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Abstract: In this paper, we make the case for an Open Science in 

Technology Enhanced Learning (TEL). Open Science means opening 

up the research process by making all of its outcomes, and the way in 

which these outcomes were achieved, publicly available on the World 

Wide Web. In our vision, the adoption of Open Science instruments 

provides a set of solid and sustainable ways to connect the disjoint 

communities in TEL. Furthermore, we envision that researchers in TEL 

would be able to reproduce the results from any paper using the 

instruments of Open Science. Therefore, we introduce the concept of 

Open Methodology, which stands for sharing the methodological 

details of the evaluation provided, and the tools used for data collection 

and analysis. We discuss the potential benefits, but also the issues of an 

Open Science, and conclude with a set of recommendations for 

implementing Open Science in TEL. 
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1 Introduction 

Overall, modern science is a great success story, exposing exponential growth rates 

from its inception up until the present day (Price 1963, Larsen & von Ins 2010, National 

Science Board 2010). Nevertheless, several weaknesses of the current science system 

have been pointed out in the literature. Due to the economics of publication, results tend 

to be exaggerated and inflated (Young et al. 2008). Furthermore, the reproducibility of 

results is severely limited by the fact that datasets are not distributed with the publication, 

and that papers do not contain all the methodological information needed to reproduce a 

certain research result (Knorr-Cetina 1981). These factors, in combination with 

exponential growth and the ensuing information overload have contributed to 

simultaneous and repeated discoveries and the formation of “invisible colleges” (Price 

1963). In the area of Technology Enhanced Learning (TEL), we can observe numerous 

disjoint scientific communities (Gillet et al. 2009, Reinhardt et al. 2011), a phenomenon 

also found in other scientific areas (e.g. in Human-Computer Interaction, Henry et al. 
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2007). Recent scientometric studies in the area of TEL (Kirby et al. 2005, Mauer and 

Khan 2010) show that there is a low cross-citation rate and cross-authorship rate between 

the individual communities. As a consequence, the TEL landscape suffers from a 

significant degree of fragmentation, preventing the field from leveraging the effects of 

interdisciplinary work. 

In this paper, we will show how an Open Science would contribute to overcome these 

weaknesses in TEL. There is no common definition for Open Science yet (cf. e.g. 

Gezelter 2009, Nielsen 2008). To us, Open Science means opening up the research 

process by making all of its outcomes, and the way in which these outcomes were 

achieved, publicly available on the World Wide Web. Current work on open educational 

resources (OER) has shown the feasibility and advantages of sharing content in 

educational environments (Geser 2007). Our proposal is to bring this concept of openness 

to the research context of Technology Enhanced Learning. We, however, go way beyond 

merely providing Open Content.  

The remainder of this paper is structured as follows: at first, we survey the 

instruments of Open Science: Open Access, Open Data, Open Source, and Open 

Methodology. We describe their take up in TEL and present several examples of existing 

implementations. Afterwards, we elaborate on our vision, detailing how an Open Science 

would benefit individual researchers, public and private stakeholders, and ultimately the 

whole scientific community. This is followed by a discussion of the biggest issues of 

Open Science. Concluding, we present recommendations on how to overcome these 

issues for the implementation of an Open Science in TEL. 

2 Instruments of Open Science 

In our vision of an Open Science, we foresee four instruments. Three of them are 

already well-known: (1) Open Access as a way to make research results available, (2) 

Open Data as a way to publish the raw data, and (3) Open Source as a way to give access 

to research prototypes. Additionally, we introduce the concept of Open Methodology: it 

stands for sharing the methodological details of the study provided, and the tools used for 

data collection and analysis. 

2.1 Open Access 

The term Open Access was coined by the Budapest Open Access Initiative (BOAI, 

2002): By "open access" to this literature, we mean its free availability on the public 

internet, permitting any users to read, download, copy, distribute, print, search, or link to 

the full texts of these articles, crawl them for indexing, pass them as data to software, or 

use them for any other lawful purpose, without financial, legal, or technical barriers 

other than those inseparable from gaining access to the internet itself.  

Open Access is central to Open Science; the publication is the product of the research 

process, presenting the results and a basic description of the method(s) used in the 

research process. Therefore, the publication is the starting point for most researchers 

looking to access, reproduce, and build upon the results of others. The Directory of Open 

Access Journals (DOAJ)
1
 provides structured access to more than 7.200 Open Access 

journals with more than 670.000 freely available publications. Journals listed in the 

DOAJ have to fulfil the access criteria defined by the BOAI and all publications must be 

of a scientific nature, reviewed by an editor, editorial board or peer-review process. The 
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TeLearn Open Archive is specific to Technology Enhanced Learning, containing 1.500 

Open Access publications and 123 Open Access videos to date
2
. The STELLAR Open 

Archive
3
 contains around 4.700 references from the field, some with links to the full text. 

2.2 Open Data 

Open Data means publishing the datasets collected in the research process on the 

World Wide Web, without restricting their use (Murray-Rust 2008). Open Data is the 

next logical step after Open Access: since the published results are in an aggregated form, 

raw data is needed to make these results reproducible. Besides enabling the task of 

reproducing research results, Open Data allows for the evaluation of different hypotheses 

on the same dataset. In that sense, Open Data can be understood as reusing or recycling 

research data without having to expend resources in another round of data collection.  

Open Data also allows for the aggregation of data from multiple studies to gain new 

insights. (Murray-Rust 2008) 

In the context of TEL, there are already well-known initiatives pushing the concept of 

Open Data. One of these initiatives is DataShop (Stamper et al. 2010), which aims at 

providing a central repository of research data and a set of tools for its analysis. Another 

example of the relevance of Open Data in TEL is the EATEL Special Interest Group 

dataTEL (Drachsler et al. 2010). The main objective of dataTEL is to define 

benchmarking criteria in order to standardise recommendation systems in TEL. 

2.3 Open Source 

Open Source means that software is made available under a licence that permits 

anyone to use, change, improve, or derive from existing source code, and sometimes even 

to distribute the software (Feller and Fitzgerald 2002). In traditional software 

development, those rights are reserved to the copyright holder of the software. Open 

Source Software is often developed in public, using open platforms like SourceForge
4
 or 

GitHub
5
 to support the collaborative development. 

A general example of Open Source in TEL is the large amount of Open Source VLEs 

(Virtual Learning Environments) used in academic environments. In this area, the most 

prominent example is Moodle (Dougiamas and Taylor 2003), due to its broad adoption in 

educational institutions. Some specific cases are APOSDLE
6
, a European TEL project in 

the area of professional learning that went Open Source, and the development of modules 

to support educational specifications in the VLE .LRN
7
 (Cid et al. 2007).  

2.4 Open Methodology 

Knorr-Cetina (1981) already showed that papers do not contain all the 

methodological information needed to reproduce a certain research result. An elimination 

process is taking place during the production of the paper in which information is 

decontextualized and typified. Scientific work is usually done in a different way than it is 

reported on later. This is also backed by Latour (1979) who found that science is not a 

structured process but rather an array of incoherent observations, which need to be 

ordered subsequently. Furthermore, there are certain procedural remarks that are too 

detailed to be included in a publication. The way that these procedural remarks look like 

differs greatly depending on the method used. Currently, these procedural details are 

mostly exchanged through personal communication or joint work. 
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Open Methodology aims at bridging this gap between raw data and final results. The 

term Open Methodology might seem unnecessary because sharing the methodology that 

was followed in a research work is part of the purpose of a scientific publication. But 

Open Methodology goes beyond of what is described in the paper. It encompasses such 

things as experimental setups, scripts written for computer simulations, and aggregation 

rules in qualitative data analysis. Open Methodology improves the way in which the 

methodology is shared so that the paper is complemented with an explicit and detailed 

procedure on how to analyse the data collected and to generate the obtained results.  

Certainly, there is the problem of tacit knowledge (Polanyi, 1983) that cannot be 

communicated in a codified way. In the context of computer-supported evaluations 

though, every step of the evaluation processed by a computer can potentially be recorded.  

These steps can then be packed into self-executing files, similar to application setup files. 

Another researcher would be able to run the self-executing file later on, and could follow 

the evaluation as the steps are reproduced on his computer. In some cases, this would 

only include the data analysis, e.g. when interviews or experiments were carried out. In 

other cases, such as simulations, this could involve data collection as well. 

As a basic example, we will analyse the paper Interactive Teaching Tools for Spatial 

Sampling by Bowman et al. (2010) from the Journal of Statistical Software (JSTAT). The 

paper describes software that is designed to convey the concepts involved in the 

statistical analysis of data that is measured over a spatial region. It then presents two 

scenarios in which this software can be used in teaching. All articles in JSTAT are 

published Open Access on their website
8
. The source code and the data that was used for 

producing the results are available for download alongside with the paper. Readers and 

reviewers are able to download the software package “rpanel”
 9

 and use it with the Open 

Source software program R
10

 to follow the scenarios described in the paper. Furthermore, 

due to the Open Source license associated with the source code, readers are able to build 

upon this software to incorporate further examples (as suggested in the paper). However, 

there are certain obstacles to the reproduction of the results. If one is not familiar with R, 

there is no information on how to install and load the “rpanel” package in the R software. 

Furthermore, the exact function calls that were used to produce the examples are not 

provided in the paper.  

While these bits of information are too detailed for an article they are vital to the 

reproduction of results. Lack of this information makes it almost impossible for someone 

unfamiliar with R to reproduce the teaching exercise described in the paper, and leaves 

everyone else guessing what the actual steps were. This simple example can be applied to 

many other types of empirical research. How can one reproduce results from a large 

dataset if detailed instructions for data pre-processing are missing? How does one 

evaluate qualitative research, if the exact aggregation rules are unknown? How can 

computer simulations be compared if the exact parameters are not given? 

There are already certain approaches, which contribute to an Open Methodology. The 

Stanford Exploration Project (SEP) is pioneer work in the field of reproducible research 

and has its focus on reproducing numerical results in publications (Schwab et al. 2000). 

Authors are required to document the creation of numerical results from their input data. 

Alongside with this documentation, authors have to provide make files (input files for the 

UNIX utility make that serve as database for reproducing the figures containing 

numerical results). Fomel and Hennenfent (2007) propose to use SCons (Dubois 2003) in 

conjunction with Madagascar
11

 as a framework for reproducible research in scientific 

computing. In their view, the make utility is not universally enough for a broad support of 
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reproducibility. myExperiment (Goble and Roure 2007) allows researchers to openly 

document their workflows which can be used to let others know about their setup. 

SAHARA Labs
12

 is Open Source software that enables remote access to lab equipment. 

Since all experiments and the respective setups can be recorded, this would allow sharing 

the experiment itself rather than only the details. Currently, remote labs are more geared 

towards students, but there are efforts to adapt them for researchers as well. Osentoski et 

al. (2010) report on a shared lab package that can be used for reproducible, shared 

experimentation with robots. 

3 An Open Science for TEL 

Price (1963) used the term “invisible colleges” to describe communities of a few 

hundred scholars that work closely together in a field. These scholars always go to the 

same conferences, work in the same projects, and exchange staff amongst them. Thus, 

they form a tightly knit community that transfers knowledge through joint work rather 

than written artefacts (i.e. papers). This trend can also be witnessed within the research 

domain of Technology Enhanced Learning. TEL engages in supporting learning with 

adequate technologies (Dror 2008). While the term itself is rather new, TEL-related 

topics have been researched in various communities for quite some time, e.g. distance 

education, instructional design, educational technology, and computer-supported 

collaborative learning. TEL aims at unifying these fields; as a result, it draws on various 

disciplines, such as pedagogy, computer science, psychology, cognitive science, and 

social science. Analysis of the field, however, shows that the disciplines do not work 

together in an interdisciplinary sense, but rather form disjoint scientific communities 

(Gillet et al. 2009, Reinhardt et al. 2011). 

This is empirically backed by bibliometric and scientometric studies. Kirby et al. 

(2005) performed a citation analysis of subfields of instructional design and the learning 

sciences on the basis of three journals, one magazine, and two conferences from 1991 to 

2001. They found that only 2.5% of the authors have published in both fields, and only 

0.5% have published in peer-reviewed journals from either field. The average cross-field 

citation rate is equally low with just 0.4-0.5%. Maurer and Khan (2010) conducted a 

scientometric analysis for five journals and two conferences. In line with Kirby et al. they 

find almost no overlap between authors in journals and in conferences. 

In our vision, the adoption of Open Science methodologies provides a set of solid and 

sustainable ways to connect the disjoint communities in TEL. One of the most relevant 

instruments of Open Science for this purpose is Open Access; it allows for an exchange 

of research findings, thus providing a sense of awareness about the subjects that the 

community is currently researching. Open Source can also act as a connector of research 

groups. By releasing and using Open Source tools, the involved groups establish 

discussions on implementation issues as well as methods for improving the tool. 

Consequently, Open Source provides a level of awareness about the technical work 

carried out by the community, and it also provides a scaffold for future software 

implementations. With the adoption of Open Data and Open Methodology, we envision a 

more collaborative approach to TEL research. The main conversation threads that can 

arise from these instruments are discussing approaches to collect and analyse the 

available data, and the exchange of research results found on a certain set of data. 
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Apart from connecting researchers better, we envision that researchers in TEL would 

be able to reproduce the results from any paper using the instruments of Open Science. 

Standardized formats would enable them to compare the results to their own, and build 

upon each other‟s achievements. An example would be a research group working on the 

description of a project proposal, where one of the main points is the list of objectives 

that the project is aiming to achieve. In an Open Science environment, researchers could 

refer to finished projects that provide reproducible and comparable information about the 

results achieved during that project. Thus, researchers proposing a new project can build 

on and improve the results of the previous project. This in turn reduces redundant design 

and development, making TEL research more efficient. With the comparability of 

research results, it becomes more easily to determine which approach fits best to a given 

problem, increasing the effectiveness of TEL research.  

If research prototypes are more widely available, they can potentially be used in 

practice much earlier, generating a greater impact on practice and more visibility for TEL 

research. Thus, an Open Science would not only benefit the researchers but also public 

and private stakeholders in applied science. In traditional science, teachers may have 

access to TEL research publications, but to get their hands on research prototypes, they 

must be part of a project or trial. Otherwise they have to wait until the respective research 

prototype becomes a product, which usually takes years to complete. With an Open 

Science, the time between research and application in practice can be reduced 

significantly: teachers would be able to download and reproduce the proposed examples, 

and take them directly to the classroom. Furthermore, they could contribute to improve 

the prototype by giving feedback and/or committing source code to the Open Source 

repository. In that way, both sides win.  

Open Science would also be benefit Open Innovation
13

. The idea of Open Innovation 

is to include external knowledge in the organisational innovation process (Chesborough 

2003). Open Source Software created in TEL can be used to initiate Open Innovation in 

TEL stakeholder businesses (Gassmann and Enkel 2004). One prime example is Moodle, 

which came out of a PhD research project (Dougiamas andTaylor 2003). Moodle has 

since spawned an international commercial network, including hosting, consulting, and 

courseware developers
14

. Similarly, Open Access has the potential to contribute to Open 

Innovation processes in companies, and Open Data and Open Methodology could help to 

improve research in R&D departments of companies. 

4 Issues of Open Science 

There are several issues that must be addressed on the way to an Open Science in 

TEL. For one, there are legal, technical, and practical problems that need to be solved. 

This includes guidelines for publishing additional material, standardized formats, 

appropriate licenses, and proper citation methods.  Nevertheless, when it comes to Open 

Science, the main issues are of a social nature. A recent survey amongst computer 

scientists (Stodden 2009) shows that the largest barriers to sharing data and code are (1) 

the time it takes to clean up and document for release, (2) the possibility that code/data 

may be used without citation, (3) legal barriers, such as copyright, (4) the potential loss of 

future publications using this code/data, and (5) that competitors may get an advantage. 

There is the possibility of getting scooped when being open about one‟s own research. 

This is not so much an issue when data and source are not published before the paper. 
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Nonetheless, some researchers view their source code as an investment, which they do 

not want to give away for free; research also involves competition. David (2004) includes 

a summary of the economic virtues and vices of copyright protection in the context of 

Open Science; being its main virtue to provide an incentive for creative publications. On 

the upside, openness can lead to new collaborations beyond the usual suspects of 

cooperation partners (Waldrop 2008). Furthermore, being open can help to claim priority 

on new ideas or discoveries. 

In the case of source code, potential questions from users and patents/IP constraints 

play an important role, whereas in the case of data, privacy issues are ranked highly 

(Stodden 2010). Privacy is a very delicate matter that needs the outmost attention. In the 

case of TEL, protecting the privacy of study participants is a requirement and implies that 

every dataset must be anonymised before its publication. Several strategies for 

anonymisation have emerged (cf. e.g. Zhou et al. 2008), but in this complex field, no 

general solution can be applied. Furthermore, it is possible to de-anonymise information 

based on background information that is usually not taken into account during an 

anonymisation process (Nayaranan and Shamtikov 2008). 

Lastly, researchers are concerned about their reputation. When others find errors in 

their source code, data, or methodology, this could have damaging effects on their 

standing. In analogy of the Open Source movement, however, this could also be an 

opportunity for them, fixing errors that would otherwise have been repeated in successive 

studies. Correcting errors in someone else‟s code is not seen as a revelation of 

incompetence but rather as a collaborative act of creating something better together. 

Furthermore, in cases of large-scale errors, detection happens with or without an Open 

Science (Dalton 2002). The issue of reputation is highly related to the academic reward 

system; current academic systems place new journals, including Open Access ones, at a 

disadvantaged place (Björk 2004). Nevertheless, research into citations has given 

indication that Open Access papers are cited earlier and more often than their non-Open 

Access counterparts (Eysenbach 2006). 

5 Recommendations for implementing an Open Science in TEL 

Open Science is first and foremost a community effort. In fact we are arguing that 

reproducibility and comparability should become two of the standard criteria that every 

reviewer has to judge when assessing a paper. In addition to relevance, novelty, 

significance, and soundness, reviewers would have to assess both (1) to which degree 

they were able to reproduce the results, and (2) to which degree the results can be 

compared to previous efforts. These two criteria should be of equal importance as the 

established criteria, giving incentive to the authors to actually apply the instruments of 

Open Science.  

In addition, journals and conferences ought to make the submission of source code, 

data, and methodological descriptions together with the paper mandatory for them to be 

published. Conferences and journals themselves should in turn commit to making the 

papers openly accessible. The case of the genetic sequence database GenBank
15

, which 

stores DNA sequences and makes them available to the public, has shown that if 

publishers and conference organisers adopt new standards, they can be propagated 

quickly within the community. The huge success of GenBank is due to the fact that many 

journals adopted the Bermuda principles (Marshall 2001), which state among other things 
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that DNA sequences should be rapidly released into the public domain. The recent 

popularity of Open Access and the dataTEL initiative (Verbert et al. 2011) is an indicator 

that these standards will meet a community that already has a certain interest in making 

its research more open.   

With regard to the more technical problems, we propose to review existing initiatives, 

e.g. DataCite (Brase 2009) for data citations, or the proposal for reproducible research 

standard in the computational sciences by Stodden (2010). However, there remains 

another challenge that we have not touched upon: awareness about the existence of tools, 

methods and data. It is not sufficient to only provide free repositories; for the success of 

an Open Science initiative, it is crucial to make the research community aware about the 

existence of such repositories, and to support researchers in use and re-use of the 

available data and other artefacts. 

Even though these problems represent rather complex challenges, we are confident 

that they can be overcome on our way to an Open Science in Technology Enhanced 

Learning. The wide application of Open Science will help making TEL research more 

understandable and usable both in our everyday research and in educational practice. 
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