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Abstract 

Background: The ongoing digitalization poses new challenges for schools concern-
ing students’ digital skills. In this context, the International Computer and Information 
Literacy Study (IEA-ICILS 2018) has identified substantial social disparities concern-
ing computer and information literacy of grade 8 students. Furthermore, it has been 
observed that many schools, especially those located in socioeconomically challenged 
areas, are particularly engaged in supporting students’ digital literacy and innovatively 
designing learning processes with information and communications technology (ICT). 
Empirical studies have made it apparent that some schools have high average achieve-
ments concerning domains such as reading literacy and mathematics in spite of socio-
economically challenged student bodies. These schools are regarded as being organi-
zationally resilient. This contribution focusses on these organizationally resilient schools 
with regard to the domain of computer and information literacy. It aims to investigate 
how these schools can be classified as a typology according to selected school and/or 
teacher characteristics.

Methods: As a first step, representative samples of IEA-ICILS 2018 are used to identify 
organizationally resilient schools by using students’ achievement measures (plausible 
values) and their background information regarding their families’ socio-economic 
status. In order to develop a typology, latent profile analyses (LPA) are conducted by 
using input and process indicators on the school level, which have been proven to be 
relevant for implementation through existing empirical research.

Results: About one twentieth of the schools examined in this contribution can be 
regarded as organizationally resilient and can be allocated onto a typology of three 
school types that are characterized by different school-level factors.

Conclusions: The international comparison permits the conclusion that the phenom-
enon of organizational resilience is also existent with regard to the content domain 
of computer and information literacy. However, the proportion of resilient schools is 
subject to considerable variation between countries.

Open Access

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/.

RESEARCH

Drossel et al. Large-scale Assess Educ             (2020) 8:9  
https://doi.org/10.1186/s40536-020-00087-w

*Correspondence:   
Kdrossel@mail.upb.de 
Paderborn University, 
Institute for Educational 
Research, Warburger Straße 
100, 33098 Paderborn, 
Germany

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40536-020-00087-w&domain=pdf


Page 2 of 19Drossel et al. Large-scale Assess Educ             (2020) 8:9 

Keywords: IEA-ICILS 2018, Organisational resilience, Computer and information 
literacy, School effectiveness, School improvement in the digital age, secondary 
schools

Introduction: The relevance of the school context for a successful 
implementation of ICT in schools
The ongoing digitalization of various aspects of society currently creates numerous chal-
lenges for schools worldwide (Voogt et al. 2013, 2018). Consequently, demands focus on 
the creation of new forms of teaching and learning (cf. Mishra and Mehta 2017) in order 
to exploit the positive potentials of information and communication technology (ICT). 
Fostering students’ digital literacy is regarded as tremendously relevant for enabling 
students to cope with future educational, professional, and private endeavours (Geis-
inger 2016; Ottestad and Gudmundsdottir 2018), for ensuring social equity (Eickelmann 
2018), and for closing existing achievement gaps in this domain (cf. van Deursen and 
van Dijk 2018). In this context, many national and/or international initiatives have been 
developed in recent years which emphasize the future importance of being able to use 
ICT in a reflected and secure manner (Ferrari 2012; Olszewski and Crompton 2020). For 
instance, the European Commission outlines that information and data literacy, com-
munication and collaboration, digital content creation, safety and problem solving are 
digital competences that every citizen must have to be able to participate effectively in 
21st century societies (Digital Competence Framework for Citizens [DigComp 2.1], cf. 
Carretero et al. 2017). Furthermore, researchers, policy-makers, and educational stake-
holders in general are discussing the question of what makes school systems effective 
in this domain (such as “World class” cf. Schleicher 2018) and how achievement gaps, 
which put students from socioeconomically or culturally less privileged families at a dis-
advantage, can be prevented (European Commission 2020; OECD 2010).

The International Computer and Information Literacy Study (IEA-ICILS  2018) con-
tributed to the current international discourse by revealing that less than a quarter of 
the assessed eighth-grade students reached the top two of the five achievement bench-
marks. Consequently, researchers concluded that a substantial portion of secondary 
school students does not have the computer-related competencies to successfully par-
ticipate in society (cf. Fraillon et al. 2019a). Not least against this background, UNESCO 
(2017) included the ICILS study in its educational monitoring (sustainable development 
goal 4.4: “By 2030, substantially increase the number of youth and adults who have rel-
evant skills, including technical and vocational skills, for employment, decent work and 
entrepreneurship”).

In addition, it was empirically demonstrated by means of a computer-based assess-
ment of students’ computer and information literacy (CIL) that this interdisciplinary 
key competence is also affected by partly substantial social disparities (Eickelmann 
et  al. cf. 2019; Fraillon et  al. 2019a; Senkbeil et  al. 2019). In Germany for instance, 
students from less privileged social backgrounds on average scored about 50 points 
lower on the CIL achievement scale than their counterparts from socioeconomically 
and/or culturally more affluent families (cf. Ercikan et  al. 2018; Fraillon et  al. 2014, 
2019a; Fraillon 2018; Senkbeil et al. 2019). Although these results vary depending on 
how the social background is operationalized, the pattern of substantial achievement 
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gaps relating to students’ cultural or socioeconomic background can be observed 
in every participating educational system of IEA-ICILS  2018 (Fraillon et  al. 2019a). 
However, by focusing on averages of such disparities, it was not acknowledged in 
IEA-ICILS 2018—neither on national nor on international level—that there are sev-
eral participating educational systems and/or schools in the IEA-ICILS 2018 sample 
that started to promote students’ competent and reflective use of ICT years ago; and 
did so independently of their student bodies’ socioeconomic composition.

In relation to teaching and learning with ICT, as in other more curricular domains 
(such as reading, mathematics, or science), researchers assume that the particu-
lar school is the unit of action in which teaching and learning with ICT should be 
promoted and students’ CIL should be improved (Tondeur et al. 2008). Despite this 
assumption, which is theoretically and empirically supported by school effectiveness 
research (SER) and of tremendous relevance for school development in the digital 
age, the approach of regarding the school level as a central unit of action for foster-
ing students’ CIL has only been pursued to a limited extend by national and interna-
tional empirical educational research. From the perspective of school development 
research and in the light of the outlined research findings on social disparities in IEA-
ICILS  2018, the schools where students—despite their challenging socioeconomic 
or social student body composition—achieve a high average level of CIL appear 
to be of importance in the context of teaching CIL. These schools are described as 
being organizationally resilient in the literature of the field of teaching and learning 
(Schelvis et al. 2014).

Due to this perception of the relevance of the school level, empirical research already 
focused on the phenomenon of the organizational resilience of schools in other domains 
(such as reading, mathematics, or science) and indicates that resilient schools have both 
specific characteristics and distinctive leadership (Muijs et  al. 2004). For the domain 
of CIL, corresponding findings are only available for some countries with data from 
ICILS  2013 (Eickelmann et  al. 2019). The authors determined four types of resilient 
schools on the basis of schools which, despite the socially disadvantaged situation of 
pupils, displayed a high level of computer-related skills in the ICILS 2013 study. The four 
types were classified into “competent schools”, “restrained schools”, “pragmatic schools”, 
and “pioneer schools”. One-fifth of the teachers in the resilient schools values their own 
digital literacy very highly and reported sufficient availability of ICT resources. Further-
more, the research found that the actions of the principals vary according to the identi-
fied type of school. Especially in the „competent schools” this is very pronounced with 
regard to the integration of digital media.

In summary, only a limited amount of existing research literature in the field focuses 
on school characteristics related to the successful teaching of CIL. Findings on the cur-
rent situation are not available. This paper therefore aims to close this research gap. 
From a methodological perspective, it should be emphasized, that the existing empiri-
cal findings mostly rely on multi-level modelling and therefore neglect similarities of 
schools in the sense of a school typology (cf. Hatlevik et al. 2015; Meggiolaro 2018). For 
that reason, an alternative methodological approach—a structure-detecting method—
was chosen for this paper (cf. “Determining a typology of organizationally resilient 
schools in IEA-ICILS 2018” section).
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In the light of the identified research gap and its relevance for both educational 
research and school improvement, the first step is to answer the question of whether 
the phenomenon of the organizational resilience of schools can also be observed in the 
area of CIL with current data. As a second step, whether the identified schools can be 
allocated to a typology of schools that share common school characteristics, as indicated 
by Muijs et al. (2004) will be investigated. Moreover, it will be analyzed how the types 
are distributed in each of the participating countries and benchmarking participants of 
IEA-ICILS 2018.

In order to answer these research questions for different cultural contexts, this sec-
ondary analyses of the IEA-ICILS  2018 data will cover all participating countries and 
benchmark participants. This could make it possible to learn from other education sys-
tems through international comparisons (Torney-Purta and Amadeo 2013).

Due to its relevance for the research interests, the contextual framework of the 
study IEA-ICILS 2018 will be presented in the following “The contextual framework of 
IEA-ICILS 2018” section. Subsequently, the state of research on the school character-
istics which is used in this paper to typify the organizationally resilient schools in IEA-
ICILS  2018 will be presented (“Review of relevant literature and research questions” 
section). These include characteristics, which other studies identified as important for 
school development with ICT. Apart from the availability of ICT and the frequency 
of ICT use, these include characteristics such as the individual competence reports of 
teachers and the attitude of the teaching staff towards the potentials of ICT for teach-
ing and learning. In order to assure transparency, we focus on the methodological pro-
cedures used in this contribution in the subsequent section (“Data and methodology” 
section). Following the presentation of the analysis results (“Results: identification and 
description of organizational resilient schools in the digital age” section), the findings 
will be discussed in terms of content and methodology (“Discussion” section).

The contextual framework of IEA‑ICILS 2018
In the sense of a dynamic literacy approach (cf. Ainley et al. 2016), Fraillon et al. (2014) 
define CIL according to in IEA-ICILS  2013 as an: “individual’s ability to use comput-
ers to investigate, create, and communicate in order to participate effectively at home, 
at school, in the workplace, and in the community” (p. 5). The contextual framework 
for the acquisition of CIL in IEA-ICILS 2018 draws on an input-process-output model 
for school learning (cf. Fraillon et al. 2019b) by categorizing relevant factors on different 
levels of school education (such as the individual and school or class level), and there-
fore acknowledges the multi-level nature of school education. Further, it systematically 
builds on findings and assumptions from previous SER models aimed at conceptualizing 
the relationship between input and process variables as well as educational outcomes 
(Creemers and Kyriakides 2006; De Jong et  al. 2004; Scheerens 1990; Scheerens and 
Bosker 1997).

The contextual framework of IEA-ICILS 2018 distinguishes between antecedents (or 
inputs) and processes and differentiates between four different levels: (1) level of the 
wider community, (2) school and classroom level, (3) the student level, and (4) the level 
of the home environment. In order to explain the students’ CIL (outcome), it is necessary 
to put a combined focus on both antecedents and the processes as a whole. In the model, 
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the antecedents are expected to have an indirect effect on student achievement, while 
the process factors are expected to have a direct effect on students’ CIL achievement. 
The following paragraphs briefly describe the four levels of the contextual model in IEA-
ICILS 2018 (for further details see Fraillon et al. 2019b).

The level of the wider community refers to the antecedents for the acquisition of CIL; 
for instance, structural aspects of the respective educational system. Technology-related 
strategies, the curriculum, and other system-specific objectives are regarded as relevant 
process variables on this level.

The school and classroom level refers to school- and class-related antecedents, such as 
the availability of ICT, principals’ leadership, or teachers’ use of ICT.

At the student level students’ age, gender, and educational aspirations are the most rel-
evant individual antecedents for the acquisition of CIL. With regard to the assumed pro-
cess variables, aspects of attitude (e.g. ICT-related self-efficacy) and/or behaviour (e.g. 
use of ICT) have a direct effect on students’ CIL achievement (ibid.).

At the level of home environment, the family’s background characteristics are of par-
ticular interest. This level refers to the family-specific antecedents such as the family’s 
socioeconomic status (SES) and/or their immigrant status. In contrast, the use of ICT 
at home and the communication with family members about ICT are considered as rel-
evant process indicators for the acquisition of CIL (cf. Eickelmann et al. 2019).

Besides the predictors considered in the international framework, further factors were 
identified as relevant for the acquisition of CIL. These include, for example, aspects of 
teacher cooperation (cf. Drossel and Eickelmann 2017).

Following the assumptions of the presented contextual framework, this paper focuses 
on the factors on school level. Since individual background characteristics of the stu-
dents are also considered, this paper also tackles the individual level and, with means of 
an international comparison, also the level of the wider community.

Review of relevant literature and research questions
Given the lack of research on the organizational resilience of schools in the domain of 
CIL, the following section will summarize recent research findings on those factors on 
school level that have proven to be important for the successful implementation of ICT 
in teaching and learning as well as for fostering students’ CIL (Eickelmann 2011; Gerick 
et al. 2017; Lorenz et al. 2015). In the following, a distinction is made between the find-
ings regarding the antecedents (cf. “School-level antecedents” section) and process vari-
ables (cf. “Process factors on school level” section).

School‑level antecedents

In the light of the national and international research findings, the availability of ICT 
resources (cf. “Availability of school IT-resources” section), teachers’ attitudes towards 
teaching and learning with ICT (cf. “Attitudes of teachers towards the potentials of ICT 
for teaching and learning” section), as well as their self-efficacy (cf. “Teachers’ ICT-
related self-efficacy” section) towards working with ICT in school emerged to be sub-
stantially relevant. Corresponding research findings are summarized in the subsequent 
sections.
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Availability of school IT‑resources

Although there is consensus among researchers that providing schools with ICT 
resources is not enough to enhance teaching and learning with ICT (cf. Lai 2008; 
Law et  al. 2008 for findings from the IEA-SITES 2006 Study), a substantial body of 
research in the field has shown that the availability and appropriateness of ICT for 
teaching and learning purposes is—trivially—an essential prerequisite for the use of 
ICT in school (Eickelmann et al. 2017; European Commission 2013; Petko et al. 2016).

Attitudes of teachers towards the potentials of ICT for teaching and learning

Several international studies have shown that teachers’ attitudes towards the poten-
tials of ICT for teaching and learning are a relevant factor for the implementation 
and/or use of ICT for teaching (Aesaert et  al. 2015; Ainley 2018; Buabend-Andoh 
2012; Drossel et al. 2016; Hatlevik and Hatlevik 2018; Petko et al. 2018; Tomczyk et al. 
2015; Tondeur et  al. 2017; Yang and Leung 2015). Especially for Germany there are 
many indications of the importance of teachers’ attitudes and beliefs with regard to 
ICT in teaching and learning. In this context, IEA-ICILS 2018 was able to show that 
the majority of eighth-grade teachers in Germany reports “a positive perspective on 
the use of ICT for instruction” and that the corresponding proportion of teachers was 
partly substantially larger in all other participating countries (Drossel et  al. 2019). 
Eickelmann and Vennemann (2017) found that the attitudes of teachers are—directly 
or indirectly—related to the use of ICT in teaching in a selection of European educa-
tional systems.

Teachers’ ICT‑related self‑efficacy

Another relevant antecedent on the school level is the ICT-related self-efficacy of 
teachers. In this context, international studies have repeatedly pointed to the impor-
tance of (self-reported) competences in using ICT (cf. Hatlevik 2017; Saudelli and 
Ciampa 2016). However, international comparisons revealed, that teachers’ attitudes 
to teaching and learning with ICT are subject to variation—at least in those educa-
tional systems participating in IEA-ICILS 2018 (Fraillon et al. 2019a).

Process factors on school level

In the subsequent sections of this paper, research findings on relevant process factors 
on school level are presented. The effects of the use of ICT for teaching and learning 
(cf. 3.2.1), fostering CIL (cf. 3.2.2), and the extent to which teachers at schools cooper-
ate (cf. 3.2.3) are examined in detail.

Use of ICT for teaching and learning

One main finding of IEA-ICILS 2018 is that teachers’ ICT use for teaching and learn-
ing is subject to substantial variation. For example, teachers in Germany use ICT 
significantly less often for classroom instruction than teachers from the most other 
participating educational systems in IEA-ICILS 2018. About sixty percent of the pop-
ulation of eighth-grade teachers in Germany reports that they ICT at least once a 
week for classroom instruction. Only in North Rhine-Westphalia and Uruguay is the 
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percentage even lower, whereas in most other participating countries there are signif-
icantly higher proportions with regard to at least weekly use (cf. Fraillon et al. 2019a).

Fostering CIL in schools

The acquisition of computer and information literacy can be promoted through vari-
ous measures on the school level. In this context, some studies draw attention on the 
assumption that one important school characteristic seems to be the role and the com-
mitment of principals (Dexter 2018; Eickelmann 2011; Gerick 2018). They are mainly 
involved in creating and supporting learning environments in schools and are able to 
foster the implementation of ICT, for example by introducing a common school vision 
and goals (Ottestad 2013), specific educational strategies (Eickelmann et  al. 2017), or 
general educational policies and curricula for the use of ICT in teaching and learning 
(Biagi and Loi 2013).

Teacher cooperation

As for other subject domains (e.g. reading or mathematics; cf. Bottia et al. 2016; Ron-
feldt and Owens 2015), it could be shown that the extent to which teachers cooperate in 
school is a relevant factor for both the use of ICT in teaching and learning and foster-
ing students’ achievement (Kiru 2018). In this context, several studies have found that 
teacher cooperation in general can be intensified through the use of ICT and that more 
intensive forms of teacher cooperation can have a positive effect on teachers’ use of ICT 
for teaching and learning (cf. Drossel and Eickelmann 2017; Tondeur et al. 2012). Despite 
of the positive effects attributed to teacher cooperation for teaching and learning with 
ICT at school, the findings of IEA-ICILS 2018 were able to show that teacher coopera-
tion is subject to variation with respect to two aspects (cf. Fraillon et al. 2019a), the first 
of which is the overall extent to which teacher cooperation occurs varies considerably in 
the countries participating in IEA-ICILS 2018. In this context, the extent of ICT-related 
teacher cooperation is highest in countries such as Kazakhstan and lowest in the educa-
tional systems of the Republic of Korea, North Rhine-Westphalia, and Germany (ibid.). 
Furthermore, Fraillon et al. (2014) observed substantial differences in the frequency of 
cooperation between teachers regarded to be so-called frequent users of ICT in compar-
ison to those who report to be infrequent users. Here, in each of the participating coun-
tries of ICILS teachers who are regarded to be frequent ICT users reported significantly 
higher levels of ICT-related teacher cooperation than teachers who consider themselves 
to be rare ICT users.

In summary, the presented findings highlight the fact that empirical research has 
already focused on the relevance of school characteristics for the implementation of ICT 
in teaching and learning and for fostering students’ competent use of ICT. At the same 
time, the presented studies did not assess the schools’ level of CIL and therefore can-
not be used to evaluate the existence of organizationally resilient schools in this domain. 
This information gap is closed by the aforementioned ICILS 2018 study, which assessed 
eighth-graders’ CIL in a computer-based test environment (cf. Fraillon 2018) in an inter-
national comparison of 14 participating educational systems, enabling the research 
questions presented in the subsequent section to be addressed.
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Research questions: Characteristics of unexpectedly successful schools in an international 

comparison

Based on the relevance of school characteristics for unexpectedly high achieving—or so-
called organizationally resilient—schools in the digital age, this paper focuses on the fol-
lowing research questions:

1. Is it possible to identify schools in IEA-ICILS 2018, which, in spite of their challeng-
ing socioeconomic student composition, show a high average student achievement 
in CIL (organizationally resilient schools)?

2. Can these organizationally resilient schools be allocated to a typology of school types 
based on their school characteristics?

3. If a typology is plausible, how are the identified school-types of those organization-
ally resilient schools distributed in each of the participating countries and bench-
marking participants of IEA-ICILS 2018?

In accordance with the contextual model of the ICILS 2018 study, these research ques-
tions focus on the school and/or teacher level and include antecedents as well as process 
factors (cf. “Review of relevant literature and research questions” section and/or Fraillon 
et al. 2019b).

Data and methodology
In the following sections of this paper, the methodical aspects will be addressed in detail. 
First, the sampling procedures of IEA-ICILS 2018 will be presented (cf. “Sampling pro-
cedures in IEA-ICILS 2018” section). Afterwards, the used data, values, and the meth-
odological strategy of this paper will be addressed (cf. “Database, methodology and 
analytic strategy” section).

Sampling procedures in IEA‑ICILS 2018

The above-mentioned research questions will be answered by a secondary analysis based 
on the IEA-study IEA-ICILS  2018 (Eickelmann et  al. 2019). IEA-ICILS  2018 provides 
for the second time internationally comparable data of grade eight students’ computer-
related competences by assessing students’ CIL via computer-based assessment and via 
administering background questionnaires for students, teachers, principals, and the 
so-called ICT coordinator in order to assess the conditions of students’ CIL acquisi-
tion (cf. Fraillon et al. 2019a). Technically, the sampling routine in IEA-ICILS 2018 can 
be described as multistage stratified cluster sample, which provides a representative 
cross-section of eight-grade students and their teachers teaching in all 14 participating 
countries or benchmarking participants (cf. Table  1 and Fraillon et  al. 2015; Jung and 
Carstens 2015).

Database, methodology and analytic strategy

Identifying organizationally resilient schools in IEA‑ICILS 2018

In order to answer the first research question on the existence of organizational resil-
ience in the CIL domain, both the average level of the CIL of grade eight students as 
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a result of the computer-based assessment (5 plausible values) and the background 
information on students’ socioeconomic status (SES) as assessed by the student 
questionnaire (HISEI, cf. Ganzeboom et al. 1992) are used. Although in ICILS 2018 
several indicators for students’ home environment are provided—such as the num-
ber of books at home or the highest parental educational—these can be regarded 
as indicators for the cultural capital of a family which in fact are highly correlated 
with students’ socioeconomic status. However, in order to assess the socioeconomic 
background of a student’s family, it was decided to use to use the HISEI as it can 
be regarded as an international comparable measure of student’s socioeconomic 
situation.

For the purpose of identifying organizationally resilient schools, the first step was 
to aggregate the students’ individual data (CIL and HISEI) on the school level in 
order to determine the average achievement level and the average SES of the school. 
The ranges of these aggregated CIL and HISEI scores were divided by country into 
three equally wide ranges. In a second step, these schools were regarded as organiza-
tionally resilient, if they originate from the lower third of the HISEI spectrum and at 
the same time belong to the upper third of the CIL spectrum of their countries. With 
this approach these schools are identified whose students score high on the achieve-
ment scale and the same time have a challenging socioeconomic student body com-
position as assessed by the internationally comparable HISEI measure. Following the 
terminology presented in “Introduction: The relevance of the school context for a 
successful implementation of ICT in schools” section of this paper, these schools can 
be assumed to be organizationally resilient.

Table 1 Summary of  sample sizes (N) differentiated by  group of  persons and education 
system

The benchmark participants are written in cursive

* The IEA minimum participation criteria for the corresponding subsample have not been met (c.f. Fraillon et al. 2019a)

Educational systems Sample size

Students Teachers Schools

Chile 3092 1686 175

Denmark 2404 1118 143

Finland 2546 1853 143

French 2940 1462 150

Germany 3655 2328* 210

Italy 2810 1775 146

Kazakhstan 3371 2623 179

Luxembourg 5401 494 35

Moscow (Russian Federation) 2852 2235 150

North Rhine-Westphalia (Germany) 1991 1468 110

Portugal 3221 2823 215

Korea, Republic of 2875 2127 150

Uruguay 2613 1320 158

United States 6790* 3218* 261

Total 46,561 26,530 2225
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Determining a typology of organizationally resilient schools in IEA‑ICILS 2018

The second research question aims to develop a typology of resilient schools based on 
school characteristics. Therefore, a latent profile analyses (LPA; cf. Gibson 1959) with 
school characteristics is conducted utilizing data collected from the IEA-ICILS  2018 
teacher questionnaire. LPAs belong to the structure detecting methods in social sciences 
and their aim is to allocate objects (in this contribution: schools) into clusters accord-
ing to the similarities in those variables under research. The main advantage of this 
method is that researchers do not necessarily need pre-experimental hypotheses about 
the numbers of clusters derived from the analysis as a decision about the optimal num-
ber of clusters can be made referring to so called information criteria. For determining 
an appropriate group solution, information-based criteria such as the Bayes information 
criterion (BIC, cf. Schwarz 1978) were used in this contribution and tested against LPA 
models differentiating between two and nine school types (cf. “Results for the second 
research question: typology of resilient schools in IEA-ICILS 2018” section).

In preparation for the analysis, information on six selected school and teacher char-
acteristics on the school level (cf. Table 2), provided in the teacher questionnaire, were 
aggregated as the average proportion of teachers who have checked the highest response 
category of the corresponding item. In detail, the items reflect school-specific charac-
teristics that have been shown to be important for the implementation of ICT in teach-
ing and learning (cf. “Review of relevant literature and research questions” section) and 
are additionally considered in the contextual framework of IEA-ICILS 2018. By means 
of the LPA conducted with Mplus 7 (Muthén and Muthén 2012), the organizationally 

Table 2 School‑specific characteristics used to evaluate a typology of resilient schools

Characteristics Item formulation and relevant answer categories

School-level antecedents

 Availability of IT-resources in school To what extent do you agree or disagree with the fol-
lowing statements about the use of ICT in teaching 
at your school?—My school has limited connectivity 
(e.g. slow or unstable speed) to the Internet (response 
category: I totally disagree)

 Attitudes of teachers towards the potential of ICT for 
teaching and learning

To what extent do you agree or disagree with the fol-
lowing statements about using ICT in teaching and 
learning at school?—Helps students to consolidate 
and process information more effectively (response 
category: I totally agree)

 ICT-related self-efficacy of teachers How well can you independently deal with the follow-
ing activities on the computer?—Assessing student 
learning (response category: I know how to do this.)

Process factors on school level

 Frequency of ICT use in school How often do you use a computer in these settings? At 
school when teaching (response category: every day)

 Role of fostering students’ computer and information 
literacy in school

In your teaching of the reference class in this school 
year how much emphasis have you given to devel-
oping the following ICT-based capabilities in your 
students?—Evaluating their approach to information 
searches (response category: strong emphasis)

 Extent of teacher cooperation for the improvement of 
learning with ICT

To what extent do you agree or disagree with the fol-
lowing practices and principles in relation to the use 
of ICT in teaching and learning? I work together with 
other teachers on improving the use of ICT in class-
room teaching (response category: I totally agree)
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resilient schools were allocated to similar types based on these items. In order to use a 
maximum amount of information for the LPA, it was decided to pool the data of those 
ICILS participants mentioned in Table 1 even if single subpopulations did not meet the 
IEA sample requirements. Because a weighted solution of the LPA did not converge 
the reported solution in “Results for the second research question: typology of resilient 
schools in IEA-ICILS 2018” section of this contribution were estimated without addi-
tional school weighting variables while the subsequent descriptive statistics (“Results for 
the third research question: distribution of school types within the ICILS 2018 partici-
pating countries and educational systems” section) were calculated using proper school 
weights.

Country‑wise investigation of the distribution of organizationally resilient school types

The third and last research question of this paper aims to investigate the distribution 
of school types of organizationally resilient schools. This analysis will be conducted by 
the means of descriptive statistics in every participating country and benchmarking 
participant.

Results: identification and description of organizational resilient schools 
in the digital age
In the following section, the results corresponding to the research questions (cf. 
“Research questions: Characteristics of unexpectedly successful schools in an interna-
tional comparison” section) will be presented. In doing so, the identification of organiza-
tionally resilient schools in the domain of CIL will be conducted (cf. “Results towards the 
first research question: identification of resilient schools in IEA-ICILS 2018” section). 
Afterwards the second research question will be focused on and the results of a school 
typology of organizationally resilient schools in IEA-ICILS  2018 will be presented (cf. 
“Results for the second research question: typology of resilient schools in IEA-ICILS 
2018” section) as well as the descriptive results for research question three concerning 
the country-wise distribution of those school types identified within research question 2 
(cf. “Results for the third research question: distribution of school types within the ICILS 
2018 participating countries and educational systems” section).

Results towards the first research question: identification of resilient schools 

in IEA‑ICILS 2018

As described in “Introduction: The relevance of the school context for a successful 
implementation of ICT in schools” section, organizationally resilient schools are charac-
terized by originating from the lower third of the HISEI spectrum but achieving a high 
level of CIL despite their challenging school body composition. Table 3 summarizes the 
distribution of organizationally resilient schools depending on the participating country 
of IEA-ICILS 2018.

The results show that across the fourteen educational systems under research 5.3 
percent of the schools can be identified as organizationally resilient. However, the 
proportions of resilient schools vary considerably within the educational systems. In 
Kazakhstan, Luxembourg and Mocow, for instance, none of schools can be regarded as 
organizationally resilient while the corresponding proportion in Finland is 17.0 percent. 



Page 12 of 19Drossel et al. Large-scale Assess Educ             (2020) 8:9 

Additionally, Table  3 shows that resilient schools are underrepresented compared to 
other schools from the lower HISEI spectrum (non-resilient) in each educational sys-
tem under consideration. All-over, 107 organizationally resilient schools were identified, 
which are focused in the subsequent analysis toward a school typology of organization-
ally resilient schools.

Results for the second research question: typology of resilient schools in IEA‑ICILS 2018

In order to prepare the analysis for common characteristics of the resilient schools, 
Table  4 summarizes descriptive statistics for those items used from the teacher ques-
tionnaire, which are subsequently used to develop the mentioned typology (cf. Table 4).

The results show that all variables in total have enough variation for the analysis. In 
order to answer the second research question and to determine a typology of resilient 
schools in IEA–ICILS  2018, LPAs with different numbers of types were calculated 

Table 3 Proportion of  organizationally resilient and  non‑resilient schools in  IEA–
ICILS 2018 (sorted in descending order according to the proportion of resilient schools)

Differences to 100% are justified in the rounding process

Participant Total Low HISEI Medium HISEI High HISEI

(N) Resilient Non‑resilient

Finland 143 17.0 18.9 49.8 14.3

France 150 14.4 26.6 44.2 14.9

Portugal 215 10.6 27.6 46.4 15.4

Denmark 143 7.5 12.8 60.3 19.4

Italy 146 7.4 25.8 57.2 9.6

Germany 210 6.0 39.5 40.2 14.2

Uruguay 158 3.7 36.7 37.3 22.3

Korea, Republic of 150 3.5 26.4 52.3 17.7

North Rhine-Westphalia (Germany) 110 2.0 44.9 33.1 20.1

United States 261 1.3 20.0 52.0 26.6

Chile 175 0.7 32.5 54.6 12.2

Kazakhstan 179 0.0 17.0 73.7 9.3

Luxembourg 35 0.0 56.6 27.1 16.3

Moscow (Russian Federation) 150 0.0 14.9 48.9 36.2

Total 2225 5.3 28.6 48.4 17.8

Table 4 Descriptive statistics of  those school characteristics used to  develop a  typology 
of resilient schools in IEA‑ICILS 2018 (aggregated data from the teacher questionnaire)

Characteristic Mean Median SD MIN MAX

School-level antecedents

 Availability of IT-resources in school 13.4 7.7 15.3 0.0 50.0

 Attitudes of teachers towards the potential of ICT for teaching and learn-
ing

87.5 90.5 12.3 50.0 100.0

 ICT-related self-efficacy of teachers 75.8 77.4 18.2 14.3 100.0

Process factors on school level

 Frequency of ICT use in school 47.8 50.0 22.1 0.0 100.0

 Role of fostering students’ computer and information literacy in school 30.3 28.6 18.9 0.0 85.7

 Extent of teacher cooperation for the improvement of learning with ICT 58.4 60.0 18.8 0.0 100.0
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with Mplus7. In order to select the most suitable group solution for the data, so-
called information criteria (BIC, AIC,  BICSample; cf. “Results for the second research 
question: typology of resilient schools in IEA-ICILS 2018” section) were used, which 
enables to determine the global model fit within the latent profile framework. Table 5 
compares the model fit for models with a varying number of assumed school types.

Following the principle of model-parsimony we decided to choose the 3-group-
solution which is characterized by a relatively low BIC and at the same time by a high 
entropy which is a measure of classification quality and values approaching one indi-
cation a clear delineation of profiles (Celeux and Soromenho 1996). Hence a three-
group solution is the choice for all subsequent analyses in this paper. Content wise, 
these schools have distinctive characteristics, which are displayed in Fig.  1. In the 

Table 5 Summary of  the  model fit of  the  LPAs with  different numbers of  school profiles 
(selected group solution highlighted in italics)

AIC Akaike-information-criterion, BIC Bayes-information-criterion, BICSample sample size adjusted BIC

Group solution Parameter AIC BIC BICSample Entropy

2-Group solution 19 4986.547 5035.662 4975.662 0.955

3-Group solution 26 4946.487 5013.696 4931.592 0.967

4-Group solution 33 4930.816 5016.120 4911.911 0.898

5-Group solution 40 4913.296 5016.694 4890.380 0.974

6-Group solution 47 4882.271 5003.765 4855.346 0.963

7-Group solution 54 4863.541 5003.130 4832.606 0.935

8-Group solution 61 4842.006 4999.689 4807.060 0.934

9-Group solution 68 4822.503 4998.281 4783.547 0.951

Fig. 1 Expected values of the six items for the three types of LPA solution with share of type in the total 
sample examined (N = 107 schools)
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next paragraph these school-types will be described in depth according to the average 
response pattern of the eight grade teachers who teach at these schools.

School type I: “Competent schools with lack of ICT resources” (71.8% of all resilient schools)

School type I includes over 70 percent of all resilient schools from the eleven considered 
education systems. The main characteristics of this school type are the high extent of 
positive attitudes of teachers towards potentials of ICT concerning the antecedents and 
the high extent of emphasis given to the promotion of CIL on the processes level. What 
is striking, however, is the low proportion of teachers who disagree that the school has 
limited connectivity to the Internet (cf. Fig. 1).

School type II: “Competent schools” (23.2% of all resilient schools)

Less than a quarter (23.2%) of all organizationally resilient schools can be classified as 
being competent schools (school type II). These schools can be characterized by high 
amounts concerning the availability of ICT resources, teachers’ attitudes towards the 
potentials of ICT and teachers ICT related self-efficacy on the level of the antecedents. 
Moreover, the extent regarding the process-related items are also comparatively high. 
For example, nearly 60 percent of the teachers use ICT at school when teaching every 
day. It is also striking that the lack of ICT resources is the highest compared to the other 
two types.

School type III: “Restrained schools” (5.0% of all resilient schools)

None of the teachers at resilient schools allocated to the “Restrained schools” school 
type, disagree with the statement that the school has limited connectivity to the Inter-
net, which means that there is a lack concerning the internet connection. The values 
for the other two factors at process level are also the lowest compared to the other two 
types. Moreover, the extent of the process-related aspects is comparatively small. For 
example, less than 5 percent of the teachers use ICT every day.

Results for the third research question: distribution of school types within the ICILS 2018 

participating countries and educational systems

As mentioned in “Research questions: Characteristics of unexpectedly successful schools 
in an international comparison” section the third research question of this contribution 
is to investigate the distribution of organizationally resilient school types in those coun-
tries under research. Because in Kazakhstan, Luxembourg, and Moscow (Russian Fed-
eration) no resilient schools could be identified, they will not further be addressed in the 
present section.

Table 6 summarizes the relative frequencies of school types I to III in those 11 coun-
tries where organizationally resilient schools could be identified.

As can be obtained from Table 6, the distribution of school types is subject to con-
siderable variation in those countries under research. In Italy, North Rhine-Westphalia, 
and Uruguay only school type I “Competent schools with lack of ICT resources” could 
be identified among the organizationally resilient schools. Apart from Chile (26.6%) and 
Denmark (49%), the proportions in this type also exceed 50 percent in the other coun-
tries. School type II (competent schools) is particularly found in Chile (73.4%) and the 
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USA (49.0%), whereas this type of school does not occur in Italy, North-Rhine West-
phalia and Uruguay. School type 3 is only found in Denmark (18.6%) and Germany 
(17.5%). It also becomes apparent, that only in two participating countries all three 
school types seem to be represented (Denmark and Germany).

Discussion
Through a secondary analysis of the IEA-ICILS  2018 database, the research ques-
tions, as to whether the phenomenon of organizationally resilient schools can also 
be observed in the domain of CIL (research question 1) and whether these resilient 
schools can be grouped into certain school types that can be described with similar 
school characteristics were answered (research question 2). The last research question 
of the contribution aimed to investigate the distribution of those school types identi-
fied by the LPA in the educational systems where organizationally resilient schools 
could be located (research question 3).

Overall, about one twentieth of the schools participating in IEA-ICILS 2018 in these 
selected countries can be regarded as successful in spite of their socioeconomically chal-
lenged student body composition and thus fulfil the requirements for being so-called 
organizationally resilient (research question 1). In this context, the lowest proportion 
of resilient schools was observed in Kazakhstan, Luxembourg, and Moscow, whereas in 
Finland almost every fifth school can be regarded as being organizationally resilient.

The findings of the second research question demonstrate that it is possible to allocate 
organizationally resilient schools to school types based on their school characteristics. 
In this context, the results of the analysis indicate, that three specific school types can 
be identified across all participating IEA-ICILS  2018 countries under research in this 
contribution: school type I “Competent schools with lack of ICT resources” (71.8%), school 
type II “Competent schools” (23.2%) and school type III “Restrained schools” (5.0%).

Table 6 Distribution of  resilient school types in  those participating countries 
and  benchmark participants of  IEA‑ICILS  2018 where  organizationally resilient schools 
could be identified

School type I School type II School type III

% (SE) % (SE) % (SE)

Chile 26.6 (75.0) 73.4 (75.0) 0.0 (0.0)

Denmark 49.0 (16.6) 13.7 (11.4) 37.3 (18.6)

Finland 69.5 (11.0) 30.5 (11.0) 0.0 (0.0)

France 93.1 (7.0) 6.9 (7.0) 0.0 (0.0)

Germany 63.5 (15.0) 19.1 (12.2) 17.5 (11.5)

Italy 100.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Korea, Republic of 57.0 (26.1) 43.0 (26.1) 0.0 (0.0)

North-Rhine Westphalia 100.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Portugal 79.9 (11.6) 20.1 (11.6) 0.0 (0.0)

Uruguay 100.0 (0.0) 0.0 (0.0) 0.0 (0.0)

USA 51.0 (27.3) 49.0 (27.3) 0.0 (0.0)

Total 71.8 (8.1) 23.2 (7.9) 5.0 (2.0)
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The results of the third research questions show that the proportion of school types in 
those educational systems in subject to considerable variation. For example, school type 
III could only be observed in Denmark and Germany while in all countries at least a con-
siderable amount of schools belong to the type of “Competent schools with lack of ICT 
resources (school type I) which could be an indication that those characteristics of these 
schools (high extend of positive attitudes towards ICT and a high self-efficacy towards 
teaching and learning; cf. “Results for the second research question: typology of resilient 
schools in IEA-ICILS 2018” section) could be regarded as the motor for organization-
ally resilience in the domain of CIL. Therefore, the results also illustrate the importance 
of the European Commission’s digital education action plan, which aims to support the 
digitalization-related competencies of all students in the EU member states (European 
Commission 2020).

However, the limitations of the presented research lie in the cross-sectional design 
of IEA-ICILS  2018. Therefore, it is not possible to determine whether the students at 
resilient schools, despite the schools’ student body composition, reach a high level of 
CIL due to the instructional activities at the school or for other reasons. In addition, 
from a methodological perspective it is questionable that the criterion of frequent ICT 
use in schools—which has been used as one criterion of the LPA—could lead to further 
insights because research shows that it is not only the frequency of ICT use which has 
an effects on students CIL but especially the qualitative aspects of teachers ICT use in 
schools. In this context, it is debatable whether the criterion of frequency of ICT use or 
qualitative aspects of teachers’ ICT use for teaching and learning would lead to different 
results. Overall, the results presented in this paper underpin the importance of interna-
tional comparisons for answering questions regarding current developments and causal 
interference in the CIL domain, and underline the necessity of qualitative—and not only 
quantitative—measures of ICT use in schools which will have to be addressed by future 
research.

Conclusions
Given the increasing importance of students ability to use ICT and digital information in 
a competent manner, this paper focused on so-called organizationally resilient schools 
with regard to the domain of CIL. These schools are simultaneously characterized by a 
high level of student competences and a challenged student body composition in terms 
of the average socioeconomic status. The international comparison permits the conclu-
sion that the phenomenon of organizational resilience is also current prevalent in the 
domain of CIL and that the occurrence of resilient schools is subject to variation in the 
selected education systems participating in IEA-ICILS 2018.

The significance of the study lies particularly in the fact that it could be shown that 
there are schools with a challenging student composition, in which the students nev-
ertheless acquire above-average computer and information literacy. It was also shown 
what school characteristics the schools concerned have. The analyzes have thus laid 
the foundation stone for a more in-depth examination of the general school conditions 
under which the students acquire competencies in this relevant field.
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