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AbstrAct

In the field of practical development of 

competences in scientific and engineering 

studies, the emergence of distance learning 

programs in these disciplines, as well as the rapid 

development of ICT, has allowed the evolution of 

classical laboratories towards a new typology of 

laboratories: the commonly called virtual labs, 

focused on the development of simulation-based 

practices in both classroom or remote sessions 

and remote laboratories equipped with real 

equipment that are connected and accessible 

remotely, by providing the student a practical 

resource not defined in a specific space and time 

such as onsite laboratories.

Currently extensive information on the different 

types of laboratories can be found; their 

structure, the tools that they use, the type 

of experiment performed, but there is less 

information about teaching and pedagogical 

application of these technologies. Factors 

like self-regulation, allowing a constructivist 

approach to training with these tools; the Time 

factor and assessment are subjects susceptible 

to be studied. 

Starting from the generic structure of remote 

laboratory, exposed in the first section, we 

will study how this structure can influence the 

factors under study: self-regulation and Time 

Factor, and how to approach this structure and 

the elements that make it up to improve these 

aspects.
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IntroductIon

Traditionally, in technical or scientific 

disciplines, a separation between theoretical 

and practical sessions has always been clear. 

The theoretical sessions are developed through 

lectures or materials supplied to the student by 

the instructor and the practical sessions are 

developed in laboratories, where the student 

implements the theoretical knowledge received, 

usually through guided practices sessions 

focused to solve a problem o project. In these 

disciplines, the emergence of distance learning 

programs has caused the evolution of classical 

laboratories. This new structure has had a clear 

separation into two distinct types: the called 

virtual labs (VL), focused on the development 

of simulation-based practices and remote 

laboratories (RL) based on real equipment 

that are connected and accessible remotely, 

by providing the student a practical resource 

not defined in a specific space and time. It 

is becoming an attractive and economical 

solution for developing and sharing practical 

environments with a high cost equipment. 

In the last decade and especially the last few 

years, have been developed and implemented 

a large number of remote laboratories in 

many institutions of higher education and 

publications concerning several aspects 

have appeared (García-Zubía, Díaz Labrador, 

Jacob Taquet & Canivell, 2008) in terms of its 

advantages and disadvantages (Luís & García-

Zubía, 2007), the different architectures and 

designs (Gobbo & Vaccari, 2005), technologies 

for implementation (Indrusiak, Glesner & Reis, 

2007) or applied teaching (Ma & Nickerson, 

2006).

Furthermore, the development of open source 

Web applications enabling the management of 

content and users for virtual environments, 

also called Learning Management Systems 

(LMS), allows the use of conducive and 

constructive methodologies, where the process 

of student learning (Reeves, Herrington 

& Oliver, 2004) is conducted through 

collaboration, cooperation and participation 

in discussion forums, construction and 

development work collaboratively.

These two technologies, the remote labs and 

LMS, have often worked together, because 

one complements the other. The integration 

of practical resources in distance learning 

environments, either through activities that 

students can perform at home using materials 

provided or by accessing remote resources 

available to the institution within the theoretical 

material, is becoming a natural way of acquiring 

knowledge. It is also, a methodological change 

in the way of teaching/learning that deserves 

study. The flexibility of remote environments 

must enable students to acquire the practical 

skills by adapting the content to their specific 

learning needs, at their own pace and progress 

in terms of content, without diminishing the 

quality of the content taught.

Pedagogical factors as self-regulation, allowing 

a constructivist approach; or the Time factor 

are the scope of this work. Starting from 

the generic structure of remote laboratory, 

exposed in the next section, we will study how 

this structure can influence the elements under 

study and how this structure and the elements 

that make it up can improve these aspects.

GenerIc structure  
oF remote lAborAtorIes: 
FActors thAt determIne  
the selF-reGulAtIons And 
tIme FActor

The factors that determine the pedagogical 

appliances of the remote laboratories are 

connected both in teaching strategies and 

hardware-software infrastructure. The generic 

structure for both RL and VL has as terminal 

aim conducting remote experiments and 
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practical experiences so that students acquire 

practical skills (Fig. 1). The architecture must 

support the laboratory, but it also requires 

other resources such as its configuration, 

equipment configuration, reserve management, 

access control, possibility of collaborative work 

or integration with the theoretical subjects 

that have to be taken into account when 

designing the entire infrastructure supporting 

laboratories.

The final element of the whole structure of this 

kind of laboratories is based on processes or 

systems that the student could find both in 

real work environments but also here with a 

clear pedagogical function. The physical (RL) 

or virtual process (VL) is the purpose why the 

structure is designed and it is the primary 

focus of the experience or project to be 

developed by the student.

Closely connected with the process there is 

the equipment or software that performs the 

control functions. The control device is variable 

depending on the objectives for which the 

laboratory has been designed: microcontroller-

based systems, Programmable Logic Controllers 

(PLC), robot controllers or computers and 

equipment generally targeted to a specific 

scientific or technical discipline. These devices 

have the function of performing the, p0rocess.

The typology of the experiment and its 

controller are the elements that have a wide 

variation. In studies developed in the last years 

(Gravier, Fayolle, Bayard, Ates & Lardon, 2008) 

(MA & Nickerson, 2006), a great number of 

laboratories dedicated to teaching electronics, 

ICT, automatic, multidisciplinary physical 

has been found while a low number to other 

subject areas such as chemistry, hydraulics, 

mechatronics or astronomy. 

The other elements that make up the structure 

are focused on managing the work from the 

different users:

  The whole system manager or administrator, 

who has the task of maintaining the overall 

structure of the laboratory in terms of 

hardware, software and connectivity.

  The profile of the teacher, who has to program 

and control the teaching-learning process, 

opening or closing the access to resources, 

determining the time required for execution, 

sequencing and evaluating experiences of 

the work done by the student. The student 

finally has access to the laboratory by 

means of the booking application, accessing 

and interacting with the process through a 

graphical interface generally located in the 

server of the experiment. 

  The student as a subject around whom the 

design and implementation of these tools. 

The student must have enough information 

to run applications as well as handling and 

feedback of results.

Most equipment and tools that comprise the 

rest of the structure are within the scope of 

ICT. As shown in Figure 1, the element connected 

to one or more control system is the laboratory 

or experiment server, usually a computer that 

has several roles: 

  The experiment manager, developing 

operations of input and output information 

to and from the experiment.

  The server must have the tools to perform 

the experiment by programming or control 

the device (Awkash & Srivastava, 2007). 

These tools are normally proprietary and 

generally belonging to manufacturers 

like Matlab (Mathworks, 2013) or Labview 

(Instruments, 2013) (Gravier, Fayolle, Bayard, 

Ates & Lardon, 2008). Others tools are also 

found in this particular field, used to design 

applications with specific programming 

languages associated to the controlled 

devices.

  The server must give external access to the 

network for the process and the tools to 

control it. The technologies applied in this 

http://elcrps.uoc.edu
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Figure 1. generic RL structure.
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part, are normally programming languages 

such as Java and Java applets, dynamic web 

pages, programming languages (XML, C + +, 

etc.) or connections VNC in order to connect 

the computer remotely (Gravier, Fayolle, 

Bayard, Ates & Lardon, 2008).

The management of different server’s 

experiments, located in the same geographical 

area or geographically distributed in different 

institutions, should be centralized in the 

WebLab Server that provides two functions: 

the management of resources and access to 

experiment managers.

It will be generally a computer with a 

network operating system that incorporates 

user management tools and web services. A 

widespread typology is performed with Linux 

operating system, Apache as web server, MySQL 

databases and PHP programming language, 

without discarding other tools that are also 

used, following in a greater or lesser degree 

this philosophy LAMP (Linux + Apache + MySQL 

+ PHP). This computer should be responsible 

for authentication, schedule and management 

of all the experiments; also it must centralize 

the records of the student work and the access 

security (Awkash & Srivastava, 2007).

The function of the weblab server is the control 

of the Laboratory, but it must have a close 

relationship with the LMS that integrate the 

courses. Small departments or institutions 

could have in the same equipment the LMS and 

the Weblab server, but normally two different 

equipments assume these two functions, and a 

module integrated in the LMS has the functions 

to linking the LMS with the laboratory. The 

LMS allows creating a web interface between 

the user and the laboratory not depending on 

the type of computer and operating system, 

increasing its versatility and functionality. The 

web environment must integrate the screens 

and services that allow laboratory management 

of different users.

FActors AFFectInG  
selF-reGulAtIon In remote 
lAborAtorIes 

The student retention and completion rates 

in distance learning have been investigated 

extensively (Berge & Huang, 2004). One of the 

variables that can help to solve low rates of 

completion in e-learning studies is applying 

self-regulatory strategies, redefining the role 

of the instructor as support of the student in 

his self-regulated and independent knowledge 

through the use web tools (Dabbagh & 

Kitsantas, 2004). So the remote laboratory, as 

a tool, must be an important factor that helps 

students achieve their goals by improving their 

results and reducing abandonment.

The self-regulation as an important factor 

in a constructivist e-learning educational 

system can be defined as the skills required 

for students to understand and control their 

learning environment. The student must set 

goals, select strategies to achieve the goals, 

implementing and monitoring their progress 

toward goals (Schunk, 1996). Self-regulation 

is very important in the learning process 

because students with better self-regulation 

skills learn with less effort and get better 

academic results (Pintrich, 2000; Zimmerman, 

2000).

Three elements are decisive in defining the 

profile of self-regulation that could have a 

student (Gregory Schraw, Hartley & Hartley, 

2006): 

1.  Cognition, defined as the skills necessary to 

encode, memorize and retrieve information, 

includes three types of skills: 

a.  Cognitive strategies used by both the 

student and the teacher to enhance 

learning (graphs, charts, summaries, mind 

maps).

b.  Problem-solving strategies, such as 

predict-observe-explain: POE (Rickey 

http://elcrps.uoc.edu
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& Stacy, 2000) frequently used in 

laboratories.

c.  Critical thinking for the analysis of the 

results and consistency.

2.  metacognition defined as the skills that 

enable students to understand and 

control their cognitive processes The two 

subcomponents define this parameter (Rickey 

& Stacy, 2000):

a.  Knowledge of cognition, based on the 

self-recognition of skills available to 

the student (declarative knowledge), 

knowledge and application of strategies 

and procedures (procedural knowledge) 

and how and when to use these strategies 

(conditional knowledge).

b.  Regulation of cognition that includes 

planning, monitoring and self-evaluation of 

the whole learning process.

3.  motivation defined as beliefs and attitudes 

that affect student use and development of 

cognitive and metacognitive skills:

a.  Self-efficacy refers to the degree to which 

an individual is sure to perform a task. 

b.  Epistemology. In general, there is a growing 

consensus that students and teachers 

disagree on epistemological world views. 

The point of view of students and teachers 

are different, this problem difficult the 

degree of transmission and affects student 

motivation in problem solving or practical 

experience (Roth & Tobin, 2001; Schraw & 

Olafson, 2002; Tsai, 2001) 

Autoregulation processes are determined 

by the combination of three factors 

simultaneously, the arrangement of one of 

them independently is insufficient and it is 

the combination of the three factors which 

determine an improvement in educational 

results. 

In the area of cognition, the use of remote labs 

is to be treated as a tool that will enable the 

development of students’ cognitive skills. To 

develop these skills, the first step to a correct 

use in this type of laboratory is marking 

the objectives to be met within the learning 

process, highlighting factors such as (Bauer, 

Fedak, Hajek & Lampropoulos, 2008): 

  Understanding the structured design and 

methodology to be applied to solve the 

application

  Analyze the system in a structured way by 

dividing complex systems into subsystems.

  Understand the differences between 

simulations and real processes

  Enabling the student to select the right 

equipment in every situation to perform the 

tasks or programs of a real process.

In accordance with the cognitive skills and the 

objectives established by the remote laboratory 

the learning methodology that would achieve 

those objectives must be defined (Rojko, Hercog 

& Jezemik, 2009) highlighting different phases:

  Initial study of the process to monitor and 

forecast results. 

  Experimental validation of the process by 

remote laboratory, comparison of theoretical 

and practical results with report writing.

  Feedback to the instructor with the 

information generated and activities 

feedback with improved functionality 

process the information from the instructor.

Using remote laboratories integrated in 

distance learning platforms should enable 

the improvement of the factors that affect 

metacognition: diversifying the types of 

theoretical material offered, adapting to 

different media (text, video, simulations, 

guided activities, remote monitoring of 

experiments, etc.) (Buiu, 2009). Using the 

possibilities and versatility of these formats 

that can be integrated in LMS that allows 

the theoretical contents to adapt to the 

abilities of each student. The possibility 
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of working with standard learning objects, 

together with an environment that enables 

learning path planning, adapting the contents 

to the metacognitive profiles of students 

could improve the factors related to the 

self-regulation and therefore could lead to 

improvements in terms of student achievement. 

The integration of remote laboratories as 

learning objects, interspersing practical 

experience in theoretical training process 

would create a theoretical-practical flexible and 

adaptable environment for the users that will 

improve their results.

The flexibility in the learning process is bound 

up to both the formative itinerary planning 

and the capacities of the working environment 

in order to make it extensively available to 

the users. A booking system integrated in the 

LMS, allows extensive use of the laboratory 

continuously 24 hours a day 7 days a week 

(24/7) (Murray, 2012) and the inclusion of self-

assessment tests, theoretical and practical that 

will allow the student to monitor his learning 

process.

Self-efficaccy can be improved by learning 

through observation of peers or teachers, 

sequencing tasks into more manageable 

elements of learning and frequent feedbacks 

about the work performed and how to 

improve it. It is important the inclusion of 

tutorials, video demonstrations and hands-on 

demonstrations by the instructor to ensure 

greater student confidence in using computers. 

One important factor that can help the Self-

efficacy is the collaborative work so, some 

environments allow simultaneous management 

of multiple users connected on the same 

experiment, usually limited to a low number, 

three or four players at most users to not 

cause chaos in interacting with computers 

(Nedic, Machotka & Nafalski, 2008) as well 

as public demonstrations carried out by 

the instructor and monitored via webcam or 

graphic panels by students.

In order to break epistemological beliefs, 

communication elements and transmission of 

information between instructors and students 

are important to clarify expectations and the 

work performed with equipment. This is why 

the inclusion of communication tools between 

instructor and student (email, forums, reports, 

etc.) are important elements to include in the 

work environment.

As can be inferred from the preceding 

paragraphs, the attendance by teachers is a 

very important factor in the development of a 

constructivist space in e-learning. A limitation 

in some remote laboratories is the lack of 

assistance to the students (Böhne, Faltin & 

Wagner, 2002), so, the presence of an expert 

mentor is critical in the development of the 

learning strategies. The use of synchronous and 

asynchronous media to assist to the students 

can be performed in several ways: 

  Give information and assistance to solve 

technical problems

  Stimulate the meta-cognition of the learners

  Advise of the learning goals and acting goals

  Give feedback to motivate the students

  Organize the learning process

To perform these tasks, the tutor may use 

the several applications that normally are 

integrated in a e-learning platform, as e-mail, 

forums, notice boards 

tIme FActor

The introduction of new technologies to manage 

time allows students to organize, plan and carry 

out their tasks in a flexible way to increase 

their learning capacities (Gadzhanov & Nafalski, 

2010).

One of the first advantages of a remote 

laboratory is to break the barriers of 

classroom laboratories, where practices are 

http://elcrps.uoc.edu
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tied to a specific space and limited in time. 

But the fact of having a remote laboratory 

24/7 does not mean by itself that improves the 

flexibility and self-management ability of the 

student. Working overload or a bad planning 

can in some cases give the student a perception 

of excessive consumption of time for possible 

poor results with it (Corter, Nickerson, Esche & 

Chassapis, 2007). Therefore, the strategies of 

usage and time management should be related 

to the availability of the student, which will 

determine the effectiveness of working with 

these tools.

From the point of view of time factor, there are 

four important factors to be treated:

  Access to the labs. The remote labs must be 

the maximum time available for the users, 

with the necessary securities and access 

tools, allowing not concurrent use, except 

in the collaborative works or demonstrative 

exercises made by the teacher. Therefore, 

one remote lab must integrate a flexible 

booking system to manage the various 

services that it offers.

From the point of view of the booking 

system that should be incorporated in the 

laboratory, it should be flexible enough to 

allow both instructor and student to develop 

their activities. On one hand the instructor 

should be able to decide the experiences 

that are to be performed and the system 

must incorporate and allow easy removal of 

new equipment to create slots that can be 

accessed as well as the duration of practical 

experience.

On the other hand, from the point of view 

of the students’ work, It is important for 

the booking system to allow knowing the 

slots available equipment and the free slots 

for reservation. But not only the system 

of reserve management is important, the 

RL must ensure that once the student 

accesses the computer Iit must be on the 

initial conditions, restarting previously the 

processes or experiments.

  Time dedicated to each of the experiences. 

The diversity of experiments in remote 

laboratories usually involves several 

actions by the user: Preparing the 

equipment, experiment setup, execution of 

the experiment, gathering and analyzing 

results. All these tasks may take from 

minutes to several hours or days depending 

on the experiment. So the first task for the 

instructor is to define the time needed for 

the experiment.

Depending on the type of experiment, it is 

possible to define two categories: the batch 

data processing, where the user enters 

the data required for experimentation and 

processing queued, and when it ends they 

are shown or sent to the user and completely 

interactively online. The choice between 

one and other type, determines largely the 

degree of interactivity between the user 

and the experiment. Batch processing means 

that the user does not receive an immediate 

response of the experiment, while the process 

in online mode allows continuous observation 

and dynamic process and the user receives 

a continuous flow of numerical or graphical 

information that allows users to interact with 

the process changing the parameters of this 

and therefore their behavior.

  Time dedication to the practical experiences 

in relation to all material available to the 

subjects. One of the worst perceptions for a 

student on a course is that the time spent on 

practical experience is excessive compared 

to the results of academic knowledge 

finally acquired (Corter, Nickerson, Esche & 

Chassapis, 2007). Strategies that are carried 

out to adapt the temporary dedication to 

practical experience of academic results will 

greatly improve the student’s perception.
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It is important in this regard to have 

practical tutorials on how to access the 

lab and interact with the device and the 

computer prior to work with subject and 

its contents (Murray, 2012). It should help 

students to plan their work thorough the 

relationship of the theoretical and practical 

content. Also, it is important in this case to 

link practical experiences with theoretical 

material. 

  flexibility in performing experiments. 

Clearly, a distance learning environment has 

among its advantages the flexibility that the 

student perceives developing his studies in 

both time slots dedicated to carry out the 

tasks and the duration of these time slots. 

Increasing flexibility is certainly one of the 

strengths of learning systems using new 

technologies (Fox, 2005) The ideal laboratory 

environment should be a platform (hardware 

and software) ready to work with any kind 

of experimentation without changes in the 

environment (Costa, Alves & Zenha-Rela), 

therefore a first element from the point of 

view of the student is to have a common 

integrated environment for all subjects 

included in the curriculum.

Furthermore, flexibility goes together with 

individualization of the learning process. 

This system should incorporate a library of 

practical experience that can be developed 

in remote laboratories, so that in this set of 

experiences, as discussed in the previous 

section, have to distinguish between the 

basic experiences of understanding the 

theoretical and the advanced experience, 

that users can choose other experiments 

based on their preferences. Thus, learning 

interest of the students increases (Wang 

Dai & Yao, 2010). 

Improving the perception of the student in all 

these aspects is essential in achieving learning 

objects. 

conclusIons 

As has been sated, design, creation and 

use of a remote teaching laboratory is a 

multidisciplinary task which involve from the 

design process, highly variable and dependent 

on the subject to teach, the information and 

communication technologies and finally to the 

didactic approach of its implementation.

The variety of remote laboratories proposals 

analysed has revealed a great heterogeneity 

of structures and very different approaches. 

In some way this heterogeneity precludes a 

systematic study of all didactic elements that 

have been developed. 

One of the deficiencies, the result of the 

relatively short time that they have been 

applying these tools, it is possible that this 

area of knowledge has not yet reached a level 

of maturity that allows standardization of the 

elements involved in the definition of a remote 

laboratory analysis methodologies and teaching, 

but this is an area which already is starting up 

research and development proposals.

Self-regulation, closely related to the cognitive 

strategies used, self-recognition of one’s skills 

by students and their planning and confidence 

in their capabilities are elements that have 

to strengthen in LMS platforms that include 

management tools, planning and collaboration 

to help students enhance their self.

On the Time Factor, tools to include access and 

booking laboratories, flexibility in the choice 

of the experiences and the relationship of time 

spent on the practical and theoretical content 

are essential. Finally assessment tools by the 

teacher must serve to strengthen monitoring 

and continuity of students.

The common framework to improve all these 

elements is to have an interface that includes 

tools tailored to improve each of the aspects 

http://elcrps.uoc.edu
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involved. The emergence of open source LMS 

platforms, many modular types, has allowed 

many developers to design different modules 

that work in each of the areas studied.

As mentioned above, this heterogeneity 

proposals and studies focused on personal 

needs, determine that currently can find 

various solutions to each of the issues 

discussed. The time and research in each of 

these points will determine a convergence of 

these tools to a common and standardised 

study.
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