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Abstract—In this study an investigation using log-files of
teachers’ Collections of educational resources in two differ-
ent platform was conducted. The goal was to find empirical
evidence from the field that teachers use and reuse learning
resources that are in a language other than their mother
tongue and originate from different countries than they do,
for this, the term cross-boundary use of learning resources
is used. In both contexts behavioral evidence was found that
cross-boundary use and reuse takes place, and it was shown
that it correlates with the general use and reuse trends.
Moreover, it was found that cross-boundary reuse, when
compared to 20% of general reuse, was notably less (37% to
55% of it). The motivation to study cross-boundary use and
reuse is to set a baseline for future studies, and to under-
stand how it can be supported and enhanced in the future.

Index Terms—behavioral evidence, cross-boundary use,
learning resources, multilinguality, reuse

L INTRODUCTION

Since the late 1990’s, digital repositories for learning
purposes have gained ground. Such repositories store “any
digital resources that can be reused to support learning”
[1] and/or their respective metadata. Repositories have
been set up on regional, national and international levels
to offer content for teachers and learners from K-12 to
tertiary and vocational education [2,3]. Sharing, using and
reusing digital educational resources are the main drivers
of the learning object economy [4]. Participants of the
economy are educational institutions, digital libraries and
learning object repositories (LOR) and their policy mak-
ers, managers, content providers, educators and learners,
each with their own needs, requirements and agendas.

Fig. 1 depicts learning resource landscape: the vertical
axis is used to present how the authoring of the content
takes place. On the one end, there are any third party
sources of educational resources such as textbook publish-
ers, museums, broadcasting companies, etc. On the other
end of the axis, the content comes from teachers who cre-
ate it, i.e. the “author users”. The horizontal axis intro-
duces the context: “institutional context” referrers to con-
tent repositories that are managed by educational institu-
tions and authorities (e.g. Ministry of Education), whereas
the other end of the axis represents “‘community driven
context” where publishing typically takes advantage of
Web 2.0 tools.

This paper focuses on the use and reuse of educational
resources when it happens across language and country
borders, e.g., between users and communities that do not
share the same mother tongue and/or the same country.
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Figure 1. The learning resources landscape representing the diversity
of available resources. EdReNe [5] members, for example, run learning
repositories by European educational authorities

This is called cross-boundary use of educational re-
sources and it means that the user and the content come
from different countries, and/or that the content is in a
language other than the user’s mother tongue.

The evidence finding focuses on teachers in K-12 edu-
cation in a European multilingual context where 497 mil-
lion people live with diverse linguistic backgrounds. Mul-
tilinguality can be defined as a situation where several
languages are spoken within a certain geographical area,
as well as the ability of a person to master multiple lan-
guages. Multilinguality has an important role in the Euro-
pean Union (EU); there are 23 official EU languages,
three alphabets, and some 60 other languages are used
commonly [6]. 56% of EU citizens say that they are able
to hold a conversation in one language apart from their
mother tongue, and 28% in at least two languages. English
remains the most widely spoken foreign language
throughout Europe (38%), second and third place are
French (14%) and German (14%), whereas 6% have for-
eign language expertise in Spanish and Russian, respec-
tively. Over two-thirds say that they learned foreign lan-
guages at school [7].

This paper starts by identifying how much cross-
boundary use and reuse currently take place in order to
have a proper baseline for future studies. Moreover, the
interest is to better understand what variables affect on the
eventual probability of discovery, and the use and reuse of
cross-boundary resources. First, the related work is intro-
duced. Then, the research method, data collection and
analyses procedures are described, after which the results
are outlined. Following that, the outcomes and their impli-
cations for future studies are discussed from the perspec-
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tive to enhance the discovery and eventual use and reuse
of cross-boundary educational content.

II.  RELATED WORK

A number of studies has focused on the use and reuse
of digital educational resources in different settings from
blended learning in a classroom to fully functional dis-
tance education at the university level [e.g., 8,9,10]. In
some cases learning resources are used to complement
social interaction in learning contexts, whereas in other
settings they can be used to imitate or replace social inter-
actions, as can be observed in Technology Enhanced
Learning in general [11]. The adoption and use of digital
resources vary between different educational settings in a
way such that each have their specific requirements;
unlike the university sector, standardised local or national
curricula are common in schools and colleges which can
affect how educators view the reuse [12]. Additionally,
informal learning communities have their specific re-
quirements, too [13].

The use and reuse of learning resources can be inter-
preted as the result of the success of a chain of consecu-
tive events where each event needs to succeed for the use
or reuse to take place [14,15]. In learning object reposito-
ries (LOR), these are related to the lifecycle of Learning
Objects, the main steps of which are obtaining, labeling,
offering, selecting, using and retaining [16]. Depending on
the context the steps differ, however, the important ones
are the discovery of the resource, evaluating its usefulness
for the given context, accessing it, and adapting and inte-
grating it into a new context.

Reference [17] defines three levels of reuse of learning
resources: the creator of the resource reuses it (first level),
the user reuses a resource created by someone else within
the same community (second level) and the third level of
reuse when the resource reused is created by someone else
from outside of the user’s community. Reference [15]
conducted a quantitative analysis of learning object reuse
and observes that the reuse is around 20% across re-
sources of different granularity of content. The following
criteria of reuse is applied: “considered reuse if a compo-
nent is present in more than one slide, if a module is used
in more than one collection, or if a course is mandatory in
more than one curriculum” [15, p.66]. Reference [18] also
studied reuse of learning resources in a repository, where a
similar finding was reported.

Reference [19] studied the availability of content on the
Internet and how this content is accessed in users’ first and
second languages. The results indicate that non-English
languages are under-represented on the Web and that this
is partly due to content-creation, link-setting and users’
link-following behavior. Thus, making educational con-
tent available in the users’ mother tongue has been the
goal of institutionalized learning resource repositories that
have been set up by national or regional educational au-
thorities in Europe [5]. Main efforts also include the label-
ing of educational resources for indexing and search pur-
poses by using standardized metadata, e.g., [20] and Ap-
plication Profiles with multilingual vocabularies and
thesauri [21]. Despite these efforts, in a context of cross-
ing national, cultural and language boundaries, locating
suitable content has proven challenging [22], as the gap
between the end-user and expert vocabularies remains
wide [8, p. 53].
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Turning the emphasis away from technical issues, ref-
erence [10] studied the reuse behaviors of open educa-
tional resources and found that language translations rep-
resent only 1% of cases (p.110). Seen from this light,
Littlejohn’s question [23, p.5] “Is global sharing of re-
sources a possibility?” seems relevant. The challenges’ list
is long: problems not only within disciplines that “differ in
their languages, in their methods of enquiry and in their
social and cultural organisation [24]”, but also at a trans-
national level, where “cultural and language differences
add a further complexity to the idea of resource sharing”,
e.g. the concern of the fit to the local curriculum [8]; di-
verse models of teaching and related cultural expectations,
as well as types of tasks for which learning resources are
used [25].

It has been suggested that studying sharing and the re-
use cannot only include the dimensions of the repository
and individuals, but other dimensions influence on users’
decisions. These can depend on issues such as the subject
discipline, who contributes to the repository, its reward
and incentive schemes as well as pedagogical approaches
[26]. Towards this direction, Community key dimensions
framework has been introduced which includes dimen-
sions such as “community purpose”, “dialogue”, and
“composition” [25]. Emphasising the importance of the
community around the reuse of learning resources, refer-
ence [18] reported that when there was at least one person
in common with both the module (i.e. learning resource)
and the collection, the modules were included in collec-
tions 3.67 times more often. Similar preferential behaviour
is found in other areas, for example reference [27] reports
on American fund managers investing more money in
firms run by people who were known via shared education
networks.

III. METHOD

For this study, two learning resource platforms were se-
lected. Table 1 presents the datasets for Calibrate [28] and
LeMill [29].

TABLE L.
DESCRIPTION OF DIFFERENT SETS

Calibrate

LeMill
http://Ireforschools. http:/lemil.net
eun.org
Users in this study 142 188
Users in the system 478 2000
Austria, Estonia, Estonia,  Lithua-

nia,
Hungary, Georgia,
Finland, other

Hungary, Lithuania,

Users in the study Poland and Slovenia

Resources in system | ~11 000 ~2000
General use 1555 1645
nd
General, 2 level 7% (19%) 22%
reuse
Coverage 9% 70%
Averagfe size of a 9.9 resources 8.75 resources
Collection

Date of dataset Dec-07 May-08

The Calibrate portal (currently known as Learning Re-
source Exchange for Schools) represents institutional con-
text, it federates content from a number of European
Schoolnet partners [30], whereas in LeMill, teachers cre-
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ate resources in a community-driven context. The systems
and their tagging tools have been described in [31].

In this study, bookmarks and users’ Collections of
learning resources are considered as a proxy for the use
and reuse of resources. Reference [32] has identified im-
plicit and explicit Interest indicators in the context of re-
source discovery on the Internet, they can be described as
a way to create a digital handle to a resource so that it can
be later retrieved again (e.g. bookmark, tag, addition to a
Collection). Such digital handle was used to gather data
for this study. Namely, log-files on teachers’ bookmarks
and Collections of educational resources were gathered
from both platforms. They consisted of the following data:
the user (user id, country of origin, languages spoken); the
resource (resource id, title, URL and some other LOM
metadata); and the Interest indicator (e.g. an id that indi-
cated the content is part of a Collection or an id of the
bookmark with tags).

When a learning resource has an Interest indicator at
least once, “General use” is considered, even if no further
evidence is gathered about its use in teaching or learning.
Similar measures were taken to study cross-boundary use.
A classical example is represented in Fig. 2, the resource
with an Interest indicator originates from a different coun-
try than the user and is in different language than that of
the user’s mother tongue.

User country # resource country

resource

14
User language = resource language
User

Figure 2. Cross-boundary resource

While processing the data other cross-boundary cases
were found, namely that the resource with an Interest in-
dicator is in a user’s mother tongue, but the user and re-
source come from different countries, e.g., Austria and
Germany (Fig. 3).

User country = resource country

@ resource

'
User language = resource language

User

Figure 3. Cross-country, but not a cross-language resource

Lastly, the user and the resource come from the same
country, but the content is in a different language, for ex-
ample in English (Fig. 4), which was often the case for the
content in LeMill. The prominence of English language in
the reuse setting is discussed at a later point.

)] User Country = resource country

resource

y
User language # resource language
User

Figure 4. Cross-language, but not a cross-country resource

The reuse is considered taking place on different levels
using the vocabulary from [17]. The first level reuse by
the creator of the resource is not considered in this study.
The second level of reuse takes place within the reposi-
tory, users of which are considered as a meta-community.
When the resource is integrated in a new context with
other components of the repository, and when this oc-
curred more than once, this is considered “General reuse”
or second level of reuse.
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As the focus is on languages and national boundaries,
they are also used to define communities. When the re-
source reused is created by someone else from outside of
the user’s language or country-related community, it is
considered the third level of reuse. For example, the fol-
lowing two cases can be identified for language related
cross-boundary reuse:

a) A Finnish teacher with competences in English and
French is not only part of the meta-community of the
repository, but also part of the language-based sub-
communities like Finnish, English and French. The
reuse takes place on this level when she reuses re-
sources in English or French.

b) A Finnish teacher who reuses a resource that is in a
language outside of her language competencies (e.g.,
Hungarian), but still within the same disciplinary or
pedagogical culture, is also considered the third level
of reuse.

For each data set, a number of measures, which are pre-
sented in Table 2, are established. The general use is
counted by how many times the resource appears in Col-
lections and then compared with the total number of re-
sources in that given set. The reuse is counted using the
number of times that the resource appeared in more than
one Collection, and then compared with the total number
of resources in that given set. This gives us a comparable
figure to the reuse of about 20% as in [15]. The same
measures are used for cross-boundary usage.

TABLE II.
METRICS FOR RESOURCES USE AND REUSE

Name

Metric

Formula

General use

Number of resource
integrated in a new
context at least once

Number of resources in
Collections at least once/
Number of all resources
in the set

General cross-
boundary use

Same as above, but
using cross-boundary
measures

Same as above, but
using  cross-boundary
measures

General Number of resource | Number of resource in
reuse integrated in a new | more than one Collec-
(2" level) context more than | tion/ Number of all
once resources in the set

Cross- Number of cross- [ Same as “General re-
boundary boundary cases inte- | use”, but only for cross-
reuse grated in a new con- | boundary usage

(3" level) text more than once

Coverage Degree to which the | Distinct number re-

sources used/reused -
Total of distinct re-
sources in the system

used/reused resources
cover the entire set of
items within a system

In addition to cross-boundary use, another metric was
used. In the recommender system literature, Coverage
measures the degree to which the recommendations cover
the entire set of items [33]. In this context, Coverage
measures the degree to which the used or reused resources
cover the entire set of items within a system. It is calcu-
lated using the distinct number of resources (i.e. individual
resources) and subtracting it from the total of distinct re-
sources in the system.
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IV. RESULTS ON USE AND REUSE ACROSS
BOUNDARIES

A. LeMill

In LeMill, only about 10% of all the users have used the
Collection-feature. In this study, Collection-feature is used
as a proxy for defining the use and reuse of resources. The
general use in LeMill is 82% and the general reuse is 21%
(Table 3). As for the cross-boundary usage: 29% of re-
sources in the entire LeMill are used across boundaries,
whereas the figure for the cross-boundary reuse is 12%.
The latter amounts to about 5% of distinct resources in
LeMill.

TABLE III.
USE AND REUSE OF RESOURCES IN LEMILL.

LeMill General Cross-boundary
Users with
Collections 188 9% 129 6%
General use 1645 82% 582 29%
General reuse 440 22% 247 12%
Coverage 69% 21%

When the cross-boundary usage is studied, it is found
that most of it (64%) takes place across language borders,
i.e., resources have been produced in the same country as
the user, but are in another language (Fig. 4). For example,
51% of cross-language content was used in English, but
produced by non-native English speaker in the same coun-
try. The other major languages for cross-language use are
Russian (21%) and Estonian (12%). The cross-boundary
use both across languages and countries was 35% (Fig. 2).

In LeMill, it was possible to look how users used and
reused resources of different types in English and in other
available languages. Out of all resources added to Collec-
tions at least once (n=1649), multimedia material was the
most used resource type, out of which 55% was used in
English. The reuse in LeMill is not distributed evenly
across different content types: the multimedia material is
by far the more reused type. When it comes to cross-
boundary use and reuse, 35% of the time resources added
in Collections were cross-boundary resources. Again,
multimedia material was by far more used (17%) and re-
used across boundaries (8%), and in this case the material
was mostly in English.

B.  Calibrate

In Calibrate, 30% of all users have used the Collec-
tions-feature that is used as a proxy for use and reuse (Ta-
ble 4). 14% of general use is found across all 4.000 learn-
ing resources (*) and 7.000 assets (i.e. resources with
lower level granularity such as individual photos). The
general reuse figure is 7%. The cross-boundary use and
reuse follows very closely the general use and reuse. It can
thus be observed that the use and reuse in Calibrate takes
place mostly across language and country borders.

A manual verification of URLs to infer the file format
was performed to better understand the type and granular-
ity of the resource. This selection method gave returns of
60% of the used resources. 13% of the URLs indicated file
formats such as images, videos and flash files, which usu-
ally cannot be disaggregated to smaller granularity. 87%
were file format like .htm, .php, zip-files, .pdf, .exe from
which it can be inferred that these are more likely aggre-
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gated learning resources. As for the reused resources, it
was found that 95% of analysed URLs represented the
latter category. Based on this data, an assumption was
made that most reused resources exclude small granularity
resources. Thus, the general reuse for Calibrate can be
calculated to be 18.6%(*). This result, again, very clearly
indicates that resources of different granularity were re-
used differently.

TABLE V.
USE AND REUSE OF RESOURCES IN CALIBRATE

Calibrate General Cross-boundary
Users with
Collections 142 30% 138 29%
General use 1555 14% (34*%) % 1503 14%
General reuse 784 7% (19%) % 738 7%
Coverage 9% 9%

C. General use and reuse vs. cross-boundary use and
reuse

The use and reuse have now been studied among the
general level (2nd level), and to what extent does it take
place across language and country boundaries (3rd level).
As LeMill and Calibrate datasets and user-base are simi-
lar, the correlation between the second level and third
level of use and reuse of resources was calculated by us-
ing the measures in Table 2. The Pearson R correlation
between the use and reuse on the second level and the use
and reuse on the 3rd level was performed. A strong and
significant positive correlation r= .928 was observed
(p<0.01).

V.  DISCUSSION AND FUTURE WORK

Two different sources of digital educational resources
coming from different contexts and authoring back-
grounds were studied; Calibrate with institutional content
and LeMill with teacher-generated content. Despite the
social, cultural and technical barriers that were reviewed
in the Related work-Section, evidence was found that the
use and reuse of educational resources take place across
language and country boundaries (i.e. 3rd level of reuse).

In LeMill, where the content is created by teachers, it
was found that the users create and share material both
within the language communities and across them, indi-
cating that the purpose of the platform fits and supports
the typical activities that the meta-community carries out
in order to achieve its goals. When the cross-boundary use
is studied, it was found that most of it takes place across
languages, e.g. content is produced in English by a non-
native speaker in the same country where the use takes
place (Fig. 4). A similar situation is becoming more com-
mon especially in Europe, where educational institutions
and individuals who aim at attracting a wider cross-
boundary audience for their content, make resources
available in widely spoken foreign languages. The Cali-
brate portal, on the other hand, operates in an institutional
context where the focus is not on the creation of material,
but on the discovery and eventual use and reuse. The ob-
served use of resources was generally less than in LeMill,
however, the resources were used as much within coun-
tries (2" level) as across-boundaries (3" level).

The statement that in common settings, the amount of
learning resources reuse is around 20% across collections
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of different granularity [15] was tested. The second level
of reuse in LeMill (22%) follows the general trend, how-
ever, the reuse is not evenly distributed across the differ-
ent types. In Calibrate, the second level of reuse when
looked across all the items was well below the baseline
(7%). Excluding the small granularity content in Calibrate
(the data from Table 4), the reuse at 19% was observed.
This finding also hints that not all the content with differ-
ent granularities is eaually reused. The figures for the
cross-boundary (i.e. 3" level) reuse are 12% in LeMill and
7% in Calibrate. The cross-boundary reuse is 55% to 37%
of the general reuse (respectively).

Additionally, to better understand the extent to which
the resources are used, the metric of Coverage was used.
The Coverage in LeMill is 69%, whereas in Calibrate this
is low, 9% of all items. Regarding the cross-boundary
coverage, the figures are 21% and 9% respectively. The
“uninconvenient truth” reveals that the coverage is rather
low and better ways to support both 2nd and 3rd level
reuse should be created.

Literatures in the Related work-Section suggests that
the use and reuse of resources cannot be solely studied by
looking at the figures from behavioral data, as those are
not an indicator of attitudes and preferences. Reference
[19] cautions against drawing too simplistic conclusions
based on behavior alone: in the absence of links and/or
content in their native languages, users will acquiesce to
English-language content, however, their preference will
persist. In user-group sessions (documented in [34]) many
of the barriers discussed in the Related work-section have
re-emerged, however, many positive usages of cross-
boundary resources have been observed. Supporting such
behavior, the sessions highlighted that sharing cross-
boundary resources alone is not sufficient, but sharing
usage scenarios and stories along with the resource is im-
portant for teachers.

Using Community key dimensions framework [25] and
supporting elements such as “dialogue”, i.e. different
modes of participation and communication, for example
through tagging, evaluations of resources and usage sce-
narios can thus offer ways to engage in more use and re-
use on both levels, a field that offers interesting future
studies. Additionally, future implementations and studies
focusing on how different types of sub-communities
(“composition”) can support the use and reuse on different
levels should offer interesting insights also for the cross-
boundary discovery of resources and their eventual use.
Such sub-communities could be based on disciplines, spo-
ken languages, user-behavior (downloads, bookmarks,
tags and ratings), to mention but a few. Such Community
key dimensions could also help establishing not only more
non-English content on the Web, but also enhance creat-
ing new ways for users’ link-following behavior.

Moreover, establishing better metrics for cross-
boundary use and reuse of learning resources is needed to
allow a better quantitative and periodical measuring of the
cross-boundary actions. This is a logical extension of al-
ready existing Learnometrics [15], Web metrics for digital
libraries [35] and metrics evaluating tagging behavior in
social bookmarking systems [36]. Having established a
baseline for cross-boundary use and reuse in this study can
be considered as a contribution towards such metrics, as
well as the work in [37] where metrics were proposed for
tagging in a multilingual context.
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Lastly, as a limitation of this study it can be pointed out
that using Interest indicators as a proxy for the use and
reuse of learning resources can be misleading, as there is
no further evidence on their use in teaching related activi-
ties. The real figure of cross-boundary reuse can be bigger
(or smaller).

VI. CONCLUSTIONS

An investigation using log-files and social bookmarks
on teachers’ Collections of educational resources as a
proxy for the use and reuse of digital educational re-
sources was conducted. The goal was to find out how
much cross-boundary use and reuse currently take place
by comparing the origin and languages of the user to the
origin and languages of the learning resources. The moti-
vation for setting a baseline for such use and reuse is to
better understand how it could be supported and enhanced
in the future.

In both sources behavioral evidence was found that
cross-boundary use and reuse takes place and that it corre-
lates with the general use and reuse trends. The cross-
boundary reuse within a platform (third level of reuse),
when compared to 20% of general reuse, was notably less
(37% to 55% of it). Following the idea that improving
even one of the steps in the reuse chain would improve the
probability of reuse and therefore, the amount of reuse
within the platform, it can be suggested that better ways to
support and enhance cross-boundary use should be the
focus of future studies.
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