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Abstract 

Studies related to Science,  Technology,  Engineering ,  and Mathematics  (STEM) 

present specif ic chal lenges for thei r  students ,  which were emphasized dur ing  

the Emergency Remote Learning (ERL)  scenario due to the COVID-19 pandemic 

in 2020.  These types of learning chal lenges are fundamental ly  re lated to the 

wide presence of abstract  concepts in their  subjects  and the dif f iculty  in 

establ ishing connections between the di f ferent conceptual areas that make up 

thei r  degrees .   

Audiovisual  resources have proven helpful  as pedagogical  support in 

mitigat ing these drawbacks.  However ,  their  adequate creation by educators  

requires an advanced level  of  digi tal  competence  and a s ignif icant  investment 

of t ime and resources .  Nonetheless ,  publ ic dissemination audiovisual  materials ,  

widely avai lable onl ine ,  can help f i l l  th is gap.  This  doctoral  thes is  focuses on 

the pedagogical  value of STEM dissemination resources based on metrics from 

current l i terature and  on the implementation of strategies for their  proper  

integrat ion into formal education.  

Through a methodology based on a mixed methods design,  the users '  

percept ion of one of the leading YouTube channels for STEM disseminat ion in 

Spanish about its potential  educat ional use has been evaluated (N1=912) .  Based 

on th is information,  a content strategy has been developed that i s  al igned with 

its integration into subjects of the Electr ical  Engineering  BSc .  The objective 

was to re inforce abstract concepts related to physics and mathematics ,  and i t  

was used during three academic years in a subject of t he degree,  cover ing 

before,  during ,  and after ERL (N2=157) .  F inal ly ,  after the creat ion of  such a new 

l ine of content on the channel ,  directly  focused on i ts pedagogical  integrat ion,  

a complete analysis of  the channel ’ s  metr ics  grouped in the published videos 

as sample (N3=147)  has been carr ied out ,  with the information obtained 

through the 4,268,071 views achieved in the channel .  A categorizat ion has been 

set between contents  with a disseminat ion  intent ion and contents with an 

educat ional intention.  This dual purpose  al lows for evaluat ing the potential  

educat ional use of disseminat ion channels  and understanding its users '  

behavior and interests .  

This research shows  the broad potential  of  integrat ing multimedia 

disseminat ion resources in the classroom. An increase in  the motivation and 

interest  of  students in STEM-related subjects has been quantif ied,  together with  

an excel lent perception of the main metrics that al low evaluat ing the adequacy 

of mult imedia resources for  educational use,  both in terms of content and 

audiovisual  qual ity .  Moreover ,  i t  can be observed how an adequate integration 

of this type of resources in ERL s ituat ions can contr ibute  to mitigate the decl ine 

in academic performance and improving  the perception of teaching qual i ty in 

these types of forced learning si tuations.  
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These results show the current window of opportunity represented by this  

bidirectional path that connects education with dissemination.  On the one 

hand,  it  reinforces that the teaching staf f  in the formal education of STEM 

subjects can benefi t  f rom the posi t ive aspects of  using these types of materials .  

On the other hand ,  it  establ ishes a framework that encourages  disseminat ion 

content creators to consider new strategic l ines of work,  pr imar i ly  focused on 

the curr icular a l ignment of  their  contents .  This  would increase such resources '  

avai labil ity  and usabil i ty  in the educat ional f ield .  

Based on these ideas ,  future research wil l  s tudy the connections between 

disseminat ion resources and education,  and the dig ital  competences of  

educators and students .  Moreover ,  the use of  educational technologies for the 

didact ics of mathematics wi l l  also be explore d,  as this d isc ipl ine represents  the 

greatest exponent of abstraction .  

Keywords:  conceptual  learning,  didact ic videos,  digi tal  competences,  d istance 

learning,  educational  technologies ,  learning dif f icul t ies ,  STEM education,  

video-based learning .  
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Resumen 

Los estudios relacionados con Ciencia,  Tecnología ,  Ingenier ía y Matemáticas  

(STEM, por sus s iglas en inglés) presentan retos específ icos para sus 

estudiantes ,  que se vieron enfatizados durante la Enseñanza Remota de 

Emergencia (ERL,  por sus s iglas en inglés)  debido a la pandemia del  COVID-19 

en 2020.  Estos retos  están fundamentalmente re lacionados con la amplia 

presencia de conceptos abstractos en sus temáticas ,  as í  como con la dif icul tad 

para trazar conexiones entre las dist intas áreas conceptuales que com ponen 

sus t i tulaciones .   

Los recursos audiovisuales han demostrado ser de uti l idad como apoyo 

pedagógico en la mitigación de estos inconvenientes .  Sin embargo,  su  

adecuada creación por parte del docente requiere de un nivel  avanzado de 

competencia dig ital ,  así  como de una gran invers ión de t iempo y recursos .  No 

obstante,  los materiales  audiovisuales de divulgación disponibles  en internet  

pueden ser út i les para cubr ir  este vacío.  En esa l ínea ,  esta tes is  doctoral  se 

centra en el  estudio del valor pedagógico de recursos de divulgación  STEM a 

part ir  de métr icas consensuadas en la l i teratura actual .  

Mediante una metodología basada en un diseño de método mixto ,  se ha 

evaluado la percepción de los usuarios  (N1=912) de uno de los  principales  

canales de YouTube de divulgación STEM en español  sobre su potencial  valor  

educat ivo.  A part ir  de esta información,  se ha desarrol lado una estrategia de 

contenidos al ineada con su integración en asignaturas  del  Grado en Ingenier í a 

Eléctr ica .  El  objetivo consist ía en reforzar  conceptos abstractos relacionados 

con las áreas de Fís ica y Matemáticas ,  y  se empleó empleada durante tres  

cursos académicos en una asignatura del grado,  cubriendo el  antes ,  durante y  

después de la ERL (N2=157) .  Finalmente ,  tras  la creación de esta nueva l ínea de 

contenidos en el  canal ,  directamente enfocada a su integración pedagógica,  se 

ha real izado un anál is is  completo de las métr icas del  canal  agrupadas en la 

muestra de v ídeos publicados (N3=147) ,  con la información obtenida a través 

de las 4 .268.071 v is itas recib idas en el  canal .  Se ha establecido una 

categorización entre contenidos de intencional idad divulgativa y  contenidos 

de intencional idad educat iva.  Esta intención dual permite evaluar el  potencial  

uso educativo de canales de divulgación,  as í  como entender el  comportamiento 

y los intereses de sus usuarios .   

Los resultados de esta investigación ponen de manif iesto el  ampl io potencial  

de la integración de recursos mult imedia de divulgación en el  aula.  Se ha 

cuanti f icado un aumento de la motivación e interés del  alumnado por las  

materias relacionadas con las disc ipl inas  STEM, as í  como una excelente 

percepción sobre las principales métricas que permiten evaluar  la adecuación 

de los contenidos multimedia para uso educativo .  Además,  se ha podido 

apreciar cómo una adecuada integración de este t ipo de recursos en 



ix  

s ituaciones de ERL puede contr ibuir  a mit igar  el  decaimiento del rendimiento 

académico,  as í  como mejorar  la percepción sobre la cal idad docente.   

Estos resultados ponen de manif iesto la  actual ventana de oportunidad que 

supone este camino bidireccional entre la educación y la divulgación.  Por un 

lado,  se refuerza que los docentes de materias STEM puedan aprovechar los  

benefic ios de este t ipo de recursos .  Por otro lado,  se establece un marco capaz 

de fomentar que los creadores de contenido de divulgación consideren nuevas 

l íneas estratégicas de trabajo especialmente dir igidas a la al ineación curr icular  

de sus contenidos .  Esto dar ía lugar a un aumento en la d isponibil idad de 

recursos y en su ut i l idad para el  ámbito educativo .  

Tomando este testigo,  las futuras l íneas de investigación profundizarán en 

el  estudio de las conexiones entre los recursos de divulgación y la educación,  

así  como en las competencias dig itales para educadores y alumnos.  Además,  

también se explorará el  uso de las tecnologías educativas para la didáct ica de 

las matemáticas ,  ya que esta discipl ina representa el  máximo exponente de la 

abstracción.  

Palabras clave:  aprendizaje conceptual ,  competencias digi tales ,  educación a 

distancia,  educación STEM,  métodos audiovisuales en pedagogía,  problemas de 

aprendizaje ,  tecnología educativa,  vídeos educat ivos .   
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Preface:   
Explor ing the boundar ies of dissemination  

20 

  

“ 

We’ve arranged a soc iety based on science 

and technology ,  in which nobody understands 

anything about science and technology […] 

Science is more than a body of knowledge.  

I t ’ s  a way of thinking . A way of skeptical ly  

interrogating the universe with a f ine 

understanding of human fal l ibi l i ty” .  

Carl  Sagan 

Extract of h is last interview, on the 27 t h  of May 1996  

Note from the author :  This preface aims to serve as a ref lex ive introductory 

space;  a place to share the debates and open quest ions that  led to the 

development of this doctoral  thes is .  This preface does not intend to present 

scientif ic results or facts .  Instead,  i t  aims to openly ponder the ex ist ing debate 

about the role and boundaries of publ ic disseminat ion and  its interconnections  

with other mechanisms for knowledge communicat ion ,  such as academic 

disseminat ion,  educat ion,  or journal ism . I t  also aims to provide a descriptive 

defini t ion of the concept of d isseminat ion that wil l  be used in this doctoral  

thes is .   
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0. Preface: 
Exploring the boundaries of 
dissemination 

Human beings are born with an intr ins ic capacity for learning  (Beard,  2018) .  

This feature,  provided by the ways of evolution,  has al lowed our species to 

develop in unimaginable ways ,  f rom the essential  ski l ls  that keep us al ive to 

the unprecedented technological  revolut ion of the present.  

When thinking about the consti tuting elements defining each one of us ,  I  

was inspi red by the fol lowing reasoning 5 presented in the dissemination book 

How We Learn : the new science of education and the brain  (Dehaene,  2021) .   

The formation of every  human starts with a code composed of  twenty -three 

chromosomes containing three bi l l ion pai rs of  molecules A,  C ,  G ,  and T 

(adenine,  cytosine,  guanine ,  and thymine) .  This represents ,  when translated to 

information,  a codif ication of two bits for each of the four letters of the genome 

(00,  01,  10,  and 11) ,  leading to a total  of  s ix  bi l l ion bits .  By t ranslating this to 

the bytes used in computational systems (composed of sequences of eight bits) ,  

the human genome would be equivalent to about 750 megabytes of  

information (which can be stored in an old-fashioned CD-ROM) .  

This is  enough to be init ia l ly  stored in a s ingle fert i l ized egg,  acting as i f  i t  

were the instal ler of  an Operating System (OS) .  In an adequate environment,  

such fert i l ized egg wil l  develop our whole body,  as  the computer where such 

OS wil l  run.  Therefore,  i t  wil l  be able to create an entire body containing one 

brain with a computing capacity of over one hundred terabytes  (Dehaene,  

2021) .  This is  a hundred thousand times more than the information ini t ial ly  

stored in our genome.  And th is newly developed brain wi l l  be ready to learn.  

Therefore,  learning becomes necessary for  our complete development,  as i t  

would not be possible to store such a high amount of information ,  plus the 

recipe for our body,  only in the fert i l ized egg where it  al l  began.  Similarly  to 

our computers being able to instal l  programs that enhance their  speci f ic  

capabil it ies ,  our brains are wired with such  an intr ins ic abil i ty  to develop and 

 
5 Note that  thi s  i s  not intended to represent a  sc ient i f ica l ly  accurate  and ful ly  

developed  reasoning ,  but rather  a  br ief  introductory  re f lect ion of  the role of  learning  
(which i s  not  exc lusi ve  for  our  spec ies) .  
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learn new knowledge and ski l ls .  This  can be done by s imple observation  and 

repl ication or through our abstraction capabil ity .   

According to Dehaene (2021) ,  learning consists of  four fundamental  pi l lars :  

attent ion,  active engagement,  error feedback ,  and consol idation.  F igure 1 

shows a schematic view of these p i l lars .  

 

Figure 1 .  Schematic  v iew of  Dehane’ s  four  pi l la r s  of  learning .  

1.  The f irs t one ,  attention,  emphasizes that effect ive learning begins with 

showing an interest in  the information received as input.  Without focused 

attent ion,  learning is  imposs ible .  In educational sett ings,  teachers play a 

crucial  role in captur ing students ’  attent ion through engaging methods 

such as thought-provoking questions,  var iations in thei r  tone of voice ,  or 

encouraging interaction.  Clear explanations about what to focus on,  

pr ior it iz ing information,  and repeti t ion are essent ial  for adequately  gaining 

the student’s  attent ion.  Thus,  our attention is  a select ive f i l ter ,  focusing on 

specif ic  information while lett ing other detai ls  pass by .  

2 .  Then active engagement is  crucial  for retention.  Students should ask 

quest ions,  formulate hypotheses ,  and apply what they have learned to t ruly 

understand the information they receive .  Mere pass ive l is tening is  

ineffect ive for learning ,  and th is intel lectual  effort should not be dismissed 

when try ing to anchor knowledge in our brains and memory .  An active 

approach contr ibutes to effect ive learning.  

3 .  Error feedback comes next ,  emphasiz ing the role of errors in the learning 

process .  When we understand the reasons for those errors ,  they are crucial  

contr ibutors to learning effect ively .  Constructive feedback helps identify  
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mistakes and correct them. In th is sense,  our brains are wired to operate 

fol lowing a closed cycle predict ion and error correction ,  leading to 

successive adjustments that faci l i tate learning.  

4 .  Final ly ,  knowledge consol idation is  the fourth pi l lar  of  learning.  This 

process i s  fostered by repet it ion and sleep ,  al lowing our brain to sol id i fy  

what we have learned.  Therefore,  s leep plays a crucial  role in memory 

formation,  retention,  and consol idat ion .  In other words,  s leeping is  

essential  for effective long-term learning .  

This learning process  al lows us to effect ively learn f rom the information we 

receive through various knowledge communication methods .  From ancestral  

oral  transmission to the wri tten word  and evolv ing to more modern and 

structured mechanisms ,  communication al lows indiv iduals and societies to 

share their  knowledge  and prosper .  

0.1 Conjoined Ellipses of Knowledge 
Communication: The Four Mechanisms 

Knowledge,  as the cornerstone of individual and col lective  advancement  

(Bindé,  2005) ,  i s  generated through the processing of information that can be 

transferred in an appropriate representation to an adequate act iv i ty  (Simske,  

2019) .  There are several  types of knowledge,  such as basic knowledge,  typical ly  

acquired spontaneously ,  without a methodology ,  just because we are al ive and 

in contact with our surroundings;  technical  knowledge,  which is  dependent on 

certain social  structures  and requires special ized and thorough methodology ;  

and cr i t ical  knowledge,  coming from a r igorous methodology with logical  

coherence that is  based on observation and deep ref lection  (Di Marco Morales ,  

2015) .  Th is i s  the case with scientif ic or philosophical  knowledge.  

Crit ical  knowledge is  pr imari ly  generated through r igorous observation ,  

research,  and ref lect ion.  Once avai lable,  i t  should be communicated and 

transferred to peers  and society .  Figure 2 presents a Venn diagram that 

i l lustrates th i s  thesis ’  proposal  for structuring the mechanisms for knowledge 

communication.  I t  represents the Conjoined El l ipses of  Knowledge 

Communicat ion:  academic dissemination,  journal ism, education,  and public  

disseminat ion .   

As represented in F igure 2,  these four mechanisms also overlap in several  

common spaces .  The fol lowing subsect ions wil l  elaborate on each mechanism 

and i ts interconnections.  This classi f ication intends  to define and del imit the 
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concepts that this doctoral  thes is refers to so that it  can  later focus on the 

specif ic case of public  disseminat ion and i ts  interconnection with educat ion.  

 

Figure 2 .  Conjoined El l ipses o f  Knowledge Communicat ion :  Proposed V enn diagram.  

Academic dissemination  

Once new scientif ic knowledge is  generated through research ,  academic 

disseminat ion becomes a cr i t ical  mechanism for the transmission of  knowledge 

within the academic community and beyond (Ross-Hel lauer et al . ,  2020) .  

Academic dissemination is  the act of sharing research results  with peers  

through academic articles and other forms of academic communicat ion (NIHR,  

2019) .  

The primary method of academic dissemination is  publ ish ing papers in 

academic journals .  These peer -reviewed journals promote the val idity and 

qual i ty of  the research  and also serve as a platform for researchers to share 

thei r  f indings with the global academic community so that  they are 

reproducible 6 and repl icable 7.  Conferences and seminars are also standard 

methods by  which researchers  can  present their  work.  These gatherings provide 

 
6 Reproducibi l i ty :  obta in ing cons istent  resul ts  us ing the same data as  the or ig inal  

study .  
7 Repl icabi l i ty :  obta ining  consis tent resu lt s  us ing new data or  new computat ional  

resul ts  to  answer the same sc ient i f ic  quest ion .  
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an opportunity to discuss new f indings ,  receive feedback,  and engage in 

scholarly  debates that often foster col laborat ion and networking.  Academic 

books also play a crucial  role in academic disseminat ion,  providing a structured 

and comprehensive analysis o f  a particular subject ,  usual ly  div ing into it  with 

a depth and breadth that cannot be achieved in s ingular journal  or conference 

art icles .  

Once the research has been published,  academic and social  networks such 

as ResearchGate and Academia.edu have emerged as s ignif icant tools for 

academic dissemination.  These platforms al low scientists to share their  

research,  receive feedback,  engage in dis cussions,  and col laborate with peers  

worldwide.  Insti tut ional repos itor ies ,  where universi t ies and research 

insti tut ions archive and make avai lable the outputs of their  researchers ,  are 

also a formal way to disseminate research results .  

Moreover ,  the publication of preprint archives is  gaining populari ty among 

researchers .  This al lows them to share their  f indings with peers  before they 

undergo a peer rev iew process for formal publication.  This wil l  enable them to 

obtain feedback that would enhance the f inal  version of the paper and increase 

its vis ibi l i ty  and ci tations during the review and publ icat ion phases .  

Academic disseminat ion involves al l  the practices with which researchers  

share thei r  resul ts with peers .  These methods ensure the knowledge generated 

is  shared,  scrutinized,  and buil t  upon. In this regard,  the open access movement 

is  also advocat ing for f ree and unrestr icted access to research outputs ,  al lowing 

anyone with internet access to read the published article and,  thereby,  

increasing the reach and impact of research  (Björk ,  2017) .  This  culture of  

openness and col laborat ion al lows continuous learning with in the academic 

community ,  as well  as  an easier transfer  of  the knowledge generated to society  

through other complementary mechanisms  (Al len & Mehler ,  2019) .  

Education 

Education is  usual ly  categorized into formal  educat ion ,  non-formal education,  

and informal education learning (UNESCO, 2012) 8.  This subsect ion intends to 

define thei r  scopes brief ly .  

Formal educat ion is  a  tradit ional ,  di rect ,  and regulated form of knowledge 

communication .  I t  consists of  the systematic instruct ion of knowledge f rom 

teachers to students in educational inst itutions through speci f ic regulated 

 
8 According to the Internat ional  Standard Class i f i cat ion of  Educat ion ( ISCED) in i t s  

latest  vers ion f rom 2011.  
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curr icula (Johnson & Majewska,  2022) .  Completing formal education often leads 

to degrees ,  diplomas,  or cert i f icates that val idate a person’s knowledge and 

ski l ls .  

“Formal educat ion is  the highly inst itutional ized,  chronological ly  graded,  

and hierarchical ly  structured  “education system”,  spanning lower primary  

school and the upper reaches of the univers ity” ,  Coombs and Ahmed (1974) .  

The knowledge generated from research is  considered for its  progressive  

integrat ion into the educational curr iculum. This curr iculum is then taught in 

schools ,  col leges,  and universi t ies ,  ensuring that students are equipped with 

the latest and most relevant f indings and developments in var ious f ields of  

knowledge.  Teachers ,  professors ,  a nd other educators play a pivotal  role in this  

process ,  as they not only impart  knowledge but also st imulate curios ity  and 

cr i t ical  th inking.  

The educat ional insti tutions provide a conducive envi ronment for knowledge 

transmission ,  of fer ing a space where ideas can be discussed,  debated,  and 

understood in depth.  The l ibrar ies ,  laboratories ,  and dig ital  platforms within 

these institutions serve as knowledge repositor ies ,  fac i l i tating easy access to 

vast information.  Furthermore,  education also involves the pract ical  appl ication 

of knowledge faci l i tated through laboratory experiments ,  f ield tr ips ,  

internships ,  or projects that al low students to exper iment their  knowledge in 

real -world s ituations .  

Non-formal educat ion shares some character ist ics with formal education,  as  

it  i s  a lso inst itutional ized,  intentional ,  and planned by educational providers .  

However ,  i ts  pr imary role is  to complement or supplement formal education 

within the broader context  of l i felong learning  (UNESCO, 2012) .  I t  aims to 

ensure universal  access to education,  addressed to people of al l  ages ,  

regardless of thei r  educat ional  background. In that sense,  non -formal 

educat ion does not necessar i ly  adhere to a continuous pathway .  I t  may consist  

of  short-duration programs,  workshops ,  or seminars .  

Final ly ,  informal educat ion is  the process of intentional learning that is  

voluntary to each individual but i s  not insti tutional ized.   Unl ike formal or non-

formal education,  informal learning lacks str ict organizat ion and structure  

(UNESCO, 2012) .  I t  encompasses a wide range of activi t ies that take place in 

var ious contexts ,  such as family ,  workplace,  local  community ,  and daily  l i fe .  

Individuals engage in informal  learning on a self -directed,  family -directed,  or  

social ly -directed basis .   

L ike formal and non-formal educat ion ,  informal learning dif fers from 

incidental  or random learning,  which occurs during day -to-day act ivit ies 

without speci f ic educational intent.  This  frontier between informal and 
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incidental  learning is  of ten where individuals learn f rom journal ism or publ ic  

disseminat ion resources .  Either with an informative purpose or as a cultural  

enterta inment product,  both communication mechanisms can provide a 

learning experience without being i ts pr imary intention.  

Journalism 

Journal ism is also a tradit ional form of communicating knowledge to society  

with informative purposes  (Splendore,  2022) ,  related to relevant topical  issues .  

I t  involves producing and distr ibut ing informative content,  br idging events ,  

facts ,  ideas ,  and people ,  and providing society with easy -to-access information 

to understand the wor ld.   

Journal ism is usual ly  focused on a social  purpose,  shaped by dif ferent 

approaches .  I t  can be focused on reporting topical  issues ,  a iming to present 

information about events to al low the public  to be informed and build up  their  

own opinions.  Invest igat ive journal ism also a ims to expose corruption,  injustice,  

or wrongdoing,  contr ibuting to transparency and accountabil ity .  In th is sense ,  

i t  also seeks to scrutinize those in pos it ions of authori ty ,  whether in 

government,  business ,  or other inst itutions.  By systematical ly  quest ioning 

decis ions,  pol icies ,  and actions,  journal ism is intended to hold power 

accountable in front of  society .  F inal ly ,  i t  a ims to serve as a source of  

information through well - researched art icles ,  interv iews ,  and reports .  I t  

provides context ,  analysis ,  and diverse perspect ives for topical  issues ,  al lowing 

the public to form informed viewpoints .  

Therefore,  journal ism communicates  knowledge with an informative 

purpose,  general ly  l inked with relevant topical  i ssues and with a social  aim 

(Chadwick,  2019) .  Conceptual ly ,  i t  helps providing local ,  national ,  and 

international information hubs that keep society updated with recent events ,  

foster  discuss ions,  and debate .  Ul t imately ,  journal ism intends to report on 

culture and contr ibute to it ,  shaping cultural  narratives and engaging  with 

art is t ic  express ions .  In an ideal  execut ion of  the profession,  journal ism should 

also faci l i tate democratic processes by enabl ing campaigning,  debating,  voting ,  

and extracting accountabil i ty .   

However ,  journal ism can also manipulate the information people are 

exposed to,  faci l i tate targeted advertis ing,  or  increase  polar ization .  The scarci ty  

of resources in tradit ional media,  together with their  competit ion with social  

media for attention and cl icks  (fundamental  for earnings through 

advertisement) ,  has also condit ioned the qual i ty of  the f inal  product  that  

journal ism can del iver  (Arroyas Langa,  2011;  González Férr iz ,  2023;  Pérez Latre ,  
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2022) .  Such scarci ty of resources has made journal is t ic work more precarious  

and drast ical ly  reduced the number of special ized journal ists  working for 

tradit ional mass media  (Garc ía López,  2023;  Pérez Latre,  2022) .  This implies that  

general  journal is ts ,  f requently exposed to multitasking and work overload,  take 

on specif ic topics such as science,  economy, pol it ics ,  or culture .  This s ituat ion 

l imits an adequate dedication  to contrast  information and contextual ize it  

effect ively  (Pérez Latre,  2022;  Sáinz Peña,  2013) .  Therefore ,  i t  becomes 

necessary to restructure journal ism and the way it  operates so that the 

tradit ional media can guarantee that their  activi ty ful f i l l s  the expected mission 

of the journal ist ic activi ty  (Diezhandino Nieto,  2012;  González Férr iz ,  2023;  

Pérez Latre,  2022) .   

Meanwhile ,  in such a journal is t ic landscape ,  which brings credibil i ty  into 

quest ion the public  must be  able to contrast  the sources and veri fy  their  

veracity before creat ing an opinion  or adopting what is  received as  their  own.  

Public dissemination 

Public d issemination is  a powerful  mechanism for communicating knowledge 

to society .  I t  involves using var ious platforms,  formats ,  and strategies to 

communicate sc ient if ic f indings and other knowledge to a non -special i st  

audience.  

Even though the  concept of disseminat ion  ini t ial ly  resorts to t radit ional  

formats such as books or documentaries ,  i t  represents a wide variety of  

products and activi t ies .  These formats  can be public lectures ,  science festivals  

and fairs ,  social  media,  blogs ,  videoblogs or podcasts ,  for example .  There are 

also other publ ic disseminat ion approaches that intend to present the most 

engaging vers ion of knowledge communication benefi tt ing from 

unconvent ional formats such as comics ,  board games,  or  even comedy 

monologues 9.   

Moreover ,  with this var iety of formats ,  several  scopes and purposes  can be 

addressed.  Publ ic disseminat ion is  a form of  cultural  enterta inment,  but it  can 

also serve social  purposes ,  as  represented by the world-renowned documentary  

ser ies “Cosmos:  A Personal Voyage”  (Sagan,  1980) .  I t  can share spaces  with 

journal ism, for example,  in the form of scientif ic sections for newspapers or 

magazines ,  which fosters a scient if ic cul ture through the publication of  

 
9 See FameLab internat ional  in i t iat ive ,  o rganized by the Br i t i sh Counci l :  

https : / /www.br i t i shcounc i l .org/educat ion/he -sc ience/famelab  (Accessed 29/04/2024) .   

https://www.britishcouncil.org/education/he-science/famelab
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informative art icles  about topical  issues combined with more generic  

disseminat ion art icles  (SMC, 2022) .   

Publ ic d isseminat ion can appear on our l ibrar ies ’  most relevant shelves to 

meet society knowledge demands  in the form of informal learning .  I t  can also 

conquer  prime-t ime spaces in mass media  (Sanz Ezquerro,  2015) ,  foster ing 

incidental  learning,  such as the science shows presented in El  Hormiguero  

(Catela,  2024) ,  or the scient if ic late-night show Órbita Laika  (Polo,  2023) .  I t  also 

spreads through radio with dedicated nat ional programs such as Serendipias  

(SER,  2022) and through every s ingle social  media platform through the voice 

of scienti f ic inf luencers (Meneses ,  2024) .  Moreover ,  publ ic dissemination can 

also fulf i l l  the inst itutional goals of  the research centers and univers it ies ,  

al lowing their  research to gain public vis ibi l i ty  (Sánchez Fundora & Roque 

García,  2011) .  I t  is  also considered by some as a social  duty (García Molina ,  

2021) .  Last ,  publ ic disseminat ion has gained populari ty as  a valuable 

complementary resource to enr ich formal education (Escobar Ort iz  & Rincón 

Álvarez ,  2018;  Glock Maceno et al . ,  2023) .  I t  can also work as a complementary  

tool  to foster curiosi ty  about certain knowledge domains ,  which the audience 

might further explore through formal ,  non-formal ,  and informal  education 

(Buitrago & Torres Ortiz ,  2022a) .  

Therefore,  i t  i s  by far  the most “elast ic” mechanism for knowledge 

communication,  as i t  spreads through platforms of highly  d iverse nature.  I t  is  

also remarkably versati le  in terms of purpose and scope and can act in a 

complementary way with education,  journal ism, and academic disseminat ion.  

This might be due to the lack of a  wide own space,  as i t  happens for education,  

with educat ional centers ;  for  academic disseminat ion ,  with universi t ies and 

research centers ;  and for journal ism, with mass media ( te levis ion,  newspapers ,  

or radio) .  Through decades,  dissemination has t r ied to f ind i ts way into those 

spaces,  adapting to their  character ist ics  and developing synergies with the 

communication mechanisms owning such spaces.  With the irrupt ion of social  

media,  there is  a neutral  space where public  disseminat ion can ful ly  develop .  

Thus ,  modern dissemination acts in a wide range of spaces,  spreading not 

only in i ts own channels and formats  but also coexist ing with other mechanisms 

for knowledge communication.  For this to be successful ,  i t  is  crucial  to always 

define a clear target audience for each dissemination activi ty or product,  which 

is  key to defining its  scope and character ist ics .  This impl ies that  f inding an 

adequate,  universal ly  val id defini t ion of  what public  dissemination is  and what 

it  a ims for i s  not tr iv ial .  Consequently ,  the fol lowing sect ion wil l  address this  

issue,  a iming to open a space for ref lect ions that wil l  further def ine the concept 

of public dissemination to which this thesis refers to ,  as well  as its  boundaries  

and relat ions with other mechanisms for knowledge communication .  
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Interconnections between the mechanisms for knowledge 

communication 

In the subsections above ,  each one of  the mechanisms for knowledge 

communication has been introduced. There is  now common ground to 

understand each of the Conjoined El l ipses of Knowledge Communication  (see 

Figure 2) :  academic disseminat ion,  f rom academics to academics ;  educat ion,  

f rom educators to students ;  journal ism,  from journal ists to society ;  and public  

disseminat ion ,  f rom disseminators to society .  However ,  what about thei r  

interconnections?  

However ,  as previously represented in Figure 2 ,  there are several  overlaps 

referr ing to the common areas where more than one communication 

mechanism can operate .  F igure 3 is  complementar i ly  highl ighting these 

overlaps,  which represent the synergies between the four main el l ipses :  the 

spaces where a s ingle activi ty  or resource can address a dual intention towards 

more than one mechanism for knowledge communicat ion.  

 

Figure 3 .  Schematic  v iew of  the interconnect ions between the mechanisms for  

knowledge communicat ion .  

There can be an extensive number of examples ,  al l  of  them representing the 

versati l i ty  of  the communicat ive environment.  For instance ,  academic 

disseminat ion and journal ism meet  in ini t iatives  such as The Conversation 10 

plat form.  It  publ ishes news and informative content exclusively  wri tten by 

academics and researchers  a iming to reach society  with an informative 

 
10 https : / / theconversat ion .com  (Accessed 04/05/2024) .   

https://theconversation.com/
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summary of thei r  research .  Another example of these interconnections between 

academic disseminat ion and educat ion would be the  conferences organized for 

young researchers ,  who are al lowed to explore the world of academic 

disseminat ion dur ing thei r  s tudies .  Academic disseminat ion and public  

disseminat ion also meet in init iatives such as the  “Three Minutes Thesis” 11 

contests ,  which started as a trend some years ago in univers it ies  worldwide .  

Similar ly  to the other cases ,  there i s  a clear interconnection between journal ism 

and public disseminat ion when considering the sc ience section of newspapers ,  

TV,  or radio science programs,  etc .  

With the same reasoning,  more than two communication mechanisms might 

serve as an operating area for other types of formats .  Ul t imately ,  certain 

activi t ies or resources might also f i l l  the gap left at the center of the Conjoined 

El l ipses of Knowledge Communication.  However ,  the more application s a 

resource meets ,  the more l ikely i t  is  to become too generic and not excel ,  as it  

does not address  a well -def ined target audience .  

Considering al l  the aspects presented in this section,  the fol lowing sections wil l  

further explore the communication mechanisms object of study in this doctoral  

thes is .  Therefore ,  the next section wil l  elaborate on the speci f ic role and 

boundar ies of publ ic disseminat ion,  with the part icipation of several  

profess ionals of science disseminat ion from di fferent perspectives  and with 

var ious aims.  I t  wil l  be fol lowed by a f inal  sect ion about the interconnections 

of public dissemination and education  as a framework working area for th is  

doctoral  thesis .  

0.2 The role and boundaries of public 
dissemination 

Intending to provide a broad defini t ion,  publ ic disseminat ion can be 

considered as the set  of activi t ies and actions of analyzing,  explaining ,  and 

populariz ing knowledge ,  culture ,  and cr it ical  th inking.  And,  though this  

def ini t ion partial ly  overlaps with journal ism and educat ion,  there is  a main 

dif ferent ial  factor :  while journal ism mainly  intends to inform about topical  

issues and education intends to provide specif ic  academic knowledge and 

ski l ls ,  publ ic d isseminat ion normally aims to generate and sat isfy  curiosi ty in 

the form of informal learning .  Moreover ,  th is activi ty should be carr ied out 

attractively and entertainingly ,  adapted to the target audience’s  knowledge  

 
11 https : / / threeminutethesi s .uq .edu .au   

https://threeminutethesis.uq.edu.au/
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(Calvo-Hernando,  2002) .  This i s  a imed at foster ing the active engagement 

process in the audience,  which is  a cr i t ical  e lement of the learning process (see 

Figure 1) .  However ,  this might be a l imit ing factor in the depth of the 

explanations.  

Publ ic d issemination of knowledge,  therefore,  has its own operat ing area .  

The intentional part ial  over lapping of the previous descr ipt ion  with education 

and journal ism considers  the fact that public dissemination can operate in 

coexistence with ei ther (as exposed in the sect ion 0 .1 ) .  In this doctoral  thes is ,  

therefore,  publ ic  disseminat ion (which wil l  be frequently abbreviated as  just 

disseminat ion) wil l  address such a succinct def ini t ion 12.   

On the one hand,  i t  wil l  act as a hypernym of other f requently used terms 

such as social  communication of sc ience,  sc ience outreach,  or publ ic awareness  

of science.  In this case,  understanding  the concept of  sc ience as a broad term 

is not restr icted to a specif ic knowledge domain  but to a more comprehensive  

range of discipl ines :  empir ical  sc iences,  appl ied sciences  and technology ,  social  

sciences ,  humanities ,  etc .  

On the other hand,  it  wil l  leave the concept of science communicat ion as a 

broader idea cover ing al l  forms of communication previously presented:  

academic disseminat ion,  education,  journal ism, and public d issemination .  The 

report “Science and the Public :  A Review of Science Communicat ion and Public  

Att itudes to Science in Bri ta in ”  (Off ice of Science and Technology & Wellcome 

Trust ,  2000) ,  def ines science communication as a term covering al l  the 

abovementioned mechanisms for knowledge communication,  encompass ing 

communication between:  Groups within the scient if ic community ,  including 

those in academia and industry ;  the scient i f ic community and the medi a;  the 

scientif ic community  and the public ;  the scientif ic community and the 

Government,  or others in posi t ions of power and authori ty ;  the sc ient if ic 

community and the Government,  or others  who inf luence pol icy ;  industry and 

the public ;  the media ( including museums and science centers ) and the public ;  

and the Government and the public .  

Entertainment and social purposes 

Public dissemination is  by far the broadest mechanism for  knowledge 

communication.  I t  can host a multiple var iety of formats ,  aims and  

communicative voices .  Moreover ,  i t  also spreads through entertainment and 

 
12 The equiva lent  term in  Spanish would be divulgación ,  or  divulgación c ient í f ica .  I t  

wi l l  act  as  hypernym of  comunicación social  de  la c iencia ,  comunicación públ ica de 
la c ienc ia ,  popular ización c ient í f ica ,  vulgar izac ión c ient í f ica ,  or  d i fusión c ient í f ica .  
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social  purposes .  This implies that a global def ini t ion of publ ic d issemination 

and i ts boundaries  might also benefi t  f rom the multiple nuances that can be 

provided by i ts di f ferent approaches .  

With th is aim, f ive renowned Spanish science disseminators have been 

interviewed for this section:  Javier Santaolal la ,  Maite Ir iondo de Hond , Ignacio 

Crespo,  Laura Torib io San Cipriano,  and Santiago Campil lo .  This col laborative 

discussion aims to present a common perspect ive about the role of publ ic 

disseminat ion and i ts boundar ies .  F irst ,  intending to understand their  

indiv idual  approach toward science dissemination,  they were asked about the 

mission of their  communicat ion act iv ity :  

•  Javier Santaolal la :  As an inf luencer with an academic 

background and a strong vocation towards formal and 

informal  education 13,  h is act iv ity mainly focuses on public  

disseminat ion and its intersection with education .  “ I  try  

to contr ibute to people’s l i ves .  I t  is  not only  a matter of  

educat ion or knowledge,  but also the poss ibi l i ty  of  

br inging posi t ive feel ings such as joy ,  wellness ,  or hope ” .  
 

•  Maite Ir iondo de Hond : As a Scienti f ic and Technological  

Evidence of f icer  at  Oficina C 14,  also with an academic 

background,  I r iondo considers that her activ ity is  spread 

over academic dissemination and public disseminat ion.  

“ In Ofic ina C ,  our mission is  to provide the Congress of  

Deputies with scientif ic evidence on topics  of interest  

and to fac i l i tate the dialogue between the scientif ic  

community and the deputies .  We aim to contr ibute to 

informed decis ion-making so that sc ient if ic knowledge is  

considered another dimension of parl iamentary work ” .  

 

•  Ignacio Crespo :  As a disseminat ion professional t ightly  

involved in several  Spanish mass media outlets 15,  he 

catalogs h is act iv ity mainly in public dissemination and 

i ts  intersect ion with journal ism. “ I  want to evidence that 

science is  also part of  our culture,  and it  is  interesting 
 

 
13 Dr .  Javier  Santaola l la :  Physics PhD and MSc ,  and Telecommunicat ions  Engineer .  

Sc ience Di sseminator .  Content creator  in  T ikTok ,  Instagram and YouTube ,  wi th  more 
than 10 mi l l ion  fol lowers  in  tota l .  Cofounder  o f  Amautas ,  Big Van Ciencia  and Scenio .  

14 Dr .  Maite  I r iondo de Hond :  Food Sc ience PhD ,  B ioinformatics  MSc ,  and Agr iculture 
Engineer .  Sc ient i f ic  and Technological  Evidence Off icer  at  the Spani sh Sc ience and  
Technology Off ice of  the Congress  o f  Deputies ( Ofic ina C ) .  

15 Ignac io Crespo:  Cognit ive Neurosc ience specia l i s t  and Medical  Doctor .  Sc ience 
Disseminator .  Di rector  o f  the Sc ience Sect ion a t  La Razón ,  and host  of  the nat iona l  
radio program Serendipias  at  Cadena SER .   
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when we can overcome the barr iers imposed by its  

terminology and intr insic complex ity ” .  

•  Laura Tor ibio San Cipriano :  As an act ive researcher 16,  she 

mainly places her activi ty in academic dissemination and 

public dissemination,  with a complementary tendency 

towards educat ion.  “ I  intend to tackle two paral lel  

missions .  The f i rs t one focuses on young people,  br inging 

them closer to science so they can consider it  a future 

career .  The second one is  to foster science for everyone;  I  

try  for people not to feel  that the scientif ic wor ld does 

not belong to them, that i t  is  far away from thei r  real i ty ” .  

 

•  Santiago Campil lo :  As a disseminat ion professional 17,  

Campi l lo considers that h is activi ty is  mainly covered in 

the public d issemination area,  with a c lear tendency 

towards journal ism. “Professional ly ,  most of my work is  

informative,  tending to journal ism. However ,  when 

disseminat ing through my channels ,  I  aim to offer  

informative tools to society  for them to make contrasted 

and real is t ic decis ions on dif ferent topics ” .  Such act iv ity  

mainly focuses on a meta-disseminat ion approach ,  

presenting an analys is of  trends and tools  for science 

disseminat ion and communication.  

 

Democratizing knowledge 

When asked about the role of publ ic d issemination,  al l  interviewees agreed on 

its importance in building  bridges between science and society .  “ I t  is  a way to 

bring scientif ic knowledge closer to society ” ,  says Javier  Santaolal la .  However ,  

this concept is  not restr icted to science as a f ield of knowledge.  In this regard,  

both Ir iondo and Toribio highl ight that disseminat ion is  a tool  that al lows the 

democratizat ion of knowledge (of any discipl ine) ,  making it  accessible to  the 

general  publ ic .  However ,  the science disseminator should careful ly  consider the 

veracity of the messages included in the disseminat ion a ctivi ty or product.  The 

 
16 Dr .  Laura Tor ibio San Cipr iano :  Ast rophysics PhD and MSc ,  and Mathematic ian .  

Researcher  a t  the Cosmology Group at  CIEMAT ( Centro  de Invest igaciones  Energét icas ,  

Medioambientales y  Tecnológicas ) .  
17 Sant iago Campi l lo :  Molecular  Bio logy and B iotechnology MSc ,  and  Bio logi st .  

Sc ience Di sseminator .  Sc ience Communicat ion advi sor .  Cofounder  of  Vector  
Divulgación ,  Scenio  and Hablando de Ciencia .  
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real  chal lenge rel ies on simplify ing the explanat ions and making them more 

engaging while maintaining r igor  to an optimal extent  (see the fol lowing 

subsection) .   

In th is sense,  Crespo emphasizes that “the sc ienti f ic knowledge is  part of  the 

culture of our civ i l ization” ,  consider ing dissemination as  a tool  for an accessible 

culture for people without the education needed to access such knowledge 

directly .  He continues :  “ Instead of giving people scores of baroque music ,  there 

are chamber orchestras that play it  and make it  interpretable and enjoyable for  

people without a music background. This is  also the case for publ ic  

disseminat ion,  which interprets and transmits k nowledge engagingly ” .  Publ ic 

disseminat ion includes,  therefore,  the process of t ransforming information to 

adapted messages that can reach a wider target audience.  Campil lo remarks 

that “th is process involves changes in format,  channel ,  voice,  formal register ,  

style ,  and even content or message (always maintaining the core of the 

information) ” .   

Today,  more than ever ,  sc ient ists are aware of the relevance of  foster ing 

knowledge transfer to society .  “Results cannot stay in the laboratory” ,  s tates  

Ir iondo.  “But not al l  of  us can act ively engage in disseminat ion act ivi t ies ,  s ince 

workloads are usual ly  very high ,  and this addit ional task requires preparation 

and time” .  Dissemination professionals are needed to contr ibute to the 

democratizat ion of knowledge with r igor and proper  dedication.  However ,  

disseminat ion is  not only  about tel l ing the latest sc i ence news anecdotal ly ,  

which may be more related to the aims of scientif ic journal ism. Toribio adds 

that “ it  is  a lso about digging to the roots to explain how knowledge is  born and 

how we advance in the dif ferent knowledge domains” .  Foster ing cr it ical  and 

scientif ic thinking is ,  therefore,  a  fundamental  part of  the intention of  public  

disseminat ion.   

Disseminating with veracity and optimal rigor 

The advent of social  media has made it  easier for scienti f ic knowledge to be 

shared in a format that is  more accessible and enjoyable for society (Cárdenas ,  

2017) .  I t  has s igni f icantly transformed the communication landscape,  

democratiz ing not only the access to knowledge (from the audience’s 

perspect ive) but also the  disseminat ion of knowledge (from the disseminators ’  

perspect ive) .   

This sh ift  has been largely pos it ive,  as i t  empowers indiv iduals  to share 

information and ideas with the general  publ ic ,  breaking down the barr iers that  

once l imited the spread of knowledge to a select few through tradit ional mass 
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media .  However ,  this democratization also comes with i ts own set of  chal lenges.  

In this regard,  I r iondo expressed that “d issemination in social  media in many 

cases replaces the search in other t radit ional media such as press ,  televis ion,  

or radio.  This brings with it  a great chal lenge for the consumer:  to be able to 

dif ferent iate between evidence-based information among so much 

mis information. ”  I t  i s  not only  a matter of the quantity  of information spread 

through social  media  but also of the fact that social  media have no regulatory 

organizations reviewing and overseeing the disseminated content .  

The ease of access and the abil i ty  to share content  widely ,  together  with the 

lack of such regulatory organizations ,  has led to increased media noise,  with a 

plethora of relevant and i rrelevant information .  More cr it ical ly ,  i t  has 

heightened the r isk of  mis information (Quesada Cubo & Navarro Ardoy,  2023) .  

Fals information can be propagated rapidly  without peer reviews,  checks,  and 

balances ,  leading to confusion and potent ial ly  harmful consequences.  This  

s ituat ion has generated many prejudices from the academic community  

concerning public dissemination,  particularly  regarding the parameters of  

veracity ,  r igor ,  and content qual i ty (Buitrago & Torres Ortiz ,  2022b;  Vizcaíno -

Verdú et al . ,  2020) .  These prejudices are mainly based on the lack of review 

mechanisms to guarantee that the information spread onl ine is  accurate 

enough,  together with the simplif icat ions needed to achieve the public  

disseminat ion purpose appropriately .   

However ,  i t  is  essent ial  to dif ferent iate between the intr insic needs of r igor  

in academic dissemination ,  and the communicat ion needs of public 

disseminat ion.  According to Campil lo ,  “ r igor ,  by  definit ion,  is  related to 

precis ion,  or property .  In the scientif ic world ,  where reproducibil i ty  is  a 

necess ity ,  veracity ,  and qual ity are identi f ied with r igor because precis ion 

al lows the val idation of a hypothes is adequately .  However ,  an excess of 

precis ion,  in a completely di f ferent environment,  such as the communicative 

one,  can be detr imental  to the object ive of the communicat ion i tsel f ” .  I t  is  the 

metonymy between r igor and veraci ty .  Publ ic d isseminat ion must guarantee 

the veraci ty of the information and messages,  but the precis ion ( r igor) would 

be a re lative parameter adapted to the target audience .  

Despite these prejudices ,  i t  is  undeniable that disseminat ion resources exist ,  

and they are both demanded and widely  used.  Not in vain,  Gi l -Quintana et al .  

(2020) documented how edutubers ( educat ional content creators on YouTube) 

might be perceived as  a preferred academic reference for students .  This i s  due 

to some of the characterist ics  of the communicative model used by 

disseminators and edutubers ,  and thei r  high engagement rates and interact ion 

with the audience .  I t  is  t rue that the free c irculat ion of ideas onl ine opens a 

room for pseudoscience content and manipulation .  St i l l ,  the chal lenge of  

public dissemination is  to deal with th is scenario also to provide interesting,  
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engaging,  and truthful  information .  In this l ine,  dissemination materials might 

also be invaluable as didact ic resources .  

The chal lenge,  then,  seems to be related to being able to dif ferent iate 

truthful  information from mis information 18 and dis information 19.  Research 

suggests that fake news spreads farther ,  faster ,  deeper ,  and more broadly than 

the truth (Vosoughi et al . ,  2018) .  Therefore ,  society faces the chal lenge of  

f inding a balance between upgrading cr i t ical  thinking sk i l ls  and the growing 

quanti ty of fake news and information,  and the increas ing speed at  which i t  

spreads.  This  is  not only a problem for truthful  and r igorous  public  

disseminat ion but also for any other form of knowledge communicat ion.  

Therefore,  even though disseminators have the moral  duty of communicating 

truthful  content,  the responsibi l i ty  of  appropr iately select ing r igorous and 

truthful  dissemination content  also l ies in the audience .  As per I r iondo’s v iew,  

“ I t  is  necessary to educate in cr i t ical  th inking so that people can dist inguish 

truthful  information from untruthful  information ” .  In addition to the 

development of these ski l ls  through formal education ,  proper scientif ic  

disseminat ion also contr ibutes to developing cr i t ical  thinking abil i t ies  

(Eagleman, 2013;  Vázquez-Alonso & Manassero-Mas,  2018) .  Sharing the 

knowledge generated through research and the methodology leading to such 

results i s  crucial .  I t  is  not only  a matter of sharing knowledge but also foster ing 

scientif ic and cr i t ical  thinking.  “Otherwise ,  pseudoscience and other fake 

information wil l  occupy a wider space in the communicat ive landscape,  and it  

can be dangerous” ,  s tates Laura Toribio.  

I t  is  of ten presumed that the communicating party possesses advanced 

knowledge of  the specif ic  topic being disseminated,  which is  to be transferred 

to the general  publ ic  (Kohler  & Dietr ich,  2021) .  However ,  th is is  not always true,  

and it  seems to be crucial  that users  know how to select appropriate videos  

and also cr it ical ly  judge the content qual i ty  and source of information (Kohler 

& Dietr ich,  2021;  Kulgemeyer ,  2018) .  In th is l ine,  research efforts are being 

directed at  establ ishing adequate metr ics  and rubrics to evaluate the qual i ty 

of  disseminat ion resources (see  the subsection 1.2.5 ) .  

The modern landscape of dissemination 

Tradit ional sc ient if ic  dissemination w as mainly through televis ion,  radio,  

newspapers ,  magazines ,  books ,  and conferences.  Now, modern dissemination 

 
18 Misinformation :  fa l se  or  inaccurate in formation ;  understanding  the facts wrong  

(APA,  2024) .  
19 Disinformation :  fa lse information which is  del ibera te ly  intended to  mislead ;  

intent iona l ly  misstat ing the facts  (APA ,  2024) .  
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has been shaped by the popular ization of social  media,  which fosters a 

democratizat ion of dissemination and conditions the public ’ s  relat ion to i ts  

referents .  Instead,  there is  a r icher landscape of d isseminat ion referents .  

The irruption of Information and Communication Technologies ( ICT) ,  

together with social  media,  has revolutionized the landscape of scient if ic 

information from the perspect ive of both the audience and the creator .  I t  would 

be imposs ible to ful ly  understand the current reach and trends of public 

disseminat ion without consider ing these new communication technologies .  

Moreover ,  the COVID-19 pandemic  signif icantly increased the presence of STEM 

content both in mass media and social  media (Quesada Cubo & Navarro Ardoy,  

2023) .  Additional ly ,  according to the latest report evaluat ing the social  

percept ion of science and technology in Spain  (FECYT,  2023) ,  the social  interest 

in scientif ic  and technical  topics  i s  s imilar  to that of topics such as  pol it ics ,  

educat ion,  environment and ecology,  or inf lat ion.  

Regarding tradit ional media,  on the one hand,  Crespo mentions that “ the 

pandemic made them see an opportunity towards sc ience communication in a 

very uti l i tar ian way,  because the main objective is  to gain vis it s” .  In his v iew,  

mass media increased the presence of sc ience content in a form of cl ickbait  

“generat ing concern by giving r i se to issues such as asteroid  threats ,  solar  

storms and other apocalypses” .  However ,  this  has al lowed to demonstrate that 

there was an underly ing social  interest  towards science ,  something that  Crespo 

sees as an opportunity :  “ i t  has al lowed ,  over the last few years ,  that more people 

could profess ional ize their  scient if ic dissemination activi ty than ever before” .  

On the other hand,  social  media have also become a central  tool  for public  

disseminat ion.  I r iondo views them as “tools that make i t  easy to upload mater ial  

for dissemination,  as well  as to consume it .  In addition ,  the reach of  information 

on social  media i s  global” .  Santaolal la add s that “the creation and consumption 

of disseminat ion material  has become massive.  There has been a renewal in 

terms of  the ways of communicat ing,  as well  as a prol i feration of  d isseminator  

prof i les ” .  

This s i tuation indicates that we might be l iv ing in a per iod of histor ical  

maximum interest and exposure of sc ience to the general  publ ic in Spain.  “We 

have never seen so much dissemination,  so many disseminators ,  so much 

product and so much interest as nowadays ” ,  highl ights Campil lo.  

“Disseminat ion offers  a surpris ing amount of information to a stagger ing 

number of people,  who can access it  in a way that i s  almost personal ized to 

thei r  tastes and needs .  This stark ly contrasts  how restr icted its  scope was just  

two decades ago ” .  

However ,  despite the exposure of dissemination contents and the growth of  

interest ,  i t  seems that the referents in th is f ield are of a dif ferent nature than 
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those two decades ago.  The modern dissemination landscape is  no longer  

composed of a few rock-star-al ike disseminators such as Carl  Sagan ,  Jane 

Goodall ,  or Fél ix  Rodríguez de la Fuente .  Instead,  there are uncountable 

referents consider ing dif ferent niche f ields and geographical  areas .  The fact 

that there are more communicat ion channels ,  together with the 

democratizat ion of content creation,  al lows for niche content but also further  

div ides the interest of  the public .  “This implies that there is  not a phenom enon 

as resounding as  what happened decades ago,  when we watched a guy or gir l  

on TV talk ing about sc ience because it  was the only channel we had.  And then,  

by chance,  we discovered that they were awesome! ” ,  Crespo said .  “ I t  is  not  that  

they were from another planet.  This phenomenon is determined by the context 

in which they existed” .  

This democratizat ion of content creat ion enriches the disseminat ion 

landscape,  adding several  voices ,  perspectives ,  and experiences to the 

discourse.  One of these perspect ives is  that of academics who,  from a vocation al  

perspect ive ,  dedicate part of  their  t ime to shar ing thei r  knowledge.  “When I  

started to disseminate science ,  more than ten years ago,  i t  was frowned upon 

for a sc ient ist to devote her t ime to such activi ty ” ,  Toribio explains .  “My task 

was expected to be research,  and the transmission of know ledge to the public  

was considered a waste of t ime ” .  Fortunately ,  this s ituat ion has changed 

completely .  “Today,  that v iew has changed for the better .  I t  is  now understood 

that among the act iv it ies carr ied out by scient ists ,  i t  is  also important to 

disseminate knowledge” .  And th is is  good news for us al l .  Thus,  we can count 

on referents from the academic world to bring us f i rs t -hand stor ies from the 

factory of knowledge.  

Social  media runs fast .  More information is  being shared than ever ,  and  the 

more volati le a content is ,  the more volati le the referents are.  However ,  i t  is  not 

a matter of  fame but instead of  information avai labil i ty .  We no longer  have a 

s ingle bright star on a black night.  Instead,  we can now enjoy starry nights with 

hundreds of gl i tter ing dots .  Isn’ t  that a landscape worth enjoying?   

0.3 Potential interconnections between 
dissemination and education 

After drawing a common sketch representing the concept of public  

disseminat ion,  i ts  scope,  and i ts purpose,  let ’s  resort to  the Conjoint Circ les of 

Knowledge Communicat ion represented in F igure 2 .  This sect ion wil l  focus on 
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the interconnection  between public  disseminat ion and educat io n,  as a 

framework for this doctoral  thesis .  Are dissemination resources adequate to be 

used in formal educat ion? What would their  role be  in such a context? Are they 

only relegated to spark curiosi ty in a specif ic topic ,  or can they be used as a 

complementary conceptual or procedural  learning tool ?  

“We should dif ferent iate between disseminat i on and education,  which,  by  

defini t ion,  are deontological ly  dif ferent and have di f ferent scopes of  

appl ication “ ,  Campil lo expresses .  “This means that both education and 

disseminat ion are needed,  without forgetting one or the other .  However ,  due 

to i ts character ist ics ,  disseminat ion  is  the perfect companion to education.  I t  

al lows to complement the presentat ion,  expansion or consol idat ion of  the 

knowledge distr ibuted in education ” .  Tor ib io adds that “ there are dissemination 

resources that can be useful  for education.  For example,  a 10 -minute video can 

general ly  show students what they wi l l  learn in class ,  as well  as some curiosi t ies 

that teachers can later  expand. Another example could be disseminat ion books,  

for those students who want to further explore content  not covered in the scope 

of the school curr iculum. ”   

Due to i ts scope and action area,  d issemination explores formats ,  messages ,  

approaches,  and a communicative voice that would be improbable  in formal  

educat ion.  In that sense ,  Crespo points  out that  “possibly ,  the science 

disseminator  has t ime and focus to develop their  contents  in a way that for  

teachers would be imposs ible inside the classroom. Therefore,  disseminators  

wil l  probably develop thei r  content with greater or ig inal i ty ,  offer ing a di f ferent 

perspect ive that can st reamline the teachers ’  work ,  and providing a dif ferent 

approach ” .  

These ideas are ref lected in Santaolal la ’ s  experience :  “ I  am actual ly  aware 

that many of my videos are used in classes by both students and teachers ” ,  he 

mentions,  d iscussing the importance of dissemination resources in showing 

students ’  a lternative ways to explain and conceive abstract and complex topics .  

And this is  not restr icted to the audiovisual  format .  In this sense,  I r iondo 

comments that “some of the reports that we develop at Oficina C  are being 

used in universi t ies as reference mater ial  for certa in courses ” .  However ,  she also 

adds the nuance that they might not be appropr iate for other educat ional  

stages .  “ I t  i s  necessary to adapt the resources to each educat ional sta ge and 

consider the needs of each audience ” .  Santaolal la adds that “ the science 

disseminator transmits  knowledge to society ,  and the teacher should make that 

extra ef fort to take the dissemination activi ty ,  adapt i t  to the classroom, and 

delve into it .  This combination al lows them to present the contents in a 

dynamic,  interesting,  and attractive way,  in th e context of their  teaching needs ” .  
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Considering such a joint effort ,  education can extensively benefi t  f rom publ ic  

disseminat ion resources .  In this tandem,  on the one hand,  the science 

disseminator  would focus on the development of  useful ,  or ig inal ,  and engaging 

resources .  These can satisfy  the aims of public d issemination while having a 

potential  s ide value for formal education .  On the other hand,  teachers and 

professors  need to take a step forward and integrate such resources  (those that  

are su itable)  into thei r  instructional design.   

However ,  these synergies might be s impl if ied i f  each party  considers this  

common area as fert i le ground that might benef it  both.  Th is is  where this  

doctoral  thesis i s  f ramed.  From the perspect ive of the science disseminator ,  

they could specif ical ly  cover topics of relevance for di f ferent disc ipl ines al igned 

with the curr iculum. This way,  the result ing disseminat ion resources could be 

eas i ly  l inked to var ious parts of  the sy l labus,  favoring its f i t  as a resource to  

contr ibute present ing,  expanding,  or consol idat ing the course contents .  From 

the perspect ive of educators ,  they should also work on enhancing their  d igi tal  

competences to properly integrate dig ital  resources into their  class dynamics .  

Moreover ,  enhancing their  pedagogical  competences wil l  contr ibute to creating  

proper instructional  designs that successful ly  incorporate disseminat ion 

resources when relevant.  

Depending on the specif ic needs of both the course ’s contents  and the 

developed instructional designs,  d if ferent formats of disseminat ion resources 

might be more suitable.  As previously mentioned in  the sections 0.1 and 0 .2 ,  

there is  a wide range of disseminat ion formats where to choose  f rom, among 

which we can f ind books,  art icles  (ei ther in newspapers ,  magazines ,  or blogs) ,  

talks and monologues,  videos,  podcasts ,  comics ,  etc .  There are as  many formats 

as the imaginat ion can reach.   

Al l  of  them can provide specif ic added value depending on the teaching 

strategy .  However ,  in this context  dissemination videos have become a 

part icularly  re levant format for educat ion.  They communicate their  content 

benefi t ing from a dual  information transmiss ion channel  (visual  and auditory ) ,  

opt imizing our processing capacity .  They also offer a more engaging approach 

than text-based content to capture students ’  attention and interest .  They can 

also be paused,  rewound and rewatched,  a l lowing students to learn at their  

own pace.  They are also a valuable  tool to show processes or phenomena that 

would otherwise be di f f icul t to demonstrate in a classroom setting.  

This doctoral  thesis intends further to explore these connections between 

public dissemination and educat ion ,  aiming to build bridges that  can benefi t  

both disseminators and educators .  I t  wi l l  specif ical ly  address the potent ial  

pedagogical  value of disseminat ion videos in education as a complementary  

resource.  These pages wil l  dive deep into these intr icacies ,  further explor ing 
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the implications of  designing disseminat ion videos optimized for use in formal  

educat ion.  

Organization of the doctoral thesis  

The f i rs t chapter of this doctoral  thesis introduces the topic and provides a 

l i terature review, focusing on the potential  pedagogical  value of d isseminat ion 

resources .  This sets the stage for identi fy ing the research gaps and  draft ing the 

front iers of  current knowledge on the educational use of STEM disseminat ion 

videos.  The next chapter  outl ines the research strategy,  detai l ing the object ives  

and methodology of the study .  I t  is  fol lowed by a contr ibutions chapter ,  where 

the developed research builds upon the identi f ied research gaps.  

The core of this doctoral  thesis i s  a compendium of three journal art icles .  

The f irs t art icle assesses the users ’  perception of  the current and potential  value 

of a STEM disseminat ion YouTube channel .  The second article  explores the 

impact of electr ical  engineering didactic videos during Emergency Remote 

Learning (ERL) scenar ios .  The third art icle presents a s ix -year data analysis  

comparing educational and dissemination videos on a STEM YouTube channel .  

Final ly ,  the doctoral  thesis presents a f inal  chapter with conclus ions and 

future works ,  discussing the bidirect ional path of education and disseminat ion .   
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1. Introduction and Literature: 
The potential pedagogical value of 
STEM dissemination 

In the dynamic landscape of education,  the interplay between knowledge 

disseminat ion and ef fect ive pedagogy might be a benef icial  nexus.  This f i r st  

section of the doctoral  thesis  introduces the mult i faceted relationship between 

educat ion and dissemination within the context of Science,  Technology,  

Engineering ,  and Mathematics (STEM) educat ion.   

First ,  the relevant f ramework of  this doctoral  thesis wil l  be introduced,  

resort ing to the leading educational theories and methodologies that are 

fundamental  for STEM educat ion and video integration as a didact ic resource.  

Then,  the current relevant l i terature on video -based learning in STEM 

disc ipl ines wi l l  be presented,  aiming to provide a big picture of the status of 

research about the impact of videos in formal education and the role of  

YouTube and STEM dissemination content creators in this context .  In an era 

dominated by dig ital  media,  video content has become a powerful  tool  for  

STEM disseminat ion and education.  But how do well -crafted videos engage 

learners? What cognitive processes are t r iggered when students encounter 

visual  explanations? This sect ion wil l  examine the empir ical  ev idence and the 

theoretical  underpinnings to unravel  what we know so far about th e impact of 

video content on STEM education.  Final ly ,  the last subsect ion wi l l  summarize  

the current research gap,  which th is doctoral  thesis intends to address .  This  

analysis has defined this research l ine objectives and questions ,  intended to 

bridge the gap between STEM disseminat ion and education.  
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1.1 Relevant Framework 

This sect ion aims to study the theoret ical  f ramework that  guides our  

understanding and applications of pedagogical  and didact ic strategies in the 

digi tal  era.  The framework selected covers the three main factors involved in 

video selection for educat ional purposes ,  as  shown in Figure 4.  

 

Figure 4 .  Concept map of  the re levant f ramework for  this  doctora l  thesi s .  

Therefore,  this section  starts by explor ing  the principles of learning through  

constructivism, constructionism, and connectivism, which emphasize the act ive 

role of learners in construct ing their  knowledge,  and the importance of  

networks in such a learning process .  Then,  the Cognitive Load Theory (CLT) and 

the Cognitive Theory of Multimedia Learning (CTML) are analyzed to provide 

ins ight into how information processing can be opt imized through videos as a 

didact ic resource for  effective learning.  The Community of Inquiry (CoI )  

f ramework is  also reviewed for its  emphasis  on social ,  cognit ive,  and teaching 

presence in onl ine learning environments ,  and how the interaction between 

pairs can benef it  social  media involvement in instruct ional des ign .   

Then,  two relevant frameworks on teaching competences are presented.  The 

Technological  Pedagogical  Content Knowledge (TPACK)  f ramework is  discussed 

f irs t ,  highl ighting the intersection of technology,  pedagogy,  and content in 

educat ion.  Second,  the European Framework for the Digital  Competence of 

Educators (DigCompEdu) is  presented,  emphasiz ing the need  for academics to 

develop adequate digi tal  competences .  F inal ly ,  Act ive Learning Methodologies  

are discussed,  which engage students through their  learning proces s .  Special  
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attent ion wi l l  be paid to those methodologies to which videos might be used 

as a vehicular  resource,  such as the f l ipped classroom, the visual  th inking 

methodology ,  or col laborat ive learning .  

Each of these frameworks offers valuable perspect ives for des igning and 

implementing effect ive technology -enhanced learning experiences and are ,  

therefore,  relevant to this doctoral  thes is .  

1.1.1 Constructivism, Constructionism and 
Connectivism 

In this sect ion,  the intr icate realms of Constructivism, Constructionism and 

Connectivism are explored.  These  three pivotal  theor ies have s igni f icantly  

shaped our understanding of knowledge acquisi t ion and learning .  Together ,  

these theories provide a comprehensive framework for exploring the 

mult i faceted nature of  learning.  

Constructivism 

As a learning theory ,  constructivism bur ies its  roots in the late 19 t h  century ,  

when the idea of student -centered education was being explored.  Some of the 

main early proponents of  construct iv ism included Jean Piaget,  Lev Vygotsky ,  

and John Dewey,  a lthough the theory i s  traced back to educational psychology 

in the theory of cognitive development  (Piaget ,  1971) .  In th is theory ,  Piaget 

focused on how humans create meaning by interacting with their  exper iences 

and ideas.  

The educational  theory of  constructiv ism postulates  that learners are not 

merely  pass ive recip ients  of  knowledge through a di rect ,  unidirect ional process  

of knowledge transmission.  On the contrary ,  learners actively construct novel  

understandings and knowledge by synthesiz ing new information encountered 

through experient ial  learning and social  discourse  and integrating it  with thei r  

pre-exist ing knowledge base  (Bada & Olusegun,  2015) .  This  process of  

knowledge construction is ,  therefore,  a  dynamic integrat ion of the new 

information with prior  knowledge.  I t  also suggests that learning is  inf luenced 

by the context in which an idea is  taught  and the learners ’  bel iefs and atti tudes 

(Zajda,  2021) .  

The fundamental  ideas of constructivism are :  
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•  Construct ion of knowledge:  The cornerstone of construct iv ism is that  

knowledge is  not s imply received,  but rather constructed from integrating  

new information with in pre -ex ist ing knowledge.  

•  Active learning process :  Constructivism posits that learning is  an act ive 

process  wherein learners cont inual ly  interact with thei r  peers  or instructors  

through partic ipatory methods such as discussions.  

•  Incremental  learning:  According to constructivism, individuals learn as they 

acquire knowledge.  Each concept a person comprehends paves the way for  

a deeper understanding of future concepts and ideas.   

From the perspective of constructivism,  educational technologies are 

potential  tools  for enacting curr iculum through specif ic  pedagogic approaches  

(Makewa et al . ,  2019;  Taber ,  2017) .  In the context of technology,  construct iv is t  

learning can be faci l i tated by var ious dig ital  tools that al low learners to 

interact ,  manipulate,  and experiment with objects of study .  As  an example ,  

vir tual  s imulations can provide a dynamic and interactive e nvi ronment for  

learners to explore and construct knowledge.  New technologies ,  therefore,  

include al ternat ive ways to br ing about learning within an establ ished strategy,  

for which educators  must develop adequate dig ital  and technological  

competences.  

However ,  constructiv ism is also subject to cr it icism mainly due to its  

s imilar i t ies with discovery learning,  and to the consideration that i t  is  

attempting to overanalyze what some consider to be a tr iv ial ity  (Osborne,  2014) .  

Moreover ,  some crit ics  also argue that constructivism does not provide how to 

develop an effective pedagogy,  lacking clear guidel ines or strategies for  

teaching (Babakr et al . ,  2019;  Osborne,  2014) .  Notwithstanding ,  i t  is  worth 

noting that ,  while  these cr it icisms ex ist ,  many educators  and researchers  

cont inue to f ind value in construct iv is t approaches to learning and teaching as  

building blocks for the educat ional pract ice and the development of further  

theories in the f ield of  educat ion  (Kara,  2018;  Prakash Chand,  2023;  Theelen & 

Van Breukelen,  2022;  Yakar et al . ,  2020) .  

Constructionism 

Constructionism is often confused with constructivism because of thei r  

interl inked nature.  However ,  while construct ivism emphasizes that  individuals  

construct knowledge through mental  processes ,  such as ass imilation ,  

accommodation ,  and ref lect ion,  constructionism focuses on learning by 

creat ing or constructing something.  I t  posi ts that indiv iduals learn best when 

they actively  engage in hands -on activi t ies that involve the creation of tangible 
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objects or projects  (Rob & Rob,  2018) .  Elaborat ing on this idea,  constructionism 

is a learning theory suggest ing that individuals build their  comprehension and 

knowledge of  the world by experiencing things and ref lecting on those 

exper iences (Kafai ,  2005) .  I t  emphasizes the importance of the process in which 

the learning is  engaged in constructing something meaningful .  Hence,  i t ’ s  a  

pedagogy focused on students ,  promoting the construction of their  knowledge 

through an active learning process .   

The theory was developed by Seymour Papert ,  extending the constructivis t  

theories of Jean Piaget to emphasize the role that technology  and active ,  

hands-on act iv it ies  can play in the learning process .  This conceptual ization of  

learning is  fundamental  in today’s understanding of STEM education,  

consider ing that computers provide a suitable platform for  students to 

construct and experience thei r  ideas ,  as  well  as  the introduction and 

application of computational thinking as a cognitive abil i ty .  Moreover ,  

computat ional thinking started being formally and extensively introduced in 

Europe during the decade 2010 (Bocconi et al . ,  2022) ,  and i t  was integrated 

into the educat ional curr iculums in Spain in 2023  with the LOMLOE educational 

regulation (Ley Orgánica 3/2020 de 29 de Diciembre,  Por La Que Se Modif ica La 

Ley Orgánica 2/2006,  de 3 de Mayo,  de Educación,  2020;  Real  Decreto 95/2022,  

de 1 de Febrero,  Por  El  Que Se Establece La Ordenación y Las  Enseñanzas 

Mínimas de La Educación Infant i l ,  2022;  Real  Decreto 157/2022,  de 1 de Marzo,  

Por  El  Que Se Establecen La Ordenación y Las Enseñanzas Mínimas de La 

Educación Primaria ,  2022;  Real Decreto 217/2022,  de 29 de Marzo,  Por El  Que 

Se Establece La Ordenación y Las Enseñanzas Mínimas de La Educación 

Secundaria Obligator ia ,  2022) .  

Therefore,  computational thinking is  nowadays a core competence in STEM 

educat ion because i t  enhances problem-solving sk i l ls  and advanced analyt ical  

abil i t ies .  Moreover ,  i t  is  a multid isc ipl inary concept that goes beyond 

programming and computer science and can apply to al l  STEM f ields .  These 

ski l ls  were developed under Papert ’s  didactic proposal  through his Logo 

programming language for education,  particularly  a imed at developing logical  

and mathematical  th inking from an early age (Papert ,  1991,  2000) .  

Constructionism extends constructivism by underscoring the signi f icance of  

learners creat ing tangible art i facts in the real  world.  The advent of technology 

implies that this can include digi tal  art i facts such as programs and codes,  and  

other dig ital  objects such as v ideo f i les .  For instance ,  students might use coding 

platforms to create their  own programs or digital  art ,  and open-source software 

to create their  d idactic videos.  Th is hands -on approach al lows learners to make 

meaningful  connect ions between thei r  creat ions and the concepts they are 

learning (Byrne et al . ,  2021) .  
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Connectivism 

Connectivism is a learning theory for the digital  age .  I t  explains how internet 

technologies have created new opportunit ies for people to learn and share 

information across the World Wide Web and among themselves .  This  theoretical  

framework focuses on dig ital  technologies such as  web browsers ,  search 

engines,  wik is ,  onl ine discussion forums ,  and social  networks ,  and how they 

contr ibute to new avenues of learning.  I t  emphasizes the role of the social  and 

cultural  context in the process of learning  (Glassner & Back,  2020;  Sagar ,  2014) .   

George Siemens ini t ial ly  proposed this theory in 2004,  and Stephen Downes 

later elaborated on i t .  I t  emerged as an innovative learning model adapted to 

the networked world we l ive in,  proposing that learning and knowledge rest in 

a diversi ty of  opinions  and that learning is  a process of connecting special ized 

nodes or information sources .  

According to S iemens (2005) ,  the core pr inciples of connectivism include:  

•  Diversi ty of  opinions:  Learning and knowledge rest in the diversi ty of  

opinions .  Connect iv ism values the unique perspect ives and experiences that  

each learner brings,  recogniz ing that everyone’s  unique experiences and 

viewpoints contr ibute to a r icher ,  more comprehensive understanding of a 

subject .  

•  Learning beyond humans:  Learning may res ide in non-human appliances,  

ref lect ing the dig ital  age where machines and software can also learn and 

adapt.  I t  acknowledges the role of art i f ic ial  intel l igence and machine 

learning in the modern learning landscape.  

•  Learning over knowing:  I t  emphasizes the process of learning over the state 

of knowing.  I t  values learning and adapting to new information over stat ic  

knowledge.  This principle underscores the importance of l i felong learning 

in an ever-changing world .  

•  Connect ing information sources :  Learning is  a process of connecting 

special ized nodes of information sources .  These nodes could be people,  

databases ,  or other resources .  The connections between these nodes create 

a network of knowledge that faci l i tates  the f low and exchange of  

information.  

•  Seeing connect ions :  Connect iv ism considers  as a core sk i l l  the abil i ty  to see 

connections between f ields ,  ideas ,  and concepts .  I t  values multidisc ipl inary  

learning and the abil ity  to integrate knowledge from different domains .  This  

principle encourages learners to draw connections across  var ious 

disc ipl ines ,  foster ing a hol is t ic understanding of the world.  
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•  Maintaining connections:  Connectivism also underscores the importance of 

nurtur ing and maintaining connections for continuous learning.  These 

connections could be social ,  conceptual ,  or neural .  This pr inciple highl ights 

the importance of relationships and networks in the learning process .  

•  Up-to-date knowledge:  This principle asserts  that learning activi t ies intend 

to maintain up-to-date knowledge,  recogniz ing that in our rapidly changing 

world ,  knowledge mist be continual ly  updated to remain relevant.  I t  

emphasizes the importance of stay ing current with the latest developments 

and trends in our f ields of study.  

•  Decis ion-making as learning:  In connect iv ism, decis ion-making is  a learning 

process  i tsel f ,  suggesting that choosing what to learn and interpreting 

incoming information is  seen through a shift ing real ity .  This pr inciple 

acknowledges that while there may be a correct answer now  on a part icular  

topic ,  i t  may be incorrect in the future due to the rapid changes in the 

information envi ronment.  This principle underscores the dynamic nature of 

knowledge and the importance of adaptabil i ty  in the learning process .  

Connectivism highl ights the crucial  importance of d igi tal  tools in 

contemporary education,  acknowledging that our era of connectivi ty provides 

l imitless opportunit ies  for molding our educat ional paths .  

1.1.2 Cognitive Theories and Multimedia Learning 

This sect ion presents two pivotal  theories in educational psychology that are 

especial ly  relevant when it  comes to the use of videos in educat ion:  the 

Cognitive Load Theory  (CLT) and the Cognitive Theory of Mult imedia Learning 

(CTML) .  Both theories ,  grounded in our  understanding of human cognitive 

architecture,  offer valuable insights into optimizing instruct ional st rategies and 

mult imedia design to fac i l i tate effective learning .  This explorat ion wil l  provide 

a basic understanding of these theories and thei r  implications for educat ional  

practice.  

CLT: Cognitive Load Theory 

John Swel ler developed the CLT  in the late 1980s after a study in problem-

solving (Sweller ,  1988) .  I t  posi ts that ef fective instruct ional des ign can reduce 

cognitive load in learners ,  thereby enhancing learning outcomes .  This model 
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explains how, in the learning process of indiv iduals ,  there are three types of  

cognitive load involved:  intr insic ,  extraneous ,  and germane (Chandler & Sweller ,  

1991;  Sweller ,  1999,  2011) .  These cognitive loads offer a helpful  framework for  

instructional design,  as they help to  ident ify  what parameters might cause 

dif f icult ies in the teaching -learning process .  

•  Intr insic (or essential )  cognitive load:  I t  is  associated with the complexity  of  

the topics .  Therefore,  i t  is  def ined by the inherent dif f iculty of the concepts  

to be learned and,  consequently ,  i t  is  a pre-defined chal lenge.  However ,  the 

intr insic cognit ive load increases in knowledge areas containing a high 

presence of abstract concepts ,  such as the STEM disc ipl ines .  

•  Extraneous cognitive load:  I t  is  associated with how the information is  

presented and the potential  distract ions.  This type of cognit ive load is  

part ia l ly  under the control  of  the instruct ional designers because it  i s  

directly related to the instruct ional materials .  However ,  the learning 

environment might also af fect this type of cognitive load .  An example of an 

unprecedented learning environment that increased the extraneous 

cognitive load is  ERL due to the COVID-19 pandemic,  as i t  chal lenged the 

exist ing teaching methodologies and forced changes without proper 

planning or resources .  Th is new learning context led to additional  

dif f icult ies such as concentration problems,  reduced interaction,  s tress and 

anxiety towards learning,  or loss of motivat ion and interest in the courses  

studied.  

•  Germane cognit ive load:  I t  refers to the process ing of information .  I t  is  

associated with  creating l inks between the new information (processed by 

the working memory )  and the previous knowledge (stored in the long -term 

memory) .  This type of  cognit ive load is  increased when it  i s  specif ical ly  

complex to establ ish effect ive connections between the dif ferent 

conceptual areas that  compose the studied discipl ine ,  and,  therefore,  i t  is  

also related to how complex and mult idisc ip l inary the contents are .  

Considering that the cognitive capacity i s  l imited,  instructional designers  

might consider an adequate balance of the abovementioned cognit ive loads .  

For  example,  when considering particularly  complex discipl ines ,  the intr insic  

and the germane cognitive loads wil l  be high .  This fact complicates the process  

of teaching and learning.  In these cases ,  the instructional design must consider  

descriptions and materials that reduce the extraneous cognitive load,  leaving 

enough room for the process ing of the others .  
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CTML: Cognitive Theory of Multimedia Learning 

Based on CLT ,  the CTML explores the impact of mult imedia resources on the 

process ing capacity of learners .  This theory  underscores the importance of well -

designed multimedia for ef f ic ient and meaningful  learning .  I t  was ini t ial ly  

developed by Moreno and Mayer  (Moreno & Mayer ,  1999) ,  and i t  states how 

deeper learning can occur  when there are two channels of  information 

transmission (verbal and pictor ia l )  instead of either of them separately  (Mayer ,  

2014,  2017;  Mutlu -Bayraktar et al . ,  2019) .  

Three ini t ial  assumptions constitute  the foundations  of the CTML.  They are 

based on how the human mind works ,  as explained by research in cognit ive 

science,  and were summarized by Mayer and Moreno (2003) as fol lows:  

•  Dual  channel :  Humans possess  separate information processing channels for  

verbal and visual  material .  This assumption is  based on Paivio’s  (1990) dual -

coding theory ,  as well  as Baddeley ’s  (1990) theory of working memory .  

•  L imited capacity :  There is  only a l imited amount of  processing capacity ,  

which can be put in place to analyze the information  received through   

verbal and v isual  channels .  This assumption is  central  to the CLT exposed in 

the previous subsection  (Chandler &  Sweller ,  1991;  Sweller ,  1999) ,  and in 

Baddeley ’ s  (1990) theory of working memory .  

•  Active processing:  Learning requires substantial  cognitive processing in the 

verbal and visual  channels .  Th is assumption is  central  to Wittrock’s  (1989)  

generative learning theory ,  as  well  as Mayer ’ s  (1999,  2002)  selecting-

organiz ing-integrat ing theory of active learning.  

Figure 5 represents a concept map for CTML,  adapted from (Mayer &  Moreno,  

2003) .   

 

Figure  5 .  Concept  map of  the Cognit i ve  Theory  o f  Mult imedia Learning ,  adapted f rom 

(Mayer  &  Moreno ,  2003) .  
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The two main workstreams for information process ing  are represented in the 

rows,  including the auditory/verbal channel on the top and the visual/pictorial  

on the bottom.  Moreover ,  the f ive columns i l lustrate the types of  knowledge 

representat ions ,  ei ther  physical  (e .g . ,  words or pictures) ,  sensor ial  (ears or eyes) ,  

shal low working memory representations  (e .g . ,  sounds or images  received by 

the learner ) ,  deep working memory representat ions (e .g . ,  verbal and pictoria l  

models constructed by the learner ) ,  and lo ng-term memory representations 

(e .g . ,  the learner ’s  relevant pr ior knowledge on the topic) .  The arrows represent 

the cognit ive process ing.  

From these pr inciples ,  Clark and Mayer (2016) further developed a ser ies of  

seven principles to understand how mult imedia material  character ist ics can be 

opt imized for educat ional purposes .  

They are summarized as fol lows:  

•  Mult imedia pr inciple:  Words and pictures are better than just e ither alone.  

•  Contiguity pr inciple:  Words should be al igned with corresponding graphics 

or pictures .  

•  Modali ty principle :  Words are better presented as audio narration than on-

screen text .  

•  Redundancy principle:  Visuals should be explained with words in audio or  

text ,  but not both.  

•  Coherence pr inciple:  Incorporating interesting material  that might not be 

relevant to the explanat ions might make the learning process  di f f icult .  

•  Personal izat ion principle:  The presentation style of contents should be 

conversat ional ,  and it  i s  benefic ial  to count on vir tual  presenters or teachers .  

•  Segmenting and Pretraining pr inciple:  Complex topics might be divided 

into ordered parts  to make them more understandable and foster a 

sequential  and l inked learning process .  Moreover ,  pretraining might be 

relevant when complex concepts are del ivered.  

CTML and CLT explain the mechanisms and benefi ts of  video integrat ion in 

learning environments .  These wil l  be further introduced in the sect ion 1.2 .  

1.1.3 Community of Inquiry 

Early pragmatist philosopher Charles Sanders Peirce f i rst  introduced the 

Community of Inquiry  (CoI)  as a concept,  which was  then broadened by  John 

Dewey with i ts appl ication to the educat ional setting .  Moreover ,  Matthew 
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Lipman was inspired by Dewey’s works  and continue d develop ing CoI  

extens ively in i ts appl ication to children’s education with in the Philosophy of  

Children program (Pardales & Girod,  2006) .  CoI  is  broadly def ined as any group 

of individuals involved in empir ical  or conceptual inquiry into problematic  

s ituat ions.  I t  was a novel  concept concerning the nature of  knowledge 

formation and the process of scientif ic inquiry .   

However ,  in the f ield of educat ion ,  the CoI f ramework theory ,  methodology ,  

and instruments were developed through the research project funded by the 

Canadian Social  Sciences and Humanit ies  Research Council ,  “A Study of the 

Characterist ics and Qual i t ies of Text -Based Computer Conferencing for  

Educational Purposes” ,  which ran from 1997 to 2001 (CoI ,  2017;  Garr ison et al . ,  

1999)  

To create an adequate CoI ,  Garr ison (2016,  2019,  2020)  descr ibes the des ign 

principles as fol lows :  

•  Plan for  the creat ion of  open communication and trust :  Involves creat ing an 

environment that  encourages open and honest communicat ion,  which is  

essential  to build trust among part icipants .  

•  Plan for cr i t ical  ref lection and discourse :  This plan involves encouraging 

part ic ipants to cr it ical ly  ref lect on their  own and others ’  ideas ,  and  engage 

in meaningful  d iscourse.  

•  Establ ish community and cohesion:  Involves foster ing a sense of community 

and cohesion among part ic ipants of the CoI ,  which is  crucial  for  

col laborative learning .  

•  Establ ish inquiry dynamics (purposeful  inquiry ) :  Involves creat ing a dynamic 

of inquiry where participants are act ively engaged in the learning process .  

•  Sustain respect and responsibi l i ty :  Involves  maintaining a respectful  and 

responsible environment where al l  participants feel  valued and accountable 

for thei r  contr ibutions.  

•  Sustain inquiry that moves to resolut ion:  Involves ensur ing that the inquiry 

process leads to the resolution of problems or the achievement of  learning 

object ives .  

•  Ensure assessment is  congruent with intended processes and outcomes :  

Involves al igning assessment strategies with the intended learning 

processes and outcomes.  

These design principles incorporate issues of  social ,  cognitive,  and teaching 

presence and provide  a roadmap for the design of effective onl ine learning 

environments within the CoI framework .  
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When considering onl ine learning (both in distance educat ion s ituat ions or  

as a complement to tradit ional educat ion) ,  ICT al lows creating vi rtual  

communities that boost learning through search and interaction among pairs .  

Through the creation of these communit ies ,  students are involved in social ,  

cognitive ,  and lecturer ’s  presence,  which are the three primary constructs for a 

successful  constructivist interact ion as def ined by the CoI paradigm (Garr ison 

& Arbaugh,  2007;  Nizzol ino & Canals ,  2021) .  CoI acknowledges this act ive 

component (onl ine part ic ipation and practical  act iv it ies in onl ine learning 

environments ) as vi tal  to develop a successful  and sustainable onl ine learning 

exper ience .  CoI also explains the enhancement of the educational  experience 

by improving parameters such as content engagement,  interact ion with pairs 

through video-related activi t ies ,  and self -regulated learning.  

However ,  for the proper appl ication of  onl ine communit ies to education,  as  

well  as  the other mentioned principles of  learning rely ing on educat ional  

technologies ,  educators should develop their  technological  and digital  sk i l ls .  

Several  digital  tools and technological  equipment are needed to create onl ine 

s ites and communities ,  together with the creation and edit ion of  videos as a 

relevant format to foster and boost such communities .  Only with appropriate 

digi tal  competence wi l l  a successful  integrat ion of ICT in learning be achieved,  

with i ts endless possib i l i t ies and benef its .  

1.1.4 Technological and Digital Competences 

In the rapidly evolving digi tal  age,  the need for technological  and dig ital  

competences in the f ield of education  should not be overstated (T imotheou et  

al . ,  2023) .  This section wil l  introduce the intr icacies of the Technological  

Pedagogical  Content Knowledge (TPACK) model ,  and the European Framework 

for the Dig ital  Competence of Educators (DigCompEdu).  These frameworks 

provide a comprehensive understanding of the interplay between technology ,  

pedagogy,  and content in an educational  context ,  as well  as the path to 

evaluate and enhance digital  competences adequately .  They are essential  

guides for educators  to integrate digi tal  technologies into their  teaching 

practices effectively .  

TPACK: Technological Pedagogical Content Knowledge  

In the current educational sett ing,  with the growing introduction of  

educat ional  technologies ,  there is  a specif ic need for educators  to enhance 
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thei r  technological  and pedagogical  knowledge,  as special izat ion in their  

part icular  discipl ine might not be enough for  a sui table implementat ion of  

technology-aided strategies  (Auerbach & Andrews,  2018;  Kim & Ahn,  2018) .  The 

Technological  Pedagogical  Content Knowledge (TPACK) framework has become 

a prominent subject teacher educat ion studies .  I ts  purpose is  to ident ify  the 

nature of knowledge educators require  to incorporate technology into thei r  

teaching,  address ing the intr icate,  mult idimensional ,  and context-dependent 

aspects of teacher knowledge (Mishra & Koehler ,  2006) .  TPACK descr ibes the 

need for this continuous knowledge improvement of lecturers with a view to 

the successful  integrat ion of ICT in educational environments (Angel i  &  

Valanides ,  2009;  I rwanto,  2021;  Kadıoğlu -Akbulut et al . ,  2020;  Mientus et  al . ,  

2022;  Nj iku,  2023) .  

The development of the TPACK f ramework is  pr imari ly  attr ibuted to the work 

of Matthew J .  Koehler and Punya Mishra ,  building up on Lee Shulman’s  

construct of Pedagogical  Content Knowledge (PCK) to include technological  

knowledge (Koehler  &  Mishra ,  2009;  Mishra & Koehler ,  2006;  Shulman, 1987) .  

Their  work emphasizes that effective teaching with technology requires an 

understanding of how technology relates to pedagogy and content  (Koehler et 

al . ,  2013;  Rosenberg & Koehler ,  2015) .  The fundamental  pr inciples constituting 

the TPACK framework are represented in F igure 6,  adapted from (Koehler & 

Mishra,  2009) .  

 

Figure 6 .  Venn d iagram of  the TPACK f ramework and i ts  knowledge components ,  

adapted f rom (Koehler  &  Mishra ,  2009) .  
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These principles are also  summarized in the fol lowing knowledge 

components :  

•  Technological  Knowledge (TK) :  This component refers to the understanding 

of diverse forms of technology,  spanning from low-tech tools l ike chalk and 

blackboards to high -tech resources such as digi tal  computers ,  the internet ,  

and mult imedia.  

•  Pedagogical  Knowledge (PK) :  This component includes understanding the 

methodologies and procedures involved in impart ing and acquir ing 

knowledge.  I t  encompasses famil iar ity with the tactics or approaches to be 

implemented in a learning environment,  the nature of the target audience ,  

and the methods for evaluat ing learners ’  understanding.  

•  Content Knowledge (CK) :  This component refers to the educator ’ s  

knowledge about the subject matter to be learned or taught.  

•  Technological  Content Knowledge (TCK) :  This component involves  

understanding how technology can create new representations of  speci f ic  

content the subject matter .  

•  Technological  Pedagogical  Knowledge (TPK) :  This component includes 

understanding the existence,  components ,  and capabil i t ies of  diverse 

technologies as they are employed in educat ional environments .  

•  Pedagogical  Content Knowledge (PCK):  This component refers to the 

knowledge of pedagogy that appl ies to the teaching -specif ic content.  

Therefore,  based on the previous key knowledge components ,  the  TPACK 

model descr ibes  the continuous improvement of lecturers as essential  to design 

useful  constructiv ist educational environments through the integrat ion of ICT 

(Nazi r i  et al . ,  2019) .  I ts  goal  is  the creation of  new scenarios that could improve 

teaching-learning processes using ICT through the analysis and enhancement 

of the interactions between technology with contents and pedagogical  

methods.  Both TPACK and complementary frameworks such as CoI can benef it  

f rom each other ,  foster ing a construct iv is t perspect ive of knowledge focused 

on the student and using ICT (Shea & Bidjerano,  2009) .  

TPACK establ ishes a framework where the need for  technological  

competences i s  included in the content and pedagogical  knowledge teachers  

should cult ivate.  Al igned with this fact ,  previous research performed at ULPGC 

shows that teachers do not present resistance when incorporating ICT into their  

lectures (Castro Sánchez & Chir ino Alemán, 2011) .  Through a 5 -point L ikert  

scale,  they expressed their  posi t ive opinion on ICT as a support ing resource for 

attendance-based teaching,  showing how parameters such as mater ia ls  

access ibi l i ty  and communication were s igni f icantly enhanced. However ,  
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teachers ’  satisfact ion with the use of ICT ,  such as  v ideos,  is  associated with their  

level  of  digi tal  competence (Pattier & Ferre ira ,  2022) .  

DigCompEdu: European Framework for the Digital 

Competence of Educators 

The European Framework for  the Digi tal  Competence of  Educators  

(DigCompEdu) is  a scientif ical ly  sound framework that descr ibes what i t  means 

for educators to be digital ly  competent  (Bi lbao Aiastui et al . ,  2021) .  I t  was 

developed by the European Commission’s  EU Science Hub to address the 

rapidly changing demands faced by educators about dig ital  technologies .  The 

main objective of DigCompEdu is to offer a universal  reference structure that  

wil l  assist in enhancing digi tal  abil it ies specif ic to educators across Europe.  

This framework is  a imed at educators working in al l  levels of  educat ion,  s tart ing 

from early childhood to higher and adult educat ion,  including general  and 

vocational tra ining,  special  needs educat ion ,  and non-formal learning contexts  

(Redecker & Punie,  2017) .  This framework addresses s ix  working areas ,  as shown 

in Figure 7,  adapted f rom (European Commission,  2022a) .  Overal l ,  these areas 

evaluate a total  number of 22 competences  that are relevant to digi tal  

competence in educat ion (Ghomi & Redecker ,  2019;  Redecker & Punie,  2017) .   

 

Figure  7 .  Conceptua l  areas of  DigCompEdu ,  adapted f rom (European Commission ,  

2022a) .  
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From al l  of  them, a select ion is  presented hereafter of  the competences that  

are relevant for the successful  creation and integrat ion of dig ital  resources ,  

such as videos,  in educational settings:  

 

Area 2:  Dig ital  Resources  

•  Select ing digi tal  resources :  This includes using dif ferent websites and 

search strategies to f ind and select  d igi tal  resources .  

•  Creating and modify ing digi tal  content :  This includes creat ing digi tal  

resources and modify ing exist ing ones to sui t  teaching needs.  

•  Managing,  protecting,  and shar ing digi tal  resources :  I t  includes effectively  

protecting personal data,  such as exams,  grades,  or personal  data.  This 

might be relevant when considering v ideo creat ion,  to ensure the 

management and protect ion of personal data  that might appear .  

Area 3:  Teaching and Learning  

•  Teaching:  I t  includes  careful ly  assess ing how, when,  and why to use dig ital  

technologies such as v ideos in the c lassroom with students ,  to ensure that  

they add value .  

•  Guidance:  This includes monitor ing students ’  activi t ies and interactions in 

the onl ine col laborat ive environments .  Appropr iately understanding the 

video consumption patterns obtained by v ideo insights in the LMS is a 

helpful  sk i l l  when focusing on video -based learning.  

•  Collaborative learning:  Students who work in groups  use digi tal  

technologies to acquire and ref lect knowledge.  Such technologies might 

include videos as a tool  to foster col laborative learning (refer to  the 

subsection 1.1.5)  

•  Self -regulated learning:  I t  includes using digi tal  technologies to enable 

students to plan,  document ,  and monitor their  learning process .  Examples 

include sel f -assessments ,  dig ital  portfol ios for documentat ion and 

presentation,  onl ine journals/blogs for ref lections ,  videos,  etc .  

Area 5:  Empowering learners  

•  Access ibi l i ty  and inclus ion :  When creat ing digital  tasks for students ,  

poss ible practical  or  technical  dif f icul t ies should be considered and 

addressed.  For example,  equal access to digi tal  devices and resources ,  
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problems of  interoperabil ity  and conversion,  and a lack of digi tal  ski l ls  

should be addressed .  

•  Differentiation and personal izat ion :  This includes us ing digi tal  technologies  

to provide students with personal ized learning opt ions,  such as sett ing 

dif ferent digi tal  tasks  to address individual learning needs,  preferences,  and 

interests .  

•  Actively engaging learners :  I t  includes using digi tal  technologies to actively 

engage students in class or onl ine.  

Area 6:  Faci l i tating students ’  dig ital  competence  

•  Information and media l i teracy :  I t  includes teaching students how to assess  

the rel iabil i ty  of  information  provided by any source,  including educat ional  

videos found onl ine or  created by peers .  

•  Digital  communication and col laboration :  It  includes setting assignments 

requir ing students to use digi tal  media to communicate and col laborate 

with each other or  an external audience.  

•  Digital  content creat ion :  This includes sett ing assignments that  require 

students to create digital  content ,  such as  videos,  audio,  photos ,  digi tal  

presentations,  blogs,  or wikis .  

•  Responsible use:  I t  includes teaching students to use digi tal  technology 

safely and responsibly .  

•  Digital  problem solv ing:  This includes encouraging students to use digi tal  

technologies creat ively to solve concrete problems,  such as  overcoming 

emerging obstacles or  chal lenges in the learning process .  

The DigCompEdu framework aims to boost educators ’  digi tal  ski l ls  at al l  

levels and applications .  By providing a comprehensive roadmap, it  assists 

educators in navigat ing the dig ital  landscape of modern education.   

1.1.5 Active Learning Methodologies 

Active learning methodologies are pedagogical  strategies that involve students  

directly in their  learning process ,  encouraging them to take an active role in 

thei r  educat ion.  The focus is  on creating a student -centered approach,  

promoting the development of higher cognitive sk i l ls  (Si tthiworachart et al . ,  

2022) .  These methodologies aim to g ive students more autonomy and 
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part ic ipation in thei r  learning process ,  with the teacher acting as a faci l i tator 

or guide rather than as a mere transmitter of  knowledge.  

These methodologies have been found to posi t ively impact students ’  well -

being ,  part icularly  in thei r  academic accomplishment,  and in their  physical ,  

emotional ,  and social  l ives  (Ribeiro-Si lva et a l . ,  2022) .  They also equip students  

with multi -competences for their  professional future.  These  include in-class  

problem-solving ,  group discussions,  peer instruction ,  or project-based learning,  

among others .  

Educational technology plays a s igni f icant role in act ive learning 

methodologies ,  al lowing for a more effective learning process .  Technologies 

inf luence learning and teaching outcomes and can be used to create interactive 

learning environments that  bring excitement to the active learning process  

(Si tth iworachart et al . ,  2022) .  They support students in learning and prove to 

be a powerful  ref lection tool for teachers ,  s ignif icant in the context of their  

profess ional development hands- in-hand with appropriate t raining in dig ital  

competences.  

In this context ,  multimedia resources are a key component of educat ional  

technology in active learning .  Video-based learning (VBL) denotes the 

knowledge or sk i l ls  acquired through teaching via videos and,  as explained in 

the subsection 1.1 .2 ,  one of their  key features is  the use of auditory and v isual  

cues.  The v isual  aspects const itute the primary source of information,  and the 

audio is  used to elaborate on such information.  VBL provides unique features  

that make i t  an effect ive learning method that can complement and partial ly  

replace tradit ional learning approaches  (Sabl ić et al . ,  2021) .  

However ,  though VBL is  a valuable complementary  resource in several  active 

learning methodologies ,  further explanat ions are provided hereafter of  those 

methodologies to which VBL might be a relevant tool .  

•  Problem-Based Learning (PBL) :  This is  a student-centered pedagogy that 

prior it izes  the learners ’  perspective and experience and fosters learning 

through problem-solving (Bermúdez Mendieta,  2021) .  This method can be 

enhanced by incorporating VBL,  which presents problems through 

mult imedia resources and interactive vi rtual  scenarios  (Noverati  et al . ,  

2020) .  Th is combination of VBL and PBL  can effect ively prepare students for  

the real -world appl ications of the studied knowledge .  I t  also increases the 

information channels  involved in the knowledge exchange and provides a 

learning experience more memorable for students  (Sabl ić et al . ,  2021) .  

•  Project-Based Learning (PjBL) :  PjBL is  an educational approach where 

students engage in a long -term program, working on real -world problems 

to produce a measurable project outcome  (Cabrera‐Peña et al . ,  2021;  L .  
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Zhang & Ma,  2023;  W. Zhang et al . ,  2024) .  This method can be signif icantly  

enhanced by incorporating VBL,  which provides v isual  demonstrat ions of the 

project work.  The integrat ion of VBL in PjBL not only can improve students ’  

understanding of the project ,  but also increase their  academic performance 

and their  engagement in the learning process  (Barrera Arcaya et al . ,  2022;  

Sablić et al . ,  2021) .  

•  Fl ipped Classroom: In the f l ipped classroom model ,  students engage with 

lecture videos before  class and subsequently partic ipate in interactive 

activi t ies during class  (Baig & Yadegaridehkordi ,  2023;  Setren et a l . ,  2021) .  

This pedagogical  approach empowers students to learn at their  own pace,  

enabl ing them to arr ive in class ready for in -depth discuss ions and problem-

solving exercises  (Nouri ,  2016) .  The f l ipped classroom model has been 

shown to enhance student engagement,  improve learning outcomes ,  and 

adapt to the evolv ing educat ional landscape  (Deng et al . ,  2024) .  

•  Collaborative Learning:  I t  is  a pedagogical  approach that involves groups of  

learners working col lectively to solve a problem or a task.  There is  evidence 

suggesting that col laborat ive learning can benef it  both the academic 

performance and social  ski l ls  of  students (Medina Bustamante,  2021;  Slavin,  

2014) .  VBL can be used to provide col laborative scenarios that enhance the 

teamwork capabil i t ies  of students and their  communication ski l ls  (Bhavya 

et a l . ,  2022) .  

•  Gamification:  This pedagogical  approach incorporates game elements in 

non-game contexts and presents numerous potentials in the enhancement 

of learning through an active approach (Arufe Giráldez et al . ,  2022;  Piñero 

Charlo et a l . ,  2022;  Sai ler & Homner,  2020) .  This method can be further 

enr iched by integrat ing VBL,  which provides engaging and interactive game 

scenarios .  The combination of  gamif icat ion and VBL has been found to 

improve learner motivat ion and engagement ,  thereby enhancing the overal l  

learning experience (Muri l lo-Zamorano et al . ,  2021) .  

•  Thinking-Based Learning (TBL) :  TBL is  an educational approach that 

emphasizes cr it ical  thinking,  problem-solving ,  and logical  reasoning  

(Swartz ,  2020) .  This method can be signif icantly enhanced by incorporat ing 

VBL,  which presents complex concepts through visual  demonstrat ions.  The 

integrat ion of  VBL in TBL not only s implif ies  the understanding of complex 

concepts but also aids  their  retent ion  as explained in the subsections 1.1 .2 .  

and 1.2.2 .  

•  Visual Thinking:  This is  a pedagogical  approach that leverages visual  aids to 

fac i l i tate learning and counting with visual  supports to enhance 

comprehension and retent ion  (Albert et a l . ,  2022;  Hai ley et a l . ,  2015) .  Th is  

method can be signi f icantly enr iched by integrat ing VBL,  which provides 
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visual  demonstrations of concepts .  The combination of V isual  Thinking and 

VBL not only s impl if ies  the understanding of complex concepts but also aids  

in their  retention (Cerqueira et al . ,  2023;  Gut iérrez -Arenas et al . ,  2022;  Lynch,  

2022) .  

•  Simulation Learning :  Simulat ion learning involves using a model to 

represent real -world systems .  This pedagogical  approach provides an array  

of opportunit ies to practice complex sk i l ls  in a control led envi ronment  

(Chernikova et al . ,  2020) .  The integration of VBL in s imulat ion learning 

environments can offer real i st ic scenar ios ,  thereby enhancing the overal l  

learning exper ience (Nickl  et a l . ,  2022) .  This is  also of part icular interest in 

extraordinary learning situat ions such as Emergency Remote Learning (ERL)  

scenarios (Castro-Maldonado et al . ,  2021) .  

In conclus ion,  integrat ing VBL in active learning methodologies holds 

s ignif icant benef its in the overal l  learning process .  The abil i ty  to present real -

world scenarios ,  demonstrate complex concepts ,  and faci l i tate col laborative 

learning makes VBL a powerful  tool  in active learning environments .  When 

further explor ing  and understanding its ful l  potent ial ,  VBL is  poised to 

transform the educat ion landscape ,  making learning more accessible,  

engaging,  and effect ive for al l  learners .  However ,  further research is  needed to 

opt imize i ts  creat ion ,  select ion ,  and implementation in var ious learning 

contexts .  

1.2 Video-Based Learning in STEM Education 

This section aims to analyze the transformative role of video -based learning in 

address ing the chal lenges in STEM educat ion.  I t  explores  how  video-based 

learning can reduce cognit ive load,  enhancing the learning experience .  This  

section also provides an in -depth analys is of  the var ious formats ,  contents ,  and 

consumption strategies associated with videos in education.  A special  focus is  

given to the use of social  media in education,  particularly  YouTube,  discussing 

its opportunit ies and chal lenges.  Final ly ,  i t  outl ines relevant cr iter ia for the 

evaluation of the adequacy of v ideos for educational use ,  detecting relevant 

metrics for thei r  creation or select ion.  This comprehensive review aims to 

provide a complete understanding of the current state of video -based learning 

in STEM education and its potent ial  for the research l ine presented in th is 

doctoral  thesis .  
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1.2.1 Challenges in STEM Education  

This section explores  the multi faceted chal lenges in STEM educat ion.  I t  is  

mainly  focused on the prevalence of abstract concepts ,  which often impose 

intense essential  and germane cognit ive loads on learners ,  making both 

comprehension and concept retention di f f icult .  The persistent gender gap in 

STEM disc ipl ines is  also addressed;  a  dis pari ty that has far -reaching 

implications for divers ity and innovation.   

Moreover ,  the advent of Emergency Remote Learning due to the COVID-19 

pandemic has further compl icated this landscape,  introducing addit ional  

hurdles in del iver ing effective STEM educat ion.  Adequately learning from such 

a scenar io might be helpful  for  future s imilar s ituat ions and for the learning 

chal lenges in remote and unfavorable conditions that might benefi t  f rom a 

digi tal  approach.   

This comprehensive examinat ion wil l  shed l ight on the complex it ies of both 

STEM education and the recent incorporation of STEAM education,  paving the 

way for potent ial  solut ions and improvements .  

Essential and germane cognitive loads 

STEM areas of knowledge are often perceived as dif f icult due to their  technical  

and conceptual complexi ty ,  and the rapid evolution of the technology 

empowering many STEM discipl ines .  

As has been previously  introduced,  a def in itory chal lenge in STEM education 

is  related to the wide presence of abstract concepts in their  d isc ip l ines ,  which 

implies addit ional dif f icult ies in learning when compared to concrete concepts 

(Davis et al . ,  2020;  Yearworth,  2016) .  Th is  fact imposes a higher essential  

cognitive load in such disc ipl ines ,  as concept understanding requires a h igher  

level  of  abstract ion.  The germane cognit ive load might increase too,  due to the 

dif f iculty  of adequately  l inking the new concepts  to the body of  knowledge 

already known to the student.  

This fact is  connected to an addit ional chal lenge in STEM disc ipl ines related 

to the dif f icul ty for understanding  the connections between the dif ferent 

courses and subjects .  I t  is  not only that the concepts themselves imply more 

dif f icult ies to be understood,  but also that  courses are usual ly  del ivered in a 

s i lo-l ike fashion (Cabrera‐Peña et al . ,  2021;  Maciejewski et al . ,  2017;  Shoufan,  

2020) .  This also presents chal lenges in proper ly integrating  the studied subjects  

in the b ig picture of the degree and i ts professional appl icat ions.  Adequate 
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contextual izat ion of the acquired knowledge is  des irable to deal with these 

chal lenges,  as well  as multidiscipl inary examples that strengthen the l inks  

between dif ferent courses of the degree.  Moreover ,  practical  examples of the 

application of  the new concepts to the real - l i fe scenario of the profess ion are 

also good ways to deal with these di f f icult ies .  Active learning methodologies  

such as project-based learning might be of relevance in this point .  

The perceived dif f icul ty of STEM discipl ines might have s ignif icant effects on 

students .  I t  can lead to higher levels of  ef fort that overcomes the student’s  

capacit ies and ends in academic stress and anxiety .  Ul t imately ,  this s i tuation 

might inf luence students ’  career choices ,  leading to a general ized lack of  

motivat ion that ends in an increase in dropout rates (Gregori  et  al . ,  2018;  Tayebi  

et al . ,  2021) ,  and a noticeable decl ine in STEM vocations (Ayuso et al . ,  2022) .  

The share of STEM program graduates about the total  tert iary education 

graduates has been decreasing over the past two decades (Bacovic  et al . ,  2022) .  

Moreover ,  students  who perceive STEM subjects as  dif f icul t are more l ikely to 

consider dropping out (González-Rogado et al . ,  2023) .  

The gender gap in STEM disciplines 

Another s ignif icant chal lenge in STEM education is  the gender gap .  Women are 

underrepresented in STEM f ields ,  particularly  mathematics ,  physics ,  

engineering,  and computer sc iences (Mart ínez et al . ,  2023;  Schneegans et al . ,  

2021) .  In 2018,  women made up a th ird of researchers ,  and  in the f ield of l i fe 

sciences ,  they  have achieved par ity in some countr ies .  However ,  women make 

up only 28% of engineering graduates .   

Top mult inat ional tech companies also show women ’ s  underrepresentation .  

As per  estimations from Deloitte Global (Hupfer et al . ,  2021) ,  large global  

technology f i rms were to reach up to 33% of overal l  female representation in 

thei r  workforces by 2022,  with 25% of  women proport ion in technical  roles .  For  

example,  female employees make up between 29% (Microsoft)  and 45% 

(Amazon) of the total  workforce of the leading large tech companies in the 

United States (Richter ,  2021) .  However ,  such representation decl ines when 

consider ing leadership jobs,  varying from 26% (Microsoft )  up to 34% (Facebook)  

of the total  workforce of such companies .  Ult imately ,  the share of women 

involved in tech jobs i s  even lower ,  with percentages between 23% (Microsoft )  

and 25% (Google) .  This is :  fewer than 1 in 4 technical  roles are assumed by 

women in these types of companies .   
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However ,  many large tech companies have made publ ic commitments to 

improve their  gender divers ity (Hupfer et al . ,  2022) .  SAP,  for example,  achieved 

its  target of having 25% of women rate in leadership roles by 2017 (Sutton,  

2020) ,  and Intel  is  working toward a goal  of  40% women representation in 

technical  roles  by 2030 (Estrada,  2020) .  Amazon,  for example,  is  also root ing for 

these kinds of targets  to expand the number of women in senior tech and 

science roles by 30% yearly (Galett i ,  2021) .  Hitachi ,  on the other hand,  

presented in 2022 that their  total  rat io of females in executive posi t ions and 

corporate off icers was 11% , and has put in place a Diversi ty ,  Equity ,  and 

Inclus ion plan that aims to increase that number to 30% by 2030 (Hitachi ,  2023) .  

This gender gap in STEM disc ipl ines might have a complex multi factorial  

explanation ,  conditioned by personal elements such as educat ional background 

and family and social  inf luences (Verdugo-Castro,  Sánchez -Gómez,  et al . ,  2022) .  

A crucial  aspect inf luencing this gender gap is related to gender roles and 

stereotypical  bel iefs  that determine the percept ion of occupat ions having male 

or female prof i les (Martínez et al . ,  2023;  Verdugo-Castro ,  García-Holgado,  et al . ,  

2022) .  Computer science is  an example of a discipl ine that has been social ly  

constructed and perceived as dominated by males  (Borsott i ,  2018) .  These 

bel iefs might be mitigated by exposure,  ei ther at home or school ,  and counting 

with appropriate encouragement from family and peers to pursue STEM 

disc ipl ines in h igher educat ion  (Sul l ivan et  al . ,  2015) .  Moreover ,  to eradicate 

these stereotypes ,  several  authors  highl ight the importance of counting on 

female role models  (Heybach & Pickup,  2017;  Verdugo-Castro et al . ,  2021) .   

However ,  the lack of referents  to which new women generations might look 

up to is  another chal lenge that STEM discipl ines are fac ing .  This  gap is also 

present in the sphere of STEM dissemination .  I f  we focus on YouTube,  around 

8% to 15% of STEM edutubers (educational  content creators on YouTube) are 

female (Amarasekara & Grant,  2019;  Patt ier ,  2021c) .  

In this context ,  the European Union included the increase in the 

part ic ipation of women in STEM disc ipl ines  as one of i ts  top pr ior it ies dur ing 

the last decade (Garc ia-Holgado et al . ,  2020) .  In th is sense,  several  support  

programs have been developed in col laborat ion with several  organizations ,  

such as the European Platform of Women Scient ists (EPWS)  or  the European 

Associat ion for Women in Science Engineer ing & Technology (WiTEC) ,  as well  

as through projects such as the European Scenery on Gender  and STEM 

(SESTEM),  Gender Equal i ty Network in the European Research Area (GENERA) 

and GenSET,  focused on increasing the capacity for implementing gender  

action plans in Science.  However ,  despite a posi t ive tendency for  women's  

integrat ion in STEM discipl ines ,  i t  is  crucial  to continue working on this path 

for a diverse ,  equal ,  and inclusive future .  
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Additional challenges in Emergency Remote Learning  

In 2020,  UNESCO reported that the educative centers ’  closure due to the COVID-

19 pandemic affected an estimated 1.5 bi l l ion students worldwide (90% of the 

global student population) (UNESCO, 2020) .   

The Emergency Remote Learning (ERL)  s ituat ion entai led by the COVID-19 

pandemic lockdown implied additional chal lenges for STEM discipl ines .  These 

chal lenges might be summarized as concentrat ion issues ,  reduced interaction,  

or fac ing learning through non-structured pedagogical  methods (Tulaskar &  

Turunen,  2022) .  Some authors highl ight that  technology unavailabi l ity  and the 

lack of previous experience with onl ine learning were relevant aspects of 

increasing ERL impact in formal educat ion (Aydemir & Ulusu,  2020;  

Muthuprasad et al . ,  2021;  Sepulveda -Escobar & Morr ison,  2020;  Shim & Lee,  

2020) .  

In this context ,  ICT played a crucial  role in maintaining the cont inuity of  

educat ion.  However ,  the improvised nature of ERL hindered the development 

of a well -organized and structured plan  that could have faci l i tated a complete 

onl ine learning experience (Aristovnik et al . ,  2020;  Gopal et al . ,  2021;  Rahiem,  

2020;  Tulaskar & Turunen,  2022) .  Moreover ,  there are addit ional obstacles that  

could compromise the qual i ty of  education in such an improvised environment,  

including the lack of universal  access to technological  tools and the potential  

absence of a su itable home learning envi ronment (Muthuprasad et al . ,  2021;  

Sepulveda-Escobar & Morr ison,  2020;  Shim & Lee,  2020) .  These factors are 

cr i t ical  to the success of onl ine educat ion.  

However ,  ERL also had a relevant impact on the well -being and mental  

health of students ,  in addition to the chal lenges that  STEM disc ipl ines already 

pose in these regards .  Several  studies show how this unprecedented learning 

situat ion results in a relevant increase in stress levels among students ,  which 

can also be translated into anxiety ,  fear ,  or  worry  among other  effects  (Cao et  

al . ,  2020;  L i  et al . ,  2020;  L ischer et al . ,  2022;  Wang et al . ,  2020;  Ye et al . ,  2023) .  

This s i tuation may lead to both unfavorable effects on learning and on the 

overal l  psychological  health of students  (Sahu,  2020) .  

Considering the already exist ing chal lenges in the education of STEM 

disc ipl ines ,  a l l  these additional  aspects  due to ERL  also contr ibute to the 

increase in dropout rates ,  the lack of motivat ion ,  and the decl ine in STEM 

vocations mentioned previously .  This doctoral  thesis was partia l ly  developed 

during a per iod affected by the ERL scenario due to COVID -19 pandemic in 

2020,  and its implicat ions have been the  object of study .  The application of  

video-based learning as a supporting mechanism to mitigate the impacts of  

ERL has been included as a relevant scope.  
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From STEM to STEAM: a matter of art  

Back in the 80s,  the mathematic ian Seymour Papert  developed the educat ional  

theory of constructionism, as explained in the subsect ion 1.1.1 ,  and recognized 

the transformative potent ial  of  technology in education.  These ideas def ined 

the foundations from which afterward the concept of STEM was created.   

Science,  Technology,  Engineering ,  and Mathematics ,  as has been explained,  

have several  common characterist ics that create educational chal lenges.  This 

is  related to the fact that these discipl ines are formed upon the same 

fundamental  body of knowledge,  which presents high intr insic and germane 

cognitive loads.  Part ia l ly  based on these ideas ,  together with the foundations 

set  up by constructionism,  the U.S .  National Science Foundat ion (NSF)  created 

in the 90s the acronym SMET ,  which was in 2001 substi tuted by STEM. However ,  

although the concept was created in the United States ,  i ts  reach is  global .   

The acronym STEM was created as  an umbrel la term to group these 

disc ipl ines and is mainly used in education.  The purpose of  the STEM concept 

is  to develop integrative educat ional models that address these chal lenges in 

the curr icula avoiding si los .  Therefore,  th is  STEM educat ion methodology 

provides a mult idisc ipl inary approach to learning from early  childhood 

educat ion,  foster ing explorat ion,  understanding,  creat iv ity ,  and sharing.  This i s  

usual ly  based on teamwork,  real -world application of studied concepts ,  

learning through research and experimentation,  teaching in mult idiscipl inary 

contexts ,  and promoting problem-solving from a cr it ical  perspective.  

Aiming to increase interdiscipl inary ,  in 2008 ,  Georgette Yakman introduced 

the concept of STEAM learning,  based on the integration and development of 

art is t ic subjects  (A) together with scientif ic and technical  discipl ines (STEM) in 

a common framework (Yakman, 2008) .  The concept of  STEAM adds another  

dimension to the mult idiscipl inary STEM idea,  introducing arts as the group of  

the fol lowing discipl ines :  language arts ,  f ine arts (or plastic arts) ,  physical  arts ,  

manual arts ,  and l iberal  arts (encompassing social  sciences) .  Therefore,  STEAM 

roots towards curr icular def ini t ions that are  hal fway between the 

mult idiscipl inary learning of STEM and hol ist ic learning,  focusing on an 

interdisc ipl inary approach where arts add up to STEM educat ion as a transversal  

element and integrator for the other discipl ines .  

This approach has proven to be successful  from the curr icular def ini t ion 

perspect ive,  as well  as in developing interdisc ipl inary projects and learning 

activi t ies  (Aguilera & Ortiz -Revi l la ,  2021;  Montés et al . ,  2023) .  However ,  a recent 

systematic analys is shows that there is  st i l l  no evidence backing up placing 

STEAM educat ion over STEM educat ion to promote or develop student creat iv ity 

(Aguilera & Ort iz -Revi l la ,  2021) ,  though the overal l  suitabil ity  of  STEAM 
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educat ion over and above STEM education is  recognized .  Such study showed 

that neither STEM nor STEAM methodologies provide  conceptual clar i ty for  

researchers ,  academics ,  or educators  to design,  implement ,  and evaluate 

didact ic  interventions .  Therefore ,  i t  i s  s t i l l  necessary to develop a clear  

conceptual framework with broad consensus with the scientif ic and 

educat ional community ,  so that the implementat ion of these approaches can 

spread with r igorous evaluat ion  cr iter ia and mechanisms .   

1.2.2 Reducing Cognitive Load with Video-Based 
Learning 

As explained through CLT (see  the subsect ion 1 .1.2 ) ,  there are three types of  

cognitive load involved in the learning process :  intr ins ic ,  extraneous ,  and 

germane cognitive loads.  CTML offers insights into how multimedia resources 

might be helpful  in the reduct ion of some of  these cognitive loads.  Particularly  

in the case of STEM disc ipl ines ,  which are composed of a high number of  

abstract concepts and are considered of a complex nature,  both intr insic and 

germane cognitive loads are exceptional ly  h igh.  Videos could be an adequate 

al ly  as d idact ic resources due to thei r  abil ity  to reduce extraneous cognitive 

load and contr ibute  to some extent in deal ing with intr ins ic and germane 

cognitive loads.  

Regarding the intr ins ic cognitive load,  videos might contr ibute to the 

increase in the number of information reception channels .  Both visual  and 

auditive channels contr ibute to the process ing of information,  and they have 

proven to be more effect ive working together than ei ther of them separately .  

This implies a reduction in the working memory dedication,  contr ibuting to the 

process ing of information and,  as the re i s  only a l imited amount of  process ing 

capacity avai lable  for an individual ,  contr ibuting to l earning (Mayer ,  2014,  2017;  

Mutlu-Bayraktar et al . ,  2019) .  Softening cognitive demands on working memory ,  

using materials such as didactic videos,  i s  associated with an enhancement in 

the retention and transfer of  learning (X ie et  al . ,  2017) .  

But,  when facing a complex disc ipl ine where the intr insic cognitive load is  

high,  the main aspects that can be inf luenced by the instruct ional design to 

obtain a pos it ive impact on processing capacity are the reduction of  extraneous 

cognitive load and the foster ing of generat ive processing (Mutlu -Bayraktar et  

al . ,  2019;  Xie et al . ,  2017) .  

The extraneous cognit ive load can be af fected by an adequate pedagogic 

strategy through video-based learning.  An example of an unprecedented 
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increase in the extraneous cognit ive load could be the ERL due to the COVID-

19 pandemic ,  which forced a methodology change without p reparat ion.  V ideo-

based learning al lows one to receive the information in a well -structured 

manner and fosters  self -paced learning.  Additional ly ,  germane cognit ive load 

can be reduced through a structured set of  videos that escalate in level  and 

reinforce l inks with concepts al ready known by students and stored in thei r  

long-term memory .  In this regard,  concept maps are a valuable tool  to study 

the l inks between the dif ferent concepts  composing a discipl ine and detect 

the main connections that should be re inforced through v ideo learning (Bodzin 

et a l . ,  2010;  Novak et al . ,  1984) .  

Based on these principles ,  Mayer and Moreno (2003) proposed f ive overload 

scenarios and up to nine ways where multimedia learning could be benef icial  

to reduce cognit ive load :  

Essential  process ing in the v isual  channel  

I f  the essent ial  processing in the visual  channel is  higher than the cognitive 

capacity of the visual  channel ,  then there is  an overload driven by such 

process ing demands.  This scenario can be dealt with an off - loading strategy,  

try ing to move some essential  process ing from the visual  channel to the 

auditory channel .  

An example could be a video in which al l  the explanations are provided by 

images and texts ,  which might cause a v isual  overload.  I f  texts are subst ituted 

by a narrating voice that descr ibes the content synchronized with relevant 

visual  support ,  then the off - loading strategy might be successful .  However ,  i t  is  

important to bear in mind that the process ing demands in both channels are  

not higher than the target audience’s processing capacity .   

Essential  process ing in both channel s 

I f  the essent ial  processing in both channels (v isual  and auditory) i s  higher than 

the cognitive capacity ,  then there is  an overload driven by such processing 

demands.  In this case,  the essent ial  cognitive load cannot be reduced because 

it  is  determined by the contents ’  complexi ty .  Moreover ,  i t  cannot be distr ibuted 

because the information is  already provided through both processing channels .  

So,  an off - loading strategy would not be helpful  in th is case.  

Two strategies are proposed for th is s i tuation:  segmenting or pretraining .  On 

the one hand,  by segmenting the explanat ion,  there is  some t ime between 

explanations that the learners  have to process the information that they have 

received .  This fosters a better t ransfer because the learner controls the lesson’s  

segments instead of receiv ing them in a continuous unit .  This way,  sel f -paced 
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learning is  enabled.  On the other hand,  enabl ing pretra ining so that the learner  

becomes famil iar  with the names and characterist ics of the lesson’s  

components might be helpful .  After  such an introduction,  s tudents are 

somehow famil iar with the information that they are about to learn ,  and the 

process ing demands are lower .  

Essential  process ing + incidental  process ing (extraneous mater ia l )  

I f  one channel or both are affected by essential  and incidental  processing 

related to extraneous material ,  to the extent that  such processing is  higher  

than the cognit ive capacity ,  there is  an overload related to both essential  and 

extraneous cognitive demands.  The actions over essent ial  processing might be 

equivalent to those in s ituation 2 .  However ,  there are some ways to deal with 

the demands of extraneous processing .  

Two strategies are proposed for this s ituat ion:  weeding or s ignal l ing .  On the 

one hand,  weeding implies el iminating the explanations or information that ,  

even when it  is  interesting,  i s  not necessari ly  relevant to the lesson’s pr imary  

purpose.  The better  t ransfer when such extraneous material  is  excluded is  

described by authors as the coherence effect .  On the other hand,  the signal l ing  

strategy proposes providing cues on select ing and organizing  the material .  

Some examples could be stressing relevant words in the speech,  adding colored 

l ines in animations,  adding headings or indications when appropriate ,  etc .  

These types of s ignals enable better transfer through complex material .  

Essential  process ing + incidental  process ing (confusing presentation)  

I f  one channel or both are affected by essential  and incidental  processing 

attr ibuted to a confus ing presentation of the essential  mater ia l ,  to the extent 

that such processing is  higher than the cognitive capacity ,  there is  an overload 

related to both essent ial  and extraneous cognitive demands .  The actions over  

essential  processing might be equivalent to those in s i tuation 2 .  However ,  there 

are some ways to deal  with the demands of extraneous processing .  

Two strategies are proposed for this s i tuation:  al igning and el iminating 

redundancies .  On the one hand,  al igning implies placing printed words near 

the corresponding parts of  graphics to reduce the need for v isual  scanning.  Th is 

fosters the spatial  contiguity effect that fosters better t ransfer because i t  eases 

the understanding of the explanat ions.  On the other hand,  el iminat ing 

redundancies  implies avoiding the presentat ion of ident ical  s treams of printed 

and spoken words .  The redundancy effect describes better transfer when words 

are presented as a narrat ion rather than with both narration and on -screen text .  
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Essential  process ing + representational holding  

I f  one channel or both are affected by essent ial  processing and representational 

holding,  to the extent that  such process ing is  higher than the cognitive 

capacity ,  there i s  an overload related to both essential  and extraneous cognit ive 

demands.  The actions over essent ial  processing might be equivalent to those 

in s ituat ion 2.  However ,  there are some ways to deal with the demands of  

extraneous processing .  

Two strategies are proposed for  th is  s i tuation:  synchronizing and 

indiv idual iz ing.  On the one hand,  synchronizing implies presenting narrations 

and their  corresponding animations simultaneously so the learners don’ t need 

to hold representations in memory .  This descr ibes the temporal  cont iguity  

effect ,  where a better  transfer is  fostered.  On the other hand,  indiv idual iz ing 

might be an alternative solut ion when synchronizat ion may not be possible.  

This implies ensur ing learners possess ski l ls  in holding mental  representations 

in memory .  Th is is  known as the spatial  abil ity  effect ,  and indiv idual izat ion 

intends to match potential ly  unsynchronized  mult imedia des ign with high-

spatial  learners .  

These nine solutions to the overload scenarios presented are based on the 

principles of CTML ,  which are key to formulating  the factors def ining adequate 

videos for educational  purposes .  

1.2.3 Videos in Education: format, contents, and 
consumption strategies 

Considering previous benefi ts in managing cognit ive load using mult imedia,  

videos are an excel lent  al ly  for educators .  Research in the pedagogical  use of 

video resources provides evidence of its  enhancement of parameters such as  

long-term conceptual  retent ion (Berk ,  2009) ,  comprehension ,  and deeper  

learning (Jackman & Roberts ,  2014) .  

Aspects such as the dif f icul t ies  in establ ishing conceptual connections 

between new information and related concepts of the disc ipl ine previously  

stored in long-term memory may also reduce confidence and motivat ion.  An 

adequate instruct ional design can work in faci l i tat ing these connections to 

foster  the transfer  of  knowledge .  Moreover ,  v ideo integration in the 

instructional design has also the potential  to not only improve motivation but 

also enhance academic performance,  as it  has been extensively  documented in  
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the l i terature (Almasseri  & AlHojai lan,  2019;  Arevalo et al . ,  2020;  Carmichael et  

al . ,  2018;  D’Aquila et a l . ,  2019;  Expósi to et al . ,  2020;  Kim & Ahn,  2018;  Lo & Hew,  

2019;  Luna et al . ,  2018;  Mayer et al . ,  2020;  Pr ince,  2004;  Shoufan,  2020;  Tani et  

al . ,  2022;  Tiernan & O’Kelly ,  2019;  Veytia Buchel i  et al . ,  2019) .   

Coherently with the explanat ions provided by CTML,  descriptive images and 

animations usual ly  included in educat ional videos are helpful  for the 

understanding of complex and abstract concepts ,  as they provide 

complementary meaning to theoret ical  explanat ion s.  Moreover ,  they can also 

be reproduced by students by incorporating such representat ions as a new 

problem-solving strategy (Asef & Kalyvas ,  2022;  D.  Guo et al . ,  2020;  Wu et al . ,  

2020) .  Moreover ,  videos create interest in students ’  subjects of study and 

provide examples of practical  appl ications of learned concepts .  This promotes  

students ’  engagement and develops their  cr i t ical  thinking abil i ty  (D.  Guo et al . ,  

2020;  Laugerman & Saunders ,  2019) .  

But bes ides these benefi ts related to v ideo format and content ,  they can also 

bring benefi ts  due to thei r  consumption strategy.  V ideos not only  can be 

accessed anywhere and anyt ime,  but students are in control  of  their  pace .  Due 

to this sel f -regulated consumption pace and the option to replay di f ferent parts 

of  the v ideo when some contents need to be reinforced,  videos have proven to 

be an ef fective support for  students ’  motivat ion and satisfaction,  as well  as in 

the reduction of  academic stress and anxiety  levels (Colston et al . ,  2017;  Del  

Val le-Ramón et al . ,  2020;  Fenyvesi ,  2020;  Wells et al . ,  2012) .  These aspects are 

also highly related to the dropout rates  and vocation decl ine in STEM 

disc ipl ines ,  which were exposed in the subsect ion 1 .2 .1 .  

The proact ive use of  video resources might create a self -motivational  

environment able to promote students ’  engagement and goal -setting through 

interaction with peers (Colston et al . ,  2017) .  Moreover ,  th is feature can be 

posi t ive for synchronous classes optimizat ion when combined with act ive 

learning methodologies ,  as freed time in synchronous classes due to video 

integrat ion (which would otherwise be used for topic introduction and 

resolut ion of basic ini t ial  quest ions) can now be dedicated to other act iv it ies  

that maximize the prof itabil ity  of  the class t ime (Brame, 2016) .   

Shoufan specif ical ly  highl ights v ideos as key backup material  in active 

learning strategies ,  highl ighting their  success in students ’  engagement and 

percept ion for purposes such as step -by-step learning procedures ,  as well  as  

descriptive and conceptual explanations (Shoufan,  2021) .  An example of such 

methodologies could be the implementation of video -aided problem-based 

learning methodologies (Cabrera‐Peña et al . ,  2021;  Wu et al . ,  2020) .  Another  

example would be the use of instruct ional videos for conceptual and procedural  
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learning in f l ipped classroom strategies (Aidoo et al . ,  2022;  Del Río -Gamero et  

al . ,  2022;  Lo & Hew, 2019;  Song & Kapur ,  2017) .  

Moreover ,  apart from v ideos ’  contr ibution to  conceptual and instructional  

learning,  they are also a  valuable tool for learning soft sk i l ls  in STEM education,  

using them as a dr iver format in gamif icat ion strategies ,  as well  as a supportive 

resource in onl ine learning environments (Caeiro-Rodriguez et a l . ,  2021) .  Videos 

are also helpful  for the acquisi t ion of new transversal  and specif ic competences 

(Paladines-Paredes & Margal lo,  2020) .  This i s  highl ighted by Jackman (2019) ,  

consider ing that when other students or professionals are actively part ic ipating 

in the creat ion of videos i t  impl ies  a contr ibuting factor to the famil iar ization 

with special ized jargon and common practice in the discipl ine .  This a lso helps 

to contextual ize  the new concepts  in their  practical  appl icat ions as explained 

by professionals and fosters vi rtual  and col laborative learning.  

1.2.4 YouTube in Education: opportunities and 
challenges 

Social  media has widely contr ibuted to the educat ion sector  during the last  

decades,  offer ing new ways of sharing information and building vir tual  

communities .  I t  has been integrated into the educat ion system, empowering 

educators and students and promoting new learning methodologies that  

successful ly  complement  the instructional design.  Up to 96% of students with 

internet access use at least one social  network  (Wade,  2019)  not only for  

enterta inment purposes but also to promote valuable activi t ies related to thei r  

educat ional  sphere.  Some examples of such activi t ies might be f inding 

internships ,  sharing success stor ies ,  support ing their  learning ,  or col laborating 

on national and internat ional projects .  

However ,  the integration of social  media in education also has its chal lenges 

and detractors .  Even though they are helpful  in shar ing information and 

organiz ing tasks ,  they  are also associated with reducing the attention span 

during classes and creating  distractions.  However ,  given the current diversi ty  

of  social  media and content ,  i t  i s  up to instructors  and students to provide a 

successful  methodology for social  media integrat ion in educational activi t ies  

so that their  opportunit ies and benefi ts can be put to good use.  Al igned with 

this reasoning,  an increasing trend of adopting social  media in schools is  

emerging,  leveraging the fact that students already spend a s ignif icant amount 

of t ime on these platforms outs ide of  school hours and that i t  is  a preferred 

environment for the new student generations.  
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Considering al l  social  media,  YouTube is currently one of the world’s largest  

most s ignif icant search engines.  I t  has  become an integral  part of  the digi tal  

educat ional landscape.  YouTube is currently the primary source of onl ine videos 

for education (Barrot ,  2021;  Černá & Borkovcová ,  2020;  García -Jiménez et al . ,  

2020;  Kohler & Dietr ich,  2021;  Patt ier ,  2021b;  Shoufan,  2021;  Yang et al . ,  2022) .  

I t  i s  an effective educat ional resource,  providing a n audiovisual  content-

del ivery tool  for many f l ipped,  blended,  and onl ine classes .  Using YouTube,  an 

instructor can provide mult imedia mater ia l  for reference,  to thoroughly study 

and retain the information .  Moreover ,  s tudents can re -watch YouTube videos as  

often as needed,  making i t  a powerful  tool  for learning,  revis ion,  and 

examination preparation.  Apart from al lowing instructors to upload their  videos 

for their  s tudents ,  i t  a lso provides a vast resource l ibrary for var ious subjects .  

Notably ,  the role of edutubers (educational  content creators on YouTube) i s  

impacting educat ion in a context where audiovisual  content is  highly  

demanded by this new generation of students (Patt ier ,  2021a,  2023) .  

However ,  YouTube also presents chal lenges as a search engine for  

educat ional videos.  L iterature highl ights educators ’  dif f icul t ies  in f inding 

suitable videos for their  academic needs  (Patt ier ,  2021b;  Shoufan & Mohamed,  

2022;  Tadbier &  Shoufan,  2021;  Tiernan & O’Kel ly ,  2019) ,  as  well  as students ’  

problems in choosing adequate videos for complementary self -directed 

learning (Mohamed & Shoufan,  2022) .  The su itable search of YouTube videos for 

educat ion is  complex ,  not only because of the huge number of v ideos published 

on the platform (Fyf ield et al . ,  2021)  but also because of  the populari ty -driven 

search and recommendation algori thm of  YouTube (Bärtl ,  2018;  C iampagl ia et  

al . ,  2018) .  According to a recent rev iew on the educational use of YouTube ,  

almost 81% of analyzed videos for potent ial  educat ional use fal l  into the “poor  

qual i ty”  category (Shoufan & Mohamed, 2022) .  Furthermore,  learners tend to 

select their  reference videos from the top of the search l is t (Mohamed & 

Shoufan,  2022) ,  which increases the chal lenge of appropriately del iver ing 

adequate v ideos to students as a pedagogical  a id.  However ,  the platform also 

hosts a large number  of h igh-qual i ty videos in a wide variety  of  knowledge 

domains (Černá & Borkovcová,  2020) ,  which suggests that developing suitable 

select ion cr iter ia from the educators ’  perspective is  crucial .  

This is  when educators ’  digi tal  competences become especial ly  relevant .  

Several  authors have pointed out the role of educators  as content fac i l i tators 

instead of only content creators ,  acknowledging the real  chal lenge of selecting 

adequate channels and v ideos when using v ideo -based educat ion fostered by 

onl ine avai lable content (Černá & Borkovcová,  2020;  Tadbier & Shoufan,  2021) .  

The chal lenge focuses on educators  being able to create or select v ideos whose 

format and cognitive load are appropr iate for students ’  and courses ’  needs 

(Pattier ,  2021b;  Tadbier & Shoufan,  2021;  T iernan & O’Kel ly ,  2019) .  This is  not 
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straightforward due to the excess of information and unregulated content .  

Some indications on how to evaluate the adequacy of videos for  educat ional  

use are provided in  the subsect ion 1.2 .5 .  The adequate selection of videos by  

educators  would serve to avoid the potent ial  adverse  effects of  resort ing to 

YouTube videos for educational purposes ,  such as attention reduction or the 

poss ible lack of sc ientif ic r igor (Beltrán-Pel l icer et al . ,  2018;  Zureick et al . ,  

2018) .  

As mentioned in the subsection 1.1.4 ,  the TPACK framework describes the 

need for lecturers to continuously improve their  knowledge ,  with a view to the 

successful  integration of ICT in educational environments .  Educators must 

improve their  technological  competences,  as  well  as their  pedagogical  

knowledge to develop successful  ICT -aided instructional des igns.  Moreover ,  the 

DigCompEdu framework  (see the sect ion 0) also descr ibes how the adequate 

use of d igi tal  tools ,  part icularly  didactic  videos ,  is  t ightly l inked to the 

educators ’  digi tal  competences  (Gui l lén-Gámez et al . ,  2023;  Guil lén‐Gámez et 

al . ,  2024;  Patt ier  & Ferrei ra ,  2022;  Redecker  & Punie,  2017) .  In this context ,  

Zachos et al .  (2018) acknowledge negativi ty towards new processes when 

referr ing to onl ine social  networks ’  interact ion in h igher education.  However ,  

they also offer broad evidence on thei r  posi t ive contr ibut ions as didact ic  

complementary tools ,  as Yadav  et al .  (2017)  also highl ight .  Al igned with th is  

fact ,  previous research performed at ULPGC shows that educators  do not 

present resistance when incorporating ICT into their  lectures (Castro Sánchez 

& Chir ino Alemán, 2011) .  Using a 5-point L ikert scale,  they expressed their  

posi t ive opinion on ICT as a supporting resource for attendance -based teaching,  

showing how parameters such as materials access ibi l i ty  and communication 

were s ignif icantly enhanced. However ,  educators ’  sat is fact ion with the use of 

ICT,  such as videos,  i s  also associated with their  level  of  d igi tal  competence.  

Al igned with these facts ,  and with the previously mentioned benef i ts of  v ideo 

use in educat ion,  several  authors specify that motivat ion and engagement rates 

are increased when integrat ing ICT in higher  educat ion,  as is  the case of  using 

social  media for educat ional purposes (Gi l -Quintana et al . ,  2020;  Jackman & 

Roberts ,  2014;  Pattier ,  2021b;  Shoufan,  2021) .  Whether Lee and Lehto (2013)  

acknowledged that students and educators might not eas i ly  recognize 

YouTube’s didactic value  due to i ts focus on entertainment ,  YouTube is st i l l  the 

primary reference when considering social  media for video -based education.  

During the last years ,  i ts  popular i ty has increased for  such purposes ,  even to 

the point that some authors  highl ight that edutubers  might become the 

preferred academic reference for students due to the communicative 

characterist ics of YouTube v ideos,  as well  as their  interaction with th e audience 

(Gil -Quintana et al . ,  2020) .  
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Additional ly ,  the connective nature of YouTube makes i t  an interesting 

candidate to promote social  ski l ls  build ing in students through interact ion and 

discussions,  also promoting connectivism under the umbrel la of  the CoI  

paradigm (Dubovi & Tabak,  2020;  Yadav et al . ,  2017) .  

1.2.5 How to evaluate the adequacy of videos for 
educational use 

Given that most videos avai lable onl ine have not been expl ic it ly  created for  

pedagogical  purposes ,  one of the main chal lenges of video-based learning is  

being able to appropriately select adequate didact ic videos.  The CTML provides  

valuable  insights into what aspects of multimedia define the reduction of 

cognitive load in the learning process (see  the subsect ion 1 .1.2) .  Brame’s  

research suggests that i t  is  crucial  to correctly measure the cognitive load of  

recommended didactic v ideos to promote easy -to- fol low content ,  boost active 

learning l inked to those resources ,  and maximize student engagement (Brame,  

2016) .  Tadbier & Shoufan (2021) suggest the creat ion of t rustworthy rankings 

that could be useful  to aggregate didactic YouTube channels .  

Previous works have researched which parameters motivate students to l ike 

or disl ike educational  videos ,  which are mainly related to the explanation 

qual i ty ,  audiovisual  presentation ,  and interest generated (Patt ier ,  2021a;  

Shoufan,  2019) .  Other authors suggest the use of rubrics  or catalogs as  

guidel ines for adequate v ideo select ion,  both for educators ’  indiv idual use  and 

to create those rankings that could be shared with the teaching community  

(Morain & Swarts ,  2012;  Romero Tena et al . ,  2017) .  The main metrics proposed 

in the l i terature for  evaluat ing the appropriateness of onl ine videos for 

educat ional  use  are focused on content adequacy ,  format adequacy ,  and 

presentation style .  They mainly point to aspects such as  explanation qual i ty ,  

audiovisual  qual ity ,  contents ’  technical  level ,  rhythm, eff icient length,  voice 

and language,  or interest ingness  (Appavoo et al . ,  2015;  Beautemps & Bresges,  

2021;  Buitrago & Torres Ortiz ,  2022b;  Carmichael et al . ,  2018;  Gi rón -García & 

Fortanet-Gómez,  2023;  Lee & Lehto,  2013;  Mayer et al . ,  2020;  Morain & Swarts ,  

2012;  Pattier ,  2022;  Romero Tena et al . ,  2017;  Shoufan,  2019;  Tadbier & Shoufan,  

2021) .  

At this  point ,  i t  is  worth mentioning that the parameter of video length is  

crucial ,  but i t  wil l  be dependent on the complexity of the concepts to be 

taught.  Therefore,  video length should always be t ied to an optimal  explanation ,  

and the result  wil l  be a video with an eff icient length.  Several  authors h ighl ight 

the importance of v ideo length for videos to be considered engaging.  Th is is  
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directly related to the retention rate,  which measures the average percentage 

of the v ideo that the audience has effect ively watched .  

Dool i tt le et al .  (2015)  found,  as part of  their  study on 212 undergraduate 

students ,  that shorter instructional tutorials promote engagement and,  

therefore,  learning.  Th is is  also al igned with f indings by Guo et al .  (2014) for 

MOOC envi ronments .  Furthermore,  Pi  and Hong (2016)  performed an eye-

tracking analysis to reveal  when mental  fat igue appears while watching 

educat ional  v ideo podcasts .  They concluded that mental  fatigue started at 10 

minutes and peaked at  22 minutes and recommend keeping videos shorter than 

10 minutes whenever  poss ible.  Altman and Jiménez (2019) also relate video 

length to retention rate,  concluding that v ideos with low retent ion rates could 

poss ibly increase  audience engagement by shortening thei r  length.  However ,  

as mentioned before,  i t  i s  essent ial  to keep in mind that such videos’  contents  

str ict ly  condit ion the poss ibi l i t ies for shortening .  Related to th is ,  Shoufan 

(2019) appeals to the concept of eff iciency in explanations,  by addressing the 

videos’  topics directly  and concisely ,  rather  than just shortening the video to 

meet a numerical  v ideo length target .  Additional ly ,  regarding other YouTube 

video metr ics such as l ikes and disl ikes ,  Shoufan and Mohamed (2017)  

concluded that video length did not correlate s ignif icantly .  

I t  is  also relevant to remember CTML pr inciples for  a video to be optimal as  

a learning resource .  Based on these pr inciples ,  videos should contain words and 

pictures (multimedia principle) ,  a l igned in t ime to provide complementary  

meaning (contiguity pr inciple) .  Words should not be presented both in text and 

audio (redundancy pr inciple) ;  instead,  they are better presented as  audio 

narration whenever poss ible (modal i ty principle) .  I t  is  also important to only 

provide relevant content and resource images because using other materials  

might make learning dif f icul t  (coherence principle) .  Explanations about 

complex topics benef i t  f rom div iding the content into dif ferent sections in a 

clear structure or even divid ing the video into a ser ies of v ideos that work 

together in the creation of a common body of knowledge (segmenting and 

pretra ining principle) .  And,  the presentation of the video should be 

conversat ional ,  including eff ic ient and engaging explanations,  and counting 

with the presence of a presenter on camera (personal izat ion principle) .  

Summary of relevant metrics  

Based on the previous analys is of  current l i terature,  this doctoral  thesis  

proposes a summary and organizat ion of the most relevant metr ics  to evaluate 

i f  a video is  adequate for d idactic purposes .  They are divided into four  
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categories :  content,  explanat ions,  vi sual ization,  and format .  Figure 8 presents a 

concept map summariz ing th is proposal .   

 

Figure  8 .  Concept  map  of  the key  metr ics  for  the se lect ion  of  adequate  d idact ic  v ideos .  

The consideration of  al l  the abovementioned metrics and factors wil l  

contr ibute to the reduction of the cognitive load in learning .  They are further  

explained hereafter :  

•  Content adequacy :  The videos’  content should be relevant to the topic ’ s  

object ives ,  avoiding distractions or unrelated facts that do not contr ibute 

to i ts understanding .  I t  should also be truthful  and r igorous for the video to 

be val id as a source of information.  Final ly ,  the di f f iculty level  of  its  content 

should be adequate for the target audien ce so that they can appropriately  

learn from the video.   

•  Explanations adequacy :  Moreover ,  explanations should  optimize the transfer  

of  contents .  They should be structured,  including the object ives of the video 

at the beginning,  and f in ishing with a summary of key takeaways.  Clear  

sections should be put in place for complex topics  so that a gradual  

understanding of the topic i s  achieved.  And ,  i f  needed,  the contents can be 

distr ibuted in a ser ies of videos that escalate in level  and are interconnected 

in a shared context .   

Explanations should also be eff icient ,  ensuring that the video clearly 

explains the topic avoiding repeti t ions and over -explanations .  The video 

length should be as short as poss ible for a clear explanation,  achieved 
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through eff icient content del ivery .  The communicative voice should also be 

engaging and conversat ional ,  guaranteeing that the video is  easy to fol low  

and enjoyable for the audience .  And,  f inal ly ,  the explanat ions should be 

brief ly  contextual ized into the broader picture of the discipl ine and i ts 

relevant foundat ions,  so that the audience can appropriately  l ink the 

explained concepts with their  previous knowledge stored in long -term 

memory .  

•  Visual izat ion adequacy :  For the v ideo to be effect ive as a learning tool ,  i t  

should not be l imited to only explaining concepts through words,  but such 

explanations should also be properly v is ib le .  Therefore,  an adequate v ideo 

for educat ional purposes should use relevant resource images to i l lustrate 

the concepts with real - l i fe  representations ,  and suitable animations to 

visual ize abstract concepts  and processes .  These v isual  representations 

provide additional meaning to the explanations .  Moreover ,  i t  is  particularly  

benefic ia l  in STEM discipl ines to represent the mathematical  e quat ions 

related to the explanat ions,  whenever relevant,  together with a graphical  

representat ion of their  meaning  and the role of their  var iables .  

•  Format adequacy :  The audiovisual  format is  a lso relevant to ensure that the 

video is  optimized for  educat ional  purposes .  The multimedia resource must 

have good audiovisual  qual i ty ,  guaranteeing that the distract ions 

occas ioned by poor audio  (echoes,  noise,  saturat ion,  etc . )  or images (blur ,  

pixeled image,  noise,  wrong framing,  etc . )  are minimized.  

I t  is  also desirable to count on a presenter  on camera to personal ize the 

explanations.  There should be an appropriate balance between the video 

portions with the presenter on camera (mainly for introductions and 

personal ized discourses)  and the portions of the v ideo counting with 

resource images or animations  (mainly for  conceptual explanations and 

contextual izat ion) .   

A good balance should also be assured between the information distr ibuted 

in words and the information distr ibuted in images.  Both channels of  

information transference should be synchronized appropr iately to obtain a 

video with a proper combined visual  and auditory explanation .  
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2. Research gaps: 
Frontiers in the educational use of STEM 
dissemination videos 

After careful ly  analyzing  the current l i terature ,  some research gaps have been 

detected in the interconnect ions between multimedia dissemination resources 

and their  potential  value and use for education in STEM discipl ines .  Figure 9 

shows the main research gaps detected,  as well  as the areas already covered 

by l iterature ,  in the four main inf luential  factors for the adequate integrat ion 

of disseminat ion v ideos in STEM education :  

•  Metrics to opt imize the educat ional  value of  videos .  

•  Potent ial  of  d issemination resources in educat ion .  

•  Use of videos in Emergency Remote Learning scenar ios .  

•  Use of videos to foster  interest in STEM disc ipl ines .  

The object ives of this doctoral  thesis and the research questions addressed  

wil l  be al igned with these research gaps.  Such objectives and research 

quest ions wil l  be presented and developed in  the chapter 3.  However ,  i t  is  

worth not ing that research is  constantly evolv ing,  particular ly  in dynamic and 

changing environments  such as onl ine communication and social  media .  

Therefore,  the sect ion 8.2 describes the future research and research l ines 

derived from this doctoral  thesis .  
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Figure 9 .  Concept map of  the research gap detected in v ideo use in STEM educat ion .  

2.1 Metrics to optimize the educational value of 
videos 

The f irst  gap concerns the need for robust  metr ics and rubr ics to assess the 

suitabil ity  of  exist ing videos for educational purposes ,  further exploring the 

summarized proposal  from this doctoral  thesis exposed in  the subsection 1.2.5 .  

This gap also focuses  on developing real  classroom experiences to val idate the 
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impact of selected videos.  Whi le a plethora of educat ional content ex ists on 

the internet ,  how do we discern the pedagogical  value of these v ideos?   

Several  benefi ts of  videos in education have been previously exposed but,  as  

highl ighted by Shoufan and Mohamed (2022) ,  we sti l l  don’t know how these 

principles could be applied to the selection of YouTube videos for students ,  nor 

the optimal  integration strategy in the instructional des ign.  There appears to 

be consensus on the main metrics def ining a good video,  but st i l l ,  some of them 

are based on percept ion.  More evidence is  required to obtain an object ive 

pondered measurement that might act  as  a standard and comprehensive 

framework for the educat ion community .  In this l ine ,  several  authors  also 

highl ight the need for  new repl ication and comparat ive studies to understand 

the true impact of YouTube on learning (Bärtl ,  2018;  Saurabh & Gautam, 2019;  

Shehu et al . ,  2019;  Shoufan & Mohamed, 2022) .  

There are instruments avai lable to analyze educat ional YouTube channels ,  as  

well  as rubrics for s imilar  purposes (Lee & Lehto,  2013;  Morain & Swarts ,  2012;  

Patt ier ,  2022;  Romero Tena et al . ,  2017) .  These instruments are mainly based 

on evaluating parameters related to content adequacy ,  format adequacy ,  and 

presentation style .  However ,  more empir ical  studies  should be developed in the 

form of real  classroom implementations of these proposals .  These real  

classroom scenar ios might val idate to which extent the v ideos selected by the 

abovementioned principles are having a s ignif icant impact on the learning 

object ives for  which they are aimed.  

Moreover ,  new research should pay more detai led attent ion to specif ic  

parameters that have been evidenced as particularly  relevant for video use in 

educat ion.  Two specif ic parameters have been detected as crucial :  the video 

length and the i l lustration of abstract concepts .   

On the one hand,  the v ideo length should be as short as poss ible considering 

the suitable eff iciency of the explanation,  as exposed in the subsect ion 1.2 .5 .  

However ,  i t  is  worth not ing that not al l  bodies of knowledge require the same 

considerat ions in terms of explanat ions.  The role of videos for  conceptual aid 

in STEM educat ion is  mainly related to thei r  abil i ty  to i l lustrate abstract and 

complex ideas .  However ,  the depth of the explanations provided should be 

careful ly  selected in each case to maintain an optimal  exposi t ion and,  

therefore,  an optimal v ideo length concerning the complex ity of the topic .  More 

specif ic research should be developed focusing on the dif ferent sensi t ivi t ies  

affecting the explanation depth in videos about di f ferent STEM topics and 

evaluating the impact of the result ing v ideo lengths and explanation density  

on mental  fat igue.  

On the other hand,  the i l lustrat ion of abstract concepts is  cr i t ical  to 

maximize the ef fects of video learning in STEM discipl ines ,  as explained in the 
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subsection 1 .1.2 .  (Asef  & Kalyvas ,  2022;  Xie et al . ,  2017) .  However ,  there are also 

dif ferent sensi t ivi t ies when us ing v isual  displays during learning.  First ,  careful  

evaluations should be done when visual  resources are more ef f ic ient with in an 

educat ional video,  as well  as their  desired characterist ics and length  (Clark & 

Mayer ,  2016) .  Second,  it  is  also worth studying the impact on learning of just  

pass ively watching such visual  d isplays  versus the ef fects  of act ively  

reproducing those representations to understand better  what is  being studied 

(D.  Guo et al . ,  2020;  Wu et al . ,  2020) .  

Moreover ,  acquir ing other relevant advanced parameters ,  such as the average 

view duration in a published video,  is  chal lenging.  Not us ing owner ’ s  data when 

analyzing YouTube content might present some l imitations ,  as social  media 

data can di f fer depending on the col lection method that is  being implemented 

(Bärtl ,  2018) .  Saurabh & Gautam (2019) a lso acknowledge this fact ,  remarking 

how channel owners count on data that th ird part ies could not otherwise mine ,  

and this al lows deeper data acquis it ion and analys is .  More research should be 

developed with the owner ’ s  information to provide the academic community  

with relevant information on how STEM disseminat ion and educat ional v ideos 

are being consumed.  

Currently ,  only a few articles  have been developed with information from the 

perspect ive of  channel  owners ,  which could provide helpful  information on how 

to produce better educational videos and how to enhance video integrat ion in 

the classroom. The cases described by Saurabh and Gautam (2019) ,  Bel lo-Bravo 

et a l .  (2021) ,  and Yang et al .  (2022) are some of the very few avai lable.  

In conclus ion,  most  aspects related to evaluat ing the adequacy of  a certa in 

video for educat ional  purposes  are extens ively covered in the l i terature.  For 

instance,  there is  consensus on the main metrics that a v ideo should meet to 

be perceived as of good qual i ty .  There are also several  analyses of YouTube 

channels and v ideos using public information,  as wel l  as catalogs and rubr ics  

that might guide the teaching community .  However ,  there are several  research 

gaps detected in the evaluation of  the adequacy of  avai lable v ideos for 

educat ional purposes :  

•  First ,  having a better understanding of the role of visual  d isplays in v ideos 

for conceptual learning and how to optimize thei r  effect in complex 

abstract explanations,  is  an area to be further explored .   

•  Second,  the importance of the eff ic iency of explanations and their  relat ion 

to video length and retention rate is  worth studying.  This implies the 

chal lenging task of  f inding the r ight balance between providing a 

comprehensive explanat ion and maintaining an opt imal video durat ion ,  and 

detecting how such factors affect the average view durat ion.  
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•  Third,  there is  a need to count with qual ity data from YouTube channels to 

properly evaluate the audience ’ s  behavior  in  front of videos with dif ferent 

characterist ics .  This would be valuable for empir ical ly  understanding  the 

real  impl icat ions of  potential ly  re levant metrics for v ideo adequacy.  Th is  

qual i ty information should come from owners ’  data ,  which can provide the 

academic community with invaluable ins ights .  

•  Lastly ,  there i s  also a need for more empir ical  evidence of v ideo implications 

in educat ion from real  classroom experiences.  This would provide a clearer  

picture of the impact of selected and produced v ideos on conceptual 

learning,  academic performance ,  the generation of interest and motivation 

towards STEM discipl ines ,  etc .  

2.2 Potential of dissemination resources in 
education 

Since the early 2000s ,  STEM disseminat ion has moved to digi tal  formats ,  and,  

part icularly  during this last  decade,  the v ideo format has grown to become  one 

of the most popular  ways to disseminate .  Free access  v ideos  avai lable on the 

internet ,  with thei r  s ingular  characterist ics ( including resource images,  

animations ,  audio,  on-camera engaging presenters ,  etc . ) ,  are a potential ly  

suitable al ly  to meet the learning needs  of  new generations ,  as it  has been 

widely explained in the chapter 1.  

When referr ing to STEM dissemination in video format,  research usual ly  

directly addresses the YouTube platform and the concept of edutubers .  Indeed,  

the engaging voice t ipical ly  associated with edutubers has common 

characterist ics with the communicative voice of disseminat ion.  However ,  two 

clar i f ications are re levant on th is point :   

1 .  STEM disseminat ion is  also done in video format outside of YouTube’s  

borders .  

2 .  The fact that  there is  a v ideo on YouTube sharing information about STEM 

disc ipl ines does not mean that i t  is  a dissemination resource.  

Therefore,  in th is doctoral  thesis and the academic articles associated with i t ,  

the concept of “dissemination” wil l  be considered and used as such to clearly  

point out its  specif ic characterist ics  and intention.  However ,  even though there 

is  a lot of  research focused on the educat ional use of YouTube,  there is  st i l l  a  
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lack of a formal  approach to the character ist ics  of publ ic d issemination;  the 

preface of this document further elaborates on  this i ssue .  

There are st i l l  many prejudices in the academic community concerning  

public dissemination,  particular ly  regarding the parameters of r igor  and 

content qual i ty (Buitrago & Torres Ortiz ,  2022b;  Vizcaíno -Verdú et al . ,  2020) .  

These prejudices are mainly based on the lack of peer-reviewed mechanisms to 

guarantee that the information spread onl ine is  accurate enough,  together  with 

the s impl if ications needed to appropr iately  achieve the public d issemination 

purpose.  The growing prol i feration of STEM-related onl ine dissemination 

content has made i t  easier for sc ienti f ic knowledge to be shared in a format 

that is  more accessible and enjoyable for society (Cárdenas,  2017) .  However ,  

this free c irculation of  knowledge makes i t  more exposed to media noise and 

mis information (Quesada Cubo & Navarro Ardoy,  2023) .  This  is  one of the 

chal lenges that public  disseminat ion is  currently fac ing .  

However ,  i t  is  undeniable that these resources exist ,  and they are demanded 

and widely  used.  Not in vain,  Gi l -Quintana et a l .  (2020) documented how 

edutubers might be a preferred academic reference for students .  This is  due to 

some of the character ist ics of the communicative style used by disseminators  

and edutubers  and their  high engagement rates and interact ion with the 

audience.  I t  is  t rue that the free c irculat ion of ideas onl ine opens a room for  

pseudoscience content and manipulation .  Sti l l ,  the chal lenge of publ ic  

disseminat ion is  to deal with th is scenario and provide interesting ,  engaging ,  

and r igorous information .  In this l ine,  dissemination mater ials might also be 

invaluable as didactic resources .  There is  st i l l  a need for more research focused 

on the trends in dissemination,  and how to foster  these synergies  towards the 

educat ion sector .  

Moreover ,  the fact that a high quanti ty  of dissemination resources i s  

developed by active profess ionals or insti tut ions,  i s  posi t ive in the acquisi t ion 

of transversal  sk i l ls .  Students can benef it  f rom this fact because it  is  a valuable  

way to empathize with others currently working in the same f ield in which they  

are being trained,  acquir ing new vir tual  role models .  Such role models wil l  show 

them profess ional appl ications of thei r  degree,  and real - l i fe examples of the 

concepts they are studying.  Additional ly ,  the fact that other students or 

profess ionals create v ideos also re inforces the famil iar ization with special ized 

jargon and common practice,  and fosters  vir tual  and col laborat ive learning  

(Jackman,  2019) .  The uti l izat ion of videos as  a practical  tool  not only enriches 

the comprehension of the implications and applications of the degree but also 

addresses some of the primary causes of high dropout rates in STEM disc ipl ines 

(Gregori  et al . ,  2018;  Tayebi et al . ,  2021) .  However ,  more classroom experiences 

wil l  be helpful  to specif ical ly  address these applicat ions of dissemination 

videos elaborated by inst itutions ,  professionals ,  or peers .  
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It is  a lso interesting to develop clear evaluat ions on the usage behavior of  

disseminat ion and education v ideos,  to obtain clear ins ights on the parameters 

s ignif icantly inf luencing each type of video consumption.  For example,  i t  would 

be interesting to evaluate how parameters such as v ideo length might be 

correlated with retention rate in both cases ,  to infer how such parameters  

should be considered in the creat ion process  of dissemination materials a imed 

at complementary didactic use.  Scarce references specif ical ly  address this  

aspect ,  which might be crucial  in evaluat ing  the compatib i l i ty  between 

disseminat ion and educat ion purposes with a unique optimized format.  

Final ly ,  i t  is  interesting to address the dif ferences in both purpose and format 

between the disseminat ion activi ty performed by inf luencers and inst itutions  

(Buitrago & Torres Ortiz ,  2022a) .  The growing populari ty of  STEM f ields  onl ine  

fosters the appearance of content creators in most knowledge domains .  Sti l l ,  i t  

also opens an opportunity for universi t ies and other insti tut ions to contr ibute 

to transferr ing scientif ic and technical  knowledge.  However ,  there i s  a need for  

more research on the dif ferences between their  communicative sty les ,  the 

audiovisual  formats implemented,  and the impact of thei r  respect ive contents ,  

as well  as on the impact of the col laboration between inf luencers and 

insti tut ions.  These ins ights might be useful  to develop new communicative 

strategies in insti tutions  that enhance thei r  reach ,  engagement,  and overal l  

eff icacy .  

In conclus ion,  several  research gaps are st i l l  found when it  comes to 

assess ing the educational value of STEM disseminat ion multimedia resources :  

•  First ,  a comprehensive framework should be developed for a formal 

def ini t ion of public d issemination ’ s  role ,  characterist ics ,  and mechanisms ,  

as wel l  as i ts  synergies  with education and journal ism .  

•  Second,  it  is  relevant to further study how the use of dissemination videos 

created by inst itutions,  profess ionals ,  or peers contr ibutes to a complete 

understanding of the profess ional appl icat ions of the degree ,  as well  as  

reinforcing special ized jargon .  

•  Third,  more research would be valuable in understanding consumption 

behaviors for both disseminat ion and educational videos.  Th is wil l  a l low the 

development of compatible ,  optimized formats that might address both 

aims.  

•  Fourth,  the di f ferences in purpose,  communicative strategies ,  and impact 

between the disseminat ion made by inf luencers or institutions should be 

further studied and their  col laboration opportunit ies .  

•  Lastly ,  more empir ical  evidence is  needed through real  classroom scenar ios  

that bring ins ights about the educat ional  value of STEM dissemination 
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resources .  This  wil l  show thei r  true impact in parameters such as academic 

performance,  contextual ization  of STEM disc ipl ines in their  real - l i fe  

appl ications ,  and increased interest and motivation towards these 

knowledge domains.  

2.3 Using videos in Emergency Remote Learning 
scenarios 

The COVID-19 pandemic has profoundly impacted every aspect of our l ives ,  and 

educat ion is  no exception.  As the v irus spread across the globe,  schools and 

univers it ies  were forced to close their  doors ,  leading to an unprecedented shi ft  

towards remote learning.  This sudden transi t ion to what we now refer to as the 

Emergency Remote Learning scenar io has highl ighted both digital  education’s 

potential  and chal lenges .  

In many ways ,  the pandemic has accelerated trends that were already in 

motion before (Facer &  Selwyn,  2021;  Timotheou et  al . ,  2023) .  The use of d igi tal  

tools and onl ine platforms for teaching and learning was already on the r ise ,  

but the pandemic made them a sudden necessi ty .  Teachers had to adapt thei r  

lesson plans for onl ine del ivery ,  and students had to adjust also to learning 

from home without the benefi t  of  face -to-face interact ion with their  peers and 

instructors  (Mis ir l i  & Ergulec,  2021) .  Therefore,  the sh if t to remote learning also 

exposed and exacerbated some exist ing chal lenges  and inequal i t ies (Bonacini  

& Murat ,  2023;  Kennedy et al . ,  2022) ,  f rom which we could h ighl ight the 

fol lowing:  

1 .  Not al l  s tudents can access a rel iable internet connection or a suitable 

device for onl ine learning.  The learning environment at home is also crucial  

in these scenar ios ,  and the famil iar and social  s i tuations might play a 

dif ferent ial  role  (Misir l i  & Ergulec,  2021) .  

2 .  Not al l  teachers have the tra ining and support that they need to teach 

effect ively onl ine .  Digital  competences have become crucial  sk i l ls  that  

teachers and students should be trained to face the chal lenges of ERL 

scenarios (Misir l i  & Ergulec,  2021) .  This is  s t i l l  an area where more research 

could be useful  to evaluate  the digi tal  competence of academics and 

enhance their  preparation  for such educational settings.  

Moreover ,  the impact of ERL on educat ion extends beyond the immediate 

shift  to remote learning.  The disruption to tradit ional learning environments 

and routines has had a s ignif icant impact on students ’  mental  health and well -
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being (L ischer et al . ,  2022;  Ye et al . ,  2023) .  Even though the di rect impact of  

ERL on educat ion is  widely studied,  the long-term ef fects of this disruption on 

educat ional outcomes are st i l l  unknown (European Commiss ion,  2022b;  Meinck 

et a l . ,  2022;  Namkung et al . ,  2022) .  

The experience of the ERL due to COVID-19 has underscored the importance 

of being prepared for such emergency remote learning scenar ios .  Digi tal  

educat ion wil l  cont inue to play a s ignif icant role in the future of educat ion,  

even after the immediate threat of the pandemic has passed.  Therefore,  we 

must use the lessons learned during this period  to build more resi l ient ,  

inclusive,  and effective educat ional systems.  

On the other hand,  regarding social  demands for STEM information,  the 

COVID-19 pandemic  increased the presence of STEM content in both mass 

media and social  media.  Only in a matter of months ,  the number of people 

receiving information about such disc ipl ines through WhatsApp, blogs ,  and 

social  media increased substantial ly  (Quesada Cubo & Navarro Ardoy,  2023) .  

This is  one of the benef its of  the pandemic:  the social  understanding of the 

importance of research and STEM dissemination.  

YouTube is found among the most popular social  media for STEM 

disseminat ion (Černá & Borkovcová,  2020) .  YouTube’s ubiquity in education also 

played a crucial  role in ERL  providing a vast  array of educat ional content and 

al lowing educators to share content with students .  Moreover ,  the students ’  

personal use of video for learning scient if ic disc ipl ines increased substantial ly  

during ERL (Breslyn & Green,  2022) .  However ,  besides the broad understanding 

of videos’  integrat ion in educat ional  contexts ,  specif ic research on the design 

of video-based strategies to mitigate the adverse effects of ERL would be 

interest ing .  This would benef it  not only such scenar ios but a lso learning in 

unfavorable s i tuations,  where STEM videos published on YouTube might 

complement pract ical  lessons in contexts lacking sc ienti f ic resources .  

In these regards,  there is  also a gap in the l iterature when i t  comes to 

gathering empir ical  ev idence of the  use of video-based pedagogical  strategies  

to mitigate ERL impacts .  These mitigat ion strategies could inf luence the ERL's  

negat ive inf luence on academic performance,  motivation,  or interest in STEM 

subjects .  However ,  comparative studies  should be developed to address these 

parameters in ERL si tuat ions versus in  tradit ional settings.  

In conclus ion,  several  gaps are  found in the specif ic impact of videos during 

ERL scenarios .  Research in this l ine  might be useful  for potential  future 

emergency s i tuations that force s imilar educational sett ings ,  as well  as for 

unfavorable s i tuations in remote areas that  might benefi t  f rom digital  access 

to knowledge.  The gaps detected and addressed in th is doctoral  thesis are the 

fol lowing:  
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•  First ,  the role of  video-based pedagogical  strategies that might be useful  to 

mitigate the negat ive impacts of ERL is  an area worth exploring.  

•  Second,  more research is  st i l l  needed on the digi tal  competences for onl ine 

educat ion,  also relevant when it  comes to video integrat ion as a didactic 

resource.  This is  appl icable both from the teachers ’  perspective and from 

the students '  perspect ive .  

•  Third,  even though the overal l  impact of  ERL on educat ion and students ’  

mental health  has been widely studied,  there is  s t i l l  a lack of research on 

the long-term effects  of ERL in educat ion .  

•  Lastly ,  more real  classroom experiences are needed to evaluate the specif ic  

inf luence of v ideos in an ERL scenar io compared to  a tradit ional setting.  

2.4 The use of videos to foster interest in STEM 
disciplines 

Using v ideos as an educat ional tool  to foster interest in STEM discipl ines has 

gained signif icant attention in recent years .  While  several  aspects  of  th is 

approach have been extens ively studied,  there are st i l l  areas that remain 

underexplored.  

Videos ,  particularly  YouTube videos ,  have been lauded for their  abil ity  to 

engage students and enhance their  learning experience.  There is  broad 

evidence about some of the inf luential  factors from videos in the generation of  

interest  and motivation towards STEM discipl ines in students .  This  increase in 

student engagement through the transfer of  knowledge  is  mainly due to an 

effect ive video des ign based on  the use of graphics ,  the presence of a v irtual  

instructor ,  and an optimized video length .  These aspects have also been 

extens ively covered in the section 1.2 .  

Most studies base the aff i rmation that videos are an effective complementary  

format to foster interest in STEM discipl ines on the direct comparison with 

more tradit ional educat ional  settings with texts and regular  lectures as the 

source of information (Kayan-Fadlelmula et al . ,  2022;  L i  et al . ,  2020) .  However ,  

there is  a lack of research on the long -term effects of these interventions .  I t  i s  

crucial  to understand whether the ini t ial  interest sparked by these videos 

translates into a sustained engagement with STEM subjects over t ime. This  

could involve tracking students ’  academic performance,  career choices ,  and 
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overal l  att itude towards STEM discipl ines in the years fol lowing the 

intervent ion.  

I t  has also been found that the consumption of content related to STEM 

disc ipl ines i s  pos it ively associated with an increase in the interest  of  students  

towards STEM degrees when starting univers ity  (Chen et al . ,  2023) .  This appl ies  

to the inf luence of such content from mass media and social  media,  as wel l  as 

from playing video games related to STEM. Current studies highl ight the 

indirect mechanism of  inf luencing career interests through the personal value s 

system and ident ity formation.  However ,  more research is  st i l l  needed on the 

nature of such inf luence and the comparative effects depending on the tool  

type and format used.  

Moreover ,  the context  in which students are involved is  also a determining 

factor in developing such interests  in STEM discipl ines .  Most of the ex ist ing 

research is  usual ly  conducted in specif ic contexts based on certain countr ies  

or school sett ings  (Kayan-Fadlelmula et al . ,  2022) .  However ,  the inf luences of 

the students ’  famil iar and social  context ,  as well  as their  culture and 

educat ional system, might be relevant factors in understanding how interest 

and motivation towards STEM discipl ines are developed and,  hence,  how 

disseminat ion videos might impact  these aspects .  

These diverse contexts might present  barr iers to the implementat ion of  

video-aided education in some real -world educational sett ings.  Such barr iers  

might be directly related to technical  issues ,  lack of resources ,  or resistance 

from educators .  Some of these chal lenges are also partial ly  covered by the 

previously declared research gaps when address ing the needs of the teaching 

community to develop thei r  digi tal  and technological  competencies ,  and when 

address ing the part icular i t ies of educat ion in unfavorabl e contexts .  However ,  

these are aspects also impacting the potential  of  video -based learning to 

posi t ively impact students ’  interests in STEM discipl ines in such contexts ,  and 

there is  room for more research to be developed addressing such needs .  

And f inal ly ,  the advancement of technology in the context of educat ion has 

generated an increasing interest in personal ized learning  and how to address  

the indiv idual interests and learning needs of students  (Tetzlaff  et al . ,  2021) .  

Educational technology plays a crucial  role in addressing learner var iabil ity  and 

faci l i tating the advancement of personal ized learning .  The aim is to al low 

learners to set speci f ic learning goals ,  select  instruct ional approaches and 

content,  as well  as select the learning activi t ies and pace that are suitable for 

thei r  needs and interests (Zheng et al . ,  2022) .  In this  context ,  educational videos 

offer promising applicat ions and opportunit ies in personal ized learning ,  as they 

can be tai lored to meet specif ic learning needs and interests of students  

(Bernacki et al . ,  2021) .  Yet ,  more research is  st i l l  needed to ful ly  understand 
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the role of videos in creat ing effect ive video-based instructional  designs for  

personal ized education .  This is  an area of work facing several  chal lenges such 

as a lack of a common approach and def ini t ion of what personal ized learning 

should entai l  (Shemshack & Spector ,  2020) ,  the complex ity of personal ized 

learning designs  that attempt to accommodate al l  learners based on several  

characterist ics ,  design elements ,  and ends (Bernacki et al . ,  2021) ,  and the 

intense resource requirements needed for its  suitable implementat ion.  

In conclus ion ,  the role of videos in the development of interest and 

motivat ion towards STEM disc ipl ines encompasses some areas st i l l  worth 

studying:  

•  First ,  i t  would be interest ing to  understand further whether the impacts of  

video-aided learning on interest and motivat ion are sustained over t ime.  

•  Second,  more research is  s t i l l  needed on the specif ic and comparative 

impact of di f ferent formats  and tools ,  such as mass media,  social  media,  

video games ,  etc .  

•  Third,  the context diversity into which video -based learning methodologies 

could be implemented ,  and the potent ial  barr iers to its implementation,  are  

st i l l  areas requir ing further research .  

•  And, lastly ,  the concept of personal ized learning,  and the role of videos in 

it ,  present numerous chal lenges in pursuing  an individual ized approach to 

students ’  needs and interests .  
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3. Research strategy: 
Objectives, methodology and timeline 

This chapter outl ines the overal l  research strategy des igned for this doctoral  

thes is and executed throughout i ts duration.  I t  starts by  presenting Sígueme la 

Corr iente :  a s ingular case of a STEM YouTube channel that has served as case 

study in this research.  The chapter def ines the objectives and research 

quest ions that guided the investigation,  providing a roadmap to shed l ight on 

the previously detected research gaps .  Final ly ,  the methods and materials used 

in this research are presented,  explaining  the research design fol lowed to 

ensure the f indings’  val idi ty ,  rel iabil i ty ,  repl icabil i ty ,  and reproducibil i ty .   

3.1 Sígueme la Corriente: combining educational 
and dissemination purposes 

As exposed through the chapter 1,  the use of dissemination videos widely  

avai lable onl ine might benef it  STEM education.  There are multiple YouTube 

channels special ized in publ ishing dissemination v ideos about di f ferent 

knowledge domains,  which can be accessed by  educators and students  

worldwide.   

The reference example for this doctoral  thesis ,  on which the research is  

based,  i s  the STEM YouTube channel Sígueme la Corr iente 20 (L i jo ,  2017) .  

Sígueme la Corr iente  is  a popular Spanish -speaking YouTube channel focused 

mainly on energy ,  electr ici ty ,  and sustainabil ity .  I t  was created in January 20 17,  

and s ince then,  the channel has published a total  of  150 videos,  reaching more 

than 170.000 subscribers and 5,500,000 views  (see Figure 10) .  Since then,  three 

main phases have taken place in its evolut ion:  presentat ion,  consol idation ,  and 

reconceptual ization (see F igure 11) .  

Sígueme la Corr iente ’ s  ini t ial  presentation stage  lasted about two years ,  

unti l  Apri l  2019.  During this t ime,  the channel focused on creat ing awareness  

 
20 https : / /youtube .com/SiguemeLaCorr iente  (Accessed 05/04/2024)  

https://youtube.com/SiguemeLaCorriente
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about energy ,  electr icity ,  and sustainabil i ty  through special ized content  

combined with v ideos about other  general  STEM topics .  The channel 's  author  

also appeared on TV and radio shows and part ic ipated in var ious national and 

regional events to reach a wider audience.  

 

Figure 10 .  I l lustrat i ve  image of  Sígueme la Cor r iente  YouTube channel .  

 

Figure 11 .  Timel ine of  S ígueme la  Corr iente phases and thei r  t r iggers .  
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From Apri l  2019 to August 2020  the consol idation stage of  Sígueme la 

Corr iente  took place .  This stage focused on creating exclusively  new content 

related to energy ,  electr ici ty ,  and sustainabil i ty  while maintaining the 

disseminat ion voice a imed at entertainment .  Through this stage,  the channel 's  

subscr ibers and v iews increased s igni f icantly ,  and demand grew for additional  

content that could be used in class or as study material .  This coincided with 

the f i rs t s tage of Emergency Remote Learning (ERL) that arose due to the 

COVID-19 pandemic.   

Furthermore,  due to the channel ’ s  wide use in educational contexts ,  a 

reconceptual ization phase started in August 2020 with the creat ion of a 

specif ic ser ies of videos dedicated to serve as pedagogical  aid s .  These videos 

aim to be integrated both into technological  branches of secondary education 

and into energy ,  electr ici ty ,  or sustainabil i ty - related universi ty degrees .  

Al l  the channel v ideos have been categorized by a functional  cr iter ion,  

discretiz ing between “disseminat ion videos” ,  “educational v ideos” ,  and “others” 

for announcements ,  shorts ,  or non-energy-related v ideos (developed during the 

presentation stage) .  The total  number of videos published dur ing this s ix -year  

t ime frame in each category is  29 in education,  62 in dissemination and 56 in 

others .  These categories  were set  by intent ional ity .  On the one hand,  

“dissemination videos”  aim to entertain the audience an d satis fy their  cur iosi ty 

by presenting interesting and engaging topics .  No specif ic  constraints are 

considered in this category regarding topic selection or format definit ion.  These 

are the videos that have been published in the channel s ince its or ig ins ,  and 

some examples of their  t i t les would be:  “How can you understand your  

electr ici ty bi l l? ” ,  “How is Energy produced in the Matr ix movies ?” ,  or  “Could you 

be saved i f  a l ightning str ikes you?” .  

As opposed to dissemination contents ,  educat ion al contents in the channel  

are dif ferentiated by the fol lowing specif ic features ,  fol lowing the guidel ines 

and consensus in the l iterature about the features that opt imize knowledge 

transfer in multimedia formats :  

•  Therefore,  they  are al igned with the content of STEM degrees.  Concept maps 

have been helpful  in this regard to adequately select the topics from the 

curr iculum that could most benefi t  f rom video -aided re inforcement.  

•  They count on a deeper focus and more ef f ic ient explanat ions when 

compared to disseminat ion videos,  and the communicat ive voice avoids the 

distract ions that otherwise would aim for enterta inment.  

•  The use of animations and visual izations in educational v ideos is  intensif ied 

and specif ical ly  tai lored to support the learning of complex,  abstract  

concepts .  
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•  The mathematical  explanat ions of explained ideas are expl ici t ly  included 

and clar i f ied as part of  educat ional videos  when relevant .  

•  These educational videos are often part of  a more comprehensive  ser ies ,  

l ink ing new contents to prior knowledge and creat ing a structured sequence 

of v ideos that increase in complexity .  

However ,  besides the reconceptual ization stage aimed to create such 

educat ional resources intentional ly ,  some previous contents were detected also 

to be compliant with the establ ished cr i ter ia to fal l  under this category .  From 

the presentation and consol idation stages ,  only a share of 24% could be 

considered educat ional ,  whereas during the reconceptual ization stage such 

share was set at 50% (excluding the  "others"  category from considerat ion in 

both cases) .  Educat ional contents in the channel respond to spe ci f ic  

pedagogical  requests from the audience (both students and teachers ) and ha s 

been integrated in to educational envi ronments (ei ther in secondary or  

univers ity education) .  Moreover ,  w ith the development of the educational video 

category in the channel ,  agreements with univers it ies have taken place to 

produce speci f ic videos or video ser ies .  

After more than eight years s ince the creat ion of Sígueme la Corr iente  and 

more than four years s ince the reconceptual ization stage,  Sígueme la Corr iente  

has become a s ingular case of a STEM YouTube channel with dual purpose 

towards dissemination and educat ion.  This doctoral  thesis has documented and 

analyzed such a process as a means of further understanding the intersection 

between the purposes of dissemination and education ,  and the educational use 

of disseminat ion resources .  

3.2 Objectives and Research Questions 

The fact that this doctoral  thesis counts  with the owner ’s  data for a relevant 

STEM YouTube channel such as Sígueme la Corr iente  has al lowed the pursuit  

of  three interesting Research Objectives and eight Research Questions that  

directly address  the research gaps detected through the l i terature examinat ion  

(chapter 2) .  Therefore ,  and al igned with such research gaps detected,  three 

Research Object ives (RO)  and eight Research Quest ions (RQ) have been defined 

as guidance for th is research.  Figure 12 shows the intersect ion of the research 

l ines of this doctoral  thesis (determined by the research gaps) and the dif ferent 

RO and RQ to be addressed.  They wil l  be further  presented in the fol lowing 

subsections.  
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Figure 12 .  Research l ines ,  objec t ives  and quest ions involved in thi s  doctora l  thesis .  

I t  is  worth mentioning that while the incorporat ion of  both STEM and STEAM 

educat ion is  interesting as educational approach es,  this doctoral  thesis  does  

not focus on those methodologies themselves .  Instead,  attention is  placed on 

the common challenges  found in the conceptual learning of  science (S ) ,  

technology (T ) ,  engineering (E) ,  and mathematics (M) discipl ines .  Therefore,  the 

STEM acronym is used in th is document to refer to those discip l ines in  

analyzing these chal lenges for conceptual learning and studying how video -

based learning might be beneficial .  

3.2.1 RO1: Perception about the educational use of a 
YouTube STEM dissemination channel 

The f irs t objective set  in this doctoral  thesis was des igned during early 2020,  

with the COVID-19 pandemic increasing the need for onl ine resources that  

could be used as pedagogical  aid during ERL.  In that period ,  Sígueme la 
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Corriente  was not regularly publishing videos des igned  expl ici t ly  with 

educat ional  purposes .  Instead,  the channel was mainly  focus ing its content on 

entertainment and disseminat ion.  However ,  despite that fact ,  some comments 

suggested that such videos were being used both by students and teachers .  

Therefore,  the f i rs t objective (RO1) set in the doctoral  thesis was to better 

understand the potential  pedagogical  use of an informal dissemination 

YouTube channel through character iz ing its audience.  The object ive was set to 

assess whether the audience was using the channel for educational purposes ,  

even though its a im was  entertainment.  Proven that such educat ional use 

exists ,  another research question intends to evaluate whether key metrics for  

the adequacy of educational v ideos were met by the channel ’s  contents ,  

according to the audience’s perception.  Final ly ,  a last gener ic research question 

focused on the general  perception of the audience about the implications of 

integrat ing videos in formal educat ion.  

Consequently ,  the specif ic research questions contr ibut ing to the RO1 are:  

•  RO1.Q1:  Provided the channel has been created to entertain the public ,  does 

it  have a s ide use as an educational resource?  

•  RO1.Q2:  What is  the channel ’ s  audience’s percept ion of cr i t ical  aspects of  

video adequacy for its  integrat ion into educat ional envi ronments?  

•  RO1.Q3:  What is  the general  opinion of the channel ’s  audience about 

integrat ing pedagogical  v ideos in education?  

As ref lected in the Figure  12 ,  this  RO is al igned with the fol lowing research 

l ines :  Metr ics  to opt imize the educational  value of v ideos,  the potent ial  of  

disseminat ion resources in education,  and the use of v ideos to foster interest 

in STEM discipl ines .  

3.2.2 RO2: Designing educational videos for their real 
classroom integration during ERL 

The second objective of this doctoral  thesis  continues from the conf irmation 

that the contents of the channel were being used for educational purposes ,  

even though that was not their  objective.  This fact might i l lustrate how informal  

disseminat ion contents were being integrated as part of  formal  education,  

either by teachers ’  act ive introduction of such resources  in their  c lasses or by  

students ’  seeking conceptual support onl ine.  In any case,  given that there is  

demand, it  would be interest ing to examine the ef fects of creat ing content  
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specif ical ly  aiming for  an educational use,  whose features  are optimized for  

such purpose.   

Moreover ,  this objective was al igned with a specif ic need in the BSc.  Degree 

in Electr ical  Engineering f rom the School of Industr ial ,  Aerospac e,  and 

Audiovisual  Engineering of Terrassa,  at Universi tat Pol itècnica de Catalunya .  

In the transi t ion to ERL  due to COVID-19,  the students were fac ing a bottleneck 

in the subject “Electr ical  Machines I ”  for the concepts of electromagnetism  and 

3-phase ci rcuits ;  s ince they are contents that were not appropriately explained 

in previous subjects and consti tute the build ing blocks of 32.2% of the courses  

composing the degree .  

To re inforce the conceptual understanding of such concepts and 

complement the teaching in an ERL scenar io,  a ser ies of nine didactic videos 

was created in Sígueme la Corr iente ,  ent irely  substi tut ing any intervention from 

the professor  about these topics .  Thus,  the second research object ive (RO2) was 

to analyze i f  the use of dissemination v ideos optimized for educat ional  

purposes was able to mitigate some of the impacts of ERL on  educat ion qual i ty  

percept ion,  academic performance,  motivation,  and interest in  the subject .  

Therefore,  the specif ic  research questions contr ibut ing to the RO2 are :  

•  RO2.Q1:  Did ERL produce d if ferences in educat ion qual ity perception and 

academic performance?  

•  RO2.Q2:  Did didact ic v ideos contr ibute t o mitigat ing the impact of ERL from 

the students ’  perspect ive?  

•  RO2.Q3:  Did didactic videos contr ibute t o boost motivat ion and interest in 

the subject?  

The posi t ive results obtained through this experience motivated the creation 

of a specif ic l ine of educational v ideos in the channel .  These new contents  

benefi t  f rom the characterist ics of d issemination style and optimize the metr ics  

for adequate integrat ion in formal educat ion:  e .g . ,  using more animations,  

providing more detai led information,  and reinforcing the explanat ions of the 

practical  appl icat ions of the topics ,  and thei r  connections with other re levant 

concepts .  

As ref lected in Figure 12 ,  this  RO is al igned with the fol lowing research l ines :  

Metr ics to optimize the educat ional value of v ideos,  the potential  of  

disseminat ion resources in educat ion,  the use of videos in ERL scenarios ,  and 

the use of videos to foster interest in STEM discipl ines .  
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3.2.3 RO3: Comparative analysis of the educational 
and dissemination use of a YouTube channel 

After introducing of disseminat ion contents optimized expl ici t ly  for 

educat ional use in Sígueme la Corr iente ,  there was a remarkable change in the 

growth tendency of the channel .  Figure 13 shows the evolution of the daily  and 

aggregate views of the channel during its whole l i fet ime (s ix years  f rom January  

2017 to December 2022) .  Such an ef fect on educational v ideos i s  represented 

in the green dotted trendl ine for stage 3.  

 

Figure 13 .  Dai ly  and aggregate v iews dur ing the whole channel ' s  l i fe ,  showing in dotted  

l ines i t s  three def in i tory  stages :  presentat ion  (orange) ,  consol idat ion (pink) ,  and  

reconceptua l i zat ion  (green) .  

In case such trend change was correlated with the publication of educat ional  

content,  this might unveil  the potential  benef its for a STEM YouTube channel 

to start opt imizing its  content for complementary  educational  use.  Therefore,  

the research objective number 3 (RO3) pursued in th is doctoral  thesis aims to 

provide such analysis ,  focus ing  on how a YouTube channel might evolve to 

satisfy the dual needs from the disseminat ion and education perspective in 

STEM discipl ines ,  as well  as the comparat ive performan ce of both types of  

contents .   

Consequently ,  th is objective mainly focuses  on deeply understanding the 

comparative performance of disseminat ion v ideos versus educational videos in 

the context of a STEM YouTube channel ,  and the factors inf luencing it .  

On the one hand,  RO3 aims to evaluate to which extent the channel  is  being 

used for educational or dissemination purposes to  conf irm if  the educational 

use ( in it ial ly  assumed as secondary  use of the channel ) might have become i ts  
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predominant use due to the new education -focused strategy.  On the other  

hand,  the detai led owner ' s  information for this channel is  considered valuable 

in further providing data -based evidence about video length relevance for  

educat ional and entertainment content ,  based on the retent ion rate.  Analyzing 

this parameter  and other inf luencing metrics for v ideo popular ity ,  thi s study 

intends to provide further empir ical  evidence that complements  the previous 

analyses on the channel 's  audience perception of the foremost parameters to 

define a good qual i ty video for educat ion.  

Therefore,  the specif ic  research questions contr ibut ing to the RO3 are :  

•  RO3.Q1:  Is  the educational use of a STEM YouTube channel higher than the 

enterta inment use?  

•  RO3.Q2:  Is  video length determinant for video performance in both 

educat ion and dissemination purposes?  

As ref lected in Figure 12 ,  this  RO is al igned with the fol lowing research l ines :  

Metr ics to opt imize the educational value of videos and the potential  of  

disseminat ion resources in educat ion.  

3.3 Materials and Methods 

The overal l  research design in this doctoral  thes is is  a mixed  methods 

sequential  explanatory design.  I t  is  intended to complement quanti tative 

analyses based on several  data col lection instruments with qual itat ive data 

obtained through structured and semi -structured interviews and open 

part ic ipation .  The fol lowing subsections wi l l  further introduce the specif ic  

research design fol lowed in each RO.  

3.3.1 Research design for RO1 

The RO1 of this doctoral  thes is intends to evaluate the p erception of the 

educat ional use of a YouTube STEM dissemination channel .  Such object ive  has 

been addressed through a  pre-experimental  design,  which is  adequate to 

measure personal percept ions about a specif ic topic or  curr icular  innovations 

(Cohen et  al . ,  2002;  Jorr ín Abellán & Fontana Abad,  2021) .  Such a non-

exper imental  approach is implementing a s urvey-based descr iptive design,  

complemented afterward by a qual itative analysis based on open contr ibutions.  
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The objective of both designs is  to evaluate the opinion that the users of  

Sígueme la Corr iente  channel had on i ts value and adequacy to be used as  an 

educat ional tool  before videos designed expl ici t ly  for educat ion were 

published.  The quest ionnaire used has been specif ical ly  designed as  part of  this  

doctoral  thesis ,  and i t  is  presented in the subsection 3.3.2 .  

First ,  during the exploratory analys is on the adequacy of  Sígueme la 

Corr iente  channel for educat ional use,  the population considered was the total  

number of the channel ’s  subscr ibers when data was col lected,  quantif ied as  

69,829 users .  The sample was obtained through voluntary partic ipat ion after 

the quest ionnaire was provided to the channel ’ s  users through v ideo 

announcements from July 14 th unti l  July 31st ,  2020 .  A total  number of 912 

part ic ipants was achieved.  

According to the Cochran equation with f inite populat ion correction (1)  

(Cochran,  1963) ,  the minimum sample s ize (n) needed to represent  the 

population (N) of  69,829 users with a margin of er ror (ε )  of  5% and a conf idence 

value of 95% (1 .96 Z score)  would be 383 indiv iduals .  Therefore,  the reached 

sample of 912 users exceeds the minimum representative sample,  and the 

result ing error margin is  3.2%.  

𝑛 =

𝑍2 · 𝑝(1 − 𝑝)
𝜀2

1 +
𝑍2 · 𝑝(1 − 𝑝)

𝜀2𝑁

 (1 )  

3.3.2 Research design for RO2 

The RO2 of this doctoral  thesis intends to evaluate the impact of  specif ical ly  

designed educational videos in real  classroom interventions during ERL .   

In this case,  the mixed methods sequential  explanatory design was 

composed of a quasi -exper imental  post -test design with  the control  group for 

the quanti tative approach,  intended to assess the var iat ions of students ’  

percept ion of education qual i ty dur ing the exper iment,  as well  as  the var iat ion 

in academic performance.  Afterward,  a case study qual itative approach was 

implemented based on a structured interview with voluntary  students ,  which 

al lowed to deeply  assess how the proposed v ideos may have affected  students ’  

motivat ion and engagement.  

As explained in the subsection 3.2.2 ,  this  RO was developed us ing as a case 

study the si tuation of the BSc.  Degree in Electr ical  Engineer ing from the School  
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of Industr ial ,  Aerospace ,  and Audiovisual  Engineering of Terrassa at  Universi tat  

Pol i tècnica de Catalunya .  The chal lenge was to provide a v ideo-aided strategy 

with dissemination v ideos from Sígueme la Corr iente  that  were expl ici t ly  

designed to opt imize the features that make them adequate for  educat ional  

use.  Those v ideos would be integrated in to real  classroom intervent ions to 

al leviate bottlenecks generated by the dispari ty in the understanding of basic  

concepts for the electr ical  engineering branch courses .  

First ,  i t  was crucial  to detect the thematic areas requir ing additional support 

in the Electr ical  Engineering BSc.  For this purpose,  concept maps have been 

used as a help ing tool to highl ight the central  relations among key ideas in 

dif ferent subjects .  Therefore,  such v isual  schemes contr ibute to identify  key  

topics where the benefits  of  didactic videos could be opt imal to reinforce not 

only a subject ’s  topics of interest  but also their  relat ionship with other subjects 

of the degree (Bodzin et a l . ,  2010;  Novak et al . ,  1984) .   

In this case,  the cr i t ical  concepts detected for the Electr ical  Engineering 

BSc.  are electromagnetism and 3 -phase circuits ,  as represented in Figure 14.  

Such f igure shows a concept map including al l  the courses composing the 

degree and highl ighting the presence of both key concepts ,  which act as a 

bottleneck for  up to 32.2% of the degree .  Moreover ,  Figure 15 and Figure 16 

respect ively show how electromagnetism and 3 -phase ci rcuits  are related to 

previous concepts in the degree,  and also to concepts to which they act as  

fundamental  knowledge.  For more information on how concept maps were  

developed and how they were implemented,  please refer to Appendix I  of  Paper 

2) .  

The use of these concept maps  has al lowed to detect such key areas that a 

video-aided reinforcement would benefi t .  Moreover ,  the adequate moment to 

implement such re inforcement was establ ished in the course “Electr ical  

Machines I ”  (60 hours ) ,  as it  is  the f i rs t electr ical  engineering special izat ion 

course.  Therefore,  a ser ies of 9 v ideos was developed in Sígueme la Corr iente  

as part of  th is study,  br inging the benefi ts of  video -based learning to 

understanding electromagnetism and 3 -phase c ircuits .  Both topics are 

composed of complex physics and mathematics abstract concepts in which 

animations and visual  explanat ions play  an essential  role .  These videos were 

created considering specif ic cr i ter ia to opt imize their  educational value,  as  

exposed in the section 3.1 .  Then,  dur ing the course the videos were distr ibuted 

to students through Moodle and made avai lable through two playl is ts of  the 

channel :  Electromagnetism (Li jo ,  2020c)  and 3-Phase Circuits (L i jo ,  2020b) .   

This study covered three academic years ( f rom 2019 to 2022) ,  extending 

through pre-ERL,  ERL and post -ERL scenar ios .  A total  sample of 157 students  

has been considered.  On the one hand,  a control  group was establ ished with 
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students f rom pre -ERL scenario who had not been exposed to any eLearning or  

video-based methodology  and only fol lowed a str ict ly  tradit ional pedagogical  

approach.  On the other hand,  the exper imental  groups completed the course 

fol lowing a distance learning approach with complementary video support ,  

start ing with ERL during the COVID -19 pandemic and continuing with a more 

normalized distance learning si tuation through post -ERL scenar io .  

 

Figure 14 .  Concept map of  compulsory  subjec ts in  BSc in E lectr ica l  Engineer ing ,  

marking those related to  e lect romagnet ism (φ  symbol)  and 3-phase c i rcui ts  (3 ̴  symbol) .  

As instruments to measure the impact of the intervention,  the Students ’  

Evaluation of Educational Qual i ty (SEEQ) val idated quest ionnaire was 
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implemented,  and the information came f rom grades reports for the three 

academic years contemplated.  Moreover ,  a structured interview was developed 

to acquire qual i tat ive information.  Al l  these data col lection instruments are 

adequately introduced in the subsect ion 3 .3 .2 .  

 

Figure  15.  Concept map deta i l ing  both the concepts  preceding e lectromagnet ism and 

the concepts to which electromagnet ism understanding is  needed.  

3.3.1 Research design for RO3 

The RO3 of this doctoral  thes is intends to  comparatively analyze the 

educat ional and dissemination use of a YouTube channel .  This objective was 

defined after the reconceptual ization phase of the channel  to assess the use of  

the educational content  of the channel versus its dissemination contents .  An 
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observational and correlational non-exper imental  research design has been 

fol lowed for this research objective .  

 

Figure  16.  Concept  map deta i l ing both the concepts preceding 3 -phase c i rcui ts  and 

the concepts to which 3 -phase c i rcui ts  understanding is  needed.  

The analyzed information covers the histor ical  evolution of the most relevant 

parameters of the channel during six years .  Such parameters are grouped into 

those referr ing to reach and awareness ( i .e . ,  impressions,  v iews and subscr ibers) ,  

use (average view durat ion) ,  and interaction (comments ,  shares ,  l ikes ,  and 

disl ikes ) .  Moreover ,  video length is  considered a pre -def ined parameter that  

does not depend on the channel ’ s  use,  as it  is  also the case for video categories  

set up by intentional i ty .  And f inal ly ,  c ontextual var iables are considered ,  such 
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as the demographic information of  users (gender ,  age,  country ,  and c ity )  and 

the device type used when consuming the channel ’ s  contents .  Al l  the previous 

information is  col lected from YouTube Analytics ,  access ible through Sígueme 

la Corr iente ’ s  YouTube Studio for owners  (Google LLC,  2022) .  This tool  is  further  

explained in the subsection 3.3.2 .  

The sample for this study consisted of 147 videos,  representing the total  

number of videos published in the channel under the three pre -establ ished 

categories  due to intentional ity :  educat ional ,  dissemination and others (please,  

refer to the Introduct ion for more information) .  Al l  the v ideos considered in 

this study were or iginal ly  created by Sígueme la Corr iente  and published in the 

channel ,  excluding any content from third part ies that  might be present in 

specif ic  playl i sts (e .g . ,  interviews in TV programs or col laborations in other  

channels ) .  The information col lected for al l  videos has al lowed us to obtain a 

contextual understanding of the main metr ics evolu tion through time . I t  

represents the consumption behavior of  the 146,772 subscribers and the 

4,268,071 views gathered when the research took place (considering the period 

from January 1 s t ,  2017,  to December 31 s t ,  2022) .  

3.3.2 Instruments and Data Collection 

This subsection presents the dif ferent instruments and data col lect ion methods 

used in the doctoral  thesis .  These sources include a survey designed as part of  

the research,  other val idated questionnaires from l iterature,  grades reports ,  

interviews and open part ic ipation,  and YouTube Studio for owners .  

Designed survey 

A survey has been designed to evaluate Sígueme la Corr iente  users ’  percept ion 

of its  value and adequacy to be integrated as educational resource .  This survey  

was mainly used as a data col lection instrument for RO1.   

Table 1 shows the designed quest ionnaire ,  consist ing of  18 quest ions 

grouped in three main categories :  assessment of the channel use preferences,  

assessment on the channel ’ s  contents and format adequacy,  and general  

percept ion about video-aided education.  I t  is  a 5-point L ikert scale 

quest ionnaire ,  with descr iptors adopted as  per the general  consensus in the 

l iterature about what aspects def ine an adequate educational v ideo (see the 

section 1.2 for more information about this topic) .  
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Table 1 .  Questionnaire for exploratory analysis o f  the channel ’s  users ’  

percept ions about its adequacy as an educational resource .  

ID Quest ions  

Q1 I  watch the channel ’ s  v ideos  the same week they are publ i shed .  

Q2 I  watch o ld channel  v ideos .  

Q3 I  use the channel for  educat ive purposes .  

Q4 I  use the channel for  enterta inment purposes .  

Q5 I  use the channel to  stay  updated on news in the sector .  

Q6 The se lect ion of  topics  and content matches  my interests .  

Q7 The presenter ’s  explanat ions  are a ttract i ve and interest ing .  

Q8 The rhy thm of  v ideos i s  adequate for  concept comprehension .  

Q9 
The technica l  level  i s  adequate  ( I  can fol low the concepts  and I  a lso learn  new 
things) .  

Q10 The channel ’s  contents a re r igorous .  

Q11 I ts  contents he lp me understand topics I ’m interested in .  

Q12 The v ideo ’s  contents are up to date .  

Q13 The v ideo ’s  durat ion i s  adequate .  

Q14 
Audiov isual  resources  used ( images and mus ic )  are helpfu l  to understand 
concepts .  

Q15 Didact ic  v ideos could help to  enhance educat ion  qual i ty .  

Q16 Classrooms are wel l  equipped for  the project ion of  d idact ic  v ideos .  

Q17 
Professors should be provided  with  competences  for  the creat ion of  own 
didact ic  v ideos .  

Q18 Didact ic  v ideos can subst i tute ass i stance-based educat ion .  

After data was col lected,  the rel iabil i ty  of  this instrument was val idated 

through Cronbach’s alpha method,  obtaining a coeff icient of 0.76.  This score is  

considered adequate according to the common standards for  exploratory  

research dr iven at early stages of a research l ine .  In these cases ,  the rel iabil i ty  

values should be equal or higher than 0.6 (Huh et al . ,  2006;  Nunnal ly ,  1967) .  

After the instruments ’  val idation ,  Bartlett ’ s  test of  spher ic ity and Kaiser -

Meyer-Olkin (KMO) measure of sampling adequacy were studied to ver i fy  the 

poss ibi l i ty  of  performing an exploratory factorial  analysis .  Results showed the 

fol lowing values :  χ 2  (153) = 2315.3 (p<0.001) ;  KMO = 0.850.  Th is conf irms the 

instruments ’  adequacy for a factorial  analysis ,  which helped to identify  f i ve 

factors that explain at  least 50% of the var iance .  

Such factors are presented hereafter  sorted by the research quest ions 

contr ibut ing to RO1:  

•  Assessment of the channel use preferences :  

o  Channel use for non-educative purposes (Q4,  Q5,  Q10 ,  Q12) .  

o  Fan phenomenon ( immediacy) (Q1) .  

•  Assessment on the channel ’s  contents and format adequacy:  

o  Content adequacy to solve problems or sat isfy topics of interest (Q2,  Q3,  

Q6,  Q9,  Q11) .  
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o  Audiovisual  format and communicat ive  style  adequacy (Q7,  Q8,  Q13,  Q14,  

Q15) .  

•  General  perception on video -aided education (Q16,  Q17,  Q18) .  

Survey from Literature 

To evaluate the perception of the educational qual i ty in real  classroom 

intervent ions,  the Students ’  Evaluations of Educational Qual i ty (SEEQ) survey 

has been used (Coffey  & Gibbs,  2001;  Marsh,  1982) .  As shown in Table 2,  i t  is  

composed of thi rty -two 5-point L ikert scaled quest ions organized in nine 

factors :  F1 Learning,  F2 Enthusiasm, F3 Organization,  F4 Group Interact ion,  F5 

Individual rapport ,  F6 Breadth,  F7 Exams,  F8 Assignments ,  and F9 Overal l .  

  This questionnaire i s  a widely used instrument for student feedback due to 

its well -developed factor structure,  high rel iabil i ty ,  and reasonable val idi ty  

(Cof fey & Gibbs,  2001) .  I t  has been a central  instrument in developing the 

research associated with RO2.  

Grades reports 

Grades reports have also been used in RO2 as a source of information to 

evaluate the impact of the proposed v ideo -aided pedagogical  strategy on 

academic performance,  also considering the effects of ERL.  The evaluation has 

been based on a direct comparison between the experimental  and control  

groups.  

Interviews and open participations 

As part of  the Mixed Methods research design,  qual itative information was also 

compiled to al low a more profound analysis that provided complementary  

meaning to the quanti tative information extracted through the research.  Both 

open participation and a structured interv iew have been used as  methods to 

compile such qual i tative ins ights .   
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Table 2.  Students ’  Evaluat ion of Educat ional Qual ity (SEEQ) survey ,  

distinguishing between factors :  F1 Learning ,  F2 Enthusiasm, F3 Organization ,  

F4 Group interaction ,  F5 Individual rapport ,  F6 Breadth,  F7 Exams,  F8 

Assignments ,  and F9 Overal l .  

Factors  Quest ions  

F1 

1 I have found the subject intellectually challenging and stimulating. 

2 I have learned something which I consider valuable. 

3 My interest in the theme has increased because of this subject. 

4 I have learned and understood the contents of this course. 

F2 

5 The professor was enthusiastic about teaching the subject. 

6 The professor was dynamic and energetic in conducting the subject. 

7 The professor enhanced presentations with the use of humor. 

8 Professor’s style of presentation held my interest during class. 

F3 

9 Professor’s explanations were clear. 

10 Subject materials were well prepared and carefully explained. 

11 Proposed objectives agreed with those actually taught so I knew where the subject was going. 

12 The professor gave lectures that facilitated taking notes. 

F4 

13 Students were encouraged to participate in class discussions. 

14 Students were invited to share their ideas and knowledge. 

15 Students were encouraged to ask questions and were given meaningful answers. 

16 Students were encouraged to express their own ideas. 

F5 

17 The professor was friendly towards individual students. 

18 The professor made students feel welcome in seeking help/advice in or outside of class. 

19 The professor had a genuine interest in individual students. 

20 The professor was adequately accessible to students during office hours of after class. 

F6 

21 The professor contrasted the implications of various theories. 

22 The professor presented the background or origin of ideas/concepts in or outside of class. 

23 The professor presented points of view other than his/her own when appropriate. 

24 The professor adequately discussed current developments in the field. 

F7 

25 Feedback on examinations/graded materials was valuable. 

26 Methods of evaluating student work were fair and appropriate. 

27 Examinations/graded materials tested course content as emphasized by the instructor 

F8 
28 Required readings/texts were valuable. 

29 Reading, homework, laboratories contributed to appreciation and understanding of subject. 

F9 

30 Compared with other subjects I have had at the university, I would say this one is: 

31 Compared with other professors I have had at the university, I would say this one is: 

32 As an overall rating, I would say the professor is: 

On the one hand,  open partic ipations were mainly used to support RO1. In 

that case,  the overal l  appreciat ion of the channel ’ s  use was compiled,  ask ing 

the audience to mainly  focus on the qual i ty ,  interest ,  and uti l i ty  of  the v ideos 

published in the channel for d idact ic use.  

On the other hand,  a structured interview was developed to support RO2,  

aiming to evaluate more deeply how the proposed v ideos may have af fected 

students ’  motivation and engagement throughout the course  where they had 

been integrated ,  despite the ident if ied adverse effects of ERL.  This qual i tative 

assessment a ims to better  understand,  and cross-check,  previous results 

obtained through the SEEQ survey and the academic performance data 
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obtained from grades reports .  The interview’s structure has been based on the 

fol lowing tensions deducted from the research questions of RO2 :  

•  Distance education impact on academic performance.  

•  Quanti ty of videos watched in the v ideo-based activ ity (1-9) .  

•  Type of use of the videos (satisfy ing cur iosity ,  exam preparat ion,  etc . ) .  

•  Impact of videos on motivation and interest in the subject .  

•  Relevance of  the content creator ’s  identi ty (professor vs .  profess ional  in the 

f ield) .  

•  Implications of proposed v ideos as teaching complement .  

YouTube Studio 

When accessing the advanced mode of the Analytics section of YouTube Studio 

for owners ,  a var iety of  parameters are presented that are designed to assist in 

assess ing a channel ’s  performance and usage.  These metr ics are categorized 

into several  concepts as outl ined below:  

•  Overview: watch time (hours) ,  v iews,  average v iew durat ion,  average 

percentage v iewed,  subscribers ,  v ideos added,  and videos published.  

•  Reach:  impressions,  impressions cl ick -through rate,  shown in feed,  v iewed 

(vs .  swiped away) ,  unique v iewers ,  average views per viewer ,  new viewers ,  

and returning viewers .   

•  Interactions:  subscribers gained,  subscribers lost ,  l ikes ,  d isl ikes ,  l ikes (vs .  

disl ikes ) ,  shares ,  and comments added.  

•  Playl is ts :  playl is t watch time (hours ) ,  v iews from playl is t ,  playl i st average 

view duration,  playl is t  average percentage viewed,  playl is t starts ,  playl is t  

exits ,  playl is t ex it rate,  average time in playl i st ,  v iews per play l is t s tart ,  and 

playl is t saves .  

RO3 primari ly  focuses on selecting the most relevant parameters for the 

intended scope among al l  the avai lable metrics .  These are grouped into reach 

and awareness ( i .e . ,  impressions,  views,  and subscribers ) ,  us age (average view 

duration) ,  and interact ion (comments ,  shares ,  l ikes ,  and disl ikes ) .  V ideo length 

is  also considered a pre -defined parameter independent of the channel ’s  usage,  

l ike the video categor ies set up by intent ional i ty (d issemination,  education,  or 

others ) .  Lastly ,  contextual var iables l ike demographic information of users  
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(gender ,  age,  countr ies ,  and c it ies ) or the device type used to consume the 

channel ’s  contents are considered.  

3.3.3 Data analysis and tools 

The methodology for the data analysis has been meticulously designed and 

executed according to the nature of the var iables obtained in data col lection 

and also al igned with the di f ferent research object ives .   

First ,  for the stat ist ical  analyses used in the quanti tative approach,  the 

fol lowing special ized software has been employed:  SPSS ( IBM, 2022)  and 

Jamovi (Jamovi ,  2023;  R Core Team, 2021) .  In al l  cases ,  a confidence level  of  

95% has been considered.  After performing Shapiro -Wilk normal ity test  

confirmations,  dif ferent parametric and non -parametric data have been 

selected respectively for the  normal and non-normal  distr ibutions of col lected 

data.   

Besides descr ipt ive statist ics used to analyze and represent relevant 

explanatory information ,  d if ferent statist ical  tests have also been employed.  

The Mann-Whitney U  test has been uti l ized to compare independent samples 

of non-normal data,  with the aim of identi fy ing signi f icant dif ferences between 

studied groups when consider ing continuous var iables .  Moreover ,  χ 2  tests of  

association have been employed to evaluate the correlat ions between discrete 

quanti tative var iables .  Lastly ,  for ident ify ing signif icant relat ions among 

relevant metr ics for v ideo performance,  Spearman’s correlation analyses have 

been used for non-parametrical  distr ibut ion of var iables .  

For  the qual i tative analysis ,  ATLAS. t i  software has been used (ATLAS. t i ,  2022) .  

The part icipations have been coded fol lowing a deductive process after in it ia l  

exploratory evaluat ions.  Given the nature of the sample considered in both 

part ic ipation and structured interviews,  the information was col lected in 

Spanish,  and equivalent Engl ish terms have been considered for codes,  al igning 

them with the concepts commonly used in l i terature.  Cooccurrence analyses  

have been performed to detect relevant re lat ions among codes,  and Sankey 

diagrams have been used for their  graphic representat ion.  

Complementary to the analyses above ,  demographic analysis and map 

representat ions have been conducted using Quantum GIS software (QGIS,  

2022) .  Furthermore,  concept maps have been created using CMapTools ( IHMC,  

2022) ,  to aid in v isual iz ing and understanding  complex concepts and the 

relationships among them.  
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3.3.4 Data availability 

Aiming to promote an open research culture,  and to ensure repl icabi l ity ,  the  

datasets considered in this  research have been shared in dif ferent open access  

reposi tor ies .  They are access ible through the fol lowing  l inks :  

•  Dataset :  Dataset for Sigueme la Corr iente  audience percept ion on its  

educat ional value (L i jo ,  2021) .  

o  Repository :  IEEE Dataport .  

o  Publisher :  Insti tute of Electr ical  and Electronics Engineers  ( IEEE) .  

o  DOI:  https:/ /dx .doi .org/10.21227/t7w2 -bh15  

•  Dataset :  Didactic Videos Integration in "Electr ical  Machines I "  subject (BSc 

in Electr ical  Engineer ing from ESEIAAT - UPC) (L i jo ,  Quevedo,  et al . ,  2022b) .  

o  Repository :  IEEE Dataport .  

o  Publisher :  Insti tute of Electr ical  and Electronics Engineers  ( IEEE) .  

o  DOI:  https:/ /dx .doi .org/10.21227/x5pn -m995  

•  Dataset :  Dataset for Sígueme la Corr iente STEM YouTube Channel  (L i jo ,  

2023) .  

o  Repository :  Mendeley Data .  

o  Publisher :  Elsevier .  

o  DOI:  https:/ /dx .doi .org/10.17632/gb88yvcv3m.1   
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4. Contributions: 
Building up on the research gaps  

This sect ion addresses  and builds  upon the identif ied research gaps through a 

ser ies of targeted research object ives already presented in previous sections.  

These objectives have been des igned to enhance our understanding and 

uti l izat ion of STEM disseminat ion audiovisual  resources in the educat ional  

context .  First  the doctoral  thesis t imel ine and publications are presented ,  

aiming to clearly describe a chronological  overview of the research strategy  

and its d issemination .  Then,  the contr ibution of this doctoral  thesis  to each one 

of the research objectives is  presented  in three subsections .  Through the 

executed research strategy ,  this thesis seeks to make s ignif icant contr ibut ions 

to dig ital  educat ion ,  educational technology,  and STEM education and 

disseminat ion.  

4.1 Timeline 

This t imeline sect ion serves the purpose of providing a chronological  overview 

of the var ious publications that have been instrumental  in shaping and 

enr iching the research journey presented through this document .  To provide a 

visual  representation of this t imescale ,  Figure 17 presents a schematic view of  

al l  the publ ications,  plotted against t ime,  and spread through the primary  

research l ines considered.  I t  offers a clear and concise view of the academic 

progress ion throughout the development period of th is doctoral  thes is .  The 

ini t ial  research activi ty  preceding the start of  this  thesis has been omitted f rom 

the scheme.  
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Figure 17 .  T imel ine of  the research l ines involved  in this  doctora l  thesi s .  
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The timeline begins with the foundat ional works that set the stage for the 

doctoral  thesis ,  encompassing educational innovation articles and book 

chapters ,  as well  as a teaching manual on MOOC creat ion framed under the 

scope of developing the digi tal  competence of academics and educators .  

The heart of  th is t imeline ,  and indeed the thesis  itsel f ,  is  the compendium 

of art icles that dive deeper into using dissemination videos to enhance STEM 

formal education ,  with YouTube serving  as a key source of such mater ial .  Three 

journal art icles and an international conference article build up the 

compendium presented in th is doctoral  thes is .  

Alongside these core publications,  paral lel  research l ines have also al lowed 

us to explore complementary aspects to th is thes is focus,  such as the  digi tal  

competence of educators ,  educat ional innovation mechanisms and resources ,  

and didactics of mathematics .  

Lastly ,  this  t imeline acknowledges the importance of making research 

access ible to the public ,  featur ing art icles published in disseminat ion s ites and 

press .  This has al lowed sharing the results of  this research to make it  avai lable 

to society through newspapers ,  onl ine special ized si tes ,  and magazines.  

4.1.1 Background for this doctoral thesis 

As exposed through the l iterature review, the integration of multimedia 

resources in STEM education has become increasingly s igni f icant .  Among these 

resources ,  dissemination audiovisual  materia ls might be promising in this  f ield 

as avai lable resources with educational potential .  These dynamic tools offer the 

potential  to transform learning exper iences,  br idging the gap between complex 

subject matters and diverse learners .  

This doctoral  thesis has been shaped after more than a decade of dedication 

to scienti f ic communication,  merging passion and expertise.  The combination 

of academic background in engineering with exper ience in the coordination 

and design of onl ine tra ining plans and massive onl ine open courses ,  

establ ishes a start ing point for the defini t ion of a doctoral  thes is studying the 

implications of dissemination v ideos for technology -enhanced STEM learning.  

Therefore,  the central  quest ion of this doctoral  thesis rev olves around how 

audiovisual  disseminat ion resources can enhance STEM education.  

Moreover ,  this path builds on the foundations of in it ial  educational  

innovation contr ibut ions exploring the use of  videos,  humor,  and music as tools  

for educational enhancement.  The works published before the beginning of this  

doctoral  thes is are presented hereafter :  
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•  International Conference Art icle :  Impact of  using audio-v isual  material  on 

didact ics of mathematics in primary school  (Quevedo Gutiérrez et al . ,  2017) .  

Publ ished in 2017 at :  IV Jornadas Iberoamericanas de Innovación Educativa 

en el  Ámbito de las TIC y las TAC (InnoEducaTIC 2017) .  

•  International Conference Art icle :  Stimulating STEAM learning through the 

use of humor (L i jo et al . ,  2017) .  Publ ished in 2017 at :  IV Jornadas 

Iberoamericanas de Innovación Educat iva en el  Ámbito de las TIC y  las TAC 

(InnoEducaTIC 2017) .  

•  Book Chapter  (SPI Q1) :  Herramientas audiovisuales para la elaboración de 

recursos didáct icos en discipl inas STEAM  [Audiovisual  tools  for the 

elaborat ion of didact ic resources in STEAM discipl ines ] (L i jo et a l . ,  2018) .  

Publ ished in  2018 at :  Experiencias pedagógicas e innovación educativa :  

aportaciones desde la praxis docente e investigadora  (Octaedro Editor ial ) .  

•  Book Chapter  (SPI Q1) :  Potenciales usos de la música como herramienta 

vehicular para la enseñanza de disc ipl inas STEAM  [Potential  uses of music 

as a vehicular tool  for teaching STEAM discipl ines ] .  Un caso práctico (López 

López et  al . ,  2020) .  Publ ished in 2020 at :  Claves para la innovación 

pedagógica ante los nuevos retos :  respuestas  en la vanguardia de la práctica 

educat iva (Octaedro Editor ial ) .  

•  Book Chapter :  El humor y el  audiovisual como herramientas didácticas en 

disc ipl inas STEAM  [Humor and audiovisuals as didact ic tools in STEAM 

disc ipl ines ] (L i jo et  al . ,  2020) .  Publ ished in 2020 at :  Tendencias  

Metodológicas en Innovación Educat iva  (Serv icio de Publ icaciones y 

Difus ión Científ ica de la Universidad de Las Palmas de Gran Canaria 

(ULPGC) ) .  

•  Teaching Manual :  Massive Online Open Courses (MOOC) :  una guía práctica 

para docentes [Mass ive Onl ine Open Courses (MOOC):  a practical  guide for  

teachers ] (L i jo ,  2020a) .  Publ ished in 2020 by :  Servic io de Publ icaciones y 

Difus ión Cient íf ica de la Universidad de Las Palmas de Gran Canaria (ULPGC) .  

4.1.2 Compendium of articles 

After the in it ial  def ini t ion of the research plan backing up this doctoral  thes is ,  

the research activi ty  began with an exploratory analysis of  the perceived 

educat ional value in the dissemination videos of a successful  Spanish STEM 

YouTube channel .  This exploratory analysis was fol lowed by the defini t ion of  

exper imental  research that counted with the creation of a specif ic ser ies of  

videos for educational purposes and a c lassroom intervention lasting three 
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academic courses .  And f inal ly ,  the performance of dissemination and 

educat ional content on YouTube,  as well  as the consumption behavior in both 

cases ,  was comparatively evaluated through an extens ion per iod of  s ix years .  

These research activi t ies were consol idated in three academic art icles  

published in prestig ious international journals ,  and in a communicat ion for one 

of the leading conferences in the f ield of educat ional technology and 

engineering education.  The publications composing the compendium of 

art icles for th is doctoral  thesis are presented hereafter :  

•  Journal Article  (JCR Q2 –  SJR Q1) :  Assessing Users ’  Perception on the Current 

and Potent ial  Educat ional Value of an Electr ical  Engineering YouTube 

Channel (L i jo ,  Quevedo,  et al . ,  2022a) .  Publ ished in 2022 at :  IEEE Access  -  

Education Society Section ( IEEE) .  

•  Journal Article ( JCR Q2 –  SJR Q1) :  Impact of Electr ical  Engineer ing Didactic 

Videos Dur ing Emergency Remote Learning (L i jo ,  Quevedo,  Castro,  et  al . ,  

2023) .  Publ ished in  2023 at :  IEEE Access -  Educat ion Society Section  ( IEEE) .  

•  Journal Art icle ( JCR Q2 –  SJR Q1) :  Compar ing educational and dissemination 

videos in a STEM YouTube channel :  A s ix -year data analysis (L i jo et al . ,  2024) .  

Publ ished in 2024 at :  Hel iyon - Educat ion Sect ion (Cel l  Press & Elsevier ) .  

•  International Conference  Article (Scopus) :  Qual i tative Assessment of the 

Educational Use of an Electr ical  Engineering YouTube Channel (L i jo ,  

Quevedo,  & Castro,  2023) .  Publ ished in 2023 at :  2023 IEEE World 

Engineering Educat ion Conference (EDUNINE) .  

4.1.3 Parallel Research Lines 

This section presents  the paral lel  research l ines that have been pursued 

alongside the primary  focus of th is doctoral  thes is .  The f i rs t l ine of inquiry  

extends the core thes is research,  exploring the dual use of v ideos for STEM 

disseminat ion and educat ion.  This work seeks to harness the power of visual  

media as a tool  for  both shar ing scientif ic knowledge and enhancing 

pedagogical  methods in STEM f ields .  The second research l ine investigates the 

development of d igi tal  competences for  educators ,  an essential  facet in today’s  

increasingly d igi tal  educational landscape.  Lastly ,  the thi rd research l ine 

focuses on the application of educational  technology for the didact ics of  

mathematics .   
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Dual use of videos for dissemination and education  

Further constructing in the di rection of the research developed with in this  

doctoral  thesis ,  additional publications have been developed to evaluate the 

dual use of  didactic videos.  In th is case,  the focus was on the approach taken 

by Amautas  platform 21,  merging the communicative style  commonly associated 

with edutubers in structured courses with the characterist ics typical ly  found in 

Massive Online Open Courses .  These studies  have concluded in the fol lowing 

academic works :  

•  Journal Art icle (SJR Q2) :  The Dual Use of Didactic Videos in STEM Education 

and Disseminat ion:  A Survey -Based Analysis .  Under Review :  IEEE Revista 

Iberoamericana de Tecnologías del  Aprendizaje ( IEEE) .  

•  International Conference Artic le :  La plataforma Amautas como fuente de 

vídeos didácticos para la mejora de la educación y  la divulgación STEAM 

[The Amautas platform as a source of  educat ional v ideos for the 

improvement of education and STEAM dissemination] (L i jo ,  Castro Sánchez,  

Quevedo,  & Pérez ,  2023) .  Publ ished in  2023 at :  XXX Jornadas Internacionales  

de Tecnología Educativa :  30 años de docencia e invest igación en Tecnología 

Educativa:  Balance y futuro.  

Moreover ,  an addit ional research in it iative has also been developed related 

to the use of videos and dissemination capabil it ies .  I t  involves using videos and 

peer rev iew to foster a regular study-homework routine in engineering students ,  

as wel l  as working on their  cr i t ical  thinking capabil i t ies and increas ing their  

motivat ion and interest in the disc ipl ine .  I t  has been consol idated in the 

fol lowing academic work:  

•  Journal Article ( JCR Q2 –  SJR Q1) :  Learning Through Explanat ion:  Producing 

and Peer -Reviewing Videos on Electr ic Ci rcuits Problem Solving .  Under 

Review:  IEEE Transactions on Educat ion  ( IEEE) .  

Digital competences for educators  

Moreover ,  both l iterature and the works presented in this doctoral  thes is have 

evidenced the need to enhance the digi tal  competences of academics and 

educators .  Such improvements wil l  al low them to successful ly  consider  

educat ional technologies such as digi tal  resources with in their  instructional  

designs .  In th is l ine,  paral lel  activi t ies have also been develope d to evaluate 

 
21 https : / /amautas .com (Accessed 15/04/2024)  

https://amautas.com/
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the dig ital  competences of academics at the  Universidad de Las Palmas de 

Gran Canar ia  and to create new tra ining materials to foster such digital  

competences.  These works have al lowed the production of the fol lowing 

publications:   

•  International Conference Article :  Analysis of  the Digi tal  Competence in the 

Teaching Staff  of  Universidad de Las Palmas de Gran Canar ia (L i jo ,  Alonso,  

et al . ,  2022) .  Publ ished in 2022 at :  IX Jornadas Iberoamericanas de 

Innovación Educativa en el  ámbito de las T IC y las TAC (InnoEducaTIC) .  

•  Teaching Manual :  Diseño de Planes para la Formación Online [Des ign of  

Onl ine Training Plans] (Quevedo Gutiérrez & Li jo ,  2024) .  Under development 

to be publ ished by:  Serv icio de Publ icaciones y Difusión Cientí f ica de la 

Univers idad de Las Palmas de Gran Canaria (ULPGC).  

However ,  in addit ion to these activi t ies ,  the main paral lel  research l ine 

developed during th is doctoral  thes is has been focused on the role of  

educat ional technologies in  the didactics of mathematics .  

Educational technology for the didactics of mathematics  

The lei tmotiv of the research presented in th is doctoral  thes is builds up on the 

idea that STEM discipl ines are composed by a high presence of abstract  

concepts that increases the cognitive load during their  learning process .  But,  

of  al l  the discipl ines composing the STEM concept,  mathematics i s  by far the 

most abstract .  

Therefore,  special  attention has been paid to mathematics as  a paral lel  

activi ty during this doctoral  thesis .  The main focus of th is paral lel  research l ine 

has been the role of educat ional technologies enhancing mathematics  

understanding during the tra ining of pre -serv ice teachers .  Computat ional  

thinking and educational  robotics have played essential  roles  in the act iv it ies  

and interventions developed in this f ield.  

From this activi ty ,  the fol lowing publications have been developed:  

•  Journal Artic le (Dialnet ) :  Proyecto de Centro de Pensamiento 

Computacional en Educación Primaria.  Lecciones Aprendidas y 

Plani f icación Futura Partiendo del Real Decreto de Enseñanzas Mínimas 

de la LOMLOE [Computational Thinking Center Project in Primary Education.  

Lessons Learned and Future Planning Based on the Real Decreto de 

Enseñanzas Mínimas de la LOMLOE] (Santana Coll  et al . ,  2022) .  Publ ished in 
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2022 at :  Formación del Profesorado e Investigación en Educación 

Matemática.  

•  Journal Art icle (Dialnet ) :  Intervención de Pensamiento Computacional en 

Educación Infanti l  en el  Marco de la Ordenación Curricular propuesta por 

la LOMLOE  [Computat ional Thinking Intervention in Early Childhood 

Education in the Framework of the Curr icular Organization proposed by the 

LOMLOE] (L i jo ,  Díaz Díaz ,  Hernández Moreno,  Zapatera Ll inares ,  et a l . ,  2023) .  

Publ ished in 2023 at :  Formación del Profesorado e Invest igación en 

Educación Matemática.  

•  Journal Article (Dialnet ) :  El Pensamiento computacional en el  curr ículo de 

matemáticas de la enseñanza básica (LOMLOE) y la formación del 

profesorado… ¡una segunda oportunidad!  [Computational thinking in the 

elementary mathematics curr iculum (LOMLOE) and teacher training . . .  a  

second chance! ]  (Quevedo Sarmiento et al . ,  2023) .  Publ ished in 2023 at :  

Formación del Profesorado e Investigación en Educación Matemática.  

•  Journal Art icle (Dialnet ) :  Anális is sobre la Predisposición frente a las 

Matemáticas del Estudiantado para Maestro en la Univers idad de Las 

Palmas de Gran Canar ia  [Analys is of  the Predispos it ion towards 

Mathematics of the Pre-Service Teachers at the Univers ity of  Las Palmas de 

Gran Canaria] (L i jo ,  Zapatera Ll inares ,  Quevedo Gutiérrez ,  & Hernández 

Suárez ,  2023) .  Publ ished in 2023 at :  Formación del Profesorado e 

Investigación en Educación Matemática.  

•  International Conference Art icle :  Percepción del estudiantado para 

maestro sobre la integración curr icular del  pensamiento computacional  

en su proceso formativo  [Percept ion of  pre-service teachers  on the 

curr icular  integration of computational thinking in their  training process]  

(L i jo ,  Calcines ,  López-Puig ,  Zapatera Ll inares ,  et a l . ,  2023) .  Publ ished in 2023 

at :  X Jornadas Iberoamericanas de Innovación Educativa en el  ámbito de las  

TIC y las TAC ( InnoEducaTIC) .  

•  International Conference Art icle :  Invención de Situaciones Aditivas con 

Números Enteros  [ Invention of Additive Si tuations with Integers]  (Quevedo 

Gutiérrez et al . ,  2023) .  Publ ished in 2023 at :  Investigación en Educación 

Matemática XXVI (SEIEM) .  

•  International Conference Article :  Computat ional Thinking Intervention at  

the Transit ion Between Early -Childhood and Primary Education (Hernández 

Moreno et  al . ,  2023) .  Publ ished in 2023 at :  VII  Congreso Internacional sobre 

Aprendizaje ,  Innovación y Cooperación,  CINAIC 2023.  

•  Book Chapter  (SPI  Q1) :  Computat ional  th inking state in 3rd early childhood 

educat ion and 1st pr imary education (Hernández Moreno et al . ,  2024) .  
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Published in 2024 at :  Innovat ion and Technologies for the Digi tal  

Transformation of Educat ion –  European and Latin American Perspectives 

(Springer) .  

•  International Conference Art icle :  El obstáculo epistemológico del número 

como cantidad de magnitud en la enseñanza de los números enteros [The 

epistemological  obstacle of number as a quanti ty of magnitude in the 

teaching of integers ] .  Under Review: Investigación en Educación Matemática 

XXVII  (SEIEM).  

•  International Conference Art icle :  Transferencias entre dimensiones 

abstracta,  recta y contextual de s ituaciones aditivas co n números enteros  

[Transfers between abstract ,  l ine and contextual dimensions of  additive 

s ituat ions with integers ] .  Under Review: Invest igación en Educación 

Matemática XXVII  (SEIEM).  

4.1.4 Dissemination of research results 

Sharing scientif ic resul ts  i s  not a mere formal i ty ,  but a v ital  part  of  the sc ient if ic  

process .  I t  encourages open science,  enabl ing other researchers to reproduce,  

repl icate,  and build upon our work.  Furthermore,  i t  a ids in foster ing a scientif ic  

culture among society ,  enhancing their  understanding and appreciation of 

science.  The ini t ial  dissemination efforts for this doctoral  thes is  consist of  

or ig inal  dissemination articles published on onl ine platforms and magazines ,  

as well  as press coverage of the research results .  By present ing these research  

f indings in a comprehensive and accessib le manner ,  we aim to st imulate 

dialogue,  col laboration,  and innovation,  thereby pushing the boundaries of  

knowledge in the f ield of technology -enhanced education .   

Dissemination articles 

Two disseminat ion art icles have been published in the international  

communication media The Conversation .  I t  i s  a non -prof i t  organizat ion aiming 

to publ ish research results exclus ively wri tten by academics and researchers 

and publ ished under the Creative Commons l icense.   

The artic les published focus on the potent ial  value of YouTube dissemination 

videos for formal STEM education,  and on how to select adequate videos for  
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such use appropr iately .  They are access ible through the information provided 

hereafter ,  and also an extract is  presented in  the chapter 10.  

•  Dissemination Article :  Conceptos abstractos que se aprenden mejor en 

vídeo  [Abstract concepts that are best learned on v ideo] 22.  Publ ished in 2022 

at :  The Conversation .  

•  Dissemination Art icle :  Cómo seleccionar vídeos adecuados para uso 

educativo [How to select adequate v ideos for educational use ] 23.  Publ ished 

in 2024 at :  The Conversation.  

Moreover ,  three additional  dissemination articles  have al ready been 

accepted to present the overal l  outcomes of this doctoral  thesis .  They wil l  be 

published in the fol lowing s ites and magazines :  

•  Mapping Ignorance 24:  This is  an onl ine scient i f ic communicat ion si te edited 

in Engl ish by the Chair  of  Scientif ic Culture of the Universidad del País 

Vasco ,  under  the Project  Campus of  International Excel lence –  Euskampus.  

Their  goal is  to translate cutt ing -edge scient if ic research into an educated 

lay-person language and,  therefore,  contr ibute to map ignorance with new 

knowledge.  

•  Cuaderno de Cultura Cientí f ica 25:  This is  an onl ine sc ient if ic communication 

site also edited in Spanish by the Chair  of  Scientif ic Culture of the 

Universidad del País  Vasco ,  under the Project Campus of International  

Excel lence –  Euskampus.  I ts  activi ty aims to publish news about recent 

research,  as well  as general  dissemination art icles ,  opinion articles ,  and 

materia ls contr ibuting to the construct ion of  a scienti f ic culture .  

•  Hipótesis Magazine 26:  This magazine is  edited by the Scienti f ic Culture and 

Innovation Unit of  Universidad de La Laguna  (UCC+i -  Cienci@ULL ) ,  in  

cooperation with the Consejería de Economía, Conocimiento y Empleo  at  

the Government of the Canary Is lands,  through the Agencia Canaria de 

Investigación, Innovación y Sociedad de la Información .  I t  is  a  

disseminat ion magazine des igned to bring closer to society the research 

developed at the Univers ity of La Laguna .  

Together ,  these dissemination efforts have contr ibuted to the vis ibi l i ty  of  the 

research developed in this doctoral  thes is .  They have made such research 

methodology and results more accessible,  and ra ised interest from the press .  

 
22 https : / / theconversat ion .com/conceptos -abstractos -que-se-aprenden-mejor -en-

v ideo-184078  (Accessed 15/04/2024) .  
23 https : / / theconversat ion .com/como -se lecc ionar -v ideos -adecuados -para -uso-

educat ivo-223132 (Accessed 15/04/2024) .  
24 https : / /mappingignorance.org  (Accessed 15/04/2024) .  
25 https : / /cul turac ient i f ica .com  (Accessed 15/04/2024) .  
26 https : / /www.ul l .es /porta l /c ienc iaul l / rev i stah ipotesis  (Accessed 15/04/2024) .  

https://theconversation.com/conceptos-abstractos-que-se-aprenden-mejor-en-video-184078
https://theconversation.com/conceptos-abstractos-que-se-aprenden-mejor-en-video-184078
https://theconversation.com/como-seleccionar-videos-adecuados-para-uso-educativo-223132
https://theconversation.com/como-seleccionar-videos-adecuados-para-uso-educativo-223132
https://mappingignorance.org/
https://culturacientifica.com/
https://www.ull.es/portal/cienciaull/revistahipotesis
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Press coverage 

As a result of  the interest generated by the research developed in th is 

doctoral  thesis ,  as well  as the works on its  vis ibi l i ty  through disseminat ion 

ini t iat ives ,  several  mass media have been interested in also contr ibuting to 

spreading these results .  They are of nat ional  and regional scopes,  covered from 

the journal ism perspective ,  and f rom an inst itut ional perspective in the case of 

the universi t ies involved in th is research.  The publications are accessible 

through the information provided hereafter ,  and also extracts are presented in 

the chapter  10.  

•  National newspaper :  Un estudio cient í f ico desestigmatiza YouTube en las 

aulas [Scienti f ic study destigmatizes YouTube in the classroom] 27.  Publ ished 

in 2023 at :  La Razón (onl ine and paper ) .  

•  National newspaper :  Un exalumno de la UPC tr iunfa en youtube divulgando 

ingenier ía eléctr ica [A UPC alumnus tr iumphs on youtube through electr ical  

engineering dissemination] 28.  Publ ished in 2023 at :  La Vanguardia .  

•  Regional newspaper :  El 70% de los estudiantes uti l iza YouTube para 

profundizar y  mejorar en los estudios [70% of students use YouTube to 

further and improve thei r  studies] 29.  Publ ished in 2023 at :  La Provincia 

(onl ine and paper) .  

•  Regional newspaper :  Un enginyer elèctr ic  a qui seguir e l  corrent [An 

electr ical  engineer to fol low the current] 30.  Publ ished in 2023 at :  Diar i  de 

Terrassa (onl ine and paper ) .  

•  Regional newspaper :  “Sígueme la corr iente” :  el  canal de un exalumno de 

ESEIAAT tr iunfa en YouTube [ “S ígueme la Corr iente” :  the channel of an 

ESEIAAT ex-student t r iumphs on YouTube] 31.  Publ ished in 2023 at :  Món 

Terrassa .  

•  Regional newspaper :  “El  youtuber de l ’enginyeria elèctr ica té ADN de 

Terrassa [The youtuber of electr ical  engineering has DNA from Terrassa] 32.  

Publ ished in 2024 at :  Món Terrassa .  

 
27 https : / /www. larazon .es/c ienc ia /estudio -c ient i f ico -desest igmatiza -youtube-

aulas_20230405642d9aae1036390001b70648 .html  (Accessed 15/04/2024) .  
28 Avai lable in  Appendix .  
29 https : / /www. laprovinc ia .es /soc iedad/2023/03/03/educacion -youtube-estudiantes -

tecnologias-84072665 .html  (Accessed 15/04/2024) .  
30 https : / /www.diar ideterrassa .com/terrassa/2023/03/31/un -enginyer -e lect r ic -a-qui -

segui r -el -corrent  (Accessed 15/04/2024) .  
31 https : / /monterrassa .cat /es /economia -es /a lumno-eseiaat -v ideos -youtube-326165 

(Accessed 15/04/2024) .  
32 https : / /monterrassa .cat / soc ietat /v ideo -youtuber -enginyer ia -e lect r ica -te-adn-de-

terrassa-393152 (Accessed 15/04/2024) .  

https://www.larazon.es/ciencia/estudio-cientifico-desestigmatiza-youtube-aulas_20230405642d9aae1036390001b70648.html
https://www.larazon.es/ciencia/estudio-cientifico-desestigmatiza-youtube-aulas_20230405642d9aae1036390001b70648.html
https://www.laprovincia.es/sociedad/2023/03/03/educacion-youtube-estudiantes-tecnologias-84072665.html
https://www.laprovincia.es/sociedad/2023/03/03/educacion-youtube-estudiantes-tecnologias-84072665.html
https://www.diarideterrassa.com/terrassa/2023/03/31/un-enginyer-electric-a-qui-seguir-el-corrent
https://www.diarideterrassa.com/terrassa/2023/03/31/un-enginyer-electric-a-qui-seguir-el-corrent
https://monterrassa.cat/es/economia-es/alumno-eseiaat-videos-youtube-326165
https://monterrassa.cat/societat/video-youtuber-enginyeria-electrica-te-adn-de-terrassa-393152
https://monterrassa.cat/societat/video-youtuber-enginyeria-electrica-te-adn-de-terrassa-393152
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•  Regional TV channel :  El youtuber Rubén Li jó publ ica un nou vídeo gravat 

íntegrament a l ’ESEIAAT  [ “Youtuber Ruben Li jo publishes a new video 

recorded ent irely at ESEIAAT ] 33.  Publ ished in 2024 at :  Terrassa Digi tal .  

•  Insti tut ional Communication:  La ULPGC l idera un estudio sobre el  uso de 

mater iales audiovisuales como recurso pedagógico en las enseñanzas 

STEM [ULPGC leads a study on the use of audiovisual  mater ials as a teaching 

resource in STEM education ] 34.  Publ ished in 2022 at :  Univers idad de Las  

Palmas de Gran Canaria .  

•  Insti tut ional Communication:  La ULPGC l idera un estudio de integración de 

vídeos didácticos para mejorar la enseñanza de ingenier ía [ULPGC leads a 

study on the integrat ion of didact ic videos to improve engineering 

teaching] 35.  Publ ished in 2023 at :  Universidad de Las Palmas de Gran 

Canaria .  

•  Insti tut ional Communicat ion:  Dos investigadores de la ULPGC ofrecen 

pautas en The Conversation para escoger vídeos adecuados con f ines 

educativos [Two ULPGC researchers of fer guidel ines in The Conversat ion for  

choosing appropriate videos for educational  purposes ] 36.  Publ ished in 2024 

at :  Universidad de Las Palmas de Gran Canaria .  

•  Insti tut ional Communication:  ULL y ULPGC estudian el  uso de mater iales 

audiovisuales como recurso pedagógico en las enseñanzas STEM [ULL and 

ULPGC study the use of audiovisual  mater ia ls as a pedagogical  resource in 

STEM educat ion] 37.  Publ ished in 2022 at :  Universidad de La Laguna.  

•  Insti tut ional Communication:  Un ‘alumni ’  de la ESEIAAT de la UPC tr iunfa 

en YouTube con 'S ígueme la Corr iente' ,  un canal divulgativo de Ingeniería 

Eléctr ica [An 'alumni '  of  the ESEIAAT of the UPC tr iumphs on YouTube with 

'Sígueme la Corr iente' ,  an informative channel on Electr ical  Engineering] 38.  

Publ ished in 2023 at :  Univers itat Pol itècnica de Catalunya .  

•  Insti tut ional Communication:  Un exalumne de l ’ESEIAAT de la UPC tr iomfa 

a YouTube amb ‘S ígueme la corr iente’ ,  un canal divulgatiu d’enginyeria 

elèctr ica [A former student of the ESEIAAT of  the UPC tr iumphs on YouTube 

with 'S ígueme la corr iente' ,  an informative channel on electr ical  

 
33 https : / / te r rassadig i ta l .ca t /e l -youtuber -ruben- l i jo-publ ica-un-nou-video-gravat-

integrament-a - leseiaat  (Accessed 15/04/2024) .  
34 https : / /www.ulpgc .es/not ic ia /2022/02/04/u lpgc - l idera-estudio-uso-mater ia les -

audiovi sua les -como-recurso-pedagogico (Accessed 15/04/2024) .  
35 https : / /www.ulpgc .es/not ic ia /2023/03/30/u lpgc - l idera-estudio- integrac ion -v ideos -

d idact icos-mejorar -ensenanza- ingenier ia  (Accessed 15/04/2024) .  
36 https : / /www.ulpgc .es/not ic ia /2024/03/07/dos - invest igadores -u lpgc-ofrecen-pautas -

conversat ion -escoger -v ideos-adecuados (Accessed 15/04/2024) .  
37 https : / /www.ul l .es/porta l /not ic ias /2022/ul l -u lpgc -estudian -audiovisuales - recurso-

pedagogico-stem (Accessed 15/04/2024) .  
38 https : / /www.upc .edu/es/ sa la -de-prensa/not ic ias /a lumni -ese iaat -upc-tr iunfa-

youtube-canal -s igueme- la-corr iente- ingenier ia -electr ica  (Accessed 15/04/2024) .  

https://terrassadigital.cat/el-youtuber-ruben-lijo-publica-un-nou-video-gravat-integrament-a-leseiaat
https://terrassadigital.cat/el-youtuber-ruben-lijo-publica-un-nou-video-gravat-integrament-a-leseiaat
https://www.ulpgc.es/noticia/2022/02/04/ulpgc-lidera-estudio-uso-materiales-audiovisuales-como-recurso-pedagogico
https://www.ulpgc.es/noticia/2022/02/04/ulpgc-lidera-estudio-uso-materiales-audiovisuales-como-recurso-pedagogico
https://www.ulpgc.es/noticia/2024/03/07/dos-investigadores-ulpgc-ofrecen-pautas-conversation-escoger-videos-adecuados
https://www.ulpgc.es/noticia/2024/03/07/dos-investigadores-ulpgc-ofrecen-pautas-conversation-escoger-videos-adecuados
https://www.upc.edu/es/sala-de-prensa/noticias/alumni-eseiaat-upc-triunfa-youtube-canal-sigueme-la-corriente-ingenieria-electrica
https://www.upc.edu/es/sala-de-prensa/noticias/alumni-eseiaat-upc-triunfa-youtube-canal-sigueme-la-corriente-ingenieria-electrica
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engineering] 39.  Publ ished in 2023 at :  Escola Superior d’Enginyeries  

Industr ial ,  Aeroespacial  i  Audiovisual  de Terrassa ESEIAAT –  UPC.  

•  Insti tut ional Communication:  Ruben Li jó ,  el  ‘youtuber ’  més seguit  

d’enginyeria elèctr ica,  publica un nou vídeo al canal ‘S ígueme la 

corr iente ’ ” ,  gravat íntegrament a l ’ESEIAAT de la UPC [Ruben Li jo ,  the most 

fol lowed 'youtuber '  in electr ical  engineering,  publ ishes a new video on the 

channel 'Fol low me the current ' " ,  recorded enti rely at the ESEIAAT of UPC] 40.  

Publ ished in 2024 at :  Escola Superior d’Enginyer ies Industr ial ,  Aeroespacial  

i  Audiovisual  de Terrassa ESEIAAT –  UPC.  

4.2 Contributions to RO1 

As introduced in  the sect ion 3.2 ,  this doctoral  thes is consists of  three ROs that 

address four main research gaps .  RO1 is focused on the perception of the 

educat ional use of a YouTube STEM dissemination channel .  Figure 18 shows 

how RO1 is related to the evaluation of metr ics to optimize the educat ional  

value of v ideos ,  to evaluate the potent ial  of  dissemination resources in 

educat ion,  and to detect i f  v ideos have an impact on foster ing interest in STEM 

disc ipl ines .  

 

Figure 18 .  Research l ines ,  Research Object i ve  1 ,  and quest ions wi thin  i t .  

 
39 https : / /eseiaat .upc .edu/ca/not ic ies/un -exalumne-de-eseiaat -de- la-upc-tr iomfa-a -

youtube-amb-s igueme- la -corr iente-un-cana l-d ivu lgat iu-enginyer ia -e lect r ica  (Accessed 
15/04/2024) .  

40 https : / /eseiaat .upc .edu/ca/not ic ies/ ruben -l i jo -youtuber -mes-seguit -enginyer ia -
electr ica -publ ica-un-nou-video-a l -canal- s igueme- la-cor r iente -gravat - integrament-a -
eseiaat -upc (Accessed 15/04/2024) .  

https://eseiaat.upc.edu/ca/noticies/un-exalumne-de-eseiaat-de-la-upc-triomfa-a-youtube-amb-sigueme-la-corriente-un-canal-divulgatiu-enginyeria-electrica
https://eseiaat.upc.edu/ca/noticies/un-exalumne-de-eseiaat-de-la-upc-triomfa-a-youtube-amb-sigueme-la-corriente-un-canal-divulgatiu-enginyeria-electrica
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The ins ights contr ibut ing to RO1 belong to the ini t ial  research stage of this  

doctoral  thes is ,  which was consol idated in the f i rs t art icle of the compendium 

(Li jo ,  Quevedo,  et  al . ,  2022a) .  Furthermore,  additional  qual itative information 

was analyzed and published in the IEEE World Engineering Educat ion 

Conference (EDUNINE) (L i jo ,  Quevedo,  & Castro ,  2023) .  This case study was 

developed in 2020 and 2021 with the partic ipation of 912 users of  Sígueme la 

Corr iente channel .  The fol lowing subsect ions present the main contr ibutions to 

the research questions building RO1.  

RO1.Q1: Provided that the channel has been created to 

entertain the public, does it have a side use as an educational 

resource? 

Despite i ts or iginal  intent as  an entertainment and disseminat ion platform,  

Sígueme la Corr iente  YouTube channel has been widely uti l ized as an 

educat ional  resource .  This usage was observed even before the implementation 

of the specif ic pedagogical  strategy  that fol lowed as part of  this doctoral  thesis .  

These f indings support the ini t ial  hypothesis that an informal YouTube 

disseminat ion channel ,  created and developed primar i ly  for entertainment,  can 

also serve as an educational a id.  Furthermore,  the audienc e ’s perception of i ts  

educat ional value and adequacy is  overwhelmingly posit ive.  

This doctoral  thesis ’s  init ia l  research stage quantif ied the channel ’ s  pr imary  

uses through a quant itat ive survey -based research design with the part ic ipation 

of 912 channel users .  The results showed that the  primary uses of  the channel  

are for enterta inment and education,  with respect ive posi t ive use frequencies  

of 87.2% and 72.7%. When evaluat ing the profess ional distr ibution among users ,  

the main groups that  rely on the channel for educat ional purposes are pre-

univers ity teachers ,  universi ty students ,  an d junior electr ical  engineers .  

Furthermore,  a qual i tative evaluat ion was conducted based on open 

part ic ipation from 524 channel users ,  y ield ing addit ional insights .  First ,  Figure 

19 underscores the key concepts about part icipants ’  views on the educat ional  

use of Sígueme la Corr iente  channel and its  videos,  along with the frequency 

for each h ighl ighted word .  
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Figure 19 .  Treemap for  key  concepts in  interv iews,  and the i r  f requency .  

The primary keywords can be sorted under use perception ( interest ing,  help ,  

understand,  etc . ) ,  and qual i ty percept ion (good,  qual i ty ,  excel lent ,  etc . ) .  A 

select ion of pertinent excerpts is  underscored as fol lows :  

“ I  watch al l  the channel ’s  videos because they are interesting,  and I  always 

know that I  wi l l  learn something new”,  sa id Part ic ipant 205.  Partic ipant 187 

elaborated,  “V ideos are of excel lent qual ity ,  and explained concepts are 

understood immediately” .  Moreover ,  Partic ipant 49 mentioned,  “ I  th ink 

these v ideos are a good complement,  and they help reinforc ing teacher ’ s  

explanations” .  Final ly ,  f rom the perspective of profess ionals in the electr ical  

engineering sector ,  Part ic ipant 115 aff i rms ,  “Contents  are very  good,  and 

they help us as profess ionals remembering information that ,  with t ime,  has 

been forgotten” .  

Moreover ,  Figure 20 is  intended to show the perceived educational value of  

the channel and i ts videos,  by detecting the cooccurrences of such keywords 

with re levant codes for educational use .  Part ic ipants mainly highl ighted the 

fol lowing codes with more than 20 cooccurrences :  “understand ” ,  “ learning ” ,  

“knowledge ” ,  “ interesting”  and “explanation ” .  

Some relevant testimonials are extracted as fol lows:  

“The channel is  excel lent ,  and i t  has helped me understand topics that I  did 

not conceptual ly  understand at universi ty” ,  said Part ic ipant 138.  Participant 

12 added,  “They are unique videos.  They help me understand topics that at  

f i rs t glance seem l ike an ordeal ” .  In conclusion,  Part icipant 314,  a univers ity  

student,  s tates :  “Your videos are of great importance for my academic l i fe .  

Besides having didactic contents ,  they are also enterta ining.  Voice and tone 

used are pleasant.  F i lmic qual i ty is  good,  though it  could be improved in 

i l lustrative aspects” .  
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Figure  20 .  Sankey d iagram for  the main  educat ional  use  codes re lated  to  “videos ”  and 

“channel ”  keywords .  

The evidence gathered indicates that the subjective percept ion of the 

educat ional value of Sígueme la Corr iente  is  predominantly posit ive ,  with 

further declarations  of  its  benefic ial  inf luence on motivat ion.  This  substantiates  

the channel ’s  ancil lary uti l izat ion as an educat ional tool ,  notwithstanding its  

ini t ial  enterta inment object ive.  

RO1.Q2: What is the channel’s audience’s perception of 

critical aspects of video adequacy for its integration into 

educational environments? 

In addition to the channel usage trends,  several  aspects related to users ’  

percept ion of content and format adequacy are noteworthy ,  based on their  

opinion about commonly used descr iptors for both aspects .  An evaluat ion of  

the audience’s perception of these descriptors reveals a notably posi t ive user  

opinion on factors  such as product ion qual i ty ,  v ideo length,  pace of  

explanation,  accuracy  and completeness narrator ’s  confidence ,  and engaging 

communication style .  

Concerning the perception of the channel ’s  content r igor ,  a s ignif icant 

correlat ion has been identif ied between i ts educat ional use and the perception 

of r igor as a crucial  parameter .  However ,  even a more robust  correlation has 

been found in those that use the channel with dissemination and 

entertainment purposes .  Therefore,  this suggest s that ,  for  the channel ’ s  



Contributions:  
Building up on the research gaps  

134 

audience,  r igor i s  not as characterist ic from the uti l i ty  perspective as i t  is  f rom 

the entertainment perspective .   

Moreover ,  the results  indicate a correlat ion between those who use the 

channel for educational purposes and the percept ion that its  technical  level  

suits  their  needs.  Addit ional ly ,  when assessing the usefulness of videos in 

satisfy ing the understanding of topics of interest ,  we found an except ional ly  

posi t ive response with a score of 4 .58 (on a scale from 1 to 5) .  These results are 

practical  demonstrations of the potential  of  v ideos to faci l i tate comprehension 

of abstract complex concepts typical ly  found in STEM education.  These ins ights  

can be l inked to the conclus ion that the channel ’ s  contents are perceived as  

appropriate for pedagogical  integrat ion regarding content adequacy.  

Furthermore,  the perception of engagement as an evaluation parameter for  

the presenter ’s  communication style has been highly rated by participants  (with 

a score of 4 .61 over  5) .  The percept ion o f i l lustrations ,  explanations ,  and 

examples ’  usefulness  is  also posi t ive ,  aspects  that  contr ibute to long -term 

learning and better retent ion.  

Our results have also revealed a strong correlation in users ’  perceptions of  

several  v ideo format aspects :  communicat ive abil i t ies ,  technical  level ,  and 

art is t ic integration to i l lustrate technical  concepts .  These correlations indicate 

how content and format aspects are interl inked in the construction of an overal l  

percept ion of  the adequacy of v ideos for educat ional purposes .  

From a qual itat ive perspect ive,  Figure 21 represents a Sankey diagram 

detecting the main subjective reactions to the  “ level ” ,  “qual i ty ”  and “content”  

keywords related to the channel ’s  videos .  

Regarding the dif f icu lty or easiness of the explained concepts ,  several  

react ions h ighl ight that they are both l ikable and useful  (with 7 and 6 

respect ive cooccurrences among received part ic ipations) .  As per the perceived 

qual i ty of  videos shared in Síguem e la Corr iente,  i t  is  considered good,  

interest ing ,  and excel lent (associated with 26,  9 and 7 respect ive 

cooccurrences) .  Final ly ,  contents  are mainly valued as  good,  interesting,  and 

l ikeable (with 23 ,  19 and 12 respect ive cooccurrences) .  Some extracts ar e 

presented hereafter :  

Level :  “Videos are adequate for universi ty levels .  I t  is  important that an 

adequate level  of  technical  words is  maintained for the degree,  without the 

pretentious and incomprehensible language of  some teachers” ,  sa id 

Participant 160.  

Qual i ty :  Participant 371 said that “videos are of very good qual ity .  I t  would 

be interest ing that a playl is t is  created in the channel with v ideos of more 
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technical  concepts that help s ignif icantly to electr ical  engineering 

educat ion” .  

Contents :  Participant 414 speci f ies that “ I  think this channel is  very d idact ic ,  

interest ing ,  and ful l  of  useful  contents for both professionals in the f ield of  

electr ici ty ,  and students” ,  to which Part icipant 420 also includes “The 

contents are of very good qual i ty ,  resources are excel lent and,  personal ly ,  

they help me remembering concepts of  my degree ( industr ial  engineering)” .  

 

Figure 21 .  Sankey d iagram for  the main ‘opinion ’  codes related to ‘ leve l ’ ,  ‘qual i ty ’  and 

‘contents ’  keywords .  

RO1.Q3: What is the general opinion of the channel’s 

audience about integrating pedagogical videos in education? 

Final ly ,  assessing the audience's v iew on the impact of integrat ing instructional 

videos into education,  the majori ty bel ieve that educators should be equipped 

with more sk i l ls  in v ideo production for their  classes  (85.2% posi t ive responses) .  

This sent iment al igns with the U nited Nation ’ s  Sustainable Development Goals  

(SDG) indicator 4 .4.1 for educational qual i ty ,  which aims to s ignif icantly boost  

the number of youths and adults possessing relevant ICT ski l l s .  The overal l  

ini t iat ive of Sígueme la Corr iente seeks to further  this aim by creat ing specif ic  

educat ional mater ials  within technology integrat ion frameworks l ike CoI  and 

TPACK, together with monitor ing educators ’  d igi tal  competence  through 

DigCompEdu. Moreover ,  this  project impl ici t ly  contr ibutes to SDG 4.7 .1 ’ s  

object ive,  which emphasizes equipping al l  learners with the knowledge and 

ski l ls  necessary for promoting sustainable development.  Sígueme la Corr iente  

specif ical ly  targets this promotion of sustainable development in al l  i ts  videos,  

given i ts part icular focus on energy and sustainabil i ty .  
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Regarding the potential  future use of educational v ideos,  there’s no 

consensus on the notion that instructional v ideos could enti rely replace 

tradit ional ,  in-person educat ion.  Only 25.7% responded posi t ively to this idea,  

while 50 .1% responded negatively .  The remaining 24.2% held a neutral  s tance.  

Univers ity student percept ion results reveal  a spl i t  opinion,  with 50.3% leaning 

towards reject ing the idea of completely  replacing cl assroom instruction with 

media resources .  Th is  partial  res istance to entirely  replacing tradit ional in -

person education with video format,  coupled with the overal l  pr ior evaluat ion 

of user perception of  video benefi ts ,  suggests that students recognize and 

prefer v ideos as an auxi l iary educational tool .  Th is tool  could not only  a id in  

understanding the knowledge presented in specif ic subjects but also st imulate 

an increase in motivat ion and interest in i ts  content.  

There is  an overal l  posi t ive percept ion on the idea that d idactic videos could 

help enhancing educat ion qual ity  (with 96.5% of posi t ive responses ) .  These 

results support the notion that audiovisual  resources used for informal 

scientif ic communication may serve dual roles :  educat ional  tools and 

entertainment sources .  They also highl ight  the posi t ive perception of users  

regarding their  potential  value to contr ibute to formal education sett ings .  

These f indings underscore  the opportunity  to incorporate formal s trategies into 

STEM disseminat ion channels to create educational content effectively .  

4.3 Contributions to RO2 

Considering the outcomes of  RO1,  it  has been veri f ied that the channel ’ s  

contents ful f i l led an educational need even though they were not designed for  

such use.  Therefore,  RO2 is focused on designing disseminat ion v ideos 

opt imized for  educat ional use.  These v ideos would be  integrated in real  

classroom scenarios during ERL.  F igure 22 shows how RO2 is related to the 

evaluation of metr ics to optimize the educational value of videos,  to evaluate 

the potential  of  dissemination resources in educat ion,  to the creation and 

assessment of videos to be used as didactic support during ERL scenarios ,  and 

to detect i f  v ideos have an impact on foster ing interest in STEM discipl ines .  
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Figure 22 .  Research l ines ,  Research Object i ve  2 ,  and quest ions wi thin  i t .  

The insights contr ibuting to RO2 belong to the second research stage of this  

doctoral  thesis ,  which was consol idated in the second art icle of the 

compendium (Li jo ,  Quevedo,  Castro,  et al . ,  2023) .  This  case study was developed 

during the academic courses 2019,  2020 and 2021 within the “Electr ical  

Machines I ”  course at the School of Industr ial ,  Aerospace and Audiovisual  

Engineering of Terrassa,  at Universi tat Pol itècnica de Catalunya  (UPC) ,  

cover ing pre-ERL,  ERL and post -ERL scenarios .  The fol lowing subsections 

present the main contr ibutions to the research questions building up RO2.  

RO2.Q1: Did ERL produce differences in education quality 

perception and academic performance?  

The SEEQ survey (see the subsect ion 3 .3 .2  for more information about the 

instrument) revealed a notable decrease in Learning and Enthusiasm factors ,  

pr imari ly  due to a diminished understanding of the subject matter and a 

lessened interest in the professor ’ s  presentations due to the learning 

environment.  The improvised ERL environment may have impacted the 

professor ’ s  comfort ,  affecting their  abil i ty  to del iver engaging presentations  

such as normally achieved in presential  classes .  This is  especial ly  s ignif icant,  as  

it  suggests that ERL inf luenced students ’  percept ion of their  learning outcomes 

and their  professors ’  capacity to st imulate their  motivat ion and interest in the 

subject .  
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Although there were sl ight var iations in the evaluable activi t ies ’  

performance,  there were no signif icant di f ferences between the pre -ERL and 

ERL situations ,  except for the practical  exam 1.  This al igns with the ini t ial  

chal lenges of ERL,  which in this case study had a more signif icant  effect on 

procedural  learning than on conceptual learning .  The students ’  adaptat ion and 

acceptance of the si tuat ion dur ing the course progression also al ign with the 

performance improvement from mid-semester to end-semester examinat ions 

during ERL observed in the study.  

As for active part icipat ion during synchronous classes ,  the SEEQ survey  

disclosed an increase  from pre-ERL to ERL,  pr imari ly  l inked to the professors ’  

heightened proactivi ty in encouraging students to express thei r  ideas ,  ask 

quest ions,  and engage in class discussions.  This is  a standard practice in the 

“Electr ical  Machines I ”  course at UPC, which is  cons istently taught with a high 

student part icipation component.  However ,  the isolation and new learning 

environment imposed by ERL prompted the professor to further emphasize the 

importance of group interact ion.  

Despite th is being true for synchronous classes ,  i t  may not ref lect the entire  

learning exper ience .  The qual itative assessment has identif ied other adverse 

impacts of ERL,  including a perceived decrease in tutored learning and 

concentration.  A noticeable reduction in the professor ’s  access ibi l i ty  was also 

reported in the SEEQ results ,  cons istent with the qual itat ive f indings of a 

perceived decrease in tutored learning.  This might also be connected to the 

grade and performance decl ine  reported by some students .  Feedback on 

graded ass ignments and the instructor ’s  emphasis on key concepts for  

evaluation also decreased dur ing ERL.   

However ,  the overal l  assessment of the degree ’ s  professors conducted by the 

Electr ical  Engineering Department conf irms that the “Electr ical  Machines I ”  

professor is  among the most valued professors of the degree during pre -ERL,  

ERL,  and post -ERL scenar ios ,  precisely  due to the pedagogical  tools used for  

onl ine teaching.  A s imilar case study performed in other subjects might unveil  

a higher impact of ERL among the di f ferent scenarios .  This appreciat ion might 

be l inked to the perception of the course’s  assignments .  The effect measured 

through the SEEQ primar i ly  refers to proposed reading and homework,  which 

students found s igni f icantly less valuable.  However ,  the educat ional videos 

provided during the course s ignif icantly  impacted on students ,  as reported 

through the qual i tative assessment .  These contr ibutions of the proposed 

didact ic videos are presented in the fol lowing subsect ion.  
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RO2.Q2: Did didactic videos contribute to mitigate the 

impact of ERL from the students’ perspective?  

The quantitative methodology in this art icle aimed to assess the impact of ERL 

on students '  percept ion of education qual i ty  and performance.  However ,  with 

only th is data ,  i t  is  not possible to isolate the effect s of v ideos in such a 

scenario.  This is  why a mixed methods approach has been designed.  

Despite the previously mentioned adverse impacts of ERL,  subtleties 

extracted from the qual i tative assessment indicate that there are also posi t ive 

impacts for students part ic ipating in the study.  These are primar i ly  related to 

an increase in independent study encouraged by video -ass isted act ive learning.  

Some participants even reported an increase in their  per formance and interest 

in the subject during ERL,  thanks to the new opportunit ies for  sel f -paced 

learning and the increase in study t ime promoted by t he provided v ideo 

resources .  

Participants expressed that v ideos helped them understand the subject ’s  

concepts and were a benefic ial  supplement to the professor ’ s  explanations.  This  

is  mainly because they al lowed for repeated v iewing of conceptual explanat ions 

and resolving doubts at a  self -paced rhythm with didact ic explanat ions.  As  

revealed during the in it ial  stage of qual itat ive assessment,  an average of 6.33 

(SD 2.16) out of 9 v ideos were watched for doubt -solving purposes at a var iable 

pace depending on the need for conceptual aid.  

This study shows that  conceptual learning might benefi t  f rom video 

integrat ion with concept discussion and problem resolution in tutored 

activi t ies during class .  This reasoning explains  the dif ferences between Theory 

Exams and Problems Exams,  where conceptual learning promoted by video 

integrat ion is  found to be useful  in mitigat ing ERL impact for  both Theory Exam 

1 and Theory Exam 2.  The primary detected impact of ERL on academic 

performance relates to problems and laboratory tests .  At the same t ime,  in 

theory examinat ions ,  videos might have served as a mit igating tool by  

supporting conceptual learning.  I t  is  worth noting that end-semester theory  

examinations typical ly  y ield better results than mid -semester ones,  as students  

incorporate and ass imilate concepts throughout the course,  suggest ing an 

inherent improvement in per formance.  

Students emphasized that the proposed didactic videos enabled them to 

visual ize abstract concepts more clear ly ,  enhancing the didact ic  experience .  

This i s  supported by CTML,  as the dual channel (visual  and auditory ) reduces 

the cognit ive load the student i s  exposed to,  and visual  animations aid in 

understanding abstract ideas  (refer to the subsection 1.1.2) .  
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Our f indings from the qual i tative assessment,  along with thei r  a l ignment 

with the observations from the quanti tative assessment and l i terature,  suggest  

that didact ic videos could mitigate some of the negative effects of ERL  

scenarios .  Th is i s  mainly due to their  support  for conceptual learning and their  

contr ibut ion to increasing study t ime and self -paced learning.  However ,  they  

were insuff icient to ful ly  offset such an unprecedented paradigm shift .  Instead ,  

they acted as a cushioning measure.  

RO2.Q3: Did didactic videos contribute to boost motivation 

and interest in the subject? 

The introduction of d idactic videos in classrooms has s igni f icant implications 

for boosting motivation and interest in STEM subjects ,  as shown by the results  

of  this study .  These results are also consistent with current l i terature .  Often r ich 

in content and interactive elements ,  videos  provide a dynamic and engaging 

way of presenting complex STEM concepts .  They al low students to learn at their  

own pace,  as they can pause,  rewind,  and re -watch the videos as needed. This  

autonomy in learning can signif icantly  enhance students ’  motivation.  Moreover ,  

didact ic  v ideos often feature real -world appl ications of STEM concepts  or thei r  

profess ional appl ications,  which can pique students ’  interest and show them 

the relevance and potential  impact of what they are learnin g.  

As previously  discussed,  while  ERL signif icantly inf luenced students ’  

percept ion of the qual i ty of  educat ion,  didact ic videos served as a 

counterbalance in this  case study ,  particularly  in providing conceptual support  

throughout the course .  This had a dist inct impact on academic performance in 

theoretical  exams.  However ,  the implications of  didact ic videos became even 

more pronounced when focusing on motivation and interest  in the subject .  

The integration of d idactic v ideos successful ly  sparked such interest ,  as  

underscored by part ic ipants in the qual i tative assessment.  This i s  pr imari ly  due 

to the v ideos’  abi l i ty  to visual ize abstract concepts ,  which are prevalent in STEM 

disc ipl ines and,  specif ical ly ,  in electr ical  engineering.  These factors al ign w ith 

the premise of our study,  where the developed v ideos incorporated an 

enhanced version of phasor d iagrams,  made possible by including animated 

drawings .  Moreover ,  students appreciated that an active professional produced 

the videos ,  as they contained intr iguing practical  explanat ions that enabled 

them to uncover the profess ional appl ications of electr ical  engineering.  This  

helped to foster a comprehensive understanding of the degree’s  content,  as  
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well  as to establ ish connections between cr i t ical  concepts that would 

otherwise be presented in isolat ion and without any l inks .  

In summary ,  the qual i tative feedback indicates that  integrat ing these 

didact ic videos had a posi t ive impact on  motivation and increased the students ’  

interest in the subject  matter .  

4.4 Contributions to RO3 

The previous sect ions demonstrated,  with  RO1,  that a dissemination YouTube 

channel can be having an involuntary s ide use as an educat ional resource ;  and,  

with RO2,  how disseminat ion v ideos optimized for educational use can 

posi t ively  mitigate ERL scenar ios .  Moreover ,  these videos can  impact aspects 

such as academic performance,  the perception about education qual i ty and 

both students ’  motivat ion and interest in STEM disc ipl ines .  As a fol lowing step,  

RO3 has been focused on the comparat ive analysis of  the educat ional and 

disseminat ion use of a YouTube channel .  F igure 23 shows how RO3 is related 

to the evaluat ion of metr ics to optimize the educat ional value of v ideos,  and to 

evaluate the potential  of  dissemination resources in education.  

 

Figure 23 .  Research l ines ,  Research Object i ve  3 ,  and quest ions wi thin  i t .  

The ins ights contr ibut ing to RO 3 belong to the f inal  research stage of this  

doctoral  thes is ,  which was consol idated in the third art icle of the compendium 

(Li jo et al . ,  2024) .  Th is case study was developed consider ing Sígueme la 
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Corr iente insights for  a 6-year per iod,  cover ing from 2017 to 2022,  and 

consider ing the sample of 147 videos and the data acquired from the  channel ’s  

4 ,268,071 v iews.  The fol lowing subsections present the main contr ibutions to 

the research questions building up RO3.  

RO3.Q1: Is the educational use of a STEM YouTube channel 

higher than the entertainment use?  

This RQ examines the use of a STEM YouTube channel focus ing on v iews,  

average v iew duration ,  subscr ibers count and interaction parameters  

(comments ,  shares ,  l ikes and disl ikes) .  These are the main metrics describing a 

YouTube channel ’s  use.  In this sense,  the case of Sígueme la Corr iente  has  

shown how educat ional content  i s  by far more v iewed and interacted with than 

disseminat ion content .  A s ignif icant correlat ion has also been found between 

awareness and interaction parameters ,  meaning that impressions,  views and 

subscr ibers are correlated with comments ,  shares ,  l ikes and disl ikes .  

Results show that educat ional v ideos have a longer average view duration 

and more v iews than dissemination v ideos,  indicating that the channel ’ s  

current primary use is  for  educational purposes .  About 67% of total  views and 

73% of playl is t  s tarts are related to educat ional content.  

The interaction metr ics (comments ,  shares ,  l ikes ,  or d isl ikes ) exper ienced a 

trend change after August 2020,  possibly due to the reconceptual ization 

strategy fol lowed in the channel that included the creat ion of educat ional  

content.  The channel  averages 4 .95 daily  comments ,  with a peak of 149 

comments on December 3 r d ,  2020.  However ,  there is  a clear tendency change 

in reconceptual ization phase with a mean value of 7 comments per day .  

Educational v ideos receive 2 .89 t imes more comments than disseminat ion 

videos ,  potential ly  representing a greater  wil l  to ask questions or share 

percept ions with the video creator and pai rs in the  case of educational use .  

Shares also show a s imilar pattern,  with an average of 6.8 shares per  day during 

the presentation and consol idation stages,  and 54.67 shares per day during the 

reconceptual ization stage.  Educat ional videos are shared 3.75 t imes more often 

than dissemination videos.  

L ikes and disl ikes also confirm the higher use of educational v ideos.  During 

the presentation and consol idation phases ,  the channel received an average of  

58.03 l ikes per day ,  while in the reconceptual ization phase ,  i t  received an 

average of 160.15 .  Educat ional content received 3.2 t imes more l ikes than 

disseminat ion content.  However ,  educat ional content also received more 
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disl ikes ,  probably  due to their  higher exposure .  I t  i s  noteworthy ,  though,  that  

educat ional  content received fewer disl ikes  per vis it  compared to 

disseminat ion content .  Unl ike other parameters such as comments or vis its ,  

l ikes and disl ikes have a direct meaning since they are representing a posit ive 

or negat ive evaluation of the audience about the v ideos ’  contents and format .  

Based on both l iterature and our f indings,  the factors inf luencing l ikes include 

the explanat ions’  understanding,  the presentat ion of  contents ,  the contents  

themselves ,  the ef f ic iency of explanat ions ,  the language and voice used by the 

presenter and the audience ’s interest in the topic presented.  Sígueme la 

Corr iente  channel al igns well  with these factors ,  as ev idenced in previous 

studies (see the sect ions 4.2 and 4.3) .  These previous results highl ighted the 

audience ’ s  pos it ive percept ion of the channel ’s  ef fect iveness in explaining 

topics of interest ,  the appropriateness of v isual  supports such as i l lustrations 

and animations,  the adequacy of the technical  level  of  its  contents ,  the 

adequacy of the pace of videos for concept comprehension,  the engaging 

presenter ’ s  communicat ion sk i l ls ,  and the interest of  contents developed.  

Moreover ,  regarding subscribers ,  the channel receives an average of 67 .14 

daily ,  with educational content attracting 4 .72 more subscribers than 

disseminat ion content.  This resul ts in an average of 2007 subscribers per  

educat ional video,  compared to the 425 for  each dissemination video.  

Overal l ,  the channel ’s  audience show s a clear preference for educat ional  

content,  as a lso conf irmed by previous analyses .  The ini t ial  exploratory analyses  

cover ing both presentat ion and conceptual ization phases  (see the sect ion 4.2)  

evidenced the ini t ial ly  involuntary use of the channel ’s  d isseminat ion contents 

for educat ional purposes ,  and an overal l  posit ive perception of such contents .  

Moreover ,  the audience highl ighted the channel ’s  value for understanding and 

learning complex concepts in engineering,  claiming that it  also enhanced their  

motivat ion and interest in such disc ipl ine.  Responding to such demands,  the 

reconceptual ization phase has addressed the audience’s educat ional needs ,  

and the contents result ing f rom such considerations have  performed much 

better than the class ic  dissemination format previously offered by the channel .  

This preference for educational ly  compatible content could be signif icant 

for other content creators ,  demonstrating how STEM YouTube channels can be 

considered su itable for educat ional use .  I t  also underscores  how content 

specif ical ly  designed for educational use can boost a channel ’s  growth ,  when 

special  considerat ion is  focused on i ts  curr icular al ignment and format 

opt imization .  
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RO3.Q2: Is video length determinant for video performance 

in both education and dissemination purposes?  

The widespread idea is  that shorter videos are often preferred by the audience 

over longer  ones .  However ,  this might become a dangerous general  rule 

because does not consider how di f ferent contents might require dif ferent t ime 

investments  for a proper explanation and understanding.  Instead,  explanat ion 

eff iciency is  more suitable for adequately address ing the need to shorten  videos 

to the extent that  their  content al lows for a  proper explanation.  This implies  

that an optimal target of v ideo length should be f lexible within certain margins ,  

as i t  needs to adapt to the complexity and extent of explained concepts .  

Most  v ideos on Sígueme la Corr iente  channel are between 5 and 15 minutes 

long,  cater ing to the content’ s  need for comprehensive and lucid explanation.  

This appl ies to 69% of educat ional videos and 63% of d issemination videos.  

Optimiz ing content del ivery is  a key goal during production,  especial ly  for  

educat ional videos .  Previous channel analyses indicate that 88.4% of users f ind 

the video durations satisfactory .  

While this study has not found correlation between video length and v iew 

count,  a s ignif icant correlat ion exists between v ideo length and average view 

duration.  Th is suggests that video length affects viewer retent ion and the 

video’s educational success .  An inverse correlation shows that shorter videos 

are watched for a longer t ime,  both in educational and dissemination content.  

As per F igure 24,  the average v iew duration for most educat ional videos i s  

between 5 and 15 minutes ,  which remains over 50% of the video length.  

 

Figure 24 .  L inear  regress ion between v ideo length and v iew durat ion per  content 

category .  
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As evidenced by these results ,  educational  content  i s  more inf luenced by 

video length than disseminat ion content.  This could be because educat ional  

videos are des igned to explain specif ic  concepts or provide succinct  

descriptions.  Notably ,  educat ional  content shows less  dispersion in the l inear  

regression model than dissemination content,  l ikely due to the consistent 

characterist ics across  al l  educat ional content on the channel .  On the other  

hand,  the format of d isseminat ion videos may vary to cater to curiosi ty and 

entertainment and to optimize reach for each topic .  Conversely ,  educat ional  

videos on the channel maintain a standard format,  aiming for curr icular  

al ignment,  focused explanat ions,  high -qual ity animations and v isual izat ions,  

and supportive mathematical  explanations.  

In conclus ion,  according to our  results  and contrasted with  the l iterature ,  

video length signif icantly impacts video performance in terms of retention rate ,  

which is  a key measure of engagement .  This  effect is  especial ly  pronounced in 

educat ional content,  where the ideal video length seems to be between 5 and 

15 minutes .  I t  is  highly recommended to consider th is length margin as a 

f lexible margin to ensure  a clear and eff ic ient  presentation of each video’s 

contents .  
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8. Conclusions and future works: 
The bidirectional path of education and 
dissemination 

In th is concluding chapter ,  the s ignif icant insights from this doctoral  thesis are  

rev is i ted.  The implications of these f indings and thei r  potential  to shape future 

studies are also explored.  Therefore,  this chapter i s  not just an endpoint .  I t  is  

also the gateway that embodies the reciprocal  nature of  educat ion and 

disseminat ion and shows the research l ines that wil l  be developed as future 

works .   

8.1 Conclusions 
 

After an ini t ial  presentat ion of the mechanisms for knowledge communication 

and the interconnect ions between them (see the Preface) ,  th is doctoral  thes is 

has further  explored the common areas between public dissemination and 

educat ion.  This sect ion wil l  encapsulate the signi f icant f indings and 

implications of the research developed.   

This research has uncovered a posi t ive perception of d isseminat ion videos as 

a complementary educat ional resource ,  underscoring thei r  potential  to 
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enhance learning experiences.  Th is has led to the proposal  of  metr ics to 

opt imize the educat ional value of these videos,  al igning with the l i terature and 

paving the way for more effect ive didactic content creation.  The f indings also 

highl ight the need for educators to enhance their  digi tal  competence and 

cont inuously improve their  technological ,  pedagogical ,  and content 

knowledge.  

I t  has been suggested that disseminat ion videos can successful ly  support  

conceptual learning,  and the development of  soft ski l l s ,  offer ing a mult i faceted 

approach to education.  This has been tested in ERL scenar ios ,  proving that 

these videos contr ibute to academic performance,  conceptual learning,  

students ’  motivation,  and their  perception of the qual i ty of  educat ion.  

Final ly ,  a comparat ive analysis of  regular d isseminat ion v ideos and those 

opt imized for education yielded valuable ins ights into their  respective 

performances.  The benef its of  f inding a common ground for disseminators and 

educators are evidenced through this whole doctoral  thesis ,  and further  

emphasized by such comparative analys is .  In the evolv ing landscape of ICT-

enhanced education ,  advocating for  a col laborative approach between 

educat ion and dissemination might benefit  a l l .  I t  wil l  foster  a dynamic,  

bidirectional exchange that has the potential  to revolut ionize the way we learn 

and share knowledge.  

This thes is comes to several  conclusions related to these outcomes .  Firstly ,  

i t  has underscored the posi t ive perception of d isseminat ion videos as an 

educat ional resource.  Secondly ,  i t  has identif ied metrics to optimize the 

educat ional value of a disseminat ion v ideo,  thereby enhancing i ts pedagogical  

eff icacy .  Thi rdly ,  i t  highl ights the imperative to develop the dig ital  competence 

of educators and bolster thei r  technological ,  pedagogical ,  and content 

knowledge.  Fourthly ,  i t  has demonstrated the benefi ts of  disseminat ion v ideos 

in supporting not only motivation  but also conceptual learning and the 

development of soft ski l ls .  Fi f thly ,  i t  has shown the potential  of  d issemination 

videos to mitigate the effects of ERL scenarios ,  based on the experience with 

the lockdown due to the COVID -19 pandemic in 2020.  Sixthly ,  i t  has compared 

the performance of regular dissemination videos with those optimized for  

educat ion,  reveal ing s ignif icant dif ferences .  Lastly ,  i t  has explored the potential  

benefi ts of  f inding common ground between disseminators and educators ,  

paving the way for more ef fective col laboration in the future .  These conclusions 

provide a robust contr ibution to l i terature and build the foundations for further  

research in the f ield .  Each one of them is elaborated in the fol lowing 

subsections.  



Conclusions and future works :  
The bidi rectional path of education and disseminat ion  

202 

The positive perception of dissemination videos as a 

complementary educational resource 

This research has shown how a dissemination channel ,  with no prior efforts to 

opt imize its contents for educational use ,  can be perceived as an interesting 

educat ional  tool .  Most  partic ipants f rom Sígueme la Corr iente  (96 .5%) declare 

to have a pos it ive percept ion of the potent ial  of  didact ic videos to enhance 

educat ion qual i ty .  This al igns with the fact that the channel i s  being used in 

paral lel  for both educat ion and entertainment purposes t radit ional ly  related to  

disseminat ion .   

These f indings suggest that public dissemination audiovisual  resources 

might be adequate to serve a dual a im as a disseminat ion mater ia l  with value 

as a complementary  resource in formal  educat ion.  In th is context ,  s tudents  

prefer v ideos as a complementary resource to enhance  the understanding of 

lecture topics ,  and they remain negative or neutral  to see v ideos as a complete 

substi tute for assistance -based education.  Considering these f indings,  

opt imization strategies can be contemplated for audiovisual  d issemination 

resources ,  seeking to maximize the metr ics def ining the adequacy of such 

videos for educational  purpose s .  

Overal l ,  S ígueme la Corr iente users recognize videos as a successful  resource 

to enhance their  overal l  educational exper ience,  which could be reviewed as 

an adequate complementary tool  for d istance and face -to-face education.  

Metrics to optimize the educational value of a dissemination 

video 

As widely exposed in the subsect ion 1 .2.5 ,  there are specif ic  characterist ics  

opt imizing v ideos as  a sui table resource for educat ional settings.  These 

characterist ics can be summarized as :  

•  Content Adequacy:  Relevant,  truthful  content that matches the audience’s  

understanding level .  

•  Explanation Adequacy:  Clear ,  eff icient ,  and engaging explanations that are 

well -st ructured and contextual ized.  Complex topics should be broken down 

into sections or mult iple interconnected v ideos .  

•  Visual izat ion Adequacy :  Concepts should be v isual ly  represented using 

relevant images,  animations,  and graphical  representat ions of  the complex 

and abstract ideas composing  STEM discipl ines .  
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•  Format Adequacy:  High audiovisual  qual i ty  to minimize distract ions.  The 

video should feature a presenter  for personal izat ion and balance (providing 

the benefi ts of  having a  presenter  and showing footage and resource 

images/animations ) .  Information should be well -distr ibuted and 

synchronized between visual  and auditory channels .  

Considering such guidel ines ,  the development of d issemination resources 

opt imized for  educat ion in th is doctoral  thes is has appl ied the fol lowing 

features :  

•  These resources are designed to meet the educat ional  needs of teachers  

and students .  Therefore,  they are al igned with the content of STEM degrees.  

Concept maps have been helpful  in this regard to adequately select the 

topics from the curr iculum that could most benef it  f rom video -aided 

reinforcement.  

•  They count on a deeper focus and more ef f ic ient explanat ions when 

compared to disseminat ion videos,  and the communicat ive voice avoids the 

distract ions that otherwise would aim for enterta inment.  

•  The use of animations and visual izations in educational v ideos is  intensif ied 

and precisely  tai lored to support the learning of complex,  abstract concepts .  

•  The mathematical  explanat ions of explained ideas are expl ici t ly  included 

and clar i f ied as part of  educat ional videos when relevant .  

•  These educational videos are often part of  a more comprehensive  ser ies ,  

l ink ing new contents to prior knowledge and creat ing a structured sequence 

of v ideos that increase in complexity .  

The need to develop the digital competence of educators, as 

well as enhancing technological, pedagogical , and content 

knowledge 

As outl ined in the section 1.2 ,  the use of videos as supplementary teaching 

tools  in higher educat ion offers numerous advantages .  However ,  i t  can be 

dif f icult  for educators to f ind the t ime,  expertise ,  and resources to create thei r  

videos in a sui table format.  Onl ine STEM disseminat ion  v ideos al low educators  

to uti l ize high-qual i ty materia ls as learning resources .  In this regard,  YouTube 

can be an invaluable resource given the vast number of v ideos avai lable on a 

wide range of special ized subjects .   

Finding and successfu l ly  integrat ing “good-qual i ty”  educat ional v ideos can 

be chal lenging.  The primary dif f icul ty for educators is  determining the 
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suitabil ity  of  these videos based on their  content,  explanat ion,  v isual ization,  

and format.  For  th is  purpose,  educators  must count  with su itable digi tal  

competences and technological  knowledge,  as exposed in  the subsect ion 1.1.4 .  

Moreover ,  the complementary pedagogical  knowledge would also 

complement the selection of adequate videos with ski l l s  to develop a  proper  

instructional des ign.  Such  a des ign would optimize the benef its of  the video 

resource for the learning purposes establ ished on the course.  And 

complementar i ly ,  the educators ’  content knowledge is  also determinant when 

evaluating the accuracy and adequacy of the videos’  contents ,  as well  as when 

deciding which topic i s  adequate to reinforce.  

The benefits of dissemination videos to support conceptual 

learning and soft skills  

The use of  dissemination videos in educat ion is  usual ly  associated with its  value 

to introduce topics engagingly ,  as a complementary method to spark curios ity  

and increase the students ’  interest in the subject .  However ,  this kind of resource 

could also contr ibute to support conceptual learning and the acquis it ion of  

soft sk i l ls .  

This research has highl ighted how using dissemination videos in real  

classroom intervent ions has increased the understanding and learning of 

complex concepts in STEM disc ipl ines .  They also foster  the creat ion of  

connections between dif ferent courses and topics  of the degree ,  that would 

otherwise be perceived as indiv idual and unrelated.  This i s  due to the v ideos’  

focus on contextual iz ing the messages and the fact that they are structured as  

ser ies of v ideos increasing in complexity .  

Moreover ,  v ideos such as those designed through this doctoral  thesis also 

provide additional information about STEM discipl ines  to pre-universi ty 

students ,  increasing their  interest in these areas and considering such f ields for  

potential  higher studies .  Furthermore,  as  they are created by an act ive 

profess ional in the discipl ine,  they are helpful  to provide f i rst -hand prospects  

about the professional appl icat ion of the degrees and the job stabil i ty  and 

promotion.  F inal ly ,  this pract ical  approach reinforces students ’  famil iar ization 

with special ized jargon and common practices in the disc ipl ine .  

These videos also have the potential  to inf luence parameters  such as  

academic stress and anxiety ,  and enhance the students ’  motivation,  which are 

parameters affect ing dropout rates in STEM studies .  
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The use of dissemination videos to mitigate the effects of 

ERL scenarios 

The v ideos developed in th is doctoral  thesis have been found to promote 

independent study and active learning,  with some partic ipants declar ing an 

increase in academic performance and interest in the subject .  These videos 

were part icularly  helpful  in understanding the subjects ’  concepts ,  al lowing for  

repeated v iewing and self -paced learning.   Furthermore,  th is was also 

complemented by thei r  integration of these v ideos with concept discussion and 

problem resolut ion in tutored activi t ies dur ing class .   

This help in conceptual learning was part icularly  evident in theory exams,  

where the proposed v ideos  contr ibuted mitigat ing the impact of ERL.  However ,  

problems exams and laboratory tests were st i l l  negatively  impacted by ERL .  

End-semester examinat ions y ielded better  results than mid -semester ones,  

suggesting an inherent improvement in performance over t ime,  potent ial ly  due 

to a regular izat ion of the new teaching and learning methodologies .  

While didactic videos can mitigate some of the adverse ef fects of ERL 

scenarios by supporting conceptual learning and promoting increased study 

t ime and self -paced learning,  they were insuff icient to ful ly  of fset the impact 

of such a s ignif icant shift  in learning paradigms.  Instead,  they served as a 

cushioning measure.  Therefore,  the proposed videos  have proven to pos it ive ly  

impact learning,  performance,  interest ,  and motivat ion.  

The comparative performance of regular dissemination 

videos vs. dissemination videos optimized for education  

After a data-dr iven analysis over s ix years  for Sígueme la Corr iente  STEM 

YouTube channel ,  with owners ’  data,  interesting insights have been col lected.  

Over this per iod,  the channel has trans it ioned from solely disseminat ing STEM 

content to a dual -purpose channel focusing on contents optimized for 

educat ion.  

The f indings indicate that the channel ’s  shift  towards an educat ional  

purpose has enhanced its per formance.  The channel ’s  usage has s ignif icantly  

increased due to the production of content designed to serve as a pedagogical  

aid.  These results have revealed that the educational use of a YouTube channel  

l ike this might s igni f icantly surpass the usage for entertainment or sat isfy ing 

curiosi ty ,  typical ly  associated with YouTube as a social  media platform.  

Furthermore,  i t  was found that video length plays a cruci al  role in viewer 
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engagement,  with a s ignif icant correlat ion observed between video length and 

retention rate .  In th is  regard,  the educational content was found to be more 

sensi t ive to this factor  than the dissemination content.  

These f indings endorse integrating a focused educat ional strategy into STEM 

disseminat ion YouTube channels .  With appropr iate content creation cr i ter ia  

that opt imize their  suitabil ity  for pedagogical  integration and curr icular 

al ignment,  th is new approach presents an intr iguing op portunity .  

The potential benefits of finding common ground for 

disseminators and educators  

This doctoral  thesis has contemplated incorporating a speci f ic educat ional  

focus into already exist ing STEM dissemination YouTube channels .  This could 

benefi t  both educators and content creators .  

On the one hand,  for educators ,  this could lead to an increase in the 

avai labil ity  of  high -qual i ty mater ials that  are already optimized for their  

integrat ion into educational sett ings.  These mater ials could supplement 

classroom teaching,  provide additional resources for students ,  or even serve as 

the basis for active learning methodologies .  

On the other hand,  for content creators ,  cater ing to th is educational need 

could help them reach a new audience segment:  educators and students .  This  

could potential ly  increase their  v iewership and subscr iber base .  Moreover ,  by  

divers i fy ing the purpose of their  channel to include an optimal approach for  

educat ion along with a dissemination purpose,  they could enhance the appeal  

and usage of their  channel .  I t  could make their  channel a go -to resource not 

just for indiv iduals interested in STEM f ields ,  but al so for those actively involved 

in STEM education.  

However ,  publ ic d isseminat ion content creators often lack specif ic 

pedagogical  strategies to support the creation of their  products .  This could 

raise questions about their  actual  educat ional appropriateness .  I f  such 

unintent ional educational use is  accurately identif ied ,  i t  could act as a catalyst  

for implementing strategies to optimize the educational value of  their  content s .  

These strategies could guide the development plan of future material ,  ensur ing 

that they are informative or entertaining ,  and pedagogical ly  sound and 

effect ive for learning .  

Overal l ,  considering a complementary educat ional  strategy paral lel  to the 

focus of public d isseminators  could be a win-win s ituat ion for both educators 

and content creators .  I t  is  a bidirectional path between dissemination and 
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educat ion that could enhance the educational landscape by providing qual ity  

and accessible resources for learning,  while also help ing content creators  

expand their  reach and impact.  

8.2 Future research lines 

Building on the f indings and ins ights from this doctoral  thes is ,  three future 

research l ines have been identif ied :  Educat ional technology for the Didact ics  

of Mathematics ,  dig i tal  competences for  educators and students ,  and 

connections between public dissemination and education.  The fol lowing 

subsections wil l  further describe these future work streams.  

Educational Technology for the Didactics of Mathematics  

This doctoral  thesis descr ibes how the high presence of abstract concepts in 

STEM disc ipl ines increases the cognit ive demands during their  learning 

process .  However ,  mathematics represents the greatest exponent of  

abstract ion.  Therefore,  i t  would be remarkably benef icial  to incorporate 

educat ional technologies that might reduce the cognitive load during the  

learning process  of mathematical  concepts .  

Technology-aided learning ,  such as video learning ,  could be particularly  

benefic ia l .  For instance,  video learning could provide v isual  representations of  

abstract concepts ,  making them more tangible and understandable.  This al igns 

with the f indings of th is thesis ,  which highl ighted the potent ial  of  integrat ing 

mult imedia dissemination resources in the c lassroom, particular ly  for subjects  

with a high presence of abstract concepts .   

Computational th inking,  on the other hand,  could help students develop 

problem-solving sk i l l s  and logical  reasoning  that are fundamental  in 

Mathematics .  I t  involves understanding a problem and i ts  constraints ,  

formulating i t  s imilarly  as a computer would process it ,  and developing an 

algori thmic solut ion.  Educational technologies can play a p ivotal  role in 

cult ivat ing computational thinking.  For instance,  programming environments 

and coding platforms can provide students hands -on experience in algori thmic 

thinking and problem-solving.  They al low students to experiment with dif ferent 

solutions ,  understand the impl icat ions of their  decis ions,  and learn from thei r  

mistakes in a control led environment .  I ts  incorporation together  with act ive 
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learning methodologies  can also faci l i tate col laborative learning,  where 

students can work together on problems,  enhancing their  computat ional 

thinking sk i l ls  while developing teamwork and communicat ion sk i l ls .  

Future research could investigate the most effective ways to integrate these 

strategies into the c lassroom, and thei r  impact on conceptual learning,  

procedural  learning,  academic  performance,  and both interest and motivat ion .  

This research l ine has already been started s ince 2023 under the framework of  

a Venia Docendi  agreement with the Area of Didact ics of Mathematics of the 

Department of Mathematics  at the Univers idad de Las Palmas de Gran 

Canar ia.  

Digital Competences for Educators and Students  

The outcomes of this doctoral  thes is  have underscored the need for educators  

to possess an advanced level  of  digital  competence s to create ,  select  and 

integrate adequate audiovisual  resources .  Future research wi l l  focus on 

strategies for evaluat ing and improving educators ’  dig ital  competence.  This  

could also extend to students ,  exploring how to equip them with the necessary 

digi tal  ski l l s  to uti l ize these educational technology resources  ef fectively .  

On the one hand,  for educators ,  th is could involve an appropriate evaluat ion 

of their  digi tal  competences based on the DigCompEdu framework.  With this  

information,  this research l ine wil l  explore the impl ications of speci f ic training 

in using educational technologies ,  consider ing TPACK framework,  such as how 

to create and integrate video learning resources into their  instruct ional des ign .  

On the other hand,  for  students ,  this could involve developing thei r  ski l ls  in 

using these technologies for learning .  This  could include technical  ski l l s ,  such 

as how to access and navigate these resources ,  and  meta-ski l l s ,  such as how to 

manage their  learning when using these resources ef fectively .  

This research l ine has already started since 2023 under the framework of the 

project UNIDIGITAL  DigCompEdu –  Formación y Cert i f icación ,  with three years 

of durat ion between 2022 and 2024 .  Th is research involves measuring and 

analyzing the digital  competence of academics in the two public universi t ies  

of the Canary Is lands:  Universidad de Las Palmas de Gran Canar ia and 

Universidad de La Laguna .  I t  wil l  al low the study of how the s ingular s ituat ion 

of the Canary I s lands might be a factor impacting the dig ital  competence of i ts  

academics .  
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Connections between Public Dissemination and Education  

This doctoral  thesis has demonstrated the potential  of  STEM disseminat ion 

resources for  educational use ,  al igned with current l i terature .  Future research 

could explore this connect ion further ,  s tudying how public d isseminat ion 

resources can be further optimized for educat ional purposes .   

This could involve studying the behavior and interests of users ,  the impact 

of content strategy and curr icular  al ignment,  and the potential  for these 

resources to serve as  a bridge between education and dissemination.  More 

evaluations wil l  be performed in disseminat ion channels l ike Sígueme la 

Corr iente  to extrapolate the f indings of this  doctoral  thes is .  And furthermore,  

this approach wil l  also be expanded to other  disseminat ion formats apart f rom 

mult imedia resources .  

Moreover ,  platforms created to foster a dual use of multimedia resources for  

public dissemination and education wil l  be further studied.  This is  the case of  

Amautas ,  which is  currently targeted as an object of study al igned with the 

research l ine fol lowed by this doctoral  thes is .  This  research started in 2023 and 

involves an ini t ial  pre-experimental  observational study using the platform’s 

data.  I t  wil l  al low us to evaluate the perception of the platform’s users about 

its content’s  sui tabil i ty  for educational purposes ,  considering i ts dual intent ion.  

I t  wil l  consider  the main metrics to evaluate the adequacy of  educat ional  v ideos 

based on content,  format ,  and communicative style adequacy (see  the 

subsection 1.2.5 ) .  Furthermore,  this study wil l  be  fol lowed by addit ional studies 

to explore strategies for al igning Amautas ’  content with off icial  curr iculums 

for var ious STEM courses in secondary and tertiary educat ion.  Guidel ines wil l  

be establ ished for creating new content that al igns with th is curr icular 

approach.  This al ignment wil l  s implify  the integrat ion of resources from a 

pedagogical  perspective,  promoting the use of such res ources in educat ional  

settings.  

And f inal ly ,  the role of  multimedia resources in students ’  active learning wil l  

also be explored .  Classroom intervent ions wil l  be developed,  proposing 

students ’  engagement in creat ing videos explaining the process resolution of  

specif ic STEM problems al igned with the academic curr iculum and the syl labus .  

Afterward,  a peer -review methodology wil l  be put in place where students can 

also review the videos developed by their  classmates .  Both the v ideo creat ion 

and review wil l  be  aimed at foster ing conceptual learning and procedural  

learning,  as well  as sett ing a regular study -homework routine .  This  init iative is  

also expected to improve their  partic ipation in class ,  motivation,  cr i t ical  

thinking,  and academic performance,  and foster their  dig ital  competences and 

presentation ski l l s .  
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These future research l ines not only  build on the f indings of this thesis but also 

open new avenues for exploration in the f ield of STEM educat ion.  They highl ight 

the potent ial  of  educational technology,  part icularly  video learning and 

computat ional thinking,  to enhance the teaching and learning of abstract 

concepts .  They also underscore the importance of dig ital  competence for 

educators and students and the potent ial  o f  publ ic disseminat ion channels as  

educat ional  resources .  As such ,  they represent exci t ing di rections for future 

research in this f ield.  
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10.  Appendix: 
Dissemination of research results 

The appendix of th is doctoral  thesis is  dedicated to showcasing the extensive 

disseminat ion efforts undertaken to share the research f indings with a broader 

audience.  I t  comprises  the disseminat ion articles  wri tten by the author ,  as well  

as the press coverage that the research has received .   Th is comprehensive 

compilat ion serves as a testament to the reach and inf luence of the research 

conducted .  I t  a lso underscores the commitment to foster ing open and 

widespread knowledge shar ing .  

Dissemination articles 

This section of the appendix is  present ing the dissemination artic les wr itten to 

publicly share the results of  this doctoral  thesis .  

•  Dissemination Article :  Conceptos abstractos que se aprenden mejor en 

vídeo  [Abstract concepts that are best learned on v ideo ] 41.  Publ ished in 2022 

at :  The Conversation .  

•  Dissemination Art icle :  Cómo seleccionar vídeos adecuados para uso 

educativo [How to select adequate v ideos for educational use ] 42.  Publ ished 

in 2024 at :  The Conversation.  

Moreover ,  three additional  dissemination articles  have al ready been 

accepted,  which wil l  be published in the fol lowing si tes and magazines:  

•  Mapping Ignorance 43:  This is  an onl ine scient i f ic communicat ion si te edited 

in Engl ish by the Chair  of  Scientif ic Culture of the Universidad del País 

 
41 https : / / theconversat ion .com/conceptos -abstractos -que-se-aprenden-mejor -en-

v ideo-184078  (Accessed 15/04/2024) .  
42 https : / / theconversat ion .com/como -se lecc ionar -v ideos -adecuados -para -uso-

educat ivo-223132 (Accessed 15/04/2024) .  
43 https : / /mappingignorance.org  (Accessed 15/04/2024) .  

https://theconversation.com/conceptos-abstractos-que-se-aprenden-mejor-en-video-184078
https://theconversation.com/conceptos-abstractos-que-se-aprenden-mejor-en-video-184078
https://theconversation.com/como-seleccionar-videos-adecuados-para-uso-educativo-223132
https://theconversation.com/como-seleccionar-videos-adecuados-para-uso-educativo-223132
https://mappingignorance.org/


0   |   Disseminat ion art ic les  

 

233 

Vasco ,  under  the Project  Campus of  International Excel lence –  Euskampus.  

Their  goal is  to translate cutt ing -edge scient if ic research into an educated 

lay-person language and,  therefore,  contr ibute to map ignorance with new 

knowledge.  

•  Cuaderno de Cultura Cientí f ica 44:  This is  an onl ine sc ient if ic communication 

site also edited in Spanish by the Chair  of  Scientif ic Culture of the 

Universidad del País  Vasco ,  under the Project Campus of International  

Excel lence –  Euskampus.  I ts  activi ty aims to publish news about recent 

research,  as well  as general  dissemination art icles ,  opinion articles ,  and 

materia ls contr ibuting to the construct ion of  a scienti f ic culture .  

•  Hipótesis Magazine 45:  This magazine is  edited by the Scienti f ic Culture and 

Innovation Unit of  Universidad de La Laguna  (UCC+i -  Cienci@ULL ) ,  in  

cooperation with the Consejería de Economía, Conocimiento y Empleo  at  

the Government of the Canary Is lands,  through the Agencia Canaria de 

Investigación, Innovación y Sociedad de la Información .  I t  is  a  

disseminat ion magazine des igned to bring closer to society the research 

developed at the Univers ity of La Laguna .  

 

 
44 https : / /cul turac ient i f ica .com  (Accessed 15/04/2024) .  
45 https : / /www.ul l .es /porta l /c ienc iaul l / rev i stah ipotesis  (Accessed 15/04/2024) .  

https://culturacientifica.com/
https://www.ull.es/portal/cienciaull/revistahipotesis
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Press coverage 

This sect ion of the appendix is  presenting the thesis ’  press cogerage.  

•  National newspaper :  Un estudio cient í f ico desestigmatiza YouTube en las 

aulas [Scienti f ic study destigmatizes YouTube in the classroom] 46.  Publ ished 

in 2023 at :  La Razón (onl ine and paper ) .  

•  National newspaper :  Un exalumno de la UPC tr iunfa en youtube divulgando 

ingenier ía eléctr ica [A UPC alumnus tr iumphs on youtube through electr ical  

engineering dissemination] 47.  Publ ished in 2023 at :  La Vanguardia .  

•  Regional newspaper :  El 70% de los estudiantes uti l iza YouTube para 

profundizar y  mejorar en los estudios [70% of students use YouTube to 

further and improve thei r  studies] 48.  Publ ished in 2023 at :  La Provincia 

(onl ine and paper) .  

•  Regional newspaper :  Un enginyer elèctr ic  a qui seguir e l  corrent [An 

electr ical  engineer to fol low the current] 49.  Publ ished in 2023 at :  Diar i  de 

Terrassa (onl ine and paper ) .  

•  Regional newspaper :  “Sígueme la corr iente” :  el  canal de un exalumno de 

ESEIAAT tr iunfa en YouTube [ “S ígueme la Corr iente” :  the channel of an 

ESEIAAT ex-student t r iumphs on YouTube] 50.  Publ ished in 2023 at :  Món 

Terrassa .  

•  Regional newspaper :  “El  youtuber de l ’enginyeria elèctr ica té ADN de 

Terrassa [The youtuber of electr ical  engineering has DNA from Terrassa ] 51.  

Publ ished in 2024 at :  Món Terrassa .  

•  Regional TV channel :  El youtuber Rubén Li jó publ ica un nou vídeo gravat 

íntegrament a l ’ESEIAAT  [ “Youtuber Ruben Li jo publishes a new video 

recorded ent irely at ESEIAAT ] 52.  Publ ished in 2024 at :  Terrassa Digi tal .  

•  Insti tut ional Communication:  La ULPGC l idera un estudio sobre el  uso de 

mater iales audiovisuales como recurso pedagógico en las enseñanzas 

STEM [ULPGC leads a study on the use of audiovisual  mater ials as a teaching 

resource in STEM education ] 53.  Publ ished in 2022 at :  Univers idad de Las  

Palmas de Gran Canaria .  

 
46 https : / /www. larazon .es/c ienc ia /estudio -c ient i f ico -desest igmatiza -youtube-

aulas_20230405642d9aae1036390001b70648 .html  (Accessed 15/04/2024) .  
47 Avai lable in  Appendix .  
48 https : / /www. laprovinc ia .es /soc iedad/2023/03/03/educacion -youtube-estudiantes -

tecnologias-84072665 .html  (Accessed 15/04/2024) .  
49 https : / /www.diar ideterrassa .com/terrassa/2023/03/31/un -enginyer -e lect r ic -a-qui -

segui r -el -corrent  (Accessed 15/04/2024) .  
50 https : / /monterrassa .cat /es /economia -es /a lumno-eseiaat -v ideos -youtube-326165 

(Accessed 15/04/2024) .  
51 https : / /monterrassa .cat / soc ietat /v ideo -youtuber -enginyer ia -e lect r ica -te-adn-de-

terrassa-393152 (Accessed 15/04/2024) .  
52 https : / / te r rassadig i ta l .ca t /e l -youtuber -ruben- l i jo-publ ica-un-nou-video-gravat-

integrament-a - leseiaat  (Accessed 15/04/2024) .  
53 https : / /www.ulpgc .es/not ic ia /2022/02/04/u lpgc - l idera-estudio-uso-mater ia les -

audiovi sua les -como-recurso -pedagogico (Accessed 15/04/2024) .  

https://www.larazon.es/ciencia/estudio-cientifico-desestigmatiza-youtube-aulas_20230405642d9aae1036390001b70648.html
https://www.larazon.es/ciencia/estudio-cientifico-desestigmatiza-youtube-aulas_20230405642d9aae1036390001b70648.html
https://www.laprovincia.es/sociedad/2023/03/03/educacion-youtube-estudiantes-tecnologias-84072665.html
https://www.laprovincia.es/sociedad/2023/03/03/educacion-youtube-estudiantes-tecnologias-84072665.html
https://www.diarideterrassa.com/terrassa/2023/03/31/un-enginyer-electric-a-qui-seguir-el-corrent
https://www.diarideterrassa.com/terrassa/2023/03/31/un-enginyer-electric-a-qui-seguir-el-corrent
https://monterrassa.cat/es/economia-es/alumno-eseiaat-videos-youtube-326165
https://monterrassa.cat/societat/video-youtuber-enginyeria-electrica-te-adn-de-terrassa-393152
https://monterrassa.cat/societat/video-youtuber-enginyeria-electrica-te-adn-de-terrassa-393152
https://terrassadigital.cat/el-youtuber-ruben-lijo-publica-un-nou-video-gravat-integrament-a-leseiaat
https://terrassadigital.cat/el-youtuber-ruben-lijo-publica-un-nou-video-gravat-integrament-a-leseiaat
https://www.ulpgc.es/noticia/2022/02/04/ulpgc-lidera-estudio-uso-materiales-audiovisuales-como-recurso-pedagogico
https://www.ulpgc.es/noticia/2022/02/04/ulpgc-lidera-estudio-uso-materiales-audiovisuales-como-recurso-pedagogico
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•  Insti tut ional Communication:  La ULPGC l idera un estudio de integración de 

vídeos didácticos para mejorar la enseñanza de ingenier ía [ULPGC leads a 

study on the integrat ion of didact ic videos to improve engineering 

teaching] 54.  Publ ished in 2023 at :  Universidad de Las Palmas de Gran 

Canaria .  

•  Insti tut ional Communicat ion:  Dos investigadores de la ULPGC ofrecen 

pautas en The Conversation para escoger vídeos adecuados con f ines 

educativos [Two ULPGC researchers of fer guidel ines in The Conversat ion for  

choosing appropriate videos for educational  purposes ] 55.  Publ ished in 2024 

at :  Universidad de Las Palmas de Gran Canaria .  

•  Insti tut ional Communication:  ULL y ULPGC estudian el  uso de mater iales 

audiovisuales como recurso pedagógico en las enseñanzas STEM [ULL and 

ULPGC study the use of audiovisual  mater ia ls as a pedagogical  resource in 

STEM educat ion] 56.  Publ ished in 2022 at :  Universidad de La Laguna .  

•  Insti tut ional Communication:  Un ‘alumni ’  de la ESEIAAT de la UPC tr iunfa 

en YouTube con 'S ígueme la Corr iente' ,  un canal divulgativo de Ingeniería 

Eléctr ica [An 'alumni '  of  the ESEIAAT of the UPC tr iumphs on YouTube with 

'Sígueme la Corr iente' ,  an informative channel on Electr ical  Engineering] 57.  

Publ ished in 2023 at :  Univers itat Pol itècnica de Catalunya .  

•  Insti tut ional Communication:  Un exalumne de l ’ESEIAAT de la UPC tr iomfa 

a YouTube amb ‘S ígueme la corr iente’ ,  un canal divulgatiu d’enginyeria 

elèctr ica [A former student of the ESEIAAT of  the UPC tr iumphs on YouTube 

with 'S ígueme la corr iente' ,  an informative channel on electr ical  

engineering] 58.  Publ ished in 2023 at :  Escola Superior d’Enginyeries  

Industr ial ,  Aeroespacial  i  Audiovisual  de Terrassa ESEIAAT –  UPC.  

•  Insti tut ional Communication:  Ruben Li jó ,  el  ‘youtuber ’  més seguit  

d’enginyeria elèctr ica,  publica un nou vídeo al canal ‘S ígueme la 

corr iente ’ ” ,  gravat íntegrament a l ’ESEIAAT de la UPC [Ruben Li jo ,  the most 

fol lowed 'youtuber '  in electr ical  engineering,  publ ishes a new video on the 

channel 'Fol low me the current ' " ,  recorded enti rely at the ESEIAAT of UPC] 59.  

Publ ished in 2024 at :  Escola Superior d’Enginyer ies Industr ial ,  Aeroespacial  

i  Audiovisual  de Terrassa ESEIAAT –  UPC.  

 
54 https : / /www.ulpgc .es/not ic ia /2023/03/30/u lpgc - l idera-estudio- integrac ion -v ideos -

d idact icos-mejorar -ensenanza- ingenier ia  (Accessed 15/04/2024) .  
55 https : / /www.ulpgc .es/not ic ia /2024/03/07/dos - invest igadores -u lpgc-ofrecen-pautas -

conversat ion -escoger -v ideos-adecuados (Accessed 15/04/2024) .  
56 h t t p s : / /www.u l l . e s /p o r t a l / n o t i c i a s /2 0 22 /u l l -u lp g c -e s tu d i an -au d io v i su a l e s - recu rso -p ed ag o g ico -

s t em (Accessed 15/04/2024) .  
57 https : / /www.upc .edu/es/ sa la -de-prensa/not ic ias /a lumni -ese iaat -upc-tr iunfa-

youtube-canal -s igueme- la-corr iente- ingenier ia -electr ica  (Accessed 15/04/2024) .  
58 https : / /eseiaat .upc .edu/ca/not ic ies/un -exalumne-de-eseiaat -de- la -upc-tr iomfa-a -

youtube-amb-s igueme- la -corr iente-un-cana l-d ivu lgat iu-enginyer ia -e lect r ica  (Accessed 
15/04/2024) .  

59 https : / /eseiaat .upc .edu/ca/not ic ies/ ruben -l i jo -youtuber -mes-seguit -enginyer ia -
electr ica -publ ica-un-nou-video-a l -canal- s igueme- la-cor r iente -gravat - integrament-a -
eseiaat -upc (Accessed 15/04/2024) .  
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El 70% del alumnado utiliza YouTube para ahondar y mejorar en los estudios













































Studies related to the disciplines of 

Science, Technology, Engineering and 

Mathematics (STEM) present specific 

challenges in their teaching and learning 

process, which are emphasized during 

Emergency Remote Learning scenarios.

 

These types of learning challenges are 

fundamentally related to the wide 

presence of abstract concepts in their 

subjects, as well as the difficulty in 

establishing connections between the 

different conceptual areas that make up 

their degrees. In this context, audiovisual 

resources have proven to be useful as a 

didactic support in the mitigation of these 

drawbacks. However, its adequate creation 

by teachers requires an advanced level of 

digital competence, as well as a large 

investment in terms of time and resources. 

STEM dissemination audiovisual materials 

widely available on the internet can be 

useful to fill this gap.

 

In this line, this doctoral thesis focuses on 

the study of the pedagogical value of 

STEM dissemination resources, as well as 

on the implementation of strategies for 

their proper integration into formal 

education.


