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Abstract

Lectures on science and technology constitute one of  the most noteworthy activities used to promote
STEM-related degrees (Science, Technology, Engineering and Mathematics). This research seeks to identify
the factors that pose an obstacle to promoting science and engineering via scientific and technical lectures to
secondary school students, as well as their positive aspects, based on the experiences of  teaching staff  who
conduct such lectures. An exploratory study consisting of  16 interviews was conducted with lecturers of
different ages, qualifications and academic profiles at the University of  Castilla-La Mancha (UCLM). The
software ATLAS.ti was used to perform the qualitative analysis. The results of  the interviews reveal obstacles
related to secondary schools, the speakers, and the university environment, mainly focusing on organisational
aspects. Similarly, positive aspects have been found with regard to students, speakers, the University and
society in general, all of  which are geared towards promoting these studies and communicating scientific
knowledge. The main conclusion drawn from this study is that science and technology lectures may be a
good outreach tool, but they require greater organisational and institutional support.  
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1. Introduction
Society  today,  which  is  certainly  complex  and conflictive  with  regard  to  how we  use  and  abuse  the
advances  available  to us  (Han,  2022),  is  based on technology  and information (Vennix,  den Brok &
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Taconis, 2018), and its well-being is linked to the continuous progress of  scientific knowledge and its
applications (FECYT, 2015a). Thus, education has become an essential element within a changing context
due  to  increasing  complexity,  uncertainty,  accelerated  globalisation  and  rivalry  (Laguna-Sánchez  &
Segovia-Pérez, 2023). This is also linked to the growth of  countries,  being a factor that affects social
progress  (Martínez-Gil,  Oyarvide-Ibarra,  Rosales-Cortés  &  Bustos-Gámez,  2019).  Moreover,  the
technological progress of  countries is an essential part of  their economic development and advancement,
where engineers, technologists and scientists play a fundamental role due to their capacity for innovation
(FECYT, 2015a; Ramírez, 2018; Utley, Ivey, Hammack & High, 2019).

For  more than a  decade,  it  has been noted that  the number of  students  choosing to pursue STEM
(Science, Technology, Engineering and Mathematics) related studies in developed countries, mainly in the
European Union and the United States of  America, has been decreasing. This raises concerns about the
future or already current decrease in the number of  scientists and technical professionals trained in these
fields  (Everis,  2012;  Falcone-Lanas,  2016;  Hall,  Dickerson,  Batts,  Kauffmann  &  Bosse,  2011;
Lupión-Cobos,  Franco-Mariscal & Girón-Gambero, 2019; Ramírez, 2018; Valero-Matas,  Valero-Oteo &
Coca, 2017; van den Hurk,  Meelissen & van Langen, 2019). In Spain, the  Confederación de Sociedades
Científicas  de  España  (COSCE)  report  (2011)  indicates  that  pre-university  students  do  not  perceive
science subjects positively, with insufficient motivation to study science and technology, together with an
increasingly low motivation (Valero-Matas & Coca, 2021) and gender-biased (García & Hijón, 2022) to
work as scientists or in fields related to science and technology.

Beyond the educational sphere, this situation is affecting competitiveness and the growth of  industry and
the  economy,  and  negatively  impacting  the  development  of  research  and  innovation  programmes
(FECYT, 2015a; Valero-Matas et al., 2017). It is noteworthy that in a society as technologically-based as
the one we live in today, which has achieved high levels of  knowledge and education, there is a certain lack
of  interest in scientific and technical matters (Falcone-Lanas, 2016). This leads us to reflect on whether
there may be a certain dissonance between the image that is projected and the reality of  these issues, and
if  so, what actions may mitigate the myths and prejudices that are held regarding this aspect, such as, for
example: “that STEM subjects are not for girls” (Martín & Santaolalla, 2020: page 44), or, according to
these authors, that we are faced with an education that is far removed from critical and reflective thinking,
the  hallmarks  of  a  participatory  citizen.  Nothing  could  be  further  from the  truth,  since  the  STEM
approach may be a good choice in order to explored certain problems and challenges of  our century
(Tuong, Nam, Hau, Tien, Lavicza & Hougton, 2023).

It has also been noted that students who have completed their secondary education find it difficult to
choose between different technical degrees, owing to a lack of  knowledge of  the specific competences of
each,  and  lack  of  adequate  counselling  in  secondary  education  (Poveda,  Sánchez-Cambronero,
Lozano-Galant, Tarifa, Galán, Porras et al., 2015). The lack of  a common degree map, and the different
names of  the degrees that provide access to the same professional skills depending on the destination
university, further hinder students when making their choice.

Within this context, various activities have been developed in recent years by governments, companies and
STEM-based organisations, universities and secondary schools, in order to inform students, to motivate
them and  thus  foster  new scientific  and  technological  vocations  in  STEM fields  (Eeds  et  al.,  2014;
FECYT, 2015a; Fundación Telefónica, 2014; Jeffers,  Safferman & Safferman, 2004; Valero-Matas et al.,
2017;  Vennix  et  al.,  2018).  One such outreach activity  is  lectures  imparted by  experts  from research
institutes (whether public or private) (Vennix, den Brok & Taconis, 2017). It is essential that young people
understand what universities can offer them before they enter. For example, in 2019, professors from 13
Spanish  universities,  together  with  secondary  school  teachers,  conducted  some  50  outreach  projects
involving more than 1,500 students (Innovaspain, 2019).

The institutional  relationship between universities and secondary schools may be found in Bourdieu’s
(1990)  concept  of  habitus,  whereby  adaptive  practices  are  established  in  pursuit  of  conscious  goals.
Taking advantage of  the socio-economic relations and certain complementary goals, both institutions can
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establish collaborations over time (Reay, David & Ball, 2001), based on common goals such as education
and  knowledge  transfer.  What’s  more,  the  existence  of  a  secondary  school  institutional  culture  of
collaborating with, or enabling the outreach activities offered by universities in their facilities, can broaden
students’ horizons when it comes to choosing future university studies (González-Sanzana, 2016).

As most studies focus on the impact of  different outreach and teaching activities on students, in this
article we have opted for a different approach by conducting an exploratory study that focuses on the
perception of  professors of  different degree courses at the University of  Castilla-La Mancha (UCLM),
and who give outreach lectures and talks on science and technology to students of  Compulsory Secondary
Education, Baccalaureate and Vocational Training Cycles. It should also be remembered that the view
provided by this group is not only complementary but also a professional and expert perspective and
therefore may be compared to that of  students, which is legitimate but also limited and therefore biased,
as well as to other professionals involved, such as school teachers themselves, who are usually more at
hand when implementing teaching innovations in class, which may well be related to others conducted
later at university (Valero, 2022). Having said that, we have taken up this challenge by using a qualitative
methodology via structured interviews in order to analyse the perception of  university professors involved
in giving lectures to disseminate and promote science and engineering among secondary school students,
with regard to their usefulness, as well as to identify the factors that pose an obstacle to their development
and the  positive  aspects identified.  The following sections  include the  literature review,  methodology,
results and discussion, and finally, the conclusions.

2. Background
There appears to be some consensus in the literature that pre-university students have a limited view of
scientific and technical professions and the tasks performed by professionals in these fields, which may
lead them to decide against participating in science (Chen & Cowie, 2014; FECYT, 2015a). Moreover, the
concept of  engineering is not very clear to many people and, in the case of  these students, it is often poor
(Hasna & Clark, 2009). Faced with this panorama, a significant step would be to improve the view held by
society, and especially pre-university students, of  scientists and engineers (Ambrojo, 2015).

There are results that support the hypothesis that knowledge influences interest in and perceptions of
science (FECYT, 2015b). In Spain, while technical and scientific professions enjoy a great deal of  social
prestige  (FECYT,  2015b),  this  positive  result  does  not  translate  into  a  willingness  on  the  part  of
younger generations to make technology their  vocation (Becker, 2010). According to Becker (2010),
while young people like technology, they do not perceive it as sufficiently attractive when compared to
other options.

The situation described above sheds light on the need to develop initiatives to increase general knowledge
and interest regarding science in society, and especially among pre-university students (COSCE, 2011).
Public outreach activities are important because they can transform public perception of  scientists and
increase support for scientific research (Poliakoff  & Webb, 2007).

In this regard, recent research proposes that the secondary school environment represents a crucial time
in  which  to  develop  interest  in  STEM  fields  (Koomen,  Hedenstrom  &  Moran,  2021)  and  to  help
adolescents to learn about potential STEM careers and connect these career choices to their educational
decisions (Hall et al., 2011). When students are involved in science, technology and engineering-related
activities, it can have a positive impact on their achievement and confidence regarding these disciplines
(Oware, Capobianco & Diefes Dux, 2007; FECYT, 2015a).‐

People generate interest  by means of  exposure,  which can increase the desire to learn more about a
certain topic (Koomen et al., 2021). If  a student has never been exposed to a specific area, they cannot
develop an interest in it (Hall et al., 2011). According to Dou, Hazari, Dabney, Sonnert and Sadler (2019),
exposing young people to science-related experiences that make it easier for them to talk about science,
helps them build their STEM identity.
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The  literature  on  this  subject  discusses  a  wide  variety  of  outreach  activities  involving  science
communicators such as public meetings (Besley & Tanner, 2011), discussion forums, exhibitions, science
in the media, departmental open days, visiting schools, or media activities (Davies, 2008). 

Lectures by guest scientists and researchers at schools can especially, help to bridge the gap between the
school curriculum and developments in science and technology (Becker, 2010). Young people also enjoy
hearing first-hand accounts of  the day-to-day activities and careers of  scientists (Chen & Cowie, 2014).
Listening  to these  life  stories  can help  pre-university  students  to perceive  themselves  as  people  who
participate and work in STEM or a related field, especially if  they feel some kind of  connection to the
narrator (Chen & Cowie, 2014; Dou et al., 2019).

For an effective process of  scientific communication during lectures, Burns, O’Connor and Stocklmayer
(2003: page 183) indicate that skills, media, activities and suitable conversation must be used to generate
one  or  more  of  the  following  personal  responses  to  science:  knowledge,  enjoyment,  interest,
opinion-forming and understanding.

The literature on this topic points out that outreach actions have faced some difficulties in achieving their
goals.  For example, in case of  activities in pre-university  schools,  it  should be remembered that they
function in a highly structured manner, with organisational constraints (Falloon & Trewern, 2013). To be
more precise, the science communicator must recognise the context in which the communication shall
take place, so they may adjust accordingly to the situation and thus avoid any such barriers that may arise
(Bray, France & Gilbert, 2012).

It is also important for the speaker to design the lecture or talk so that it has a positive impact on students,
encouraging their active participation (FECYT, 2015a) and seeking to detect negative stereotypes in order
to anticipate disinterest in science and scientific careers (Ruiz-Mallen & Escalas, 2012).

3. Methodology
This qualitative research consists of  an introductory exploration of  the phenomena under investigation
(Zuliani-Arango, 2010). It frames this research in terms of  how, rather than how much, in order to try and
understand issues related to the promotion and dissemination of  science and engineering by means of
outreach lectures, from the perspective of  university professors (Pratt, 2009). A considerable amount of
detailed information has been obtained, facilitating the understanding and analysis of  the questions posed
(Bowen, 2005).

3.1. Sample

The research participants are UCLM lecturers involved in the promotion and dissemination of  science,
including conducting lectures and workshops for secondary school students (IES). In the Results and
Discussion section, the quotes selected from each participant shall be numerically identified, in order to
maintain their privacy.

The sample was drawn up using initial convenience sampling (Bryant & Charmaz, 2007), interviewing six
lecturers initially at a UCLM centre who were then asked for the contact details of  other lecturers at the
University who were involved in these actions, applying the snowball technique to draw up the sample
(Naderifar, Goli & Ghaljaie, 2017).

The sample size consists of  16 participants, which is sufficient for the qualitative research conducted.
With regard to the number of  respondents, Marshall, Cardon, Poddar and Fontenot (2013) mention that
some Grounded Theory research have a sample size of  6 participants. For research projects that seek to
understand the common perceptions and experiences of  a relatively homogenous group of  individuals,
12 interviews may be sufficient (Guest, Bunce & Johnson, 2006).

During the interview analysis, the number of  participants was increased in order to reach the theoretical
saturation of  the sample (Weiss & Willems, 2017). As criteria to establish saturation, it was considered that
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it  was reached when there was enough information to replicate the study,  when the situation of  not
obtaining additional new information arose, and when coding was not feasible (Chowdhury, 2015, Fusch
& Ness, 2015). In addition, it was decided to carry out a triangulation of  the data, since the triangulation
of  the data ensures data saturation (Fusch & Ness, 2015).

A triangulation of  researchers was applied in which all authors participated, with the aim of  balancing
individual subjective influences (Flick, 2004). Thus, multiple observations and conclusions were obtained,
providing  confirmation  of  the  findings  from  different  perspectives  and  adding  breadth  to  the
phenomenon studied (Carter,  Bryant-Lukosius, DiCenso, Blythe & Neville, 2014), also verifying that the
indicated saturation criteria were met (Guest et al., 2006).

The sample analysis  reports  that  the 16 participants hold PhD degrees,  15 men and 1 woman, aged
between 36 and 63 years. 25, 44, 25 and 6% of  the participants are aged under 39, between 40-49, 50-59,
and over 60, respectively. They teach at eight UCLM centres in the Albacete, Ciudad Real, Cuenca and
Toledo university campuses, and belong to four different departments. In terms of  their qualifications,
2 are industrial engineers, 2 are civil engineers, 1 is an IT engineer, 4 are telecommunications engineers,
1 is an industrial organisation engineer, 4 hold degrees in physical sciences, 1 is an architect and 1 is a
mining engineer.

Snowball  sampling  has  a  selection  bias  because  items  are  not  drawn  randomly,  but  depend  on  the
subjective choices of  the respondents who were first contacted and their social network, thus “isolated”
cases not connected to any network the researchers have consulted (Atkinson & Flint, 2001; Bailey, 2019)
are missed. Sample bias does not allow generalisations to be made in the results (Atkinson & Flint, 2001).

Given the goals of  the research, the participants would fall  into the group of  hard-to-access subjects
(Bailey, 2019), owing to the small percentage of  professors who are engaged in outreach work. As in the
sampling process, the researchers access informants by means of  the contact information provided by
other informants (Noy, 2008), therefore the sample mainly consists of  men. Despite this bias, the sample
components offer in-depth and detailed knowledge of  the phenomenon under study, providing valuable
information that allows research questions to be adequately studied (Martínez-Salgado, 2012).

3.2. Data Collection and Analysis

Structured interviews were used to obtain the information, as this is one of  the most frequently used
methods in this type of  research. In these interviews, the participants share their experiences, perceptions,
perspectives  and  knowledge  related  to  the  phenomenon  they  are  questioned  about.  The  wealth  and
complexity  of  this  form of  information  gathering  is  derived  from the  different  interpretations  and
meanings  that  people  ascribe  to  similar  facts  and/or  events  (Blaxter,  Hughes  & Tight,  2002;  King,
Horrocks & Brooks, 2019).

The  questions  were  drafted  at  the  start  of  the  research  and a  structured  interview developed.  This
interview  type  is  an  objective  and  reliable  method,  which  allows  participants  to  be  questioned
systematically  and  allows  for  simple  data  classification  and  analysis  (Díaz-Bravo,  Torruco-García,
Martínez-Hernández & Valera-Ruiz, 2013).

The questions asked in the research are as follows:

1. What  barriers  do  you  find  in  science  and technology  outreach  lectures  to  secondary  school
students?

2. Which  factors  affect  the  implementation  of  science  and  technology  outreach  lectures  in
secondary schools?

3. According to you, what are the positive aspects of  imparting science and technology outreach
lectures to secondary school students?
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The interviews were conducted in 2020 either in person or virtually via  Microsoft Teams (11 interviews) or
Skype (1 interview). The different procedures used to do interviews were conditioned by the geographical
location and availability of  the respondents (Baker & Edwards, 2012; Bavaresco, D’Oca, Ghisi & Lamberts,
2020, Denzin & Lincoln, 2011). All interviews were recorded with a digital audio recorder for later analysis.

The audio files of  the recordings were transcribed into text documents and analysed with ATLAS.ti 8.1.
The first phase of  the analysis consisted of  data reduction associated with the coding process (Tesch,
1990; Coffey & Atkinson, 1996). In coding, the aim was to separate, reduce, classify and synthesize all the
data and manage them more easily (Charmaz, 2006; Jones, 2007). Use of  the program helped to analyse,
label and group codes into families, in an iterative process. 

Using open coding,  the  concepts  and descriptions  resulting from the data  analysis  were  labelled and
categorised (Flick, 2007). A large number of  codes were produced in the coding process, leading to the
problem  of  over-coding  (Jones,  2007).  By  applying  constant  comparison,  similarities  in  codes  were
identified and using the Merge Codes option in ATLAS.ti, codes that had different names but essentially
the same concept or phenomenon, were merged (Gibbs, 2012; Friese, 2012). The codes were also grouped
to form the categories described in the following section (Figure 1).

Figure 1. Networks developed in ATLAS.ti by associating negative factor codes with the main categories 

Working on the text files,  relevant phenomena were detected by assigning codes (Coffey & Atkinson,
1996),  which  were  suggested  by  the  data  itself  during  the  analysis  process  (Caro-González  &
Díez-de-Castro,  2005).  Using  the  citations  associated  with  the  codes,  the  data  was  segmented,
decontextualizing them from the original text, to be reorganised in a re-contextualization process (Coffey
& Atkinson, 1996). This way, common aspects were identified using the constant comparison method,
which facilitated their interpretation, identification of  their properties,  explore their inter-relationships,
and facilitated their description (Tesch, 1990; Charmaz, 2006; Díaz-Bravo et al., 2013; Mathews, Kalfoglou
& Hudson, 2005; Penalva-Verdú, Alaminos-Chica, Francés-García & Santacreu-Fernández, 2015).

Taking  into  account  the  qualitative  and  exploratory  approach  of  this  research,  it  was  possible  to
understand and interpret  those  aspects  included  in  this  study  that  are  based  on the  knowledge  and
opinions derived from professional experience, as close as possible to how interviewees perceive it, but
without being able to generalise the results obtained (Blaxter et al., 2002; Pratt, 2009). In this process,
meaning  has  been  sought  in  the  data  in  a  rigorous  and  systematic  way  (DeCuir-Gunby,  Marshall  &
McCulloch,  2011),  establishing  relationships  between  data  categories  by  means  of  an  interpretative
analysis, seeking to describe the phenomena studied in order to draw up a theoretical model (Trinidad,
Carrero & Soriano, 2006).

4. Results and Discussion 
4.1. Barriers or Difficulties Encountered

On analysing the answers to the first questions, a series of  factors were revealed that have a negative
impact on the implementation, development and/or maintenance of  this type of  activities. The factors
have been grouped into three categories: secondary schools, speakers, and the university environment.
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The factors included in the category of  Secondary Schools have been sorted by how many of  times
different participants mentioned them in their answers. These factors are students’ lack of  interest, high
attendance at lectures or talks, the class or age of  the attendees, organisational issues, and inadequate or
insufficiently equipped rooms.

Lack of  interest among secondary school students is the most important factor in this category. This is a
negative effect and, according to participants, it is difficult to reduce or eliminate it. In some cases, it may
be related to the subject matter of  the lecture, for example, all interviewees who give lectures on robotics
state that they can easily overcome this lack of  interest due to the attention paid by young people to the
applications  demonstrated  in  the  presentation.  However,  other  participants,  whose  topics  deal  with
building or industry, claim that it  is difficult to address technologically focused topics in terms that is
suited to the students’ prior knowledge.

The changes taking place among secondary school pupils are pointed to, as a reason for this lack of
interest. In the words of  Participant No. 12: “It’s a student group with which it is hard to connect and to
raise their interest. So, then, there you are, talking about a subject and you can feel that a small percentage
of  the class is paying attention to you while the rest are thinking of  other things. This perception may be
partially linked to the “Kids These Days” phenomenon, according to which adults perceive the youth of
today as worse than when they were young (Protzko & Schooler, 2022).

It should be noted that research on the effect of  new technologies have also revealed some interesting
insights. Tanil and Yong (2020) found that smartphone presence and phone conscious thought affects
learning and memory recall. Additionally, Kuznekoff  and Titsworth (2013) state that students who use
their mobile phones during class tend to write down and remember less information than students who
refrain from using phones in class.

Moreover, students’ perception of  science and engineering may not match the image they have or seek to
have,  of  themselves,  leading  them to  avoid these  disciplines  and  consider  them unsuitable  for  them
(Woods-Townsend, Christodoulou, Rietdijk, Byrne, Griffiths & Grace, 2016).

Speakers who have been invited by the secondary school to give talks describe a different situation, as they
have lectured in classrooms with a small number of  students, all of  whom were interested in the subject as
it is closely related to the subject matter, so they consider the experience to have been highly positive.

Many participants state that a barrier is created when large numbers of  students are forced to attend
lectures  by  the  secondary  school.  These  decisions  in  secondary  schools  contribute  to  increasing  the
percentage of  students who are not interested in the lecture topic, thus increasing the lack of  interest and
attention, as well as the percentage of  dissatisfied attendees, all of  which pose an obstacle to the normal
evolution of  the outreach activity and thereby negatively affecting knowledge transfer: “We have kids who
seem to be going for the sake of  going, which complicates your communication with them” (No. 11). The
interviewees consider this to be a mistake on the part of  the organizers, who believe that an increased
number of  attendees will lead to a more successful activity, resulting in the opposite effect.

Another variable that appears as a negative factor is the participants’ age or their school class. Considering
this factor, when imparting lectures to large groups, the older the student or the higher their school class,
the more difficult it becomes to disseminate knowledge of  science and engineering, due to preconceived
notions on subjects such as physics, chemistry or engineering in general: “The higher the class, the greater
their  fear  ....,  they have prejudices  and it’s  very difficult  to  demolish them” (No. 9).  Although young
students are generally open-minded and interested in many scientific topics, this scientific interest tends to
decline with age (Jensen & Sjaastad, 2013; Osborne & Dillon, 2008). Moreover, when participants have
given lectures to second-year students of  the Spanish Baccalaureate, they note that their main concern are
the upcoming university entrance exams.

Organisational problems include the time needed by secondary school teachers to schedule these lectures
and meet the administrative requirements imposed on them by their school. This means that speakers
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have to be contacted at the beginning of  the school year or, when it is the universities that are offering the
lectures, they have to publicise the lecture schedule at the start of  the school year. The lecture topic must
also fit the subject curriculum in order to justify the activity. All of  the above would fall under what Fallon
and Trewern (2013) call the “pragmatic realities” of  schools, where all experiences beyond the classroom
must be planned taking into account the subjects, the timetable, the resources available, and all activities
that require teachers’ time and energy.

It  is  considered  that  there  are  secondary  schools  whose  institutional  culture  encompasses  a  set  of
common values, attitudes, beliefs and norms that lead them to collaborate with the University in outreach
activities  (Brown,  2004;  González-Sanzana,  2016),  but  it  may  be  that  the  regional  and  national  laws
governing the organisation and functioning of  secondary schools (Ministerio de Educación y Ciencia,
1996; Consejería de Educación, Cultura y Deportes, 2012) have certain prescriptions that hinder, to some
extent, this collaborative culture.

Another barrier is created when secondary schools try to schedule the outreach lecture on specific dates
that are related to a cultural activity of  the school, which clash with the speaker’s previous commitments,
creating a scheduling issue.

In relation to the above, cases where the subject matter of  the lecture does not match the secondary
school’s activities (employment days, fairs, cultural events, etc.) have been reported, when a speaker has
noted that the topic to be presented or the talk itself  was out of  place. In situations such as the one
described above, it  must be noted that “one-off ” interventions alone have little long-term impact on
science choices and participation rates (Macdonald, 2014).

An additional factor is that secondary schools may have little time to include this  type of  activity,  as
Participant No. 16 states: “It’s a significant constraint and the kids have other things to learn, you can’t
organise talks for them because their timetables are full”.

Another factor that hinders the holding of  these lectures is the hall or classroom where they are held. In
some cases, they are not best suited to the activity, as described by Participant No. 10: “schools have one
of  these halls that are not very adaptable, a multi-purpose room with chairs  scattered all  around, the
students enter late and when you’re talking, they start moving the chairs, creating these unwanted messes”.
They also mention technical issues with the rooms such as poor lighting, low resolution projectors or old
classroom computers, leading Participant No. 7 to recommend: “It’s almost better to take your laptop
along”, which most of  the participants do.

The learning environment in which the lecture is delivered and the educational tools used can have an
impact  on student motivation (Vennix et  al.,  2018),  affecting the knowledge transfer  process and the
impression created by the lecture.

There are eight factors in the Speaker category that have a negative effect on conducting these activities.
In order of  their importance, they are: time available to deliver the lectures, travel and distance to the
secondary schools, the unsuitability of  the contents of  the lecture, choosing the right approach to the
lecture, the teaching methodology used, lack of  recognition and discouragement. Some of  these factors
are interlinked and may occur simultaneously.

Several participants report that time constraints are a major factor limiting their ability to deliver more
outreach lectures. These activities must be performed in conjunction with their teaching and research
work at university: “My first difficulty is time; our work schedule doesn’t let us conduct as many lectures as
I personally would like” (No. 16). They must also find a slot in their weekly schedule that is compatible
with the date and time proposed by the secondary school for the lecture.

Lack of  time is found to be one of  the most negative perceptions when participating in public outreach
activities (Poliakoff  & Webb, 2007; Rennie 2012). Mathews et al. (2005), when researching the views of
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US geneticists on science policy-making and public outreach, found that these scientists’  lack of  time
posed a barrier to their participation in outreach activities.

As pointed out by Rennie (2012) in her research, the distance between the lecturer’s place of  residence or
the city where the campus is  located,  and the town where the secondary school is  located,  is  a very
important factor. This geographical separation implies a journey frequently made in the speaker’s own
vehicle, this journey therefore also consuming time. It should be noted that the Autonomous Community
of  Castilla-La  Mancha  is  very  widespread  and  the  distance  to  be  covered  may  pose  a  serious
inconvenience.

Occasionally,  these  above-mentioned  factors  come  together,  which  means  that  the  speaker  has  to
overcome three difficulties: making time in their agenda, travelling to the venue, and the time consumed in
the entire process: “between the commute and everything else, you’ve lost an entire morning” (No. 16).
Also, Falloon and Trewern (2013), in their research on partnerships between schools and scientists in New
Zealand to help schools motivate and inspire students to study science, note that issues such as distance,
the need for long-term planning, and the demands on scientists’ time pose a problem for these outreach
actions.

There are other factors that are significant enough for certain participants to pose a difficulty in this type
of  action. One is tailoring the contents of  the talk to the attending student type. They try to find points
of  similarity with the students’ syllabus in order to demonstrate that the contents of  the lecture may be of
use in their current schooling.

This interest in linking the contents of  the talk to the syllabus contents is due to the immediate access to
information available to young people today (Álvaro-Martín, 2015; Vázquez & Fernández-Mouján, 2016).
If  the attendees find nothing in it that may be of  use to them now, they are less likely to pay attention, and
do not consider the idea that it may be useful in the future: “The main problem I’ve seen is to convince
them that this talk may be of  interest to them, that it isn’t something completely external ..., rather it’s
talking of  science which may be useful to them in one subject or another.” (No. 7)

The  other  problem  is  to  use  a  teaching  methodology  that  communicates  information  that  can  be
understood by the audience. This may be the reason why each speaker uses different tools to facilitate
communication, attract attention and increase students’ interest (videos, models, robots, etc.). University
professors are used to teaching one type of  student and although they have developed their teaching
method over the years, it may not be the most suitable one for secondary school students: “We know a lot
about science, but maybe what we lack is a teaching methodology. I can explain Arduino but I might need
to be told how to teach Arduino to a 12-year-old” (No. 7).

In addition to finding the method that best suits the subject matter, they seek to adjust the difficulty level
and vocabulary used in the lecture to the participants’ level, which poses another difficulty: “you’re talking
to an audience of  secondary school or Baccalaureate students, you have to explain your research to them
in words that  are as simple as possible and which reach them ....,  if  you explain it  as you would at
university, they won’t understand anything. You have to go down several steps, several levels, to reach
them, using another language that you don’t normally use” (No. 8).

These factors: customised content, suitable teaching methodology, and vocabulary level, are closely linked.
Each speaker develops a teaching strategy during lectures which lets them avoid these issues or at least
minimise their negative impact on the activity.

Another factor that some participants consider to be negative is the lack of  institutional recognition for
conducting outreach lectures or talks. They contrast the low value that is given by institutions to this
activity, with the effort and work involved in performing it, as stated by Participant No. 16: “The worth of
outreach activities is poorly acknowledged”. They point out that they give lectures more for personal
satisfaction than due to any extrinsic motivation. The lack of  recognition of  outreach activities has been
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reported in several research studies as a barrier to their delivery, as they do not figure significantly in the
scientific assessment of  the speakers (Mathews et al., 2005; Royal Society, 2006).

All the factors mentioned in the Speaker category, whether singly or as a group, have negative effects,
discouraging them from continuing their outreach work. Some point to the resulting fatigue, which makes
it difficult to continue outreach activities over time: “You’ve spent your energy there, you know you’ve
done something very positive but it wasn’t the goal you wanted” (No. 11).

In the University Environment category, a number of  factors that act as barriers to outreach actions have
been  highlighted.  These  factors  are  the  lack  of  a  strategic  outreach  plan  by  the  university  itself,
competition between different university departments, and the lack of  funding.

More than a third of  the interviewees consider it necessary for the university itself  to develop a general
strategy for the promotion and dissemination of  science and technology. They also believe it is necessary for
different departments, and even the teaching staff, to be more involved: “I think it’s a duty for those of  us
working in science in one way or another to try and develop these actions” (No. 7). In this regard, Rennie
(2012) found that lack of  institutional support constitutes a negative factor in outreach actions. The UCLM
is currently establishing outreach initiatives (https://www.uclm.es/misiones/investigacion/uclmdivulga).

The fact that it is the departments or the professors themselves who conduct these outreach actions when
contacted by secondary schools, shows that there are no organisational strategies or common vision. This
may create negative impressions of  the university within the pre-university educational environment, as
described by Participant No. 12: “It looks like we’re fighting and snatching each other’s chances”.

Universities must try and understand how academics involved in outreach and promotional activities view
their relations with secondary schools, as well as their accumulated experience in these activities, in order
to  design  strategies  for  the  positive  involvement  of  all  involved  parties:  The  university,  university
departments, secondary schools and lecturers (Mathews et al., 2005). They must also explore means to
facilitate the involvement of  university faculty members in public engagement for science and engineering
(Mathews et al., 2005).

Based on the experience gained in promoting the degree courses at their universities, some interviewees
also point to the need to develop information activities for secondary school students in order to explain
what  is  studied and what  are the qualifications  granted by  each degree,  as a  means of  guiding their
decision-making process when they must choose between different educational pathways in secondary
education.

“There  must  be  a  global,  coordinated,  and  overall  activity  by  the  University  itself,  to  make visits  to
secondary school students before they have to start selecting a pathway, there should be informative talks
on the different career types available..., but instead of  going for 17- and 18-year-olds, who already know
what  they’re  going to do or  have almost  decided,  I  think  we should go earlier,  at  the  beginning  of
secondary school, actually” (No. 15).

When universities lack a clear and defined outreach strategy for promoting science and science degrees,
individual department activities inadvertently compete with each other and/or with universities in other
neighbouring autonomous communities. This competition is exacerbated when multiple university centres
offer similar or the same degrees, making some lecturers believe themselves to be doing the work for
other centres.

It  also risks overloading secondary school  students  with information that may hinder the process of
popularising science itself, as described by Participant No. 12: “They have too much information. Now
we’re going to tell them about the benefits of  one field of  engineering, but last week they had a professor
of  Industrial Engineering, and the week before that, the professor of  Computer Science. So, there’s so
many talks and so much information that they’re unable to appreciate this opportunity to listen.
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There’s  also no funding scheme for this  work.  The costs of  lectures given in locations other than the
speaker’s place of  residence or campus location are usually funded by the schools or the speakers’ university
faculties,  however, two exceptions have been found. In one,  financial aid is received from an outreach
association created by a group of  professors from different universities. The other is from outreach project
funding granted to the schools.  It should be noted that the UCLM has recently implemented a grants
programme for outreach activities that meet a series of  requirements, in order to receive funding.

Participants who have sought funding by participating in public calls for state support describe a laborious,
complex  and  highly  competitive  process.  According  to  them,  such  grants  involve  a  great  deal  of
management and processing, thus creating further responsibilities which discourages department heads
from continuing  them in  subsequent  editions.  As  Participant  No.  12  points  out:  “All  national  grant
schemes are extremely complicated and tedious, i.e. a science outreach project requires a exponentially
higher level of  detail than a research project”. They specifically mention their experience with the calls for
grants to promote scientific, technological and innovation culture, awarded by the Spanish Foundation for
Science and Technology (FECYT) (FECYT, 2021).

As is the case with the lack of  outreach plans, several participants lament the lack of  a clear university
budget for these actions. In the words of  Participant No. 16: “Some funding would be required, and there
isn’t any for these things”.

The lack of  sufficient or significant funding for promotion and dissemination activities in STEM and
STEM-related degrees becomes a barrier to their development (Mathews et al., 2005), and shows teachers
and researchers that it is not a high priority activity for universities (Royal Society, 2006).

Figure 2 provides an overview of  the factors that have a negative impact on science and technology
outreach lectures, grouped into the three main categories.

Figure 2. Factors with a negative impact on the implementation of  outreach lectures

4.2. Positive Aspects of  Outreach Lectures

The positive aspects of  outreach conferences are of  a holistic  nature involving different stakeholders
within  the  educational  system  such  as  secondary  school  students,  secondary  schools,  university
departments, teachers and society.

By focusing on secondary school students, these lectures can help to popularise science and technology
among  them,  motivate  or  increase  their  interest  in  engineering,  and  change  their  perception  of
engineering-related degrees, as well as their perception of  university education. It must be emphasised that
motivation is a key function of  outreach activities (Vennix et al., 2018).
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These lectures bring science and technology closer to the students, and give them a different perception to
the one prevalent in their courses. The exposure of  secondary school students to STEM activities, both
inside and outside the school environment, enhances their interest in STEM studies in higher education
(Mitsopoulou & Pavlatou, 2021). Thus, encouraging students to pursue these fields can meet the targets
of  increasing enrolment in engineering, developing pre-university students and their STEM identities, as
well as diversifying engineering fields, covering some goals  that are pursued both at university and in
STEM companies and organisations (Chachashvili-Bolotin,  Milner-Bolotin & Lissitsa, 2016; Dou et al.,
2019; Jeffers et al., 2004).

Some  participants  recommend  avoiding  the  mistake  of  approaching  these  lectures  as  a  means  of
marketing  science  and  engineering.  Nor  do  they  recommend  excessively  compartmentalising  the
information conveyed, without establishing appropriate links with the students’ environment. In order to
avoid this problem, Participant No. 5 recommends: “Raising awareness of  how different social challenges
are addressed from a scientific or technical perspective”.

Another aspect that may be pursued, in lectures that include some sort of  focused practical activity, is to
establish connections between what students study in their subjects and the applications and technological
developments associated with engineering.

Activities that seek to facilitate the understanding of  science and to provide new insights into science and
scientists, contribute to a positive perception of  the learning environment (Vennix et al., 2018). Moreover,
students with positive experiences in science and STEM subjects are more likely to choose STEM-related
careers (Chachashvili-Bolotin et al., 2016).

Secondary school  students  can change their  perception of  universities,  and especially  of  engineering,
through contact with university professors, discussing their subjects of  expertise. These professors can
provide  ideas,  demonstrate  new  scientific  advances  and  developments,  as  well  as  provide  different
professional perspectives on different fields of  engineering. Additionally, an engineering professor may
attempt to solve the problem of  explaining to non-engineers, the difference between engineering studies
and science education (Hasna & Clark, 2009).

For some participants, their main objective during the lecture is to try and change student perception,
especially with regard to engineering, due to their negative view of  engineering at this age: “Students have
a negative view of  engineering, of  engineering fields in general, because they are difficult, and in many
cases they have no idea of  their practical applications..., with the exception of  school children who have
some direct  connection to these  disciplines,  they are not  aware  of  the ramifications  and benefits  of
industrial engineering” (No. 15).

Many  young  people  are  unaware  of  career  opportunities  in  STEM  education,  therefore  providing
information on potential STEM careers is one way to increase participation in STEM disciplines (Jensen
& Sjaastad,  2013).  In this sense, it  may be noted that in Spain, science and engineering degrees have
greater employment possibilities,  since they have the highest employability (Valero-Matas et al.,  2017).
Also, during lectures, students have the opportunity to question STEM professionals and thus bridge the
gap between the perceived and real images of  STEM professionals (Woods-Townsend et al., 2016). 

Career  counselling  is  a  part  of  the  career-related decision-making  process.  Providing  information  on
STEM careers  has  an  impact  on  the  motivation  of  secondary  school  students  with  regard  to  these
disciplines (Lupión-Cobos et al., 2019), helping them to explore their own traits via the nature of  these
studies,  and  preventing  them  from  making  a  premature,  ill-informed  decision  regarding  university
education (Cantrell & Ewing-Taylor, 2009). This approach to outreach lectures may alleviate the problem
identified by Hall et al. (2011), where they found that career counsellors and teachers in pre-university
schools had reduced knowledge and experience of  STEM careers.  In Spain,  research by the FECYT
(2015a) also highlights that students receive insufficient career counselling in schools.
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Additionally, when lecturers explain new scientific ideas to the students and demonstrate their practical
applications, they contribute to the expansion of  science topics at school and expose students to another
way of  working in class, which in turn boosts learning in the learning environment (Vennix et al., 2017,
2018).

Other advantages appear from the point of  view of  the universities, their departments and the teaching
staff  who give the lectures. One of  the main advantages is that these activities may serve as a publicity
tool to make the centres known to many students within the course of  a single activity. At the same time,
the university is presented to a group of  people who may be future students there.

Also, when the activity is well implemented, communication is established with teachers from different
secondary schools,  which makes it  possible to enhance the effect of  the promotion and demand for
lectures and bridge existing gaps between secondary schools and universities (Jeffers et al., 2004). In any
case, the institutional school culture of  organising these outreach activities with universities can expand
available options for prospective university students (González-Sanzana, 2016).

They also create the opportunity to build relationships between secondary schools and universities, and
between  the  teaching  staff.  For  some  participants,  this  relationship  with  secondary  school  teachers
constitutes a source of  information that enables them to remain up to date with ongoing changes at this
educational level and to prepare for when these pupils reach university.

It also allows them to keep in touch with pre-university students and to obtain information directly from
them regarding their levels of  knowledge and to analyse what may be demanded, since, as Participant No.
16 states: “these are the people we shall be working with”.

In the responses on the benefits of  this type of  activity, more than half  of  the interviewees include words
and phrases such as “I enjoy” (No. 7), “very rewarding” (No. 13), “I’m very excited to” (No. 8). Several
participants especially recognise that it is a source of  personal satisfaction for them. Personal satisfaction
is an intrinsic motivational factor that leads people to perform the activities that generate this feeling, as
has  been  found  in  other  research  on  activities  related  to  science  communication  (Martín-Sempere,
Garzón-García & Rey-Rocha, 2008; Torres-Albero, Fernández-Esquinas, Rey-Rocha & Martín-Sempere,
2011). “When you see people starting to ..., I mean, you don’t exactly start spreading the word because of
how well known it is (muses ironically), it’s because you want to see people’s eyes light up and hear them
say: Wow!” (No. 9).

The responses display the interviewees’ commitment to science outreach, despite the lack of  adequate
recognition of  this activity in Spain (Torres-Albero et al., 2011). This commitment to science outreach is
related to respondents’ level of  motivation (Canrinus, Helms-Lorenz, Beijaard, Buitink & Hofman, 2012)
and their responsibility to conduct public outreach (Mathews et al., 2005), which may justify both their
participation in these activities and their continuation over time.

Finally, some interviewees consider that, through the outreach work carried out by its teaching staff, the
university demonstrates its commitment to Society, returning part of  what is expected of  it by training
secondary and/or primary school students. It is a way of  displaying the work of  universities, as Participant
No. 12 states: “It’s not just about research, it’s also about communicating what we do, it’s something we
have to do”.

Thus, outreach lectures serve to make science and technology more accessible to the public and create
opportunities  for  high  school  students  to  interact  with  university  professors  and  scientists
(Woods-Townsed et al., 2016). The need to communicate scientific findings to the public is fulfilled in the
secondary school environment, in an effort to achieve greater awareness and understanding of  science and
technology, boosting the younger generation’s support for scientific research (Mathews et al., 2005).

Figure 3 provides an overview of  the factors that  have a positive impact on science and technology
outreach lectures, grouped into the four main categories.
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Figure 3. Positive aspects of  science and technology outreach lectures 

5. Conclusions

The need to publicise STEM careers is justified by the decreasing number of  students enrolled in these
careers in recent years in spite of  good job prospects, a reality that is compatible with bridging the gender
gap in professions, a fact that is compared and demonstrated is the research sample of  this article itself,
which is none other than the same reality from which we work and improve. To this must be included the
difficulties  faced  by  Spanish  Baccalaureate  students  when  choosing  between  different  technical
qualifications, due to a lack of  knowledge regarding the skills and career opportunities of  each.

As mentioned at the beginning, this article focuses on the perception of  the professors involved in science
and engineering outreach and promotion. To this end, 16 interviews were conducted with professors of
varying ages,  qualifications  and academic  profiles  who regularly  perform this  task.  This  is  where  the
originality of  this work lies, in addition to the importance of  adding to the body of  work that normally
focuses on student perception, from a different perspective, one that is professional and external to the
school itself. The vision thus provided by the participants enriches other activities which are also required
for a better understanding of  the promotion of  STEM fields.

Among  the  factors  that  pose  an  obstacle  to  these  lectures,  it  is  worth  highlighting  those  related  to
secondary schools (students’ lack of  interest, high number of  attendees, organisational problems, etc.), the
speakers  (availability  of  time,  travel,  choice  of  content  and  methodology,  etc.)  and  the  university
environment (lack of  a common strategic plan and competition between universities).

Knowing  the  factors  that  have  a  negative  impact  on  outreach  activities  allows  three  of  the  parties
involved, namely the universities, the speakers and the secondary schools, to consider them and attempt to
take measures to reduce their impact.

According to participants, these outreach actions can also have positive impacts, not only on students
(motivation and interest in STEM careers, educational enrichment, ...) and speakers (personal satisfaction
and relationship  with  pre-university  institutions),  but  also  on universities  (publicising  its  degrees  and
developing relations with secondary schools) and society in general (knowledge of  advances in research).

Therefore, based on the assessment of  the professors who give these talks, we may conclude that science
and  technology  outreach  lectures  are  a  suitable  tool  to  disseminate  scientific  knowledge,  enabling
secondary school students to get closer to STEM and science and technology degrees, but they require
organisational and institutional support for their proper implementation, and to achieve the objectives for
which they have been designed.
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The main limitation of  this study is that it focuses on a single university and on professors who teach
mainly engineering degrees. It also does not record the perceptions of  students who attend these lectures,
nor those of  secondary school teachers, which may be another future line of  enquiry. In this regard, it
would be interesting to explore, for example, the level of  preparation and attitudes of  STEM teachers at
pre-university levels, as well as those of  university teaching staff.

Finally,  it  should  also  be  noted  that  another  limiting  factor  is  that  at  the  time  the  interviews  were
conducted, the UCLM did not have a specific plan that took into account the dissemination and outreach
actions conducted by its departments and faculties. The new strategies that have been developed may have
influenced the perception of  the teachers who conduct outreach lectures.

Declaration of  Conflicting Interests
The authors declared no potential conflicts of  interest with respect to the research, authorship, and/or
publication of  this article. 

Funding

The authors express their gratitude for the fundings received from the Polytechnic School of  Cuenca
(UCLM).

References
Álvaro-Martín, A. (2015). Horizonte 2020 ¿Esperanza o advertencia? Revista de Estudios de Juventud, 108, 9-18. 

Available at: http://www.injuve.es/sites/default/files/2017/46/publicaciones/revista108_1-horizonte-2020.pdf  

Ambrojo, J.C. (2015). Fomentar las vocaciones científicas e ingenieriles desde el parvulario. Técnica 
Industrial, 310, 90-93.

Atkinson, R., & Flint, J. (2001). Accessing hidden and hard-to-reach populations: Snowball research 
strategies. Social Research Update, 33(1), 1-4.

Bailey, M. (2019). Snowball sampling in business oral history: accessing and analyzing professional 
networks in the Australian property industry. Enterprise & Society, 20(1), 74-88. 
https://doi.org/10.1017/eso.2018.110 

Baker, S.E., & Edwards, R. (2012). How many qualitative interviews is enough? Expert voices and early career 
reflections on sampling and cases in qualitative research. University of  Southampton: National Centre for 
Research Methods (NCRM).

Bavaresco, M.V., D’Oca, S., Ghisi, E., & Lamberts, R. (2020). Methods used in social sciences that suit 
energy research: A literature review on qualitative methods to assess the human dimension of  energy use
in buildings. Energy & Buildings, 209, 1-19. https://doi.org/10.1016/j.enbuild.2019.109702 

Becker, F.S. (2010). Why don’t young people want to become engineers? Rational reasons for 
disappointing decisions. European Journal of  Engineering Education, 35(4), 349-366. 
https://doi.org/10.1080/03043797.2010.489941 

Besley, J.C., & Tanner, A.H. (2011). What science communication scholars think about training scientists 
to communicate. Science Communication, 33(2), 239-263. https://doi.org/10.1177/1075547010386972 

Blaxter, L., Hughes, C., & Tight, M. (2002). Cómo se hace una investigación (2nd ed.) Barcelona: Gedisa Editorial.

Bourdieu, P. (1990). The Logic of  Practice. Polity Press. https://doi.org/10.1515/9781503621749 

Bowen, G.A. (2005). Preparing a qualitative research-based dissertation: Lessons learned. The Qualitative 
Report, 10(2), 208-222. https://doi.org/10.46743/2160-3715/2005.1846 

-687-

https://doi.org/10.46743/2160-3715/2005.1846
https://doi.org/10.1515/9781503621749
https://doi.org/10.1177/1075547010386972
https://doi.org/10.1177/1075547010386972
https://doi.org/10.1177/1075547010386972
https://doi.org/10.1080/03043797.2010.489941
https://doi.org/10.1080/03043797.2010.489941
https://doi.org/10.1080/03043797.2010.489941
https://doi.org/10.1016/j.enbuild.2019.109702
https://doi.org/10.1017/eso.2018.110
https://doi.org/10.1017/eso.2018.110
https://doi.org/10.1017/eso.2018.110
https://doi.org/10.1017/eso.2018.110
http://www.injuve.es/sites/default/files/2017/46/publicaciones/revista108_1-horizonte-2020.pdf


Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.2159

Bray, B., France, B., & Gilbert, J.K. (2012): Identifying the essential elements of  effective science 
communication: What do the experts say? International Journal of  Science Education, Part B, 2(1), 23-41. 
https://doi.org/10.1080/21548455.2011.611627 

Brown, R. (2004). School culture and organization: Lessons from research and experience. Denver, CO: Paper for the
Denver Commission on Secondary School Reform.

Bryant, A., & Charmaz, K. (2007). The SAGE Handbook of  Grounded Theory. London: SAGE Publications 
Ltd. https://doi.org/10.4135/9781848607941 

Burns, T.W., O’Connor, D.J., & Stocklmayer, S.M. (2003). Science communication: a contemporary 
definition. Public Understanding of  Science, 12(2), 183-202. https://doi.org/10.1177/09636625030122004 

Canrinus, E.T., Helms-Lorenz, M., Beijaard, D., Buitink, J., & Hofman, A. (2012). Self-efficacy, job 
satisfaction, motivation and commitment: exploring the relationships between indicators of  teachers’ 
professional identity. European Journal of  Psycology of  Education, 27(1), 115-132. 
https://doi.org/10.1007/s10212-011-0069-2 

Cantrell, P., & Ewing Taylor, J. (2009). Exploring STEM career options through collaborative high school ‐
seminars. Journal of  Engineering Education, 98(3), 295-303. https://doi.org/10.1002/j.2168-9830.2009.tb01026.x

Caro-González, F.J., & Díez-de-Castro, E.P. (2005). Investigación cualitativa asistida por ordenador en 
economía de la empresa. Investigaciones Europeas de Dirección y Economía de la Empresa, 11(2), 45-58.

Carter, N., Bryant-Lukosius, D., DiCenso, A., Blythe, J., & Neville, A.J. (2014). The use of  triangulation in 
qualitative research. Oncology Nursing Forum, 41(5), 545-547. https://doi.org/10.1188/14.ONF.545-547 

Chachashvili-Bolotin, S., Milner-Bolotin, M., & Lissitsa, S. (2016). Examination of  factors predicting 
secondary students’ interest in tertiary STEM education. International Journal of  Science Education, 38(3), 
366-390. https://doi.org/10.1080/09500693.2016.1143137 

Charmaz, K. (2006). Constructing Grounded Theory. A practical guide through qualitative analysis. London: SAGE 
Publications.

Chen, J., & Cowie, B. (2014). Scientists talking to students through videos. International Journal of  Science and
Mathematics Education, 12(2), 445-465. https://doi.org/10.1007/s10763-013-9415-y 

Chowdhury, M.F. (2015). Coding, sorting and sifting of  qualitative data analysis: Debates and discussion. 
Quality & Quantity, 49(3), 1135-1143. https://doi.org/10.1007/s11135-014-0039-2 

Coffey, A., & Atkinson, P. (1996). Making Sense of  Qualitative Data: Complementary Research Strategies. SAGE 
Publications.

Consejería de Educación, Cultura y Deportes (2012). Orden de 02/07/2012, de la Consejería de 
Educación, Cultura y Deportes, por la que se dictan instrucciones que regulan la organización y 
funcionamiento de los institutos de educación secundaria en la Comunidad Autónoma de Castilla-La 
Mancha. Diario Oficial de Castilla-La Mancha, Año XXXI, Núm. 129, 3 de julio de 2012, 21854- 21872.

Confederación de Sociedades Científicas de España (COSCE) (2011). Informe ENCIENDE: Enseñanza de 
las Ciencias en la Didáctica Escolar para edades tempranas en España. Confederación de Sociedades Científicas 
de España (COSCE).

Davies, S.R. (2008). Constructing communication: Talking to scientists about talking to the public. Science 
Communication, 29(4), 413-434. https://doi.org/10.1177/1075547008316222 

DeCuir-Gunby, J.T., Marshall, P.L., & McCulloch, A.W. (2011). Developing and using codebook for the 
analysis of  interview data: An example from a professional development research Project. Field Methods, 
23(2), 136-155. https://doi.org/10.1177/1525822X10388468 

-688-

https://doi.org/10.1177/1525822X10388468
https://doi.org/10.1177/1075547008316222
https://doi.org/10.1007/s11135-014-0039-2
https://doi.org/10.1007/s11135-014-0039-2
https://doi.org/10.1007/s11135-014-0039-2
https://doi.org/10.1007/s10763-013-9415-y
https://doi.org/10.1080/09500693.2016.1143137
https://doi.org/10.1080/09500693.2016.1143137
https://doi.org/10.1080/09500693.2016.1143137
https://doi.org/10.1188/14.ONF.545-547
https://doi.org/10.1188/14.ONF.545-547
https://doi.org/10.1188/14.ONF.545-547
https://doi.org/10.1002/j.2168-9830.2009.tb01026.x
https://doi.org/10.1002/j.2168-9830.2009.tb01026.x
https://doi.org/10.1002/j.2168-9830.2009.tb01026.x
https://doi.org/10.1007/s10212-011-0069-2
https://doi.org/10.1177/09636625030122004
https://doi.org/10.4135/9781848607941
https://doi.org/10.1080/21548455.2011.611627
https://doi.org/10.1080/21548455.2011.611627
https://doi.org/10.1080/21548455.2011.611627


Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.2159

Denzin, N.K., & Lincoln, Y.S. (2011). The SAGE handbook of  qualitative research (4th ed.). London: SAGE 
Publications.

Díaz-Bravo, L., Torruco-García, U., Martínez-Hernández, M., & Valera-Ruiz, M. (2013). La entrevista, 
recurso flexible y dinámico. Investigación en Educación Médica, 2(7), 162-167. Available at: 
http://riem.facmed.unam.mx/node/47 https://doi.org/10.1016/S2007-5057(13)72706-6 

Dou, R., Hazari, Z., Dabney, K., Sonnert, G., & Sadler, P. (2019). Early informal STEM experiences and 
STEM identity: The importance of  talking science. Science Education, 103(3), 623-637. 
https://doi.org/10.1002/sce.21499 

Eeds, A., Vanags, C., Creamer, J., Loveless, M., Dixon, A., Sperling, H. et al. (2014). The school for science
and math at Vanderbilt: An innovative research-based program for high school students. CBE—Life 
Sciences Education, 13(2), 297-310. https://doi.org/10.1187/cbe.13-05-0103

Everis (2012). Factores influyentes en la elección de los estudios científicos, tecnológicos y matemáticos Visión de los 
estudiantes de 3º y 4º de ESO y Bachillerato. Madrid: Everis Group

Falcone-Lanas, F.J. (2016). Divulgación Científica en Navarra: Análisis de Situación Actual. Departamento Ingeniería 
Eléctrica y Electrónica. Universidad Pública de Navarra.

Falloon, G., & Trewern, A. (2013). Developing school-scientist partnerships: Lessons for scientists from 
Forests-of-Life. Journal of  Science Education and Technology, 22(1), 11-24. 
https://doi.org/10.1007/s10956-012-9372-1 

Flick, U. (2004). Triangulation in Qualitative Research. In Flick, U., von Kardorff, E., & Steinke I. (Eds),
A Companion to qualitative research (178-183). SAGE Publications Ltd.

Flick, U. (2007). Introducción a la investigación cualitativa. Las Rozas (Madrid): Ediciones Morata.

Fundación Telefónica (2014). Top 100 Innovaciones educativas. 100 proyectos eficaces para fomentar las vocaciones 
científico-tecnológicas. Madrid: Fundación Telefónica. Available at: 
https://www.fundaciontelefonica.com/cultura-digital/?itempubli=263 

FECYT (2015a). ¿Cómo podemos estimular una mente científica?: estudio sobre vocaciones científicas. Fundación 
Española para la Ciencia y la Tecnología. Barcelona: Obra Social “la Caixa”.

FECYT (2015b). Percepción social de la ciencia y la tecnología 2014. Fundación Española para la Ciencia y la 
Tecnología.

FECYT (2021). Convocatoria de ayudas para el fomento de la cultura científica, tecnológica y de la innovación 2021. 
Fundación Española para la Ciencia y la Tecnología. Ministerio de Ciencia e Innovación. Available at: 
https://www.fecyt.es/es/noticia/abierta-la-convocatoria-de-ayudas-para-el-fomento-de-la-cultura-cientifica-
tecnologica-y-de (Accessed: April 2022).

Fusch, P.I., & Ness, L.R. (2015). Are We There Yet? Data Saturation in Qualitative Research. The 
Qualitative Report, 20(9), 1408-1416. https://doi.org/10.46743/2160-3715/2015.2281 

Friese, S. (2012). Qualitative data analysis with ATLAS.ti. London: SAGE Publications. 
https://doi.org/10.4135/9781529799590 

García, J., & Hijón, R. (2022). Brecha en la vocación de los estudiantes por profesiones STEM y el 
mercado laboral europeo. Revista Iberoamericana de Informática Educativa, 35, 22-32.

Gibbs, G. (2012). El análisis de datos cualitativos en investigación cualitativa. Las Rozas (Madrid): Ediciones 
Morata.

-689-

https://doi.org/10.4135/9781529799590
https://doi.org/10.46743/2160-3715/2015.2281
https://doi.org/10.46743/2160-3715/2015.2281
https://doi.org/10.46743/2160-3715/2015.2281
https://www.fecyt.es/es/noticia/abierta-la-convocatoria-de-ayudas-para-el-fomento-de-la-cultura-cientifica-tecnologica-y-de
https://www.fecyt.es/es/noticia/abierta-la-convocatoria-de-ayudas-para-el-fomento-de-la-cultura-cientifica-tecnologica-y-de
https://www.fundaciontelefonica.com/cultura-digital/?itempubli=263
https://doi.org/10.1007/s10956-012-9372-1
https://doi.org/10.1187/cbe.13-05-0103
https://doi.org/10.1002/sce.21499
https://doi.org/10.1016/S2007-5057(13)72706-6
http://riem.facmed.unam.mx/node/47


Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.2159

González-Sanzana, A. (2016). Cultura institucional de promoción de estudios universitarios y proceso de 
elección de estudios. Estudios Pedagógicos, 42(3), 171-189. https://doi.org/10.4067/S0718-07052016000400009

Guest, G., Bunce, A., & Johnson, L. (2006). How many interviews are enough? An experiment with data 
saturation and variability. Field Methods, 18(1), 59-82. https://doi.org/10.1177/1525822X05279903 

Hall, C., Dickerson, J., Batts, D., Kauffmann, P., & Bosse, M. (2011). Are we missing opportunities to 
encourage interest in STEM fields? Journal of  Technology Education, 23(1), 32-46. 
https://doi.org/10.21061/jte.v23i1.a.4 

Han, B.C. (2022). Infocracia. La digitalización y la crisis de la democracia. Madrid: Taurus. Available at: 
https://orcid.org/0000-0003-3985-3978 

Hasna, A.M., & Clark, R. (2009). The future of  engineering: How do we attract young people. 37th Annual 
SEFI-the Société Européenne pour la Formation des Ingénieurs-European Society for Engineering 
Education.

Innovaspain (2019). Más de 1.500 alumnos de Secundaria y Bachillerato, en los Campus Científicos de 
Verano. Innvoaspain. Available at: https://www.innovaspain.com/mas-de-1-500-alumnos-de-secundaria-y-
bachillerato-en-los-campus-cientificos-de-verano/ 

Jeffers, A.T., Safferman, A.G., & Safferman, S.I. (2004). Understanding K-12 engineering outreach 
programs. Journal of  Professional Issues in Engineering Education and Practice, 130(2), 95-108. 
https://doi.org/10.1061/(ASCE)1052-3928(2004)130:2(95) 

Jensen, F., & Sjaastad, J. (2013). A Norwegian Out-of-School Mathematics Project’s influence on 
secondary students’ STEM motivation. International Journal of  Science and Mathematics Education, 11(6), 
1437-1461. https://doi.org/10.1007/s10763-013-9401-4 

Jones, M.L. (2007). Using software to analyse qualitative data. Malaysian Journal of  Qualitative Research, 1(1), 
64-76.

King, N., Horrocks, C., & Brooks, J. (2019). Interviews in Qualitative Research (2nd ed.). London: SAGE 
Publications Inc.

Koomen, M.H., Hedenstrom, M.N., & Moran, M.K. (2021). Rubbing elbows with them: Building capacity 
in STEM through science and engineering fairs. Science Education, 105(3), 541-579. 
https://doi.org/10.1002/sce.21615 

Kuznekoff, J.H., & Titsworth, S. (2013). The impact of  mobile phone usage on student learning. 
Communication Education, 62(3), 233-252, https://doi.org/10.1080/03634523.2013.767917 

Laguna-Sánchez, P., & Segovia-Pérez, M. (2023). Higher education: A fundamental intangible capital 
towards a sustainable future. Intangible Capital, 19(1), 1-3. https://doi.org/10.3926/ic.2230 

Lupión-Cobos, T., Franco-Mariscal, A.J., & Girón-Gambero, J.R. (2019) Predictores de vocación en 
Ciencia y Tecnología en jóvenes: Estudio de casos sobre percepciones de alumnado de secundaria y la 
influencia de participar en experiencias educativas innovadoras. Revista Eureka sobre Enseñanza y 
Divulgación de las Ciencias, 16(3), 3102. 
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2019.v16.i3.3102 

Macdonald, A. (2014). ‘Not for people like me?’ Under-represented groups in science, technology and engineering: A 
summary of  the evidence: The facts, the fiction and what we should do next. Women in Science and Engineering 
Campaign. Available at: https://www.sciencecentres.org.uk/documents/50/not_for_people_like_me.pdf  

-690-

https://www.sciencecentres.org.uk/documents/50/not_for_people_like_me.pdf
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2019.v16.i3.3102
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2019.v16.i3.3102
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2019.v16.i3.3102
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2019.v16.i3.3102
https://doi.org/10.3926/ic.2230
https://doi.org/10.1080/03634523.2013.767917
https://doi.org/10.1002/sce.21615
https://doi.org/10.1002/sce.21615
https://doi.org/10.1002/sce.21615
https://doi.org/10.1002/sce.21615
https://doi.org/10.1007/s10763-013-9401-4
https://doi.org/10.1007/s10763-013-9401-4
https://doi.org/10.1007/s10763-013-9401-4
https://doi.org/10.1061/(ASCE)1052-3928(2004)130:2(95)
https://doi.org/10.1061/(ASCE)1052-3928(2004)130:2(95)
https://doi.org/10.1061/(ASCE)1052-3928(2004)130:2(95)
https://www.innovaspain.com/mas-de-1-500-alumnos-de-secundaria-y-bachillerato-en-los-campus-cientificos-de-verano/
https://www.innovaspain.com/mas-de-1-500-alumnos-de-secundaria-y-bachillerato-en-los-campus-cientificos-de-verano/
https://orcid.org/0000-0003-3985-3978
https://doi.org/10.21061/jte.v23i1.a.4
https://doi.org/10.1177/1525822X05279903
https://doi.org/10.4067/S0718-07052016000400009
https://doi.org/10.4067/S0718-07052016000400009
https://doi.org/10.4067/S0718-07052016000400009


Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.2159

Marshall, B., Cardon, P., Poddar, A., & Fontenot, R. (2013). Does sample size matter in qualitative 
research? A review of  qualitative interviews in IS research. Journal of  Computer Information Systems, 54(1), 
11-22. https://doi.org/10.1080/08874417.2013.11645667 

Martín, O., & Santaolalla, E. (2020). Educación STEM. Formación con con-ciencia. Padres y Maestros, 
3(281), 41-46. https://doi.org/10.14422/pym.i381.y2020.006 

Martín-Sempere, M.J., Garzón-García, B., & Rey-Rocha, J. (2008). Scientists’ motivation to communicate 
science and technology to the public: surveying participants at the Madrid Science Fair. Understanding of  
Science, 17(3), 349-367. https://doi.org/10.1177/0963662506067660 

Martínez-Gil, L., Oyarvide-Ibarra, R.T., Rosales-Cortés, F.S., & Bustos-Gámez, M.M. (2019). Proceso de 
gestión de la relación universidad-empresa en la Universidad Técnica «Luis Vargas Torres». Mendive, 
17(3), 373-392. Available at: http://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/1679 

Martínez-Salgado, C. (2012). El muestreo en investigación cualitativa: principios básicos y algunas 
controversias. Ciência & Saúde Coletiva, 17, 613-619. https://doi.org/10.1590/S1413-81232012000300006 

Mathews, D.J., Kalfoglou, A., & Hudson, K. (2005). Geneticists’ views on science policy formation and 
public outreach. American Journal of  Medical Genetics Part A, 137(2), 161-169. 
https://doi.org/10.1002/ajmg.a.30849 

Ministerio de Educación y Ciencia (1996). Real Decreto 83/1996, de 26 de enero, por el que se aprueba 
el Reglamento Orgánico de los Institutos de Educación Secundaria. Boletín Oficial del Estado, núm. 45, 
de 21 de febrero de 1996. Referencia: BOE-A-1996-3834.

Mitsopoulou, A.G., & Pavlatou, E.A. (2021). Factors associated with the development of  secondary 
school students’ interest towards stem studies. Education Sciences, 11(11), 746. 
https://doi.org/10.3390/educsci11110746

Naderifar, M., Goli, H., & Ghaljaie, F. (2017). Snowball sampling: A purposeful method of  sampling in 
qualitative research. Strides in Development of  Medical Education, 14(3). https://doi.org/10.5812/sdme.67670 

Noy, C. (2008). Sampling knowledge: the hermeneutics of  snowball sampling in qualitative research. 
International Journal of  Social Research Methodology, 11(4), 327-344. Available at: https://nbn-
resolving.org/urn:nbn:de:0168-ssoar-53861 https://doi.org/10.1080/13645570701401305 

Osborne, J., & Dillon, J. (2008). Science education in Europe: Critical reflections (13). The Nuffield Foundation.

Oware, E., Capobianco, B., & Diefes Dux, H.A. (2007). Young children’s perceptions of  engineers before ‐
and after a summer engineering outreach course. Presentation at the 37th Annual ASEE/IEEE Frontiers in 
Education Conference. Milwaukee, WI. https://doi.org/10.1109/FIE.2007.4417814 

Penalva-Verdú, C., Alaminos-Chica, A., Francés-García, F.J., & Santacreu-Fernández, O.A. (2015). La 
investigación cualitativa: técnicas de investigación y análisis con Atlas.ti. Cuenca (Ecuador): PYDLOS Ediciones.

Poliakoff, E., & Webb, T.L. (2007). What factors predict scientists’ intentions to participate in public 
engagement of  science activities? Science Communication, 29(2), 242-263. 
https://doi.org/10.1177/1075547007308009 

Poveda, E., Sánchez-Cambronero, S., Lozano-Galant, J.A., Tarifa, M., Galán, A., Porras, R. et al. (2015). 
Introduciendo a los alumnos de bachillerato en el mundo de la ingeniería civil: Diseño y construcción de 
un puente con K’NEX. Proceedings Book I Jornada de Innovación Docente “Experiencias de Innovación Docente en 
enseñanza superior de Castilla-La Mancha” (195-197). Servicio de Publicaciones de la Universidad de 
Castilla-La Mancha.

-691-

https://doi.org/10.1177/1075547007308009
https://doi.org/10.1109/FIE.2007.4417814
https://doi.org/10.1080/13645570701401305
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-53861
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-53861
https://doi.org/10.5812/sdme.67670
https://doi.org/10.5812/sdme.67670
https://doi.org/10.5812/sdme.67670
https://doi.org/10.3390/educsci11110746
https://doi.org/10.1002/ajmg.a.30849
https://doi.org/10.1002/ajmg.a.30849
https://doi.org/10.1002/ajmg.a.30849
https://doi.org/10.1590/S1413-81232012000300006
http://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/1679
https://doi.org/10.1177/0963662506067660
https://doi.org/10.14422/pym.i381.y2020.006
https://doi.org/10.1080/08874417.2013.11645667


Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.2159

Pratt, M.G. (2009). For the lack of  a boilerplate: Tips on writing up (and reviewing) qualitative research. 
Academy of  Management Journal, 52(5), 856-862. https://doi.org/10.5465/amj.2009.44632557 

Protzko J., & Schooler J.W. (2022) Who denigrates today’s youth?: The role of  age, implicit theories, and 
sharing the same negative trait. Frontiers in Psychology, 13: 723515. https://doi.org/10.3389/fpsyg.2022.723515

Ramírez, M. (2018). Los ingenieros, pieza clave en el desarrollo y la innovación de Europa. Técnica Industrial, 
321, 10-17. Available at: https://www.tecnicaindustrial.es/los-ingenieros-pieza-clave-en-el-desarrollo-y/ 

Reay, D., David, M., & Ball, S. (2001). Making a Difference?: Institutional Habituses and Higher Education
Choice. Sociological Research Online, 5(4), 14-25. https://doi.org/10.5153/sro.548 

Rennie, L.J. (2012). Evaluation of  the Scientists in Schools project. Canberra: CSIRO Education.

Royal Society (2006). Survey of  factors affecting science communication by scientists and engineers. The Royal Society. 
Available at: 
https://royalsociety.org/~/media/royal_society_content/policy/publications/2006/1111111395.pdf  

Ruiz-Mallén, I., & Escalas, M.T. (2012). Scientists seen by children: A case study in Catalonia, Spain. Science
Communication, 34(4), 520-545. https://doi.org/10.1177/1075547011429199 

Tanil, C.T., & Yong, M.H. (2020). Mobile phones: The effect of  its presence on learning and memory. 
PLoS ONE, 15(8): e0219233. https://doi.org/10.1371/journal.pone.0219233 

Tesch, R. (1990). Qualitative research. Analysis types & software tools. Routledge Falmer.

Torres-Albero, C., Fernández-Esquinas, M., Rey-Rocha, J., & Martín-Sempere, M.J. (2011). Dissemination 
practices in the Spanish research system: scientists trapped in a golden cage. Public Understand of  Science, 
20(1), 12-25. https://doi.org/10.1177/0963662510382361 

Tuong, H.A., Nam, P.S., Hau, N.H., Tien, V.T.B., Lavicza, Z., & Hougton, T. (2023). Utilising 
STEM-based practices to enhance mathematics teaching in Vietnam: Developing students’ real-world 
problem solving and 21st century skills. Journal of  Technology and Science Education, 13(1), 73-91. 
https://doi.org/10.3926/jotse.1790 

Trinidad, A., Carrero, V., & Soriano, R. (2006). Cuadernos Metodológicos 37. Teoría fundamentada “Grounded Theory”. 
La construcción de la teoría a través del análisis interpretacional. Madrid: Centro de Investigaciones Sociológicas.

Utley, J., Ivey, T., Hammack, R., & High, K. (2019). Enhancing engineering education in the elementary 
school. School Science and Mathematics, 119(4), 203-212. https://doi.org/10.1111/ssm.12332 

Valero, M. (2022). Challenges, difficulties and barriers for engineering higher education. Journal of  
Technology and Science Education, 12(3), 551-566. https://doi.org/10.3926/jotse.1696 

Valero-Matas, J.A., Valero-Oteo, I., & Coca, J.R. (2017). El desencuentro entre ciencia y educación; un 
problema científico-social. Revista Internacional de Sociología de la Educación, 6(3), 296-322. 
https://doi.org/10.17583/rise.2017.2724 

Valero-Matas, J.A., & Coca, P. (2021). La percepción de las materias STEM en estudiantes de Primaria y 
Secundaria. Sociología y Tecnociencia, 11, 116-138. https://doi.org/10.24197/st.Extra_1.2021.116-138 

van den Hurk, A., Meelissen, M., & van Langen, A. (2019). Interventions in education to prevent STEM 
pipeline leakage. International Journal of  Science Education, 41(2), 150-164. 
https://doi.org/10.1080/09500693.2018.1540897 

Vázquez, C., & Fernández-Mouján, J. (2016). Adolescencia y sociedad. La construcción de identidad en 
tiempos de inmediatez. PSOCIAL, 2(1), 38-55. Available at: 
https://publicaciones.sociales.uba.ar/index.php/psicologiasocial/article/view/1477/1514 

-692-

https://publicaciones.sociales.uba.ar/index.php/psicologiasocial/article/view/1477/1514
https://doi.org/10.1080/09500693.2018.1540897
https://doi.org/10.24197/st.Extra_1.2021.116-138
https://doi.org/10.17583/rise.2017.2724
https://doi.org/10.17583/rise.2017.2724
https://doi.org/10.17583/rise.2017.2724
https://doi.org/10.1111/ssm.12332
https://doi.org/10.3926/jotse.1790
https://doi.org/10.1177/0963662510382361
https://doi.org/10.1371/journal.pone.0219233
https://doi.org/10.1177/1075547011429199
https://royalsociety.org/~/media/royal_society_content/policy/publications/2006/1111111395.pdf
https://doi.org/10.5153/sro.548
https://www.tecnicaindustrial.es/los-ingenieros-pieza-clave-en-el-desarrollo-y/
https://doi.org/10.3389/fpsyg.2022.723515
https://doi.org/10.5465/amj.2009.44632557


Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.2159

Vennix, J., den Brok, P., & Taconis, R. (2017). Perceptions of  STEM-based outreach learning activities in 
secondary education. Learning Environments Research, 20(1), 21-46. https://doi.org/10.1007/s10984-016-9217-6 

Vennix, J., den Brok, P., & Taconis, R. (2018). Do outreach activities in secondary STEM education 
motivate students and improve their attitudes towards STEM?. International Journal of  Science Education, 
40(11), 1263-1283. https://doi.org/10.1080/09500693.2018.1473659 

Weis, D., & Willems, H. (2017). Aggregation, validation, and generalization of  qualitative data-methodological 
and practical research strategies illustrated by the research process of  an empirically based typology. Integrative 
Psychological and Behavioral Science, 51(2), 223-243. https://doi.org/10.1007/s12124-016-9372-4 

Woods-Townsend, K., Christodoulou, A., Rietdijk, W., Byrne, J., Griffiths, J.B., & Grace, M.M. (2016) 
Meet the Scientist: The value of  short interactions between scientists and students. International Journal of
Science Education, Part B, 6(1), 89-113. https://doi.org/10.1080/21548455.2015.1016134 

Zuliani-Arango, L. (2010). Estudio exploratorio, un viaje para descubrir. Investigación y Educación en 
Enfermería, 28(3), 484-493. Available at: https://www.redalyc.org/pdf/1052/105215721019.pdf  
https://doi.org/10.17533/udea.iee.7616 

Published by OmniaScience (www.omniascience.com) 

Journal of  Technology and Science Education, 2023 (www.jotse.org) 

Article’s contents are provided on an Attribution-Non Commercial 4.0 Creative commons International License.
Readers are allowed to copy, distribute and communicate article’s contents, provided the author’s and JOTSE

journal’s names are included. It must not be used for commercial purposes. To see the complete licence contents,
please visit https://creativecommons.org/licenses/by-nc/4.0/.

-693-

https://creativecommons.org/licenses/by-nc/4.0/
http://www.jotse.org/
http://www.omniascience.com/
https://doi.org/10.17533/udea.iee.7616
https://www.redalyc.org/pdf/1052/105215721019.pdf
https://doi.org/10.1080/21548455.2015.1016134
https://doi.org/10.1007/s12124-016-9372-4
https://doi.org/10.1007/s12124-016-9372-4
https://doi.org/10.1007/s12124-016-9372-4
https://doi.org/10.1080/09500693.2018.1473659
https://doi.org/10.1007/s10984-016-9217-6
https://doi.org/10.1007/s10984-016-9217-6
https://doi.org/10.1007/s10984-016-9217-6

	PERCEIVED BARRIERS AND BENEFITS TO PROMOTING SCIENCE AND ENGINEERING BY UNIVERSITY LECTURERS THROUGH OUTREACH LECTURES TO SECONDARY SCHOOL STUDENTS
	1. Introduction
	2. Background
	3. Methodology
	4. Results and Discussion
	5. Conclusions
	Declaration of Conflicting Interests
	Funding
	References

