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Abstract: The Online Experimentation @FEUP lab gathers a set of experimental resources based on Augmented Reality, Virtual
Reality and Haptic Systems. The design, development and implementation of those resources are guided by the following main goals:
familiarizing  students  with  the  referred  technologies,  complement  hands-on  experimentation,  motivate  students  and  promote
knowledge gain.  A brief presentation of the online experimental activities most utilized and evaluated in the past five years in
context of different undergraduate courses and at the K12 level is presented.  In all the studies conducted, the strategies adopted
involve pre- and post-testing to assess knowledge gain, experimental group activities, and individual response to surveys to assess
student reaction. The results published in journals, conferences proceedings and book chapters are discussed.
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1. Introduction
For the past three decades, remote experimentation (RE)
[1-3] where simulation, data collection and analysis are
assisted  by  instrumentation  and  computers,  has  been
increasingly used. More recently, Virtual Reality (VR),
Augmented  Reality  (AR)  and  haptic  interactions,  are
being incorporated in collaborative platforms. Together
with  RE  they  constitute  what  is  called  Online
Experimentation (OE) [4].

Although  one  should  not  look  at  OE  as  a
replacement  of  hands-on  experimentation,  there  are
certain characteristics of OE that can enhance learning.
The  phenomena  and  concepts  involved  in  most
engineering  areas  are  complex,  described  by  intricate
mathematical relationships, requiring most of the times
high level of abstraction skills that can take a long time
to  acquire.  These  difficulties  can  result  in  lack  of
motivation, frustration and undesirable knowledge gaps.

The advantages of using the referred technologies in
education are manifold. On one hand VR and AR allow
for the visualization of abstract concepts and complex
spatial  relationships  and,  in  the  case  of  haptic
interaction  systems,  they  involve  the  sense  of  touch
through  tactile  feedback.   Moreover,  they  make  it
possible  to  test  the  theoretical  limits  of  the  physical
models,  something  not  often  feasible  in  real
experiments.   In  addition,  the  virtual  nature  of  the
technologies  is  very  suited  for  exploring  dangerous
environments and destructive tasks. On top of that, these
different  ways  of  exploring  the  senses  contribute  to
enhance  engagement  and  interactivity,  thus  having  a
positive impact on student motivation to learn and on
academic performance [5-12]. 

Other  advantage  includes  suitability  for  e-learning
and b-learning, and flexibility to provide additional time
to  perform  the  experiments.   However,  using  OE  in
Engineering Education (EE) is not only driven by those
advantages.  AR,  VR  and  haptic  systems  play  an
increasingly  important  role  in  many  of  areas  of
engineering  expertise.  Industries  like  the  automotive,
aircraft,  and  manufacturing,  among  others,  are  using
such technologies for many purposes like for instance
training, maintenance, assembly and repair. Therefore, it

is  pertinent  that  students  get  in  contact  with  such
technologies while learning. 

Furthermore,  the  current  pandemic  situation  has
stressed  the  need  to  have  available  diverse  online
experimental  resources in order to avoid in the future
possible  lack  of  experimental  training  in  science  and
engineering education.

The  Online  Experimentation@FEUP (OE@FEUP)
project (https://remotelab.fe.up.pt/) is active since 2003
and is a repository of 42 multidisciplinary online open
experimental  resources.  They are based on the use of
different technologies in remote sensing, monitoring and
actuation,  virtual  simulators,  virtual/augmented  reality
and sensorial devices like haptic interfaces, data gloves,
3D glasses, among others.

In this  paper,  a  brief  presentation of  the  available
resources  is  given,  with  a  description  of  the  target
populations that used them, publications in journals and
conference proceedings, and summarize the conclusions
from  studies  conducted  to  evaluate  their  potential  as
promoters  of  motivation  and  conceptual  knowledge
gain.

2.  Description  and  methodologies  of  OE
implementation

2.1 Resources at OE@FEUP  
OE@FEUP  integrates  experiments based on six main
types  of  technologies,  or  associations:  Remote
Experiments  (RE)  (15),  Augmented  Reality
Experiments  (ARE)  (8),  Virtual  Experiments  with
Haptic  Interaction  (VE&Haptics)  (7),  Virtual  Reality
(VR)  (3),  Simulators  (4)  and  Instrumented  Devices
(OID) (5), that are represented in percentage in Figure
1.

In this report, the focus is on the ARE, VE&Haptics
and VR resources that have been extensively used over
the  past  five  years  in  the  context  of  undergraduate
engineering  programs  and  K12  level  non  formal
learning.  They  cover  areas  from  physics,  civil,
electrical, mechanical and environmental engineering. 
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Figure 1. OE@FEUP for all technologies.

The  experimental  tools  offered  were  designed,
developed  and  implemented  with  the  following  main
objectives: 

 to facilitate the understanding of basic science and
engineering concepts;

 to engage and motivate students to learn 
 to complement hands-on experimentation
  to be accessible for everyone, everywhere, 

anytime 
 to familiarize engineering students with 

technologies that they might encounter in their 
professional future.

Table 1 presents the most used online resources in
the past five years available in the OE@FEUP platform.

It  shows  the  type  technology,  the  name  of  the
experimental resource, the context in which they were
used  and  the  number  of  students  that  had  the
opportunity  to  engage  in  experimental  activities  with
them. The publications containing the description of the
resources and of the conducted studies to evaluate them
as promoters of motivation and knowledge gain are also
depicted. Not all of the studies involve the number of
students  reported in  the table and that  corresponds to
those who worked in the lab with the OE resource. The
experimental activities took place in the framework of
several  undergraduate  courses  of  different  integrated
master engineering programs and in the context of the
Junior University program of the Porto University [13].
This  program brings every  years  K12 students  to  the
university for different non formal learning activities.

2.2 Strategies used to evaluate the OE resources
For  the  past  five  years,  the  OE  resources  have  been
evaluated  as  promoters  of  motivation  and  conceptual
knowledge  gain.  These  evaluations  are  linked  to  the
objectives  referred  above  that  guide  the  design,
development and implementation of the OE tools. 

To evaluate how using the OE influences conceptual
knowledge,  pre  and  posttesting  is  implemented  and
measures such as normalized gain and Cohen’s d effect
size are calculated to provide a quantitative estimate of
knowledge gain (see [17] and references therein).  

Table 1. Online experimentation technologies, resources, target
population, number of students and references.

Technology
Name of the

Resource
Target

Population

Approx.
number

of
students

References

ARE

“AR DC circuit
puzzle”

ME,CE,
IEM,K12 900

[14], [15],
[16], [17],
[18], [19]

“AR straightness
evaluation”

IEM 160 [19]

“Groundwater
flow on a small

scale
embankment

dam”

CE 170 [19]

VE&Haptics

“Elastic constant
of Coil Springs”

EVE, K12 170 [20]

“Mechanical
Characterization

of Materials”
CE (Brazil) 20 [21],[22]

VR
“Mechanics 3D

virtual lab”
K12

80 [23]

ME – Mechanical  Engineering,  IEM –  Industrial  and  Management
Engineering,  CE  –  Civil  Engineering,  EVE  –  Environmental
Engineering, K12 – High school students            

The purpose of the pre- test is to engage students in
thinking about the physical phenomena they are about to
observe  and  for  possible  explanations  of  the
phenomena.  Having  observed  and  experimented,  they
can check whether  their prediction is confirmed.  This
procedure also permits instructors to get a clear idea of
the most common misconceptions. The post- test allows
for establishing how students changed their view due to
experimenting using virtual  system environments.  The
change  from  incorrect  to  correct  answer  may  affect
memory  and  on  understanding  of  the  underlying
concept.

Before  the  experimental  activity,  students  answer
individually  to  a  set  of  conceptual  multiple-choice
questions about the most relevant concepts addressed in
the experiment. Then, working in groups, they explore
the resources. Immediately after that, they answer again
individually  to  the  same  set  of  questions.  Whenever
possible, sometime after the experimental activity, they
answer to the same set of questions and to others related
to  the  same  concepts,  which  allows  for  assessing
knowledge retention. Calculation of the normalize gain
and  of  effect  size  of  mean’s  differences  provide
measurements of the efficacy of the activity to correct
possible prior misconceptions.

To investigate students’ reaction to the use of the OE
resources,  questionnaires  are used. They are based on
existing questionnaires in the literature and are intended
to  measure  relevant  psychological  traits  known to  be
connected with motivation as well as performance [26,
27].  Examples  of  latent  variables  considered  are  self-
efficacy in using new technologies, interest, perceived
value of OE in the context of engineering training, ease
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of use of the resources, attitude towards using OE and
behavioral intention to use the technologies in the future
[27].  Analysis  of  the  surveys  include  descriptive
statistics  and,  for  large  enough  samples,  multivariate
techniques  such  as  regression  analysis  and  structural
equation models are applied. They allow for investigating the
influence that the psychological traits described have on
each other.

3. Discussion
The evaluation of the resources is performed over the
years using the same methodology involving different
students. The results of the several studies reported in
the  references  shown  in  Table  1  are  very  consistent.
They indicate that  the OE learning tools have a good
impact on conceptual knowledge gain and that students
view  them  as  interesting,  valuable  for  the  learning
process, easy to use, and their attitude towards using OE
to learn is very positive. 

Although  no  direct  evidence  emerges  from  the
studies, they suggest that associating OE with the pre‐
and  post-  testing  might  condition  the  affective  and
cognitive  response  of  the  students.  Students  interact
with  the  resources  guided  by  the  questions  they  are
trying  to  answer.  They  have  the  goal  of  observing
certain  phenomena  and  to  understand  the  concepts
addressed in the questions.  This might influence their
interest  and  their  perception  of  the  utility  of  the  OE
tools to learn.

The fact that large number of students from different
engineering  programs  and  from  K12  level  respond
similarly in different years,  indicates  the relevance of
exposing them to such tools.

Moreover, the results also indicate that the resources
proved to offer a good instructional design, fulfilling the
goals behind their conception. 

Other  important  conclusion taken from the studies
performed  is  that  there  are  no  significant  gender
differences, both in students’ reaction and in knowledge
gain.  

The results encourage the authors to continue using
the OE resources in their teaching practices as they have
shown  a  consistent  potential  to  promote  student
engagement and conceptual knowledge gain. 
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