEN Venezuel 3.3¢
9 usa USA 5.57 58 MNG Mongolig 4.01 10¢€ HND Hondura 3.32
10 TwN Taiwan, Chin.  5.47 60 BRA Brazil 3.97 11C ucAa Ugand: 3.3C
11 korR Korea, Reg 5.4€ 61 svk Slovak Republi 3.9t 111 naM Namibie 3.2¢
12 caNn  Canad 5.44 62 kwt Kuwait 3.94 112 T1IK Tajikistar 3.2¢
13 peu German 5.4 63 MEX Mexica 3.9¢ 11% NGA Nigerig 3.27
14 HKG Hong Kong¢ 5.4C 64 GRC Greec: 3.9 114 BGD Banglades 3.22
15 1SR Israe 5.3¢ 65 GEO Georgit 3.9% 11t zmB Zambie 3.1¢
16 Lux Luxemboury 5.37 66 coL Colombie 3.91 11€ zwe Zimbabwve 3.17
17 1sL  Icelanc 5.31 67 MkD Macedonia, FYI 3.8€¢ 117 SUR Surinamu 3.1¢
18 AUs Australie 5.2€ 68 IND India 3.8¢ 11& KkGz Kyrgyz Republic  3.0¢
19 AUT  Austrig 5.2E 69 LKA Sri Lanke 3.8¢ 11¢ BoL Bolivia 3.01
20 NzL  New Zealan 5.2 70 zarF South Africe 3.87 12C civ Cote d'lvoire 3.0C
21 JpN Japal 5.24 71 BGR Bulgaric 3.87 121 GaB Gabor 2.97
22 EST Estonie 5.1z 72 TTO Trinidadand Tobago  3.87 12z MLl Mali 2.97
23 QAT Qata 5.1C 73 ukr Ukraine 3.87 12Z BEN Benin 2.97
24 BeL Belgium 5.1C 74 THA Thailanc 3.8¢ 124 cMrR Cameroo 2.9t
25 ARE UAE 5.07 75 rRou Romani: 3.8¢ 125 Nic Nicaragui 2.9¢
26 FRA Franct 5.0€ 76 IDN Indonesii 3.84 12€ NPL Nepa 2.9¢
27 IRL  Irelanc 5.0t 77 MDA Moldove 3.84 127 TzA Tanzanii 2.9z
28 MLT  Malta 49C 78 BIH Bosnie 3.8C 12& ETH Ethiopie 2.8t
29 BHR Babhrair 4.8 79 syc Seychelle 3.8C 12¢ mwi Malawi 2.8t
30 mys Malaysie 4.8z 80 EGY Egypt 3.7¢ 13C BFA Burkina Fas 2.8C
31 sau Saudi Arabi 4.8z 81 cpv Cape Verd 3.7¢ 131 pzA Algeria 2.7¢
32 LTU  Lithuanie 4.7z 82 ARM Armenie 3.7¢ 13Z LBY Libya 2.71
33 PRT Portuga 4.67 83 ALB Albanis 3.7¢ 13% Moz Mozambiqur 2.7€
34 cHL Chile 4.5¢ 84 vNM Vietnarmr 3.74 134 TLS Timor-leste 2.7z
35 cyp Cyprus 4.5¢ 85 jaM Jamaic 3.74 13t MRT Mauritanie 2.71
36 PRI PuertcRica 455 86 pHL Philippines 3.7¢ 13€ swz Swazilant 2.6¢
37 sVN Slovenit 4.5% 87 SRB Serbic 3.7C 137 mpG Madagasc 2.6¢
38 ESP  Spair 451 88 rRwA Rwand: 3.6¢ 13€ LSO Lesothc 2.6¢
39 BRB Barbado 4.4¢ 89 MAR Moroccc 3.64 13S YEM Yemer 2.6
40 oMN Omar 4.4¢ 90 poM DominicanRepublic 3.6z 14C GIN Guine: 2.61
41 LvA  Latvia 4.4% 91 Ecu Ecuado 3.5¢ 141 Hm Haiti 2.5¢
42 cze Czech Republi 4.3¢ 92 KEN Kenye 3.54 14Z Tcb Chac 2.5¢
43 KAz Kazakhsta 4.3z 93 swv El Salvado 3.5% 14% sLE Sierra Leon 2.5¢
44 HUN Hungary 4.2¢ 94 BN Lebanot 3.5¢ 144 BDI Burund 2.3C
45 TUR  Turkey 4.2z 95 GHA Ghan:i 3.51
46 PAN Panam 4.2z 96 BwWA Botswani 3.5C
47 JorR Jordal 4.2C 97 LBR Liberia 3.4¢
48 MNE Montenegr 4.2C 98 cmB Gambia, Th 3.47
49 poL Polanc 4.1¢ 99 ARG Argentine 3.47
50 1ITA  ltaly 4.1€ 10C Gcuy Guyan: 3.4t

Source: The Global Information Technology Repot2(World Economic Forum, 20bB
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Table A2 Level of ICT Advancement by NRI in 20 Coutries (2012-2015)

Country 2012-15 average 2012 2013 2014 2015
Finland 5.96 5.81 5.98 6.04 6.00
Singapore 5.95 5.86 5.96 5.97 6.00
Netherlands 5.75 5.60 5.81 5.79 5.80
Switzerland 5.65 5.61 5.66 5.62 5.70
USA 5.59 5.56 5.57 5.61 5.60
UK 5.57 5.50 5.64 5.54 5.60
Korea 5.49 5.47 5.46 5.54 5.50
Germany 5.44 5.32 5.43 5.50 5.50
Japan 5.38 5.25 5.24 5.41 5.60
Israel 5.36 5.24 5.39 5.42 5.40
New Zealand 5.35 5.36 5.25 5.27 5.50
France 5.12 5.12 5.06 5.09 5.20
Portugal 4.73 4.63 4.67 4.73 4.90
Spain 461 4.54 451 4.69 4.70
Czech Republic 4.43 4.33 4.38 4.49 4.50
Turkey 4.25 4.07 4.22 4.30 4.40
Italy 4.21 4.17 4.18 4.18 4.30
China 4.10 4.11 4.03 4.05 4.20
Greece 3.99 3.99 3.93 3.95 4.10
Brazil 3.94 3.92 3.97 3.98 3.90

Value measured by the Networked Readiness IndeX)(NR
Sources: The Global Information Technology Rep6tt2 2013, 2014, 2015 (World Economic
Forum, 2012, 20118 2014, 2015).
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Appendix 2 Co-evolutionary Structure in 20 Countries

Table A3 Level of ICT Advancement by NRI in 20 Coutries (2013)

Country Value Country Value Country Value Country Value
1 Finland 598 | 9 USA 5.57 | 21 Japan 5.24 | 45 Turkey 4.22
2 Singapore 5.96 | 11 Korea 5.46 | 26 France 5.06 | 50 Italy 4.18
4 Netherland: 5.81 | 13 Germany 5.43 | 33 Portugal 4.67 | 58 China 4.03
6 Switzerlanc 5.66 |15 Israel 5.39 | 38 Spain 451 | 60 Brazil 3.97
7 UK 5.64 | 20 New Zealanc 5.25 | 42 Czech Republii 4.38 | 64 Greece 3.93

The figures on the left hand side indicate the doahk out of 144 countries (see Table Al).
Source: The Global Information Technology Repott2@World Economic Forum, 20bR

Table A4 Level of Higher Education in 20 Countrieq2013)

Country Value Country Value Country Value Country Value
1 Finland 6.27 | 7 USA 5.75 | 24 France 5.21 | 41 Greece 4.81
2 Singapore 5.91 | 9 New Zealanc 5.68 | 26 Spain 5.19 | 42 ltaly 4.75
3 Germany 5.90 |17 UK 5.45 | 28 Portugal 5.15 | 65 Turkey 4.29
4 Switzerlanc 5.88 | 19 Korea 5.41 | 34 Israel 5.00 | 70 China 4.23
6 Netherland: 5.78 |21 Japan 5.28 | 39 Czech Republit 4.85 | 72 Brazil 4.22

The figures on the left hand side indicate the doahk out of 148 countries.

Source: The Global Competitiveness Report 2013-20&tld Economic Forum, 20H3.

Table A5 Level of Trust in Teachers to Deliver a Good Educabn in 20 Countries

(2013)

Country Value Country Value Country Value Country Value
1 Brazil 7.10 6 Portugal 6.62 11 Turkey 6.50 16 Germany 5.96
2 Finland 7.05 7 Singapore 6.60 12 UK 6.40 17 CzechRepublc 5.94
3 Spain 6.86 8 Netherlands 6.56 13 France 6.15 19 Korea 5.40
4 China 6.74 9 New Zealanc 6.54 14 Switzerland 6.10 20 Japan 5.35
5 USA 6.68 10 ltaly 6.52 15 Greece 6.08 21 Israel 5.20

The figures on the left hand side indicate the odnk out of 21 countries (18. Egypt is

excluded).

Source: 2013 Global Teacher Status Index (VarkeM&Eoundation, 2014).
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Table A6 Composition of Higher Education Leve(2013)

5th
.3:!.% Segt')?iiary Te?{igfy Qu%l?tf/ of Qu5a'|(i)t?/ of 5.05 5.06 Ava?lfk;ﬁty 5.08

education education education the math and Quality of Internet of research  Extent of
Country waning | aroses arosss  sysen  educaio  mischeol  schoot - senice - twaining
Finland 6.27| 107.97 95.15 5.93 6.26 5.64 6.57 5.87 5.52
Singapore 591 107.00 72.00 5.77 6.29 575  6.30 544 523
Germany 5.90 103.32 = 5.14 5.05 5.10 5.03 6.10 5.12
Switzerland 5.88 95.46 56.75 5.98 5.80 6.09 6.11 6.47 557
Netherlands 5.78| 121.46 65.41 5.17 5.31 5.66 6.25 6.09 5.14
USA 5.75 96.04 94.81 4.63 4.41 5.49 5.95 5.67  4.96
New Zealand 5.68 119.08 82.56 5.19 5.38 5.16 5.67 4.93 4.95
UK 545| 105.34 59.75 4.62 4.37 5.89 6.16 561  4.73
Korea 5.41 97.08  103.11 3.82 5.10 4.45 6.11 481 421
Japan 5.28| 102.20 59.74 4.10 4.66 404  5.16 552 535
France 521| 11359 57.67 4.21 5.19 580  4.41 542  4.33
Spain 5.19| 12852 82.63 3.60 3.86 583  4.92 482 372
Portugal 5.15| 109.10 65.49 3.96 4.07 5.52 5.67 500 4.01
Israel 5.00| 102.12 62.48 4.00 4.03 4.68 5.08 477 424
Czech Republic|  4.85 90.78 64.85 3.69 3.96 3.95 5.79 500  4.03
Greece 4.81 109.46 89.38 3.10 4.28 3.85 3.91 3.83 3.47
Italy 475 100.40 64.98 3.64 4.26 4.98 3.67 479 321
Turkey 4.29 82.11 55.42 3.41 3.52 3.76  4.45 423  4.05
China 4.23 81.36 26.79 4.02 4.42 411 5.32 436  4.26
Brazil 422 105.83 25.63 2.98 2.56 454  3.60 471 430

5.01 Secondary education enrolliment ratl SCED levels 2 and 3)

Gross secondary education enrollment rate | 201ieamost recent year available

Sources: UNESCO Institute for Statistics (accesdede 21, 2013, and April 21, 2013);
ChildInfo.org Country Profiles; national sources

5.02 Tertiary education enrollment rate(ISCED levels 5 and 6)
Gross tertiary education enroliment rate | 201themost recent year available
Sources: UNESCO Institute for Statistics (accedgsme 21, 2013); national sources
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5.03 Quiality of the educational system
How well does the educational system in your cqumteet the needs of a competitive economy? [1
= not well at all; 7 = extremely well] | 2012—-13igleted average

Source: World Economic Forum, Executive Opinionvayr

5.04 Quality of math and science education

In your country, how would you assess the qualftynath and science education in schools [1 =
extremely poor—among the worst in the world; 7 sedbent—among the best in the world] | 2012—
13 weighted average

Source: World Economic Forum, Executive Opinionvayr

5.05 Quality of management schools
In your country, how would you assess the qualitiusiness schools [1 = extremely poor—among
the worst in the world; 7 = excellent—among thetliehe world] | 2012—-13 weighted average

Source: World Economic Forum, Executive Opinionvayr

5.06 Internet access in schools

In your country, how widespread is Internet acdesschools? [1 = nonexistent; 7 = extremely
widespread] | 2012—-13 weighted average

Source: World Economic Forum, Executive Opinionvayr

5.07 Local availability of specialized research anttaining services
In your country, to what extent are high-qualitgesialized training services available? [1 = not
available at all; 7 = widely available] | 2012—-18ighted average

Source: World Economic Forum, Executive Opinionvayr

5.08 Extent of staff training
In your country, to what extent do companies inwestaining and employee development? [1 = not

at all; 7 = to a great extent] | 2012-13 weightestrage

Sources: The Global Competitiveness Report 2013k28%ecutive Opinion SurveyWorld
Economic Forum, 20E).
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Appendix 3 Measurement of Trust in Teachers in the
Global Teacher Status Index

1. The Varkey Gems Foundation (VGF) developed the b@ldeachers Status Index”
in 2013 with the objective to understand the ralesultural, political and economic
factors, and social standing play in the statuteathers in different countries, and
how these might impact on education systems.

2. VGF conducted a survey of 1,000 representativeoredgnts in each of the following
21 countries: Brazil, China, Czech Republic, Egyiinland, France, Germany,
Greece, Israel, ltaly, Japan, the Netherlands, NEmaland, Portugal, Turkey,
Singapore, South Korea, Spain, Switzerland, theddl the USA. These countries
were chosen based on their performance in B1S%d TIMSS* assessments to
represent each major continent and as represemtafivdifferent standards of
education systems.

3. The survey contains the question concerning tnuseachers for delivering good
education by rating “Trusting teachers to delivegamd education.” To address this
issue, the survey asked respondents to rate (omgretale of 10: from O = do not
trust at all, to 10 = trust completelyp what extent would you trust or not trust
teachers to deliver good education for your childra?

4. ldentity of this rating is conducted taking intacaant

i.  the contextual understanding of the social statusazhers, and
ii. perceptions of the quality of the educational syste

5. The data for the study was collected by the polliegnpany Populus by using a
WBS with a balanced sample of 16 to 70-year-oldsnéa by: age; gender; and
region. Individuals were invited to participatetire survey from a large database of
online internet mailing lists.

6. To ensure the reliability and representation ofrthéonal surveys the VGF claimed
to adopt strict procedures, e.g., the quotes ongagaler and region in each country,
samples monitoring on the basis of education lewelsn, rural locations and ethnic
minorities. A country specific population censufoimation to construct the final
balanced sample for each country was used. Theeypurquired the compulsory
double opt-in registration of respondents by validtcode and address as a proof of

13 Performance for International Student (PISA)
14 Trends in International Mathematics and Science Study (TIMSS)
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identification. To further assure the trustwortlssef the sample, the quality checks
were built and any respondent failing such test rgasoved from the sample.

In literature the terms such as trust, confidenué tustworthiness are often used
interchangeably. The literature on trust has varitmpics: definitions, measurement
of trust, types of trust, the importance of trusfationship between stakeholders in
different contexts, trust in governing complex sys$ and trust in digital age, etc. In
the education context, lot of research exists abith@ importance of trust
relationships between teachers, students, pateatership and policy makers, etc.

In literature it is mentioned that the measuremeinttrug is an important but
challenging task because it may have both quabli#fizand non-quantifiable
elements. The different methods to measure tredtidie counting the frequency of
trusting behavior, extent of trusting behavior sing surveys to measure trusting
attitudes, the last being the most common methde Measurement of trust by
surveys and barometers (such as Edelman, Eurobsgraeropean Social Survey,
Gallup, International Social Survey Programme, P&W World Values Survey) is a
common practice but each approach has its owngitremnd weaknesses.
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Appendix 4 Regression Analysis of Groups with Heterogeneous
Performance

Regression analysis of groups with heterogeneodsrpgance adAC, ISC and IGC
(Figs. 7-10) are conducted by introducing coeffitidummy variables depending on
the group, as follows (the case of Fig. 7):

3
InY = a + Z[Bi D;] InX where Q, ,3,: coefficients, andD, : dummy variables.
i=1

i =1 for IAC (others = 0),i = 2 for ISC (others = 0),i = 3 for IGC (others = 0).

Data Construction
Group  Country Y InY X INX Dy D, D; DinX DinX DslnX

IAC  Finland 6.270 1.836 7.050 1953 1 0 O 1.953 0 0
IAC  France 5.210 1.651 6.150 1.817 1 0 O 1.817 0 0
IAC  Germany 5.900 1.775 5960 1.785 1 0 O 1.785 0 0
IAC Israel 4990 1.607 5.200 1649 1 0 O 1.649 0 0
IAC  Japan 5.280 1.664 5350 1677 1 0 O 1.677 0 0
IAC  Netherlands 5.780 1.754 6560 1.881 1 0 O 1.881 0 0
IAC  New Zealand 5.680 1.737 6.540 1.878 1 0 O 1.878 0 0
IAC  Singapore 5.910 1.777 6.600 1.887 1 0 O 1.887 0 0
IAC  Korea 5.410 1.688 5400 1686 1 0 O 1.686 0 0
IAC  Switzerland 5.880 1.772 6.100 1.808 1 0 O 1.808 0 0
IAC UK 5.450 1.696 6.400 1856 1 O O 1.856 0 0
IAC USA 5.750 1.749 6.680 1.899 1 0 O 1.899 0 0
ISC  Portugal 5.150 1.639 6.620 1.890 0 1 O 0 1.890 0
ISC  Spain 5.190 1.647 6.860 1.926 0 1 O 0 1.926 0
IGC  Brazil 4.220 1.440 7.100 1960 0 0 1 0 0 1.960
IGC China 4230 1.442 6.740 1908 0 0 1 0 0 1.908
IGC CzechRep 4.850 1579 5940 1.782 0 0 1 0 0 1.782
IGC  Greece 4810 1.571 6.080 1.805 0 0 1 0 0 1.805
IGC Italy 4.750 1.558 6.520 1.875 0 0 1 0 0 1.875
IGC  Turkey 4290 1.456 6.500 1.872 0 0 1 0 0 1.872
IAC: ICT advanced countriesSC: ICT semi-advanced countrid$C: ICT growing countries.
X: Trust in teachersy: Higher education and training.
Regression model
INY =0.811+ 0.504D, In X +0.436D, In X - 0.874D,In X + 2.329D,
3.47) (392 (3.54) (<30 (4.01) adj. R“*=0.87:

D,, D, D3: Dummy variables corresponding to IAC, ISC and |@&3pectively.
The figwes in parenthesis indicate t-statistics: all égaicant at the 1% level
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Correlation Analysis with Coefficient Dummy Variables

— Correlation with Different Slopes
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Fig. 7. Correlation between Trust in Teachers and kKjher Education Level in 20

Countries (2013)
iny Concept of coefficient dummy variables
0
(0.811+2329) SIOPE ~0.874
Slope 0504
0 1.6 20 InX
InY =0.811+ 0.504D, In X +0.436D, In X —0.874D, In X +2.329D,
(3.47) (3.92) (3.54) (-3.07) (4.01) adj. R“=0.87:
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Appendix 5 Logistic Growth Function and Its Bi-polarization Nature

A5.1 Estimate of Logistic Growth Function for ICT-driven Higher
Education in 120 Countries in 2013

ICT-driven education development toward digitalighr learning environments in 120
Countries in 2013 is illustrated by the followingreoid curve as demonstrated in Fig.
2 (Fig. Al):
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Fig. Al. ICT-driven Education Development in 120 Cantries (2013)

Sources: Same as Fig. 2.

Focusing on the scope betwe&nY) from (3.2, 3.2) to (6.2, 6.5) as highlighted iig.F
Al, since it is observed that the above trajecgirgws sigmoid growth, the following
logistic growth function was estimated:

dv =aY(l- i) (A1)
dz N
N
Y=——— A2
1+be™ #2)

where Y: Higher education levelN: Upper limit (carrying capacity),Z: ICT
advancement leved: velocity of diffusion, andb: initial state of education level.
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: . N
Higher educatic Y = ———
v 1+be™

A
i Upper limit (carrying capacit, )
6.

N
N/2 4.85
32, 7 ICT advancemer
3.2 4.7 6.2
Inb
a

Inflection poin

Fig. A2. Estimated Logistic Growth Function.

With the observation that the carrying capacity #malinflection point of the sigmoid
curve are estimated as 6.5 and 4.7, respectiveijuatrated inFig. A2, by means of
heuristic spline interpolation approach, the follogvlogistic growth function for 120
countries in 2013 was estimated.

yio_ 330
~ 1+1350e 74 Q7

whereY' = Y- 3.20,2" =Z - 3.20.

This estimated function behaves similarly to theestzed sigmoid curve as

N = 3.30 + 3.20 = 6.50, inflection poirz = Inb +320=150+ 320= 470
a

Thus, the estimated function is considered to destnate the ICT-driven education
development trajectory in 120 countries in 2013.
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A5.2 Scheme of the Bi-polarization Fatality of Logstic Growth

Logistic growth function as a function of ting¢substitutet for Z in Egs (A1-A3) can be
developed to the following bi-polarization function

+
Y. Logistic growth. day Y aN 1
N. ——=aY(l-—)= @- )

~ dt N’ 1+be™ = 1+be™
N e 1+ b.g-m/ _ aN O be™ aN E 1
2 l+be™) (1+be™ (@L+be™) (1+1ie™)

/ I aN

= -at 1

Inb (@rhe i)
a

aN _ - at 1

Inflection poin a7 2 + be " be ~*
y = 2+ X + 1—
X
y = aN X = be - at

dy
dt

Fig. A3. lllustrates this bi-polarization that is fatal kogistic growth function. The
figure on the left illustrates the increase of titnend marginaly (dY/dt) toward the

origin of coordinates. Rotating this figure by 1@€grees leads to a normal axis display

as illustrated on the right. This figure indicatkat in the normal logistic growth as a

function of timet, marginalY (dY/dt) increases as time goes by and as it is generally

anticipated within the time shorter than a certhmeshold. However, there is a change
to reverse once this threshold is exceeded, thajin@rincrease declining against

expectations.
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Fig. A3. Bi-polarization Fatal to Logistic Growth Function.

By the preceding reviews (Zhao et al., 2013; Wdianet al., 2014), given that ICT
advance is proportional to tinte ICT-driven education development trajectory ir012
countries can be depicted by a logistic growth fiamcconsisting of ICT advancement
(2) and higher educatiorY as demonstrated in Fig. 2. Consequently, thiedtary
leads to bi-polarization between ICT advanced aies\{AC) and ICT semi-advanced
countries [SC) as well as ICT growing countrieK5C) similar to the figure on the right
in Fig. A3 and as demonstrated by the middle figaiféig. A4.

Fig. A4 illustrates the whole perspective of theblarization of ICT advancement as a
consequence of a trap in ICT advancement derivad fts two-faced nature (Watanabe
et al.,, 2014, 2014. Unexpected decline imarginal productivity of ICT enhancing
higher educatior{dY/dZ) in IAC can be attributed to a trap in ICT advancemeret {oip
figure in Fig. A4) derived from the two-faced nawf ICT, that is, while advancement
of ICT, centered on the dramatic advancement oflnternet, generally contributes to
enhanced prices of ICT by increasing new functityadevelopment, the dramatic
advancement of the Internet reacts to decreasesidas of ICT due to its nature of
favoring freebies, easy copying, and mass starm#idn. Given that schools seek to
maximize profit in competitive learning environmgnthe marginal productivity of ICT
corresponds to the relative price of ICT which,ikekthe new services created, declines
as ICT advances.

This can be attributed to a mismatch between tHeevaf such new services and
learning environments in transition toward digiaiich learning environments that
absorb and effectively apply such services to higrducation. This is similar to the
emergence of un-captured GDP that the Internetigesy utility and happiness to
people that cannot be captured through traditi@i2lP data (Watanabe et al., 2@L5

In order to avoid such a vicious cycltAC endeavors to leverage transcending
innovation to redesign learning environments int@itdlly-rich new learning
environments that can absorb, effectively apply sewices and also increase trust in a
co-evolutional manner. As a result, a highearginal productivity of ICTis expected as
demonstrated inFig. A5. A virtuous cycle is thus established betwemarginal
inducement of ICT through higher educatig¢dz/dY) enhancement and ICTZ)(
advancement as illustrated in the bottom figurEig A4.

In contrast, whildSC andIGC expect their higher education enhancement throgh
marginal productivity of ICTincrease as ICT advances, as illustrated in thedimni
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figure in Fig. A4, these countries cannot afforce thequired ICT advances by
themselves. The result is a vicious cycle BfdY declining asZ advances, as illustrated
in the bottom figure in Fig. A4.
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Fig. A4. Perspective of Bi-polarization of ICT Advancement.
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Marginal productivity of ICT enhancing higher edtioca can be depicted as follows:

% = aY(l-%) = aY(l-F—lD) (A1) whereFD: functionality development.

Transcending innovation increade® by its co-evolution between absorbing, applying
new services for higher education and increasingttas ICT advances, leading to
enhanced marginal productivity of ICT as illustchie Fig. A5.

h
&
dz

increase

Shifting to higher marginal productivity of ICT trajectory
by means of franscending innovation redesigning learning environments

woneINP? IS SuUEYuI
1DI Jo Auanonpord jemSaefy

>
>

Advancement of ICT (2)
Fig. A5. Scheme of Sustaining Marginal Productivityof ICT by means of
Transcending Innovation.
Table A7 summarize$CT'’s role for digitally-rich learning environmenbtetweenAC

andISCIGC.

Table A 7 The Contrast of ICT’s Role for Digitally-rich Learning Environments
between ICT Advanced Countries and Semi-advanced/@wing
Countries

ICT semi-advanced countries(SC), ICT advanced countries (AC)
ICT growing countries (IGC)

Using ICT as a means to solely maoveeveraging ICT to transform learning
toward more digitally-rich learningenvironments into digitally-rich new learning

environments environments that can absorb and effectiyely
apply ICT-driven new services to higher
education.

While dY/dZ is enhanced ag advances, While dY/dZ declines aZ advances, there is|a
the requiredZ advancement cannot beshift to a higher level of ¥dZ by means of
afforded, resulting in a vicious cycle pfranscending innovation, leading toa
dz/dY decline aZ advances. construction of a virtuous cycle betweefidy
enhancement argdladvance.
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A5.3 ICT Elasticity to Trust in Teachers and HigherEducation

Elasticity of ICT advancement to trust in teachiexsease £ elasticity toX) can be
depicted as follows:

din X dInXEplnY dlnX&[ﬁ dInXEéﬂadi dlanEEld— Y(N - Y)j 1

dinz dinY dinz dinY dZ Y dInY Y dZ dy dInY Y N (2Y -N)

aN _  aN N2
where y = — = = (substituteZ for t in the left figure in Fig. A3).
gy aY(l—%) Y(N-Y)

dz

Therefore, this elasticity in 20 countries can lessified depending on their levels of
education and ICT as demonstratedaible A8.

Table A8 Classification of ICT Elasticity to Trustin 20 Countries (2013)

Education % >ﬂ Y<E
Level 2 2
ICT dinX dy 1 dinX | dinX dy 1 din X
level dinY dz (Y-N) dinZ | dinY dZ (2Y-N) dinZ
7 > M
a + + + +

ICT advanced 12 countriekAC)

Z < m - -
a + - + - - -
ICT semi-advanced 2 countridSC) | ICT growing 6 countriesiGC)
Reference | Fig.8 Fig. A3 Fig 8 Fig. A3

Table A8 demonstrates the structural sources csiimgapositive elasticity inAC and
disengagement it8sCandIGC.

Furthermore, elasticity of ICT advancement to higkelucation enhancemenk (
elasticity toY) can be developed as follows:
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din X :dInX EpIInY
dinZz dinY dinz

ThereforeZ elasticity toY

dinY :dInX DdInY
dinZ dInZ diInX

Table A9 Classification of ICT Elasticity to Higher Education in 20 Countries
(2013)

Education N

Level Y>— Y < E
Ela> 2 2
sticity
ICT dinXx dinY diny dinX dinY diny
level dinZ dinX dinz dinz dinx  dinz
Inb + + +
Z>— .
a ICT advanced 12 countri
7 <Inb - * ) - ) *
a ICT sem-advanced 2 countri (ISC)| ICT advanced 6 countries
Reference | Table A8 Fig. 7 Table A8  Fig.

Table A9 demonstrates the structural sources cstitigapositive elasticity inAC and
IGC with disengagement ifsC.
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TIS_2016_119 Highlights

Highlights

Co-evolution between trust in teachers, higher education and ICT advance was elucidated.
New approach for constructing the above co-evolution in a systematic way was explored.
Institutional sources of education productivity paradox were identified.

Institutional enablers enhancing pedagogical love were identified.

Innovation transforming learning environments into digitaly-rich new environments was
stressed.



