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Abstract

The connection between education and a country’s economic and social development is unquestionable,
and science and technology-related careers are of  particular importance. Given the lack of  vocations in
these  degrees,  a  number  of  mechanisms  have  been  used  to  attract  students,  including  science  and
technology conferences in secondary schools.  Focusing on this  type of  lectures,  this  article aims to
analyse the didactic aspects used by university lecturers who deliver this type of  lectures. To this end, 16
teachers were interviewed using a structured interview. From the qualitative analysis of  the interviews,
we reached a series of  results and conclusions, among which we would like to highlight the following:
teachers see these lectures as a form of  scientific dissemination which also helps to promote the degree
courses they teach and serves as a support for attracting students; when choosing the content of  the
lecture, they mainly take into account the secondary school curriculum, including striking aspects and
the results of  their own research; the mediums used are mainly visual and supported by Do It Yourself
(DIY)  techniques;  the  content  is  normally  presented  through  presentations  or  practical  laboratory
exercises; finally, the documentation provided to students depends on the teacher giving the lecture, and
there is no consensus on this point.
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1. Introduction

University  education,  along  with  its  clear  humanistic  base  (González-Geraldo,  2014),  has  an
unquestionable connection with economic and social development (Moscovici & Petrica, 2015) and the
continuous change of  today’s technological society (Tabares-Quiroz & Correa-Vélez, 2014). This aspect is
especially  important  when  dealing  with  the  so-called  STEM  (Science,  Technology,  Engineering  and
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Mathematics) careers, i.e., those related to Science, Technology, Engineering and Mathematics. There are
still barriers and biases (Çalış, 2020; Roper, 2019) regarding these degrees that need to be addressed.

There is also a growing need for qualified and competent specialists  and professionals  (Tynybekovna,
Meirbekovich, Talgatovna & Pernebaevna, 2013). In Europe, ever since the European Council adopted
the Lisbon Agenda in 2000, a great deal of  attention has been paid to the need to foster a dynamic and
innovative  knowledge-based  economy  (Kearney,  2011).  Furthermore,  the  role  of  universities  in  the
implementation of  the Sustainable Development Goals (Serrate,  Martín, Caballero & Muñoz, 2020) has
not been overlooked.

The Lisbon Agenda goals were based on the “knowledge triangle” of  research, innovation and education
as essential elements of  competitiveness and quality of  life (Luzón & Sevilla, 2010). In this context, it has
been  argued  that  the  integration  of  science,  technology,  engineering  and  mathematics  benefits  the
economy (Tseng, Chang, Lou & Chen, 2013).

In  spite  of  the  importance  of  STEM-related  degrees,  a  lack  of  vocations  among  secondary  school
students has become apparent in recent years, which is even more evident in the case of  women, leading
to a decline in enrolment in these degrees (Nuño & Rico, 2013; Shevtshenko, Karaulova, Igavens, Strods,
Tandzegolskienė, Tūtlys et al., 2017; Trumper, 2006).

The lack of  interest in scientific and technical disciplines appears to occur between approximately 11 and
15 years of  age and is at its lowest in secondary school students (Gibson & Chase, 2002; Murphy & Beggs,
2006; Nuño & Rico, 2013; Osborne, 2007). In addition, there are reports that girls and young women have
lower  confidence  in  their  academic  skills  in  mathematics  and  science,  decreasing  from  primary  to
secondary education (Rittmayer & Beier, 2009). In contrast, students who become interested in STEM
fields in secondary education are more likely to obtain a university degree in a STEM-related field (Broder,
Guilbert, Tinghitella, Murphy, Ghalambor & Angeloni, 2019).

The increasing reluctance of  students  to engage in science subjects in their  final  years of  secondary
education has important implications for both the continuity of  scientific work and the scientific literacy
of  future generations (Trumper, 2006). This situation raises concerns, as educational programmes focused
on motivating students to pursue STEM-related careers at university seem insufficient (Fuesting, Diekman
& Hudiburgh, 2017), making it  impossible to meet national  demands for professionals in these fields
(Jackson, Leal, Zambrano & Thoman, 2019). In addition to not being able to meet the needs of  the labour
market,  basic  knowledge  in  STEM  is  necessary  for  anyone  to  be  able  to  cope  with  a  number  of
indispensable operations in the social  and economic spheres of  everyday life (Pisano,  Franckowiak &
Anakkar, 2017).

In  an  attempt  to  alleviate  the  situation,  companies,  professional  organisations  and  universities  are
developing  various  actions  aimed  at  promoting  STEM,  for  instance  academies  and  summer  schools
(Dutta-Moscato, Gopalakrishnan, Lotze & Becich, 2014; King, Fisher, Becich, & Boone, 2017; Marques,
Restivo  &  Chouzal,  2012),  competitions,  science  clubs  and  science  fairs  (Sahin,  2013),  offering  and
conducting technical workshops to secondary schools (Fuentes, Huertas & Torres, 2019) and science and
engineering promotion and outreach programmes (Revuelta, 2012; Riesco & Cernuda, 2015), an approach
that transcends subjects as they are usually considered and that presents both benefits and the challenges
to  be  overcome  (Kilty,  Burrows,  Welsh,  Kilty,  McBride  &  Bergmaier,  2021),  especially  in  terms  of
consolidating STEM education in the classroom (Çalış, 2020). 

The promotion and outreach actions, which are complementary to formal education, include scientific,
technical  and vocational  outreach lectures to foster  the  interest  of  younger students  (Kearney,  2011).
Conferences given by STEM professionals provide indirect learning experiences for students by providing
opportunities to observe the practice and performance of  STEM professionals in their work (Rittmayer &
Beier, 2009). They seek to foster conversations between students about scientific and technical topics that
can increase their interest in a future career in science (Jackson et al., 2019).

-97-



Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.1318

Scientists  regularly  disseminate  their  findings  at  conferences  through  lectures,  but  the  value  of  this
experience  for  students  in  pre-university  education  is  not  exactly  known  (Broder  et  al.,  2019).
Furthermore, Tseng et al. (2013) recognise that it is important to build appropriate instructional strategies
to  enhance  students’  interest  and  attitudes  towards  science,  both  within  and  outside  the  classroom
(Chacko, Appelbaum, Kim, Zhao & Montclare, 2015).

Science  and technology  generate  products  (methods,  technologies,  scientific  knowledge,  etc.)  that  are
presented in highly specialised formats and contexts that are not intuitively accessible to everyone (Blanco,
2004). Dissemination is a complex activity that attempts to bring scientific and technical knowledge to a
non-specialised audience, conveying messages in a language that is accessible and understandable to the
target  audience,  allowing  them to  incorporate  scientific  knowledge  into  their  culture  (Pacheco,  2003;
Orrico, 2012; Corredor & Socorro, 2014). In addition, in some cases, the aim is to carry out vocational
dissemination, close to didactics, in which young people are encouraged to study STEM careers (Bonfil,
2003).

In order to bring science to secondary school students, specialised scientific and technical knowledge
needs  to  be  reworked  and  converted  into  knowledge  suitable  for  them.  The  process  of  didactic
transposition of  this type of  knowledge has to combine and balance the scientific-technical aspects and
the educational aspects which, at these levels, may present difficulties of  integration (Blanco, 2004). In
this context, in order to disseminate science and technology through lectures, it is necessary to know
specific  action  methodologies  that  facilitate  achieving  favourable  results  (Iglesias,  García-Frank  &
Fesharaki, 2017).

In relation to the situation described above, the aim of  this research is to find out about the teaching
practices employed by university lecturers in dissemination work. This work has been conducted in the
Autonomous Community of  Castilla-La Mancha, using a qualitative methodology by asking teachers who
give  scientific-technical  lectures  in  secondary  schools.  These  types  of  dissemination  actions  make  it
possible to take advantage of  all the potential of  the already established European Higher Education
Area, which from its origins already aimed to link teaching with research (González-Geraldo,  Trevitt &
Carter, 2011). The article continues with the methodology section, followed by the discussion and results
sections, and ends with the conclusions drawn from the study.

2. Methodology 
The aim of  this research is to find out what didactic aspects are used by university lecturers when giving
lectures on popularisation and promotion of  science and engineering among secondary school students.
The qualitative research carried out does not attempt to develop a theory on the didactics of  lectures, but
it does seek the characteristics and methods used by lecturers in this type of  dissemination activity, such
that it can be considered an exploratory study (Carvalho, Scott & Jeffery, 2005).

The fundamental  characteristic  of  qualitative research is  the fact  that  it  allows descriptive data to be
obtained (Taylor & Bogdan, 1992). The aim is to obtain information provided by those involved in the
research, trying to find meaning and sense with their answers to the research questions posed, in order to
explain complex and multifaceted phenomena that characterise human phenomena (Martínez, 2006; Paz,
2003; Smit, 2002; Urraco, 2007).

The participants in this research are lecturers from the University of  Castilla-La Mancha (UCLM) who
give outreach lectures to students in secondary schools (SeS). In order to preserve the anonymity of  the
interviewees,  in  the  discussion  and  results  section  the  quotes  selected  from each  participant  will  be
identified with a number.

The number of  interviewees was achieved by an initial convenience sampling (Bryant & Charmaz, 2007),
interviewing six lecturers belonging to the same centre of  the UCLM. These first interviewees were asked
to  contact  other  lecturers  at  the  University  who  give  scientific-technical  dissemination  lectures,  thus
arriving at the well-known “snowball” effect (Handcock & Gile, 2011), which made it possible to contact
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specialists in the subject matter addressed, who provide a picture of  the social universe to be investigated
(Izcara, 2014).

The sample size (n= 16) is sufficient for the qualitative research conducted, as in research projects focused
on understanding common perceptions and experiences of  a relatively homogenous group of  individuals,
12 interviews may be sufficient, as argued by Guest, Bunce & Johnson (2006).

The analysis of  the sample shows that all 16 respondents are doctors, 15 of  them men and 1 woman.
Their ages range from 36 to 63 years. Twenty-five percent of  the participants are under 39 years of  age,
44% are between 40 and 49, 25% are between 50 and 59 and, finally, 6% are over 60 years of  age. The
interviewees  teach  at  8  different  UCLM  centres  on  the  Albacete,  Ciudad  Real,  Cuenca  and  Toledo
campuses, and belong to 4 different departments. Regarding their qualifications,  there are 2 industrial
engineers, 2 civil engineers, 1 computer engineer, 4 telecommunication engineers, 1 industrial organisation
engineer, 4 graduates in physical sciences, 1 architect and 1 mining engineer.

The information was obtained through a structured interview, with questions prepared at the beginning of
the research, and developed in the order indicated below, with each participant being asked in the same
way. This type of  interview has the advantage of  being systematic, it facilitates data classification and
analysis,  and  is  also  objective  and  reliable  (Díaz-Bravo,  Torruco-García,  Martínez-Hernández  &
Valera-Ruiz, 2013).

The interviewees ware asked the following questions:

1. What criteria do you follow when choosing the contents, you include in the talk/conference?

2. What technical means do you use at the conference?

3. What teaching materials do you deliver at the conference and when?

4. What didactic aspects do you consider when giving a lecture?

Interviews  were  conducted  between  3  April  and  15  May  2020  either  face-to-face  (4  interviews)  or
telematically (12 interviews), depending on geographical constraints and respondent preference (Baker &
Edwards, 2012; Bavaresco, D’Oca, Ghisi & Lamberts, 2020). The reasons for the mix of  data collection
methods were the location of  interviewees and the availability of  participants (Denzin & Lincoln, 2011),
coupled with the  lockdown of  the  population  due to  the  COVID-19 pandemic.  All  interviews were
recorded using a digital audio recorder for subsequent transcription and analysis.

Once the audio files had been transcribed from the recordings into written documents, they were analysed
using the ATLAS.ti 8.1 programme, which facilitated the coding work and the grouping of  codes into
families. The programme also allows us to identify commonalities and to draw conclusions about typical
themes that emerge during interviews (Gibson & Chase, 2002), using the constant comparison procedure
(Charmaz, 2006; Penalva, Alaminos, Francés & Santacreu, 2015).

Open coding was used to name and categorise the concepts and descriptions resulting from the data
analysis (Flick, 2007). The coding process produced a large number of  codes, which were simplified and
grouped  together  to  avoid  overcoding  (Flick,  2007;  Jones,  2007;  Friese,  2012).  These  actions  were
performed  using  constant  comparison,  merging  the  codes  that  had  different  names  but  essentially
captured the same concept or phenomenon, naming them with a name related to the research questions
(Gibbs,  2012;  Friese,  2012).  Figures  1  and  2  show  the  networks  of  code  groups  obtained  using
ATLAS.ti 8.1.

As this is an exploratory study, the intention is not to generalise the results, but to try to interpret the
aspects  investigated  in  terms  of  perspective,  knowledge,  values,  opinions,  meanings  and  professional
experiences, as closely as possible to how the interviewees perceive them (Blaxter, Hughes & Tight, 2002;
Pratt,  2009).  In this  process,  meaning has  been sought  in  the  data  in  a  rigorous and systematic  way
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(DeCuir-Gunby,  Marshall  &  McCulloch,  2010;  Smit,  2002),  establishing  relationships  between  data
categories via interpretive analysis (Trinidad, Carrero & Soriano, 2006).

In spite of  the difficulty of  being able to universalise the results (Sánchez-Flores, 2019), counting has been
used as part of  the analysis process, facilitating the recognition of  patterns in the data that allow a certain
degree  of  generalisation  to  be  obtained  (Sandelowski,  2001).  No  attempt  has  been  made  to  give  a
numerical nature to the facts, because the aim is to find out about and describe the techniques, ideas and
methods that teachers use in lectures (Sandelowski, 2001). Pronouns denoting indeterminate quantity have
been used.  Thus,  in this  work,  some or few would be equivalent to the occurrence of  the observed
phenomenon in less than 25% of  the participants and many would be equivalent to more than 75% of
participants (Sandelowski, 2001), with several being understood as an intermediate term.

Figure 1. Networks of  code groups of  the Conference objectives and Didactic aspects
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Figure 2. Networks of  code groups for Content selection criteria, Teaching material and Technical means

3. Results and Discussion

The results of  the present experience are described in detail below. For the sake of  clarity, they have been
divided into five main groups: 1) Objectives to be achieved with the lectures, 2) Criteria in the selection of
content, 3) Didactic aspects employed, 4) Technical means foreseen, and 5) Documentation provided.

3.1. Objectives

The participants included in their answers some of  the objectives they intend to achieve through the
conferences, besides the dissemination of  science and technology, which is the backbone of  these actions.

Several interviewees indicate that through their lectures they seek to promote the degrees they teach in
order to arouse the interest  of  secondary school  students in these degrees  and thus  attract  students.
Others  try  to  stimulate  interest  in  technology,  science,  or  try  to  raise  their  interest  in  engineering,
regardless of  their academic background: “The idea behind everything at the end is to try to promote
scientific vocations or something,  at least so that people don’t feel so far away” (No. 9),  an issue of
particular  importance  in  the  previously  mentioned  context  of  scarcity  of  vocations  for  this  type of
degrees, mainly among the female sector, this being an aspect which, getting ahead of  the conclusions,
highlights the interest of  this type of  activities in order to reduce the gender gap as far as science is
concerned (Roper, 2019).
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Thus, several participants highlighted the importance of  transmitting knowledge to students who are not
clear about what they are going to study in the future and to provide them with some guidance to clarify
aspects, concepts or ideas related to STEM. As participant No. 16 says: “[we try] to provide something
different  to  the  kids  that  can  give  them that  little  flame,  to  start  a  vocation”.  In  this  way,  a  closer
knowledge of  this  type of  careers  is  made possible,  through professionals  in  the field  and not  only
through the information they receive via the guidance services of  the school itself, groups of  friends or
social networks which, as Gómez, Sánchez, Reveriego and Marcos (2016) point out, may be generated by
incomplete or biased information.

The aim is  likewise  to motivate  secondary  school  students  by  trying to demystify  the  difficulty  they
associate with science and engineering degrees, trying to show them a few professional opportunities by
explaining some cases and making them aware of  the ramifications of  this type of  knowledge and the
possibilities it offers, most often unknown to them due to a lack of  information or contradictions in the
information they have received from unreliable sources.

The transmission  of  information  concerning the  characteristics  of  STEM degrees,  the  scientific  and
technological advances related to them, as well as the professional development options they offer, may be
of  interest to secondary school students. In this regard, Gómez et al. (2016) detected great interest from
those attending informative conferences on degrees related to industrial engineering. They requested more
information on the areas of  work of  these engineering degrees in order to base their choice of  future
university studies. It should be borne in mind that, among other factors, vocational choice is based on a
person’s knowledge of  themselves and of  the profession (Vázquez & Manassero, 2009) and lectures can
awaken the student’s vocation towards a particular degree (Vericat, Schilardi, Vela & Salvarezza, 2013). It
may be asserted that it is important to provide pre-university students with adequate information about
STEM-related professions.

3.2. Criteria Employed

The preparation of  the lectures entails important work that involves preliminary tasks such as searching
for didactic material in order to have up-to-date presentations and selecting the equipment and activities
that will help during the presentation (Vericat et al., 2013). Knowledge of  the topic to be developed, its
length and the duration of  the lecture will facilitate the work prior to giving the lecture.

Approximately half  of  the participants report  that  the content  of  the lectures is  conditioned by the
request made to them by the secondary education (SeS) teacher who contacts them, seeking to cover or
complement the content of  a subject taught at secondary level. When the topic to be developed is very
extensive, one of  the interviewees contacts the SeS teacher to consult on the issues to be included and
thus define, between them, the agenda of  the conference. In other cases, the lecturer gathers information
on the syllabus of  the secondary school subjects by consulting teachers at the SeS who teach at  the
university as associate lecturers, reaching a situation similar to the previous point, with the limitation of
being a more generalist approach and not as specific as when talking directly to the teacher of  the group
to which the lecture will be given.

In addition, by limiting the contents of  the conference to the requirements of  the secondary school, it can
be used as a non-formal education tool that serves to reinforce and collaborate with formal education in
secondary  school  subjects  (Doddoli,  2007).  The  contents  chosen  should  inform  and  seek  to  raise
awareness, such that the attendees obtain an expanded knowledge at the end of  the lecture, allowing them
to discuss the topic among themselves and with their acquaintances (Florensa, Martí, Kumar & Carrasco,
2013; Vericat et al., 2013).

On some occasions SeS teachers ask the interviewee to describe the results of  the research they are
carrying out. “Normally they would ask me to tell them a little bit about research and things we were
doing in research and interesting things we were doing at the university. So I would tell them what I was
doing at the time in the field of  research” (No. 8).
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The  lack  of  connection  between  many  of  the  contents  covered  in  formal  science  and  technology
education and the reality that students know may be a factor in their lack of  interest in STEM (Blanco,
2004). Providing them with a learning opportunity without the restrictions of  formal curricula, in which
novel and interesting science and technology topics are presented, may spark their interest, inciting their
curiosity towards science and engineering (Toharia & Lowy, 2004).

When  university  centres  are  the  ones  to  prepare  the  catalogue  of  outreach  lectures  to  be  given  to
secondary schools, it is the lecturers who choose the topic to be covered. Here, the criteria followed by the
participants to select the contents are varied, although they normally focus on aspects in which they are
experts or include the subjects they teach at the university, adapting, as mentioned above, the content to
the target audience. They try to include content that is impactful, novel, that arouses the interest of  the
audience and/or that may be useful, but always seeking to motivate them towards the technique, science
or engineering in which the interviewee teaches: “we go to topics that may draw them to our field and that
may arouse their interest” (No. 12).

In the selection of  content, participants try to ensure that the content has personal relevance for students,
so that they make connections with their lives; that it has professional relevance, to provide them with a
picture of  possible careers; and finally, that it has social significance, so as to clarify the purpose of  science
in human and social affairs (Mei, Kaling, Xinyi, Sing & Khoon, 2007).

In  order  for  these  dissemination  activities  to  be  interesting  for  the  secondary  schools  and  for  their
teachers to be able to justify them without problems, one of  the participants proposed as a strategy that
the lectures should cover some content of  a subject, as well as the evaluation criteria and the assessable
learning  standards,  using  the  official  curriculum published  in  the  official  state  gazette  (Royal  Decree
1105/2014, of  26 December, which establishes the basic curriculum of  Compulsory Secondary Education
and the Baccalaureate) “[We need to] Adapt our lectures, not to what we understand might be interesting,
but exactly to what would suit the teacher. If  you use the methodology applied in secondary education,
then it is also useful for the evaluation” (No. 7).

3.3. Didactic Aspects

When selecting the content and preparing the material to be included in the lecture, most participants
adapt the content to the age and grade level of  the audience and recommend not to use equations and
formulas and to avoid complicated aspects of  the topics presented. Regardless of  the level of  education,
but especially in times of  transition and as we approach higher education, we have to keep in mind that we
need  to  speak  the  language  of  our  students  so  that  the  planning  is  constructively  aligned
(González-Geraldo & Del Rincón, 2013).

Constructive alignment is a concept coined by John Biggs, reported in González-Geraldo and Del Rincón
(2013), which highlights the need to align what is planned with what is carried out and what is evaluated,
especially  through evaluation  and with special  attention  to the  use  of  verbs,  which trigger  cognitive,
affective  and  volitional  processes.  By  saying  that  planning  should  be  constructively  aligned,  we  are
highlighting the need that the efforts before, during and after the proposed activities be directed towards
the same objectives.

Regarding the use of  equations, one participant recalls the words of  Dr. Stephen Hawking in his speech
when he received the Prince of  Asturias Award: “you have to bear in mind what the master Hawking said
when he wrote A Brief  History of  Time: ‘for every extra formula I put in I halve the sales’, because this is a
bit  like  that”  (No.  10).  Several  participants  agree  with  the  same idea,  stating  that  any  difficulties  or
problems that might frighten secondary school students should be avoided by showing the contents in a
more visual and practical way. This situation is due to the negative attitudes that students develop towards
the formal and mathematical approach to science because of  its abstract and complex nature (Tseng et al.,
2013). In essence, one can attempt to replicate the aims of  Faraday’s Christmas Lectures given to young

-103-



Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.1318

people at  the Royal  Institution of  London, which were intended to “amuse and entertain,  as well  as
educate, edify, and above all, inspire” (Reif, 2001: page 61).

They also recommend adapting the language to be used in the presentation to the audience in order to
facilitate the dissemination of  science: “the idea is to reach people and for the content to reach them, and
for that you have to use the right language” (No. 9). As Pisano et al. (2017) point out, there is a problem in
any kind of  dialogue when communication is established between research specialists and non-specialists,
hence the adaptation of  the language used and the means employed in the conference are essential to
make the content fulfil its mission.

Participants underscore the importance of  keeping in mind that the target audience is not students of
science or engineering,  and they therefore consider that  simple vocabulary should be used to get  the
message across. This can be a problem for the teacher, as many recognise that there is a risk in explaining
the content  of  the lecture  as is  normally  done in  university  lectures.  In particular,  participant  No. 8
recommends: “You have to go down several steps to reach them, using another language that you don’t
normally use”. They recognise that you need to have the ability to explain difficult concepts in simple
terms (Spronken-Smith, Brodeur, Kajaks, Luck, Myatt, Verburgh et al., 2013).

During  the  lecture  it  is  hard  to  keep  students’  interest  for  long  (Seguí,  Poza,  &  Mulet,  2015),  so
participants use techniques to capture their attention. One way to achieve this is to look for shocking
contents of  the lecture and relate it to literature and science fiction films, as participant No. 15 does: “I
start with Terminator or Star Wars, then they get excited and get hooked”. Others look for current news
related to the subject of  the lecture “to get the kids more involved” (No. 7).

Some participants recommend applying different didactic tactics in order to increase and maintain the
interest and involvement of  conference attendees. Thus, participant No. 9 suggests: “You have to start
teaching them little things that get their attention and then, if  you want, explain it to them, to the level of
depth you need, but first you have to get them hooked.”

Others  propose  developing  active  activities  during  DIY  type  conferences,  with  the  aim  of  getting
attendees to actively participate in the development of  the conference and to get them involved in it: “It’s
not like going to give a talk and that’s it. No, I go there, I launch a challenge, I let you work, you think and
I help you to solve it so that in some way you can see what you can contribute” (Nº 12). The lecture is
used  to  engage  students  in  a  formative  activity  with  positive  learning-by-doing  effects,  allowing
participants to process new knowledge and actively partake in the activity (Gya & Bjune, 2021).

Related to the previous technique, another participant likes to apply the experiential learning technique,
commonly known as “learning by doing”: “instead of  arriving and giving a lecture with a master class, we
bring a series of  activities, first we explain some theory in order to develop those activities and then we let
them be the participants of  what they have learned” (No. 13). This pedagogical approach allows us to
improve not only the student’s participation in the activity, but also their motivation, and it makes it easier
for them to update their knowledge on a specific topic under the supervision of  experts (Uskov, Bakken
& Aluri, 2019).

In addition to the above, several interviewees stress the importance that the conference should not be
approached as a lecture in which a large amount of  information and data is conveyed to them. As Seguí et
al. (2015) point out, lectures are similar to teaching a class, but they are not the same thing. If  the goal is to
retain students who may be interested in STEM, the quality of  the learning experience must be enhanced
(Gibson & Chase, 2002), without undermining the message to be conveyed by reducing its quality or
accuracy.

3.4. Technical Means

As regards the technical means used during the lectures, all the participants report that they use a laptop
computer, presentations prepared with Microsoft PowerPoint and, in some cases, even the projector and a
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screen. They also use a remote control with a laser pointer to show the slides without having to stand next
to the computer,  an aspect that  directly  affects the pedagogical  climate that  they wish to create;  this
didactic strategy helps the teacher move around during the presentation, allowing them to walk among the
participants and prevent them from having to remain seated or not moving during the activity (Seguí et al.,
2015).

Many of  them insert videos in the presentation or prepare them with a large number of  images that help
to convey the content, in an attempt to make the talk more dynamic and entertaining. The material used to
make the slides is a hybrid of  electronic, digital means, etc., which help the speaker to convey the message
(Jenkins, 2012). Optimal presentations try to convince the audience with key messages and non-verbal
communication (Doumont, 2005). 

Multimedia slides are one of  the most widely used technologies in the dissemination of  science. The
stimulation of  the senses by integrating sound, graphics, video, text and animation allows one to keep the
audience attentive, while at the same time facilitating the transmission of  information visually and not only
verbally (Espinoza & Rincón, 2004). In any case, the medium should always be chosen by the lecturer
according to the characteristics of  the subject to be addressed, trying to make the presentation as didactic
as possible (Espinoza & Rincón, 2004).

Over  half  of  the  participants  say that  they  also use  equipment  or prototypes  that  allow students  to
visualise the concepts explained in the talk, such as 3D printers, models of  seismic buildings, models of
bridges, water models, augmented reality glasses, sand-boxes, shaking tables, Arduino boards and robots
of  different types and sizes. The use of  this type of  equipment helps them capture the students’ attention,
as participant No. 15 states when he shows them the result of  programming a robot: “it is so visual that
the kids love it.” In addition, the strategy of  introducing the use of  equipment in the lectures pursues the
didactic practice of  applying the theoretical concepts covered in the lecture with real equipment, products
or substances, which makes them feel more motivated and participative during the lecture.

Following this  same philosophy,  some participants try to develop experiments that  students can later
replicate, as participant No. 16 explains: “I try to use basic means so as not to surprise the students with
big set-ups, but rather with accessible material that they can then tinker with at home.”

The use of  technical means and emerging technologies ( for instance robotics, information technology,
electronics, etc.), means that conferences are not only used to transmit information, but also as a vehicle
that involves the attendees in the use and application of  this information, covering different areas of
knowledge with activities that affect thinking, reasoning, feeling, action and even personal interactions
(Dickson, 2004; Ribeiro, Godoy, Belini & de Souza-Filho, 2018).

3.5. Documentation

There is no uniform behaviour when it comes to providing the information discussed at the dissemination
conference.  Slightly  more than half  of  the participants  provide some kind of  documentation on the
content of  the presentation, while the rest choose not to give out any documents at all.

When the answer is negative, the reasons for not providing documentation are not usually stated, except
for a couple of  participants, one of  whom considers that it is not necessary to give out any material since
the aim of  the informative talk is to generate students’ interest. In the other case, participant No. 9 states:
“I prefer that people pay attention to what I’m telling them.”

In the group of  teachers who do provide documentation, there are two different behaviours. Some of
them provide the documentation, after giving the talk, if  requested to do so by the secondary school,
while others provide it directly to the teacher who contacted them.

As a general rule, the information is sent after the lecture has been given, although there are also cases in
which it is sent to the SeS teacher beforehand, so that they have it in advance. In some cases, they have
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only been asked for a short summary, as a table of  contents, listing the main sections to be covered, so
that the students can use it as a script during the lecture.

The documentation provided usually consists of  the same presentation used to deliver the lecture and/or
links to the videos that are shown during the lecture.

4. Conclusions 
In an attempt to alleviate the lack of  vocations of  secondary school students towards STEM degrees,
many initiatives are being carried out by companies and universities,  among which we can include the
scientific-technical dissemination conferences that are the subject of  this work.

In this research, by means of  structured interviews with 16 university lecturers involved in these actions,
we try to describe the didactic aspects of  these actions and how they are planned with a view to capturing
the attention of  secondary school students and igniting in them the flame that may become the engine
that awakens in them a vocation for this type of  disciplines.

From the analysis of  the objectives pursued by the different lecturers when they give this type of  lectures, we
can highlight the promotion of  the degrees in which they carry out their academic activity, the promotion of
scientific vocations, the transmission of  knowledge and the demystification of  this type of  teaching.

When selecting the topics to be addressed, the participants try to align them with the secondary school
curriculum, or show results of  their research at the express request of  the secondary schools. When the
lecture programme is developed by the university itself, lecturers try to deal with topics of  interest and
motivation  for  secondary  school  students.  The  openness  with  which  they  present  and  discuss  their
experiences is also reflected in the way they adapt to the target audience.

In preparing the content to be included in the lecture, the age and course of  the audience is therefore
taken into account, avoiding aspects such as equations or formulas and seeking a more visual or practical
presentation, always adapting the speech to the target audience and capturing their attention by using
examples with which they are familiar.

Lectures are usually  delivered through computer-supported presentations,  with the use of  prototypes,
models  or  equipment  that  allows  for  testing  or  for  the  students  themselves  to  develop  their  own
knowledge by carrying out small challenges proposed by the lecturer.

There is no uniformity in terms of  the documentation provided by the lecturers, there being cases where
it is provided and others where it is not. Each participant justifies their choice, trying to give priority to the
transmission of  the content.

There  has  been no attempt to assess  the  appropriateness  of  the  practices,  methods,  techniques,  ideas,
opinions or criteria that have appeared in the analysis of  the interviews. These variables may be conditioned
by the academic training and professional background of  the interviewees, the characteristics of  the subject
matter of  the conference, as well as the approach that each participant wishes to give to the activity.

It is hard to say which practice, method, approach or technique used to deliver the lectures is the most
effective for disseminating science and engineering. Each interviewee has answered the questions posed
on the basis of  what they perceive to be most effective and/or useful when carrying out the activity. The
results found will allow other teachers to know some criteria, techniques, ideas or didactic practices that
they can use, adapting them based on their criteria, knowledge to be explained and/or characteristics of
the group of  students attending the dissemination activity.

There are also a series of  biases and limitations that must be taken into account when opening up future
lines of  action, such as the perception and the meaning that students, paying special attention to variables
such as age and gender, display when receiving these types of  talks, and the educational objectives that
secondary school teachers who use these actions to promote STEM are trying to achieve.
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We propose that future lines of  research should be developed to measure the effectiveness and degree of
satisfaction of  teachers and lecturers when using the different options described in this text.
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