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LEARNING SCIENCE THROUGH WORK EXPERIENCE:
A CIÊNCIA VIVA SCIENCE INTERNSHIPS PROGRAMME
FOR SENIOR SECONDARY STUDENTS

This enquiry is a case study of a national summer Science Internships Programme (SIP)
for secondary school students (K-10 to K-12) in Portugal. It addresses the case phenomena
both in their naturally occurring setting (a research laboratory), and within the broader
framework in which they unfold: the Portuguese Ciência Viva1 SIP. This was carried out
by linking a nationwide profiling of the programme – grounded both in demographic data
and in the students’ subjective ratings and perceptions – with the participant observation
of a group of students working as apprentices in the research laboratories of the Institute
of Molecular Pathology and Immunology of the University of Porto (Ipatimup).
Firstly, the national scope of SIP, as it has unfolded over the past nine years, was
quantitatively analysed in relation to its 1,150 research apprenticeship programmes, 110
research and academic institutions, 705 research instructors and 4,378 students. Secondly,
1,170 students’ applications and final reports from the last three years, together with a
Likert- type survey of 481 apprentices, were both quantitatively and qualitatively analysed
to uncover the main themes underpinning the students’ perceptions of their subjective
experience. Finally, two participant observations, carried out over the summers of 2003
and 2004, provided the data for a further in-depth exploration of these themes as they
emerged from the social and discourse interactions between scientists and students.
Field work was carried out over a period of three consecutive years, combining case study
and survey with a range of interconnected qualitative methods, such as observation,
interviewing and document analysis. Within the framework of a mixed-methodology
research design, coding procedures provided the analytical techniques with which to
address the qualitative data, whereas statistical analysis was used to explore and
eventually reinforce generalizability
The implications of taking on board science and technology practitioners to improve
science education are discussed. It was found that the input of the scientific community
1

Ciência Viva was launched in 1996 as a governmental programme. Later, in 2001, it became a Non
Governmental Organization. It is currently designated as Ciência Viva – National Agency for Scientific and
Technological Culture. Ciência Viva is a private association of Portuguese scientific institutions, and counts
amongst its associates the Ministry for Science, Technology and Higher Education, as well as the Portuguese
Science and Technology Foundation - the national funding body for scientific and technological research.
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provides opportunities for youngsters, particularly the highly motivated ones, to have firsthand contact with the processes of science, the social environment in which these unfold,
and ultimately the social implications of their application to real-world problems. The
characterization of scientists teaching and students learning in the science workplace will,
it is hoped, lay the foundation for an interplay between science and school science.
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THEORISING AND CONTEXTUALISING THE STUDY, RESEARCH
PERSPECTIVE AND DESIGN

xvi

Learning science through work experience

Chapter 1

Introduction

1.1 A Rationale
The improvement of scientific culture is increasingly regarded as a strategic condition for
innovation and growth. This view is held across a broad spectrum of political and
economic perspectives, which are bound together by the assumption that science and
technology provide the foundations for the development of modern advanced societies. An
improved scientific culture should deliver not only the skilled manpower needed to ensure
prosperity, but also an active and rational engagement by the public and the media in
scientific debates.
However, despite increasing awareness of the importance of the science-society dialogue,
some of the most highly developed European countries seem to be facing a crisis of trust
in science (Royal Society, 2000). Moreover, the number of students opting for a scientific
career is constantly decreasing1. As a result, the scientific community is being called upon
to work with educators to help find solutions to this problem. In the USA, schooluniversity partnership projects have been growing since the 1960s. Europe has been slow
to adopt this approach, but increasing numbers of science education researchers have been
calling for greater ‘authenticity’ in science learning, particularly through university-school
or industry-school partnerships (Albone et al., 1995; Helms, 1998; Roth, 1995; Roth &
McGinn, 1998). In addition, apprenticeship models are increasingly recommended as one
component in a strategy to provide students with opportunities to develop technical skills
by working alongside science and technology practitioners in laboratories and other
research sites (Barab & Hay, 2001a; 2001b; Bleicher, 1995; Cunningham & Helms, 1998;
Richmond, 1998; Richmond & Kurth, 1999; Ritchie & Rigano, 1996).

For example, on August 14 2006, a widely publicised press release by Richard Lambert, Director General
of the UK Confederation of British Industry declared that, ‘The education system is failing the engineering
and science sectors’.

1
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Social studies of research laboratories have led to them being recognised as both
workplaces and also as environments that support continuous learning with a wellestablished tradition of apprenticeship (Goodfield, 1991). The making of real science is
itself a process whereby junior researchers work for, and learn with, more experienced
ones. Senior undergraduate students start their research careers by supporting someone
else’s research projects with the expectation that, at a later stage, they will have ownership
of their own research agenda (Gafney, 2005). When these students collaborate with an
experienced scientist, they engage in a type of contextualized learning through which they
come to appropriate not only a body of knowledge, but also, and most importantly, a set of
tools which allows them to understand the scope and nature of research, to recognize the
values and norms held by the scientific community (Merton, 1973), to acquire the spoken
and written characteristics of scientists’ discourse (Gilbert & Mulkay, 1984), and
ultimately to understand the content and culture that shape professional practice
(Pickering, 1992).
Both science education research and many science education reform projects also
recognize the central role of the laboratory in laying the foundations for young people’s
learning of science. A number of arguments are put forward to justify the importance of
practical work in science learning and teaching. It is claimed not only to enhance the
learning of scientific knowledge, but also to promote and sustain adolescents’ motivation
to engage in scientific inquiry (Helen & Yoon, 2004), to develop students’ ideas about the
world of science (Leach, 1996), to promote practical skills that involve cognitive
processes, practical techniques and inquiry tactics (Millar, 1991, 1998), to improve young
people’s ideas about science (Driver, Leach, Millar & Scott, 1996) and to foster scientific
attitudes, such as independent thought (Oliver & Nichols, 2001) and open-mindedness
(Harding & Hare, 2000).
In sum, it is widely recognized that both research laboratories and school laboratories have
an invaluable part to play in learning. One line of inquiry in science education literature
seeks to demonstrate how school laboratories can be made more like professional ones, in
order to provide young students with a learning environment more in tune with the reality
of scientific research (Bencze & Hodson, 1999; Lee & Songer, 2003; Roth, 2005; Roth &
McGinn, 1998). Yet there are few cases of research laboratories successfully becoming
learning spaces for secondary school students, and even fewer examples of research that
3
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attempts to understand the specific contribution that the scientific community can make to
the science education of pre-university students.
The need for a better understanding of the extent and impact of science workplace learning
is demonstrated by studies that show the benefits of having junior and senior secondary
school students learning science in university and industry research facilities under the
mentorship of science and technology practitioners. The results suggest that such learning
experiences can and do change students’ personal relationships with science (Bequette,
2005; Costa et al., 2005) and broaden their views of science and of scientists (Jelinek,
1998).

This is because experiences of this kind provide extended opportunities for

learning and doing science (Barab & Hay, 2001a; Bleicher, 1995), increases students’
school science achievement (Parker & Gerber, 2000; Ryken, 2003); constitutes a suitable
and appropriate provision, especially for highly talented and motivated pupils (Schenkel,
2002; Stake & Mares, 2001; Tuss, 1993), and, finally, has the potential to attract underrepresented groups such as school science underachievers, females ethnic minorities, to
science and science-related careers (Goldberg & Sedlacek, 1995; Munoz, 2002; Rahm,
Martel-Reny, & Moore, 2005; Schriver, 1995; Wilson, 1993). All this suggests that
university-based science enrichment and intervention programmes for secondary school
students should be offered far more extensively and also subjected to comprehensive
studied and systematic research investigation.
However, as mentioned above, such programmes are both rare and barely researched at
all. What we know about this type of educational provision tends to come from studies
with limited research scope. These are inclined to study either short-lived, local projects,
using a narrow range of methods and instruments, or large-scale programmes, which result
in commissioned evaluation reports. Most of these studies are quantitative in nature,
making extensive, and often exclusive use of standardized or adapted surveys, which are
inadequate for the typically small samples being examined (see Table 2.1 in §2). In
addition, over-reliance on close-ended questionnaires does not adequately uncover the
processes by which learning events unfolded and how they were experienced by the
participants. This suggests that such studies would benefit from the addition of a
qualitative perspective. Indeed, the educational implications of the apprenticeship nature
of these programmes, the lessons that can be learned from studying the social interactions
and discourses involved in scientist-student instructional dialogue, and the usefulness of
4
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eliciting the students’ own images and constructs about the nature of science as they
acclimatise to authentic scientific environments, are all valid and relevant reasons for
adapting a more qualitative and naturalistic approach. On the other hand, those very few
exceptions where such approaches have been adopted do provide a richer insight into the
object of the research but tend to treat it as bounded system isolated from its institutional
framework. In this case, much would be gained from a perspective which focuses on
understanding how institutional, social and cultural factors may foster and/or constrain
change in the students’ relationships with science and in the way they come to view
themselves as future members of the scientific community.
This thesis seeks to contribute to the small body of research outlined above. It is a study
that seeks to balance the limitations of a qualitative and locally grounded study of students
working with scientists in a research laboratory by quantitatively addressing the
characteristics of the surrounding national programme which has managed these work
experience projects over several years.

1.2 Scope and Focus of Research
Some types of informal education programmes are designed to complement, or even
enrich, school science. One of these is the ‘intervention programme’, conceived as an
educational provision for special groups not often well served in regular schooling. Other
programmes, normally targeting the whole school population, enable students to
experience science by participation in summer science camps in universities or industry.
These programmes are often termed ‘enrichment programmes’. While there is still not
enough evidence that such programmes change students’ views of science and/or career
perspectives, they have proven to be effective in confirming student preferences for
scientific research. Ciência Viva SIP, the subject of this study, falls into the latter category.
Many enrichment programmes include one or more of the following characteristics: (i)
participants attend a mixture of classes, hands-on activities and science-related career
counselling in universities; (ii) students engage in science projects that emerge from a
school-university partnership; (iii) scientists visit schools for talks and/or demonstrations.
Ciência Viva SIP concentrates on the first of these options, but adds three additional
innovative features. Firstly, it operates nationwide; secondly, it is not limited to university
5
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departments – in fact, scientific institutions constitute the majority of the SIP partners;
thirdly, it is based on internship/apprenticeship models, whereby students go to science
research laboratories to work with scientists in real-life, on-going research projects.
This national science programme is located in Portugal, under the co-ordination of Ciência
Viva, a non-governmental organization. A particular science research institution was
selected for the qualitative dimension to allow the study of the phenomena in a natural
setting. This was the Institute of Molecular Pathology and Immunology of the University
of Porto (IPATIMUP, henceforth termed Ipatimup). The internships provided by this
institute were especially well suited to this study for several reasons:
•

They introduce students to the culture and practices of science in universities
and scientific institutions, involving them in direct contact with science and
technology practitioners;

•

The duration of the internships is long enough for community dynamics and
cycles of activity to be established and studied;

•

The participants are students from 10th to 12th grades so that the findings have
implications for school science education.

1.3 Research Setting
Ciência Viva is a nationwide programme designed to promote scientific and technological
culture, and in doing so, seeks to enable ‘new forms of organization and interaction
between teachers and other experts from different domains of science and technology’
(Alves, 2001: 125); the European Commission describes it as ‘an open programme,
promoting alliances and fostering autonomous actions’ (European Commission, 2002: 10).
A recent sociological study of Ciência Viva (Costa et al., 2005) depicts it as a ‘social
movement’, in the sense that it involves diverse social actors joined together by a common
cause and aiming to stimulate and support social change (2005: 114).
Ciência Viva, as an institution, has been guided by two main principles: (i) the primacy of
the school in the development of scientific and technological culture; and (ii) the
recognition of the central role that practical work can play in this process. In line with
6
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these principles, three aims were established: first, to improve the science education of
Portuguese school students, secondly, to promote the dissemination of scientific and
technological culture throughout Portuguese society; thirdly, to set up networks of
scientific, educational and industrial communities which can share resources, knowledge
and strategies in order to promote the teaching of science. With these goals and principles
in mind, Ciência Viva developed the following instruments:

•

A programme – Ciência Viva in School – to stimulate and support practical work
in science teaching in Portuguese primary and secondary schools;1

•

A national network of Ciência Viva Science Centres – conceived not only as
interactive environments for promoting public awareness of science and
technology, but also as regional scientific, cultural and economic development
platforms, taking advantage of the most active participants in these regions;

•

National scientific awareness campaigns, fostering the creation of science
associations and providing the population with the opportunity to make scientific
observations and to establish a direct and personal contact with experts in different
fields of knowledge;

•

A nationwide initiative to promote summer science programmes for secondary
school students in universities and scientific institutions – the SIP.

1

Costa et al. (2005) provides a range of relevant quantitative data about the scale and implementation of the
school science projects supported by Ciência Viva: from 1998 to 2001, more than one million students were
involved in 3,139 science education projects. The projects were funded with more than 24 million Euros.
The results of a survey examining the impact of Ciência Viva have recently been published (Livro Branco da
Física e da Química [The White Book of Physics and Chemistry], 2002: 41), According to this survey, ‘out
of the 1354 teachers who responded to the inquiry (92%), about 67% declared that their teaching group had
been or was involved in Ciência Viva projects’. The teachers were also invited to describe the advantages
and disadvantages of Ciência Viva projects in schools. After a content analysis of the answers, the study
concludes that ‘the most important advantages of these types of projects is the possibility of establishing
new contacts with colleagues from other schools and universities; the promotion of interdisciplinary work;
and the exchange of ideas/experiences and teaching strategies’ (2002: 42). Ciência Viva has also been the
subject of an extensive multi-case research study, conducted by a team of researchers (As Parcerias
Educativas na Promoção da Experimentação e da Cultura Científica [Educational Partnerships in the
Promotion of Practical Work and Scientific Culture], 2002). Its main findings stress the idea that the
improvement of science education and scientific culture is best addressed by full dialogue and engagement
between students, teachers and scientists.
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The Ipatimup is a leading research institution in Portugal, with a research focus on human
pathology and oncology. The Ipatimup’s summer science internship programmes have a
duration of two weeks and involve small groups (two participants each) of senior
secondary students (10th to 12th grades) in the following research programmes: (i) stomach
cancer, (ii) breast cancer, (iii) thyroid cancer and (iv) population genetics.

1.4 Purpose and Research Questions
The purpose of this study was to examine scientists’ and students' discourse and practices
related to science learning within the context of a research laboratory. This was
accomplished by addressing the phenomena both in their naturally occurring setting (the
Ipatimup laboratories) and within the broader framework in which they unfold – the
Ciência Viva SIP.
Four general research questions emerged from this (see §3.2. for a description of their
relationship with data sources and methods):
•

What are the characteristics of the distribution and growth of SIP in relation to
its programmes, promoters and participants?

•

What are the students’ motivations to engage in SIP?

•

How do SIP students perceive and judge the quality of the science internships
in which they participate?

•

How do student-scientist interactions and discourses in the Ipatimup’s science
research laboratories shape the students’ learning of science?

1.5 General Research Perspective and Design
Given the scope and the multi-dimensional nature of the object of this study, §2.2 and 2.3
present the arguments which led me to deploy a range of diverse interpretative
frameworks and methodologies. As described in §3.3 and §3.4, I approached the inquiry
as an embedded case study (Yin, 2000), and addressed its conceptual, social, physical and
temporal dimensions (Miles & Huberman, 1994) with a multiple methods concurrent
8
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design (Creswell, 2003; Greene & Caracelli, 2003; Tashakkori & Teddlie, 1998, 2003).
The fieldwork was carried out over a period of three consecutive years, combining case
study and survey with a range of interconnected qualitative methods of data collection,
such as observation, interviewing and document analysis.
To address the SIP research questions, the data were gathered through a documentary
examination of Ciência Viva archives, complemented by a survey of the students’
subjective accounts. Data were subjected to both statistical analysis (Black, 1999) and
coding techniques normally used for the development of grounded theory (& Corbin,
1998, Taber, 2000b) – see §6.3. To capture the laboratory interactions in the Ipatimup,
data were collected from multiple sources, including extensive videotape records, student
artefacts (work notes, technical reports, multimedia presentations), ethnographic
interviews and field notes. Informed by ethnomethodological studies of laboratory work
(Latour, 1979/1986, 1986, 1987; Lynch, 1985b, 1991; Knorr-Cetina, 1981), the Ipatimup
study was approached within the framework of micro-ethnography (Delamont, Coffey, &
Atkinson, 2000; Hammersley & Atkinson, 1995; Spradley, 1979, 1980), and drew its
analytical procedures (§5.6) from socio-cultural studies of school science talk (Lemke,
1990; Moje, 1995) and educational ethnography (Crawford, Kelly, & Brown, 2000;
Erickson, 1992; Kelly & Chen, 1999; Yon, 2003).

1.6 The Organization of this Study
This thesis is organized in three parts: conceptualization, operationalization and discussion
of the findings. In the first part, I formulate the conceptual framework of the study, both in
terms of the body of knowledge underpinning the research and the methodological
perspective and design guiding the inquiry. The second covers the functional part of the
study; that is, how the research was planned and carried out, what analytical procedures
were put in place and what findings emerged from these. The third is an interpretation and
discussion of findings focusing on their implications both for science education and for
future lines of research.
The first part comprises four chapters: introduction, theoretical contextualization, research
perspective and research design. Chapter one starts by (i) presenting a rationale for
undertaking a study of secondary school students working as apprentices in scientific
9
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laboratories, (ii) summarizing the research questions and methodological framework and
(iii) providing an overview of the entire study. Chapter Two is a review of the literature. It
utilises historically grounded ideas about practical work in science education, on social
science studies of science, and, taking into account previous domain-related empirical
research, it establishes a theoretical framework for analysing and interpreting the findings
of the study. Chapter Three begins with a discussion of methodological approaches and
presents the arguments for adopting a perspective of paradigmatic pluralism; these are
based mainly on the inadequacy of a single interpretative framework to address both the
macro dimension of the subject of the research – SIP as a nationwide programme – and its
micro dimension, that is, the activities, interactions and discourses occurring between
scientists and students at one of the Ipatimup’s research laboratories. The chapter shows
that the paradigmatic pluralism underpinning this study is best served by adopting a
mixed-methodological approach, by drawing on distinct – and sometimes opposed –
interpretative frameworks, and by allowing the nature of the research questions to lead the
choice of the appropriate methods of inquiry. In sum, the research process is presented as
an inductive-deductive process of moving back and forth from the data in an iterative
cycle served by multiple methodological approaches. Chapter Four moves on to a detailed
description of the research design by presenting an overview of the methods of data
collection and analysis chosen in relation to the corresponding research questions. It
concludes with a thorough description of the data sources, methods and instruments of
data collection used both in the SIP and Ipatimup case studies.
The second part starts by addressing in Chapter Five the practical issues involved in the
operationalization of the research design. In this chapter I describe how I gained access to
the data in both the Ciência Viva and Ipatimup research sites, and discuss my role as
researcher during fieldwork and participant observation at the Ipatimup. Chapter Six
provides a comprehensive description of the techniques used in the analysis of the data.
Given the diverse nature of the data – verbal, textual, visual and numeric – I describe how
I have ensured full data integration for interconnected quantitative and qualitative
analytical purposes. The description starts by addressing the process of data representation
and transformation throughout the stages of (i) data collection, (ii) data organization and
storage in relational databases, (iii) qualitative analysis in NVIVO, (iv) quantification of
qualitative data, and (v) data transfer to SPSS for further statistical analysis. Chapter
Seven is the first account of the findings and addresses the initial research question of the
10
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study: What are the characteristics of the distribution and growth of SIP in relation to its
programmes, promoters and participants? Results are presented within a nine-year time
frame (1997-2005) starting with the examination of the institutional and scientific nature
of the organizations which provided summer science internship programmes throughout
this period. The chapter moves on to analyse the human resources assigned by the
providers for the implementation of the internships, particularly in terms of their level of
participation academic careers and professional status. The nature of the internships
themselves is also addressed, with an account of the key factors, such as scientific subject,
participants and instructional strategies. The chapter ends by focusing on the students who
attended these internships, highlighting the evolution and distribution of demographic
data. Chapter Eight addresses the second question of the study: What were the students’
motivations to participate in the SIP? It does so by analysing the motives provided by the
candidates to support their applications for internships and by assessing the extent to
which these accounts were influenced by the characteristics of the applicants themselves
and of the institutions and internships for which they applied. The data cover three
consecutive years, from 2003 to 2005, and the reasons put forward by the applicants are
shown to be affected by students’ gender, the institutions’ nature and their main scientific
field . The ninth chapter examines the students’ views of their experience after finishing
their internships. In doing so, it also attempts to answer the third question of the study:
What are the students’ perceptions of their experience in SIP? by investigating the extent
to which these were influenced by the characteristics of the students themselves, as well as
those characteristics of the institutions and internships. The findings show that although in
general students perceived their internships as beneficial in terms of learning science and
of their future science career aspirations, their perceptions were significantly different
across gender, type of institution and scientific domain. Finally, Chapter Ten addresses the
fourth research question: What opportunities are available to the Ciência Viva apprentices
in a summer science internship to do and learn science under the mentorship of a
practising scientist? This chapter provides a micro-ethnographic study of a 2004 summer
science internship at the Population Genetics laboratory at Ipatimup. It starts by focusing
on the practices and processes in which two young apprentices were involved during their
internship, including the concepts, techniques and procedures being taught, the process
adopted to give them a focus, and the equipment and tools being used. It shows how the
interactions between the participants and their mentor evolved from guided learning to
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self-directed, independent practice in the social and cultural context of the laboratory, and
how the students were able to display knowledge gained as an indication of their learning.
Finally, the third part reviews and discusses the findings within an holistic perspective.
Chapter Eleven provides the conclusion for this study by summarizing and discussing its
principal findings and implications.
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Chapter 2

Theorizing and Contextualizing the Study

As is the case with the main research project, this review does not address science
education per se. It is about certain aspects of the relationship between science-as-process
and education and, particularly, about the ways in which these two realities may
interconnect and overlap. Of course science education, particularly school science, has a
place in this review. It plays a key role in providing the knowledge and skills which shape
our understanding of, and attitudes to, science throughout life. Clearly this justifies close
attention but it is not, in itself, central to this research project.
This literature review is organized in three distinct parts. The first is intended to trace the
origins of the idea that practical work plays a central role in the learning and teaching of
science. It is organised so as to put into historical perspective the emergence and unfolding
of ideas that have often been identified as recent paradigms of what science education
should be about. Such ideas have included the promotion of independent thinking and of
responsible action as free citizens, together with the fostering of a scientific culture that is
grounded not only in a body of knowledge, but also in a strong awareness of the processes
of science making and a critical appreciation of its relationship with both technology and
society. The second part address a more recent conceptualization of laboratory work,
apprenticeship models of learning science and of the sociology of science – all of which
contribute to the interpretative frameworks and operational concepts guiding this study.
Finally, the third part is a critical survey of what I shall refer to as domain-related
research, that is, a collection of empirical studies through which it is possible to evaluate
the appropriateness and fitness-for-purpose of the methodologies and instruments applied
to the task at hand, namely an examination of the activities and interactions between
scientists and senior secondary students in university research laboratories and scientific
institutions.
13
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2.1 Historical Developments
The Early Days
Naturalistic and experiential methods in science education can be traced back to the
influence of the Swiss education reformer Johann Heinrich Pestalozzi (1746–1827). For
many, he was the first to put into practice the theoretical revolution described in
Rousseau’s Emile (Latham, 2002; Tomlinson, 1996; DeBoer, 1991; Elliot & Daniels,
2005). Although grounded in the Enlightenment’s perception of the child’s value and
innate goodness and in tune with the Romantic call for a direct contact with nature,
particularly via a renewed interest in the countryside, Pestalozzi’s educational innovation
was his focus on practical activities in the teaching of mathematics and sciences. In doing
so, he applied Rousseau’s principle of teaching by means of interactions with objects and
nature, and urged his pupils at Yverdun1 to learn from a mixture of observation and
experience. Elliot and Daniels (2005) have argued that the success of Pestalozzian ideas in
England is explained by the fact that it addresses ‘the utilitarian requirements of industry,
agriculture and the needs of society’, as well as through its appeal to ‘families whose own
prosperity depended on industrial and manufacturing innovation in the face of civil
disadvantage’ (2005 : 299).
DeBoer (1991) calls our attention to the innovative character of Pestalozzianism, whereby
‘investigation and experimentation were more important than memorization, and activity
was more important than passive listening’ (1991 : 22). Tomlinson’s (1996) reading of
Pestalozzi’s How Gertrude Teaches Her Children2 reveals a thinker for whom ‘all
learning originates from within the child’ (1996: 238). This idea of the pupil as active
learner demanded (i) a reassessment of conventional modes of learning, (ii) a redesign of
educational content and curriculum and (iii) a new role for the teacher. Underpinning this
revolution in pedagogy was the Kantian principle that all knowledge begins with
1

The Pestalozzian Swiss institution at Yverdun was visited by a number of early nineteenth-century
educators who would later spread Pestalozzi’s ideas across both the European continent and the AngloAmerican world. Among them, two English educators, James Pierrepont Greaves (1777-1842) and the
Reverend Charles Mayo (1792-1846), taught in Yverdun for three years and, on their return to England,
founded a similar institution at Cheam.
2
J. Pestalozzi, How Gertrude Teaches Her Children, trans. L. Holland and F. C. Turner (London, 1894).
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experience, and that the understanding of abstract concepts is best achieved by the gradual
assimilation of the basic elements of experience through the organizing categories of the
intellect.
To put these principles into practice , instruction had to unfold within an environment led
by the child’s needs and progress iteratively from there. Reason and, ideally, independent
thinking were fostered through following a natural and inductive process. Pestalozzian
pedagogy implied that the child would proceed from the known to the unknown, from the
concrete to the abstract. Moreover, the view of the pupil as active learner demanded from
the teachers an unprecedented commitment to keep the student’s interest in the subject
alive, and to engage all of the child’s faculties in a lively and active way. To achieve this,
Pestalozzi devised two strategies which may be regarded as the earliest forms of practical
work in the teaching of science – respectively, the promenades in the fields and ‘object
lessons’. Both strategies were later applied in Pestalozzian institutions throughout Europe
and the American continent. In England, for example, at the Pestalozzian Institution at
Worksop, Nottinghamshire (see Elliot & Daniels, 2005), lessons included daily field trips
to the countryside, where the child could gain experience with natural objects and beings .
Back in the classroom, instead of lecturing to pupils, teachers were urged to keep them in
constant activity and to stimulate their interest and intellectual faculties through
continuous conversation and engagement with physical objects from nature and culture.
As one of the most influential educators in post-Napoleonic Wars education, the name
Pestalozzi became, at least in England, ‘virtually synonymous with the movement for
infant education’ (Tomlinson, 1996: 238). But his most lasting legacy to English and
American science education is best traced through his influence on both Herbert Spencer
(1820-1903) and Johann F. Herbart (1776–1841) who, in turn, helped to shape the
educational thought of other late nineteenth- and early twentieth-century educationalists
and scientific activists, such as Thomas Huxley (1825–1925) and Henry Armstrong
(1848–1937) in England, and Charles W. Eliot (1834–1926) in America.
Although it was one of the earliest attempts to develop a systematic doctrine of education
(Herbart published his General Pedagogy Deduced from the Aim of Education in 1806),
Herbart’s work was practically ignored in the Anglo-American world until several decades
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after his death1. But he then enjoyed an impressive popularity in both England and
America. He began as a follower of Pestalozzi, and it is not surprising that his first essay
was entitled On Pestalozzi’s Most Recent Work ‘How Gertrude Teaches her Children’
(1802). As Herbert Spencer would attempt to do some decades later, Herbart sought to
develop Pestalozzi’s educational ideas into a systematic doctrine largely founded on
psychological considerations. At the centre of his educational thought was the association
between education and character formation, an aspect which would later attract Dewey’s
criticism for over-reliance on the role of the teacher and a tendency to overlook the ‘active
participation of the pupil in the learning process’ (Knox, 1975: 268). However, perhaps
Herbart’s most important contribution was not his ‘education as character formation’ but
what DeBoer (1991) described as his ‘theory of interest’, which emphasized the
importance of relating new concepts to the experience of the learner, a relationship which
would reduce pupils’ resistance to new ideas. For Herbart, curiosity and intrinsic
motivation to learn were natural traits of the mind; therefore the interest stimulated by
experiencing natural objects would foster conceptual understanding.
Herbert Spencer, in England, had been subject to Pestalozzian influence since his
childhood, for his father, William George Spencer (1790-1866), was the author of a
textbook on ‘inventional geometry’ which, in the words of Elliot, ‘was considered to be
the most Pestalozzian published in England’ (2004: 391). Indeed, Herbert Spencer’s father
was a friend of the educationist Beatus Heldenmaier who founded the Pestalozzian
Institution in Worksop. His own teaching experiences and the examples drawn from his
visits to Worksop were applied to the education of the young Spencer.2 Later, in the
1850s, Herbert Spencer (1911: 52) would write:
We are on the highway towards the doctrine long ago enunciated by Pestalozzi, that
alike in its order and its methods, education must conform to the natural process of
mental evolution.3

1

DeBoer (1991) argues that these delays of 50 years or more were common in the nineteenth century.
Others claim that the delay in the reception of Herbart’s educational theory in English-speaking countries
was also largely due to ‘the added complication of the availability of his work in translation’ (Knox, 1975 :
265).
2
Because Herbert Spencer had been, among nine children, the only one to live past infancy, his parents
decided to educate him within the family (Tomlinson, 1996).
3
Spencer’s essays were published during the 1850s, and later brought together in 1861 in his Education,
Intellectual, Moral and Physical. References to this work by Spencer are compiled from the Everyman
Library edition: Herbert Spencer, Essays on Education, with an introduction by Charles W. Eliot (London:
J.M. Dent & Sons, 1911), and quoted in Silberman (2003: 94).
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But Spencer was not blind to the excessive formalization of Pestalozzian techniques when
employed by teachers who where unfamiliar with his philosophy. As Tomlinson (1996)
points out, Spencer argued that Pestalozzi did not examine the child’s natural strategies of
interpretation of the world, and thus ‘confused logical simplicity with psychological
simplicity’ (1996: 250). Spencer, like Herbart, set himself the mission of investigating
those strategies and in so doing established the basis for a science of education. Moreover,
his arguments in favour of a scientific curriculum over a classical curriculum were explicit
right from the first of his essays – What Knowledge is of Most Worth (1861). It is here that
the virtues attributed to science by nineteenth-century thinkers themselves became the
virtues of education, and particularly of science education: independence of thought,
rejection of received authority, and reliance on observation, experimentation and
reasoning as the processes for arriving at an understanding of the nature of things. For
Spencer, these principles, when applied to the domain of education, implied a commitment
to the primacy of the scientific curriculum, child-centred teaching practice and an
instruction system unrestrained by church and government. Spencer advocated giving
children the opportunity for a practical examination of the mathematical and physical
properties of natural objects before teaching their formal systematization. Tomlinson
(1996) sees here an anticipation of Piaget’s theories, ‘As Piaget would later argue, clear,
objective thought had to be grounded in a knowledge of things not words’ (1996 : 251;
italics on the original). Spencer also supported the introduction of discovery learning as a
means of promoting active learners rather than passive recipients of received knowledge.
In his own words, ‘Children should be led to make their own investigations, and to draw
their own inferences. They should be told as little as possible, and induced to discover as
much as possible’. 1 This was, for Spencer, the royal road to independent thought:
Science makes constant appeal to individual reason. Its truths are not accepted on
authority alone; but all are at liberty to test them … in many cases, the pupil is
required to think out his own conclusions. 2
Another influential scientific publicist, and a friend of Herbert Spencer, was Thomas
Huxley who, in Donnelly’s words (2002), was ‘commonly judged to be the most effective
propagandist for science and science education in late Victorian England’ (2002: 547).
Much of Huxley’s popular reputation stemmed from his notoriety as a controversialist,
and particularly from the incident at the meeting of the British Association in 1860 when
1
2

Quoted in R. Silberman (2003 : 113), emphasis in original.
Quoted in Ibidem (2003: 92).
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he praised Darwin’s theory, thereby opposing Bishop Wilberforce. Unlike other scientists
of the time, such as John Hall Gladstone (1827-1902), who were concerned with the
relationship of science and religion, Huxley made no attempt to reconcile the two
(Coleman & Mansell, 1995), and that is why he is so often seen as the original scientific
crusader against religion. He is also known for having coined the term ‘agnostic’ (Tivey,
1998), doubting any claim not immediately open to logical analysis and scientific
verification, and refusing to assert certainty without compelling argument or substantial
evidence. Because he applied these principles to his defence of a central role for science in
education, and for a science education grounded in direct observations and conclusions
based on them, Huxley was a leading activist promoting the uniqueness of science as the
means to achieve ‘training of the mind’ (DeBoer, 1991: 10). In one of his controversies
with humanist critiques of the place of science in the curriculum (see Donnelly, 2002), he
argued that ‘for the purpose of attaining real culture, an exclusively scientific education is
at least as effectual as an exclusively literary education’.1
This brief description of the relatively small world of nineteenth-century science education
in Europe is incomplete without a reference to H. E. Armstrong. A political activist on
behalf of science education, like Spencer or Huxley, Armstrong took the cause further
with his attempts to translate his ideas into practice, particularly through his work for the
Chemical Committee of the British Association for the Advancement of Science.
Reflecting the dominance of inductive and experiential methods in nineteenth-century
science education, Armstrong campaigned for an ‘heuristic method’ (DeBoer, 1991)
whereby pupils would be placed in research situations so that they would acquire their
knowledge by and for themselves through scientific experience, as opposed to memorizing
it from textbooks. His uncompromising heurism, illustrated by his insistence on having
‘no books and no directions from the teacher’ (1991: 56), is demonstrated by his criticism
of Gladstone’s proposal to the London School Board (1880), for a peripatetic scheme
involving the use of demonstrators who, equipped with portable apparatus, would visit
schools and give lecture demonstrations in science.2 Coleman and Mansell’s (1995)
account

of

the

debate

about

Gladstone’s

recommendation

shows

Armstrong

acknowledging the virtues of the demonstrator scheme for the training of the teachers, but
1

T. H. Huxley, ‘Science and Culture’, in Science and Education: Collected Essays, Vol. III (London
Macmillan, 1895), quoted in Donnelly (2002: 548).
2
The peripatetic plan suggested by Gladstone had already been implemented in 1867, with Huxley’s
support, in Liverpool and Birmingham (see Coleman & Mansell, 1995 : 154).
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dismissing its relevance to student learning, since it ‘did not involve the pupils themselves
in any practical activity, leaving them cast in the role of spectators’ (1995 : 155).
Both Spencer’s and Huxley’s influence in the United States grew with their popular
American tours, during which they lectured on the scientific advancements of the
nineteenth century to considerable audiences. Their influence, together with the impact of
Herbartianism and of the German methods of research and training (see Rudolf, 2005),
helped to shape the thought of American advocates of laboratory instruction, such as
Edwin Hall, Ira Remsen, Johns Hopkins and, above all, Charles Eliot. All advocated the
kind of science teaching that urges students to arrive at their own conclusions, based on
experimental evidence. Initially, laboratory instruction made its way into American
universities and colleges, and particularly into Johns Hopkins University, through the
activities of Ira Remsen, a German-trained chemist. But it was the physicist Edwin Hall, a
Ph.D from Johns Hopkins University, who wrote, at Eliot’s request, the first list of
laboratory exercises which would become very popular in American universities – the
Harvard University Descriptive List of Elementary Physical Experiments, published in
1889 (DeBoer, 1991). A decade later, laboratory work had already been extended to
secondary schools. A key instrument in this expansion was, again, led by Eliot, Hopkins,
and Remsen, amongst others, with the publication of the Report of the Committee of Ten
on Secondary School Studies, which noted the ‘absolute necessity of laboratory work’. 1
In the early years of the twentieth century, the laboratory method of science instruction
was already widely established, and was regarded by many as an educational version of
the scientific method itself (Rudolph, 2005). Although written 200 years earlier, the idea
of a meticulous accumulation of observable facts of nature as a preparation leading to
generalization was still at the heart of nineteenth-century science – Newton’s and, later,
Darwin’s work was based on this approach and the success of their theories was seen as a
direct result of the effectiveness of the method. Transposed to science instruction, the
adoption of the scientific method meant that the student should engage in science as an
‘investigator’. Montcrief (1903) noted this:

1

National Education Association, Report of the Committee of Ten on Secondary School Studies, (New York:
American Book Company, 1894), 27, quoted in Rudolph (2005 : 348).
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The main point for the teacher to keep constantly in mind is that his student is an
investigator, seeking by means of his efforts to find out what is truth – not a mere
imitator or verifier of the results obtained by others.1
Moreover, equating science teaching to the scientific method generated a related idea,
namely the teaching of the ‘scientific method of thought’ as a way of developing
independent thinkers (Oliver & Nichols, 2001: 50) – an idea that would later lay the
groundwork for the acknowledgement of scientific literacy as having a role in the
promotion of citizenship in modern democratic societies. This narrative by Henry Linville
(1909) sums it up:
When a pupil finds by experience that conclusions are valid only when based upon
the results of carefully weighed observations and experiments, he has developed a
habit of thought that is of value in dealing with any set of facts … an instrument with
which he is able to examine critically the conclusions of others. He will be able to
distinguish between inferences as certain, probable, and possible … This ideal of
thought, which has been called the scientific method of thought, developed in dealing
with one set of facts, is invaluable in dealing with other facts.2
Learning by ‘Deweying’
As we have seen, by the turn of the century a large body of science education literature
had already established the importance of linking conceptual learning with practical
experience. However, no survey of the literature on practical work in science education
can ignore the very impressive contribution of John Dewey.3 I have chosen to comment on
Dewey’s ideas more extensively not only because they have paved the way for most of the
main trends in science education literature ever since, but also, and more importantly,
because they anticipate and inform the core features underpinning the conceptual
framework of my own research.

The Primacy of Experience and Practice. Central to Dewey’s influence is the emphasis
on learning through experience as opposed to more traditional teaching models, which
relied mainly on transmission, text memorizing and decontextualized skill acquisition.
However, this did not mean that experience would, by itself, be the immediate source of
conceptual development. Dewey was particularly concerned with differentiating educative
1

Quoted in Oliver and Nichols (2001 : 50).
Quoted in Ibidem (2001 : 51).
3
John Dewey took his Ph.D at John Hopkins University in 1884, when this university was assuming a
leading role in the introduction of laboratory instruction in America.
2
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experiences from ordinary ones. In his own words, ‘the belief that genuine education
comes about through experience does not mean that all experiences are genuinely or
equally educative’ (Dewey, 1938/1998: 13). Dewey saw ordinary experience as
immediate, a direct effect of an irregular world accessible to the senses, whereas an
educative experience had to have a clear sense of purpose and continuity that would have
lasting effects on the way students understood and interacted with world.

The Importance of Context. Dewey alerted us time and again to the danger of losing sight
of the ‘real world’. For him, the consequence of abstract and decontextualized learning
was that ‘the skills acquired [in school] have to be learned over again’ (1938/1998: 48).
Yet this apparently obvious statement continues to be underestimated even today. A recent
editorial article in the Cambridge Journal of Education (Warwick & Stephenson, 2002),
dedicated to science education and the public understanding of science, recognizes the
difficulties school science has in making science relevant to students’ lives. Another
recent study, involving five years of methodical observation of science lessons in a
secondary school, concludes that ‘for most of the pupils in the study, science education
played a small part in their lives’ (Reiss, 2002: 156).

The Role of Social Interactions. Although Dewey’s ideas are often seen as emphasising
learning as an individual and subjective experience, Dewey has always highlighted the
importance of the objective conditions surrounding the subjective internalisation of
learning. In his own words, these include ‘the materials with which an individual interacts,
and, most important of all, the social set-up of the situations in which a person is engaged’
(Dewey, 1938/1998: 44). It is not difficult to see parallels with recent social-cultural
educational frameworks. The difference is that Dewey, although aware of the socially
contextualised nature of knowledge, is consistent with his realist position and sees
knowledge not only as a purely social (or psychological) construction, but also as a
process grounded physically in our interactions with the world.

The Importance of Subject Matter.

This is a critical issue when one examines the way

Dewey’s legacy was appropriated by many of his followers. Indeed, Dewey’s criticism of
the traditional educational system was soon to be misperceived as favouring practice over
theory and experience over subject content. This oversimplification was at the centre of
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early progressive movements in education, which assumed that learning would arise
naturally from individual experiences rather than from subject teaching. In doing so,
progressive education shifted the focus onto teaching methods which sought to add
relevant subject matter to individual students’ interests and experiences: student-centred
education, self-expression and free activity became the keywords in progressive
education. Yet this approach drew negative reactions from Dewey himself. He criticized it
not only for doing the opposite of traditional education, but also because of its failure to
address subject matter as a primary source of both curriculum content and reflection.
Indeed, from Dewey’s perspective, the educational nature of experience is inseparable
from the examination of what is being experienced. In his own words:
Unless experience is so conceived that the result is a plan for deciding upon subject
matter, upon methods of instruction and discipline, and upon material, equipment and
social organization of the school, it is wholly in the air. (Dewey, 1938/1998: 17).
As we will see, failing to understand this idea was one of the roots of the ineffectiveness
of both the ‘progressive’ and ‘discovery’ movements in science education.

2.2 Practical Work, Apprenticeship and the Sociology of Science
The Laboratory Comes of Age
From what has been outlined so far, the extent to which the second half of the nineteenth
and the early twentieth centuries helped to shape the role of the laboratory in science
teaching should now be clear. The laboratory was seen as a working space where students
could develop their knowledge and learn. The idea was to use the laboratory as a way of
developing students’ observational skills and inductive reasoning through a direct contact
with the physical world. However, as DeBoer points out, ‘the laboratory exercises did not
move beyond the simple verification of scientific principles or the tedious observation of
natural phenomena for purposes of mental discipline’ (1991: 108). The high cost of the
laboratory, with its space, equipment and maintenance requirements, time-consuming
activities and the lack of preparedness of the teachers led to excessive formalization in
laboratory school science. The ‘progressive era’, which would last until the late 1950s
(DeBoer, 1991) was afflicted by a double tension. Firstly, there was the difficulty in really
delivering the promises of a science education largely grounded on laboratory work. This
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failure to deliver was exacerbated, on the one hand, by the sharp rise in secondary school
enrolments, which increased costs of laboratory science even more and, on the other, by
the persistent decrease in university enrolments in physical sciences and mathematics.
Secondly, a further issue involved the need to decide whether science education should be
organized around problems that were socially relevant and personally significant to the
students’ lives, or around the principles and content of the different scientific disciplines.

Traditional Laboratory School Science
By the 1960s, school science had evolved further because of the need to adapt time, space,
equipment and human resources to the explosion in secondary school populations. The
expository instruction style had made its way into the school laboratory. Activities were
designed to be carried out simultaneously by a large class, with students typically
organized in pairs and with clear instructions from the teacher, the textbook or the
experimental protocol. Students were expected to compare results with anticipated
outcomes in order to develop correct laboratory skills and to apply scientific
understanding to the phenomena observed. A major study of teachers’ views on the nature
and purpose of practical work in English schools (Kerr, 1964, cited in Pekmez, Johnson &
Gott, 2005) showed that the dominant style of laboratory instruction was characterized by
recipe-style practical work designed to result in the ‘right answer’. Moreover, although
teachers endorsed ‘finding facts by investigation and arriving at principles’ (2005: 5) as
one of the highest rated purposes of practical work, very little investigative work took
place in practice. In chemistry, for example, when teachers were asked to indicate the
extent to which they used each of seven proposed types of practical work, the three most
highly rated were: (i) demonstrations of preparations, special phenomena and techniques;
(ii) preparations and qualitative tests carried out by the pupils; and (iii) standard
quantitative exercises.
Interestingly, by the end of the twentieth century, criticisms of expository laboratory
classes still echoed those used by nineteenth-century science education advocates, such as
Herbert Spencer or Thomas Huxley. For Woolnough (1991b), the emphasis on rigidly
structured practical work (and on standard exercises from cookbook-style instructions)
‘does little to enhance students’ understanding of the concepts of science and nothing to
enhance their appreciation of the methods of science’ (1991b: 181). Bencz and Hodson
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(1999) denounce laboratory classes where ‘students slavishly follow teachers directions’
because these leave students
less able to conduct scientific tests of their own design, less able to appreciate the
complexity of relationships among science, technology, society, and the environment,
and less able to act in the critical role essential for achieving responsible citizenship.
(1999: 523)
Other science education writers argue that traditional laboratory activities constitute a
myth-making rhetoric (Millar, 1998; for an enumeration of these myths, see also Hodson,
1998b: 95), particularly when they fail to address central features of science-related
practices, such as problem posing, problem solving and peer persuasion (Roth and
McGinn, 1998), or when they leave students without an understanding of the roles of
uncertainty and error in experimentation (Crawford, Kelly & Brown, 2000; Harding &
Hare, 2000).

The Inquiry and Discovery Illusions
During the 1960s and 1970s both the inquiry and discovery learning methodologies had
already been established as alternatives to traditional laboratory teaching. Science
education projects such as BSCS, ESCS and Nuffield1, to mention just a few, had started
to revitalize the progressive idea of student-centred learning, with its espousal of free
inquiry and learning through discovery. Even three decades later, in the United States, the
National Research Council (2000) stated that science as inquiry ‘is basic to science
education and a controlling principle in the ultimate organization and selection of students'
activities’, and defined inquiry in the following terms:
A set of interrelated processes by which scientists and students pose questions about
the natural world and investigate phenomena; in doing so, students acquire
knowledge and develop a rich understanding of concepts, principles, models and
theories.
Emphasizing that science education should be driven by, and subordinated to, the
processes of science, this approach seeks to give students ownership laboratory activity
and stimulate them to ask questions, plan and carry out the investigation, gather data,
obtain evidence, and think critically and logically about the relationships between

1

The Biological Science Education Studies (BSCS), and the Chemical Education Material Study, in the
U.S.; and the projects of the Nuffield Foundation, in the UK.
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evidence and theory. From this perspective, and when compared to traditional laboratory
styles, inquiry-based instruction contains less direction, and gives the students more
autonomy to select procedural options.
Discovery learning is a less open version of inquiry-based learning. DeBoer (1991)
distinguishes each in terms of both outcome and procedure. Unlike open inquiry, where
neither the teacher nor the students know what the outcome will be, in a discovery
learning environment the teacher guides the students toward discovering the desired
outcome. In this sense, discovery learning and guided inquiry can be used
interchangeably. They share the assumption that students, on their own, will inductively
derive ideas and knowledge from facts and observation; and it is exactly the inductive
approach that has been attracting criticism for promoting a distorted view of scientific
inquiry (Hodson, 1993; Millar, 1998; Wickman & Ostman, 2002; Wellington, 1998b).
Millar summarizes the objections to the main assumption underpinning the ‘discovery’
approach: ‘the idea that learners can, by exploring a phenomenon carefully for themselves,
assemble the “facts of the matter” and then come to the accepted scientific understanding’
(1998: 18). Wickman and Ostman remind us that ‘meaning does not emanate from the
objects themselves’ (2002: 468) and that the meaning that students attach to their
observations is not only based on their previous experience but also socially shared. But
perhaps the most common objection is to the notion that inquiry instruction mimics
scientific inquiry by placing students in the role of scientists, as illustrated by the above
quotation from the National Research Council. This isomorphism between the processes
of producing science and those of teaching and learning science has been exposed as an
example of the extreme empiricism and inductivism which underpinned inquiry-based
learning in this period. Moreover, in spite of its potential beneficial effects on learners’
motivation, the effectiveness of inquiry-based learning is also diminished by the inability
of the teachers to address the diversity and complexity of scientific inquiry (Hodson,
1993; Millar, 1998). In Hodson’s words, ‘The substantial increase in the amount of
practical work during the Nuffield innovations of the 1960s did not lead to increased
uptake of optional science courses or to more positive attitudes towards science’ (1993:
91).
In sum, because pupils cannot extract theory directly from observation (they can see what
happens but not why it happens), and because their observations are embedded with their
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own worldviews and (mis)conceptions, practical work cannot provide conceptual
understanding on its own. And that is why so many science education writers have been
proposing ‘talking science’ (by promoting discussion, controversy and storytelling from
the history of science) as a critical tool that allows students to engage and work with the
ideas, concepts and principles of science (Crawford et al., 2000; Lemke, 1990; Moje,
1995; Moje, Collazo, Carrilo, & Marx, 2001; Scott, 1998).

The Constructivists’ Turn
The assumption that scientific knowledge and conceptual change could arise just from
empirical experience also attracts criticism from those who advocate the need to address
the influence of students’ previously acquired conceptions of science (see the seminal
article by Driver & Easley, 1978). Although the concern for children’s own constructs
about the world can be tracked back to earlier work by Piaget, what was particularly new
in Driver’s approach was that ‘where Gagné & White had conceived of memories of
events as wholly beneficial to understanding, Driver perceived that beliefs formed from
experience could impede understanding’ (Gunstone & White, 2000: 297). A central role
of research would therefore be to help teachers to elicit their students’

‘alternative

frameworks’ and to draw upon these to develop appropriate teaching strategies to
challenge, extend and correct them. For some, science education research had finally
found its purpose, and that is why these studies have been extensively replicated
worldwide (for a report on these studies, see Driver, Squires, Rushworth, & WoodRobinson, 1997).
The constructivist pedagogical agenda proposes a teaching strategy in which teachers (i)
identify the students’ pre-acquired ideas and (mis)conceptions, (ii) design appropriate
strategies to help students to develop and, possibly, change these constructs and (iii)
support the students in taking initiatives based on the beneficial reconstruction of their
views. Keith Taber (2006) proposes to look at constructivism as a research programme, in
the Lakatosian sense of the word. Indeed, the constructivist pedagogical shifts grew
alongside important methodological developments in science education research,
particularly the shift from experimental and survey studiers to more qualitative
approaches. Rather than searching for causality, the focus of research was set on the
understanding of the role of content as a core variable in the learning process.
26

Learning science through work experience

Furthermore, under the umbrella of emergent social-cultural perspectives on science
education (Lemke, 2001), the constructivist tradition soon embraced a socio-cultural
dimension in the analysis of students’ personal constructs of science. Studies of the
influence of students’ social worlds and the way they made sense of the natural world
drew attention to the importance of socially shared meanings in the classroom (Solomon,
1991). This idea was also at the heart of developments in science education research,
which drew on Vygotsky´s socio-cultural perspective of learning (Scott, 1998). Further
down this road, the acknowledgment of cultural diversity in the classroom, together with
an emergent debate about the cultural dimension of science (‘science subcultures’ versus
‘universal science culture’) introduced the idea of a pluralistic and cultural perspective for
science education (Aikenhead, 1996, 2000; Sj∅berg, 2000).

The Pursuit of Authenticity
Over the past two decades, a growing number of researchers has been proposing a revival
of the emphasis on investigative and problem-solving activities (Albone et al., 1995;
Helms, 1998; Herrington & Oliver, 2000; Leach, 1996, 1998; Millar, 1996, 1998; Roth,
1995; Woolnough, 1996). However, on this occasion, it is accompanied by an awareness
of the need to address the complexity of ‘real science’ and avoid the epistemological
anachronisms and myths that used to characterize inquiry- and discovery-based learning in
the 1960s. Taking on board the contributions of the philosophy and sociology of science,
scientific inquiry is no longer depicted as a value-free activity, in which scientists start
from observation and proceed via induction and experimentation to a successful outcome.
The emphasis is now on ‘authentic’ science education, which is more than ever equated
with ‘real science’, regarded here as a reality which embodies a huge range of different
activities and disciplines, with different cultures, practices and history. But is it possible to
incorporate authentic science into science education? The common answer, among most
advocates of this approach by researchers, is ‘yes’. However, different strategies are put
forward. Roth (1995), for example, has shown how such incorporation may be done
within the school, advocating the use of open-ended inquiry to provide students with
opportunities to view knowledge as socially constructed (see also his study of a year-long
physics course in a Canadian school (Roth, 1994)). Cunningham and Helms (1998) also
examined school science practices which draw on recent developments in the sociology of
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science to promote an approach to science practices and ways of thinking, characterized as
social networking, peer review and scepticism.
Woolnough (1991b), on the other hand, recognizes the difficulty of reconciling the
limitations of school science (curricula and organisational constraints, lack of teacher
preparedness) with the demands of real science environments: authentic science teaching
is thus better served by out-of-school and extra-curricular activities. Following this line,
Hodson (1998a) points out the critical necessity of appropriate mentorship. Finally, other
observers have also emphasised the advantages of having students doing science where
scientists do it, particularly in scientific laboratories and field research sites (Alves, 2001;
Barab & Hay, 2001a; Bleicher, 1995; Richmond & Kurth, 1999; Ritchie & Rigano, 1996;
Stake & Mares, 2001). The concept of guided learning, mentorship and the use of role
models in real-word contexts brings us to the notion of apprenticeship.

Learning with More Knowledgeable Others: an Apprenticeship Approach
Although discussion of apprenticeship models in schools is certainly not new (see, e.g.,
Collins, Brown, & Newman, 1989; Hennessey, 1993; Rogoff, 1984, 1990) there seems to
be a renewed interest in this approach among science education reformers. Before
schooling became the main institution charged with generating learning and cultural
reproduction, learning arose mainly through participation in apprenticeship experiences
(Lave & Wenger, 1991; Rogoff, 1990). However, this renewed interest in apprenticeship
should not be seen as advocating a return to its traditional forms, a misunderstanding that
has been the source of much criticism of the value and viability of apprenticeship as a
learning model. Adey (1997), for example, reminds us that apprentices ‘spent years doing
mindless and repetitive tasks’ and that ‘real apprenticeship has, thankfully, virtually
disappeared from western societies’ (1997: 54).
Mindless tasks are certainly not on the agenda of the models of apprenticeship proposed
by the advocates of situated learning. Lave & Wenger (1991) clearly demonstrate their
understanding of this issue and describe traditional apprenticeship in Western societies as
‘a form of control over the most valuable, least powerful workers’ (1991: 64). Instead,
drawing on more egalitarian (and non-exploitative) examples of apprenticeship, Lave
describes a rather different relationship between a mentor (or expert) and apprentice (or
novice). As the knowledge of the apprentice develops through the sharing of tasks and
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ideas in a supportive environment, the mentor’s involvement gradually disappears.
Progressively, apprentices accept greater responsibility for tasks until they reach a stage of
unsupervised independent activity. This trajectory is what Lave refers to as a movement
from the role of newcomers (‘legitimate peripheral participants’) to a more central role in
the community of practice.
Less consensual is the strong emphasis on the role played by context in learning advocated
by supporters of situated learning approaches (Collins et al., 1989; Hennessey, 1993;
Lave, 1988; Lave & Wenger, 1991; Wenger, 1998). In defence of the situated approach,
Collins et al. question the extent to which cognition can be separated from the contexts in
which thought and action take place, and thus describe school as a place where ‘skills and
knowledge have become abstracted from their uses in the world’ (1989: 453). Along the
same lines, Lave and Wenger (1991) expose the assumptions of cognitive theory about
‘the universal processes of learning’. In doing so, they contrast ‘context-free’ with
‘context-embedded’ notions of learning, and deny the usefulness of decontextualised
learning as a source of generalizable and transferable knowledge.
However, this position has attracted criticism, particularly from those like Adey (1997),
who advocate the search for ‘general and educable functions of the mind’, and put forward
the effectiveness of the CASE1 project as evidence of the ‘central function of education as
an opportunity to develop schema, skills, and dispositions which are quite general across
the learning spectrum’ (1997: 84). Other critiques, such as Anderson, Reder and Simon
(1996, 2000) drew on more extensive empirical evidence – mainly experimental research
into cognitive psychology – in compiling their arguments against what they describe as the
four central claims of situated learning: (i) action is grounded in the concrete situation in
which it occurs; (ii) knowledge does not transfer between tasks; (iii) abstract learning is of
little use; and (iv) instruction must be done in complex, social environments (1996: 5).
Although agreeing that action is situationally grounded, Anderson et al. (2000) critically
analyse what they call ‘exaggerated assertions’ that all knowledge is inseparable from the
situation in which the task is performed, and that, as a consequence, cannot transfer to
real-world situations. For them, the assertion cannot be absolute since, in their own
words, ‘How tightly learning will be bound to context depends on the kind of knowledge
being acquired’ (2000: 4). Another objection is that abstract instruction should not be
1

The Cognitive Acceleration through Science Education (CASE) project, in UK schools, draws on Piagetian
ideas to promote the development of formal operations in young adolescents.
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regarded as ineffective in itself; rather, its inadequacy lies in the incapacity of the teachers
to relate abstract teaching to the students’ interests or to what is required in a job situation.
Overall, what Anderson et al. denounce emphatically is the tendency of some situated
learning literature to be judgmental about the merits of knowledge acquired outside school
in relation to school-taught knowledge. For them, Lave (1988) went too far in suggesting
that ‘school-taught mathematics serves only to justify an arbitrary and unfair class
structure’ (2000: 5). This critique is echoed by Solomon (2003a) who, in even stronger
terms, dismisses as totalitarian Lave and Wenger’s (1991) claim about the superiority of
‘practical situated learning’ in relation to ‘analytical, reflective, or any kind of learning’
(2003a: 19). For Solomon,
It is rather like a class system being extended to knowledge. Why should one kind of
knowledge be higher or lower in importance than another? Clearly, we need all kinds.
(2003a: 19)
Nevertheless, and regardless of the validity of the arguments of both ´’context-free’ and
‘situated’ conceptions of learning, there has been a growing awareness of the vital role
that apprenticeship plays, particularly in the training of scientists. As we will see in the
next section, this has been well documented in social studies of science. Goodfield (1991),
for example, followed the trajectory of a Portuguese scientist in the field of immunology
for several years, from the time she was a graduate student up to the point when she
assumed a leading role as head of a scientific institution. In doing so, he came to realize
the extent to which the experience of apprenticeship provided the core strategies through
which a novice scientist develops a critical understanding of the culture and practices of a
scientific community. More recently, this awareness has also made its way into the agenda
of science education research (Barab & Hay, 2001a; Barab, Hay, Barnett & Squire, 2001;
Bleicher, 1994a, 1995; Richmond, 1998; Richmond & Kurth, 1999). Richmond (1998)
suggests that the models of scientific apprenticeship may be applied to students at much
earlier ages, not only because they provide opportunities for conceptual and skill
development, but also because, as he points out, ‘their greater value is that they allow
students to become participants in the scientific enterprise’ (1998: 586). Furthermore, as
studies of summer science programmes have documented, students start to act as
scientists, raise scientific questions, discuss interpretations and communicate questions,
methods and results within a larger community, which includes peers, mentors and
scientists.
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As will become evident throughout this study, I have made use of elements of the
constructivist research programme because of its emphasis on the experiences and
perceptions of the participants in learning environments, and elements of situated
cognition theory as guidelines for data analysis insofar as situated cognition focuses on
learning and its relationships to the social situation in which learning occurs (Lave &
Wenger, 1991)

The Culture and Practices of Science
Consideration of an apprenticeship model as a framework for examining the interactions
between scientists and students in research laboratories requires an understanding of the
culture and practices of science. This is in itself a key argument for turning to the literature
of the sociology of science. But there are other arguments. Roth (1995) and Richmond
(1998), for example, identify two areas in which science education may benefit from
drawing on social studies research into science: (i) to teach students about the nature of
science and (ii) to design and implement ‘authentic’ science. Cunningham and Helms
(1998), on the other hand, propose the use of the sociology of science as a means to a
more inclusive science education.
Traditionally, science education research has built upon theoretical and methodological
developments in psychology (and, more recently, in the history and philosophy of
science). However, particularly over the past two decades, there has been a shift away
from a predominant emphasis on individual learning and cognition. In favour of such a
shift, Lemke (2001) argues, perhaps rather radically, that what matters primarily is ‘what
kinds of discourses and representations are useful and how to use them, far more than
whatever brain mechanisms may be active while we are doing so [learning science].’
(2001: 298). However, regardless of the arguments in favour of the prevalence of either
psychology or sociology in science education research, social studies of science have great
potential for the provision of an appropriate conceptual framework with which to address
the specific context of my own research: the research laboratory.
Nevertheless, the sociology of science is far too wide a field; thus it was important to
circumscribe the areas upon which my study drew. A first distinction was made between
the ‘sociology of science’ – dismissed as ‘old’ by Michael Lynch (1985b: 39) – and the
‘sociology of scientific knowledge’, henceforth designated as ‘science studies’. Although
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one could be led to regard the former as a branch of the sociology that deals with scientific
knowledge, in reality the sociology of science, as informed by the work of Robert Merton,
has been primarily concerned with the macro perspective that helps to ‘explain’ science as
a social institution, with its norms and social networks. The Mertonian sociology of
science, with its ‘reward system’ and its ‘norms’, attracted Bourdieu’s criticism for
underestimating political and historical determinants of science, such as power relations,
ideologies and networks. Bourdieu associates the Mertonian norms with the Weberian
description of an ideal type of bureaucracy: universalism, meritocracy and collective
property (2004: 22), and rejects them as moral precepts. John Ziman (2000), on the other
hand, prefers to see these norms being ‘presented as traditions rather than moral
principles’, as ‘unspoken rules’ faced by newcomers to research when ‘they are entering a
self-perpetuating “tribe”’ (2000: 31). As Ziman points out,
The particular virtue of the Mertonian norms is that they emphasize practices and
principles that impact directly on individuals and that generally distinguish science
from other institutions and callings (2000: 33).
Nevertheless, it is often accepted that the Mertonian sociology of science concentrated its
efforts both on the study of the institution of science and on the study of the profession of
scientists, not on the social study of scientific knowledge. From a sociological stance,
particularly if we trace it back to Marx, Mannheim and Durkheim, it is difficult to deny
that beliefs and intellectual attitudes are socially determined. But, as André Kukla (2000)
points out, all these thinkers ‘exempted the beliefs generated by mathematics and the
natural sciences from their social analysis’ (2000: 7). The rupture brought up by some of
the advocates of the ‘science studies’ had far-reaching consequences. It is no longer only
scientific beliefs that are seen as socially constructed – it is also the scientific facts. This
conceptual shift determined (and was driven by) a new object of study – the research
laboratory. The 1970s and 1980s saw the emergence of more ‘micro’ approaches to the
study of science. Their potential benefits derive from their break with a global and rather
distant vision of science as a consequence of their closeness to the places where science
really happens. The change started to unfold in the early 1970s with the ‘strong
programme’ often associated with the work of David Bloor and Harry Collins. These are
often said to have been inspired by Thomas Kuhn’s claim that scientific activity is shaped
by the scientific community’s choice of a paradigm. Kuhn had also introduced the idea
that scientific evolution is a discontinuous process, marked by ‘revolutions’ which occur
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whenever a new paradigm, not necessarily dictated by the content of prior science,
emerges as a leap. However, Kuhn did not develop a systematic approach to the factors
determining the direction of a particular leap. Bloor, Collins and colleagues in the Bath
school set themselves to do just that. They moved away from the study of the social
groundings of the scientists’ interests and preferences and set the focus on how
interactions between scientists shaped their scientific assumptions. Although drawing on a
variety of sources, they did this work mainly under the influence of ethnomethodology’s
empirical studies of informal day-to-day practices, particularly with microscopic studies of
various aspects of scientific experimentation and argumentation, such as the social
processes of ‘scientific replication’ or scientific controversies. By the end of the 1970s, a
number of ethnographic investigations of laboratory practices were already being
undertaken. Two of the most influential would be Bruno Latour and Woolgar’s
Laboratory Life in 1979, and Knorr-Cetina’s Manufacture of Knowledge two years later.
Furthermore, on the other side of the Atlantic, under the influence of Garfinkel’s
ethnomethodological perspective, Michael Lynch started to develop his own empirical
approaches to examining the daily routines of laboratory work. In sum, alongside the
study of ‘science-as-knowledge’, these new approaches have turned their attention to
‘science-in-the-making’ (Latour & Woolgar, 1979/1986), to the ‘construction of scientific
products’ (Knorr-Cetina, 1981) and to ‘laboratory talk’ (Lynch, 1985a). Moreover, the
shift was not only one of object, but also one of method. For Knorr-Cetina, for example,
the difference was the ‘choice of direct anthropological observation of scientists at work’
(1981: 22). This view of the science studies as an ‘anthropological excursion’ into the
culture of the laboratory was echoed by Latour and Woolgar:
By contrast to the frequency of these anthropological excursions, relatively few
attempts have been made to penetrate the intimacy of life among tribes which are
much nearer at hand… we refer, of course, to tribes of scientists and to their
production of science. (1979/1986: 17)
In spite of their different interpretative frameworks, studies of ‘science-as-practice’ share
common features. Firstly, scientific facts are no longer seen as inseparable from the
courses of inquiry which produce them. Secondly, the logical-empiricist vision of the
scientific method is rejected as ‘an idealized and substantially mistaken version of
scientific practice’ (Lynch, 1985b: 3). Thirdly, scientific facts cease to be regarded as
given entities; instead, they are seen as socially constructed (Knorr-Cetina, 1981). Lynch
goes so far as to reject the idea of scientific inquiry as a set of simple, all-purpose
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methods, and describes it as ‘particular courses of action with materials at hand, instead of
step-by-step programs’ (1985b: 5).
This is not the place to discuss the implications of these different assertions, nor have I
positioned myself in relation to either end of the realist-relativist epistemological debate.
Instead, I have taken a selective approach and used elements from science studies that I
believe are relevant for the study.
Firstly, I have borrowed from Latour (i) his particular concern for ‘inscriptions’ (nonvocal materials and formulations as written equations, notes and diagrams); (ii) his
concept of ‘actor networks’ (1986); and (iii) his methodological lens, through which the
scientific laboratory is seen as creating a local ‘sociology of science’ of its own, both
generated in, and revealed by, the language of the institution’s participants. Secondly, I
draw on discourse analytic approaches that have been characteristic of studies of science,
particularly from Gilbert and Mulkay’s analysis of scientists’ discourse (1984). Gilbert
and Mulkay avoid the traditional overemphasis on interview material as a privileged path
to attitudes and knowledge. Interviewees are not seen as unreliable sources of information
that have to be checked against external data through various types of triangulation. The
relevant methodological issue here is to account for variations in participants’ claims
across situations, rather than setting them against a hypothetical invariant mental
representation. Indeed, what Gilbert and Mulkay have shown with their analysis of
scientists’ discourse is that attitudes and beliefs are not only dependent on context, but
also highly variable within individuals. Like any other person, a scientist expresses
contradictory beliefs (not necessarily untruthful ones) depending on the context in which
they are conveyed – such as in conference presentations, articles, interviews or in
everyday conversation. As Gilbert and Mulkay point out, discourse analysis, from this
perspective, assumes that ‘no particular class of participants’ discourse is to be taken as
analytically superior’, and that ‘the analyst is in principle able to allow for the variability
of scientists’ discourse and to seek to understand it in relation to variations in social
context’ (1984: 14). My research seeks to extend this ‘situated’ perspective of discourse to
the study of ‘instructional talk’ in the laboratory. The goal is to analyse the diversity of
repertoires that are being used to support claims across a wide range of situations
(particularly student presentations, peer dialogue or student-scientist talk). In sum, the
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overall purpose is to examine how discourses are used to construct instructional events,
and ways of doing and talking about science in the laboratory.
Thirdly, ethnomethodological studies of work will be used both as a research method and
a theoretical lens to examine everyday practical action as it unfolds from the locally (and
socially) constructed order of the laboratory. Unlike classroom practices – which are
designed exclusively to address instructional purposes – the interactions between scientists
and students (as I witnessed in my fieldwork) occur alongside the day-to-day practice of
the laboratory.

2.3 A Review of Domain-Related Studies
At this point it is important to focus attention on the outcomes of recent research into
science education programmes which are designed for secondary school students in
universities and scientific laboratories. However, as will become evident, there is so far no
substantial tradition of science education research in this area. This does not come as a
surprise as examples of science education interventions of this kind by universities,
industry and scientific institutions are relatively rare. Canada, Australia and the U.S.
(where the National Science Foundation has been regularly funding these types of
programme since the 1960s) are exceptions. In Europe, this has not been a popular area for
study in science education research literature. According to the European Benchmark
Report (2002), the involvement of the scientific community in pre-university education is
still a recent phenomenon and its main contribution is focused on ‘providing teaching aid
materials, scientific information or multimedia for educational purposes’ (2002: 66).
From what has been outlined so far, the large majority of research into science internships
and summer science programmes comes mainly from the other side of the Atlantic, with
much smaller contributions from Australia and Europe. My review of these studies will
highlight the major themes of the research, methods of gathering and analysing data, and
underlying interpretative frameworks.
With few exceptions, all the studies reviewed share four features: (i) they look at science
education initiatives organized exclusively by universities and scientific institutions; (ii)
the activities take place in laboratories and other facilities belonging to these higher
education and research institutions; (iii) they are normally carried out during the students’
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summer holidays; and, finally, (iv) they involve an interaction between the students and
science practitioners who act as mentors and supervisors.
Although sometimes overlapping in their proposed themes, the reviewed studies fall into
three main categories. The first focuses on the examination of the eventual change in the
students’ attitudes to science and perceptions of the nature of scientific inquiry; the second
concentrates on investigating the participants’ interest in science-related careers and their
career decision-making processes; and a third looks at conceptual change as a result of
approaches to learning and teaching science which are not commonly characteristic of
school science practice.

Research into Science Attitudes and Perceptions of the Nature of Science
These studies basically seek to assess the extent to which summer science programmes
transform student attitudes to, and perceptions of, science and technology, and how this
change is affected by differences in gender and/or ethnicity. The choice of this object of
study arises from a growing awareness over the past two decades of the need to improve
young people’s perceptions of science, which is often seen by education reformers and
policy-makers as a strategic condition for scientific and technological development.
Schools and teachers are also critically engaged. For more immediate reasons – principally
the need to increase pupils’ interest in school science subjects – many teachers regard the
study of students’ attitudes to science as potentially one of the most important practical
outcomes of science education research (Ramsden, 1998). Probably as a result of these
factors, most studies examined in this review chose to focus on changes in both students’
attitudes toward science and perceptions of the nature of science, rather than assessing
changes in scientific knowledge and other conceptual and cognitive factors. However,
their findings prove to be neither conclusive nor convergent. Indeed, as evidenced by
Table 2.1, some fail to account for any significant change (Crawford, Bell, Leslet &
Lederman, 1999; Gibson, 1998; McComas, 1993, Stake & Mares, 2001), while others
claim to provide evidence of improvement in students’ attitude to science and
understanding of the nature of science (Bequette, 2005; Jelinek, 1998; Richmond & Kurth,
1999). As will be demonstrated, the disparity of results may most usefully be attributed to
differences in the theoretical frameworks, methods and instruments being used rather than
to the nature of the programmes under scrutiny. Thus, depending on their methodological
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approach, I chose to differentiate two strands of research: (i) normative studies and (ii)
naturalistic and interpretive studies.

Normative Studies. The normative nature of these studies arises not so much from a
preference for quantitative methods – some are both quantitative and qualitative – but
from their analytical perspective. This means that, rather than looking at attitudes and
perceptions in the students’ own terms, these are analysed against a pre-defined normative
standard which defines how ‘correct’ they are along a given scale of values. Their over
reliance on either researcher-designed or standardized attitude inventories – normally
administered within a pre-post research design – may be one of the reasons that they are
among those studies which showed no significant gains in students’ attitudes to, and views
of, science after going through science intervention or enrichment programmes. William
McComas (1993), for example, examined the effects of a summer university laboratory
internship for talented high school students on their views about the nature of science, as
measured by the Test on Understanding Science (TOUS) – an inventory developed by
Cooley and Klopfer (1961), which became a popular tool for the assessment of the impact
of the 1960s’ curriculum projects. As McComas himself suggests, his study failed to
provide evidence of change in participants’ perceptions of the nature of science, and he
observed that ‘it may be that this instrument is not the ideal tool to use in a study of this
type’ (1993: 13). This seems to corroborate the low performance of the TOUS, when
applied in similar studies, as had already been noted by Durkee (1974), who studied a
group of secondary students in a physics summer internship much like the one examined
by McComas. Strikingly, the students participating in McComas’ research were also
subject to a qualitative study carried out by McArthur (1993), which revealed substantive
gains with respect to students’ understanding of the nature of science. As McComas
himself points out, ‘The mismatch between findings – while supportive of the role of joint
quantitative-quantitative investigations – is somewhat troubling’ (1993: 13).
Helen Gibson (1998) used another standardized inventory to assess the impact of a twoweek inquiry-based science programme on middle school students’ attitudes towards
science. This made use of the Science Opinion Survey, a standardized questionnaire, in
order to assess long-term effects. The pre-surveys were administered to students at the
beginning of the first day of the program, and the post- surveys were administered two
years later. Here again, no significant change over time was visible. As Gibson points out,
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the surveys ‘indicated that the program did not, across the board, increase students’
interest in science’ (1998: 19). Yet, once again, the summary of qualitative results based
on interviews with randomly selected students showed the same type of mismatch
between quantitative and qualitative studies, since ‘seventy-five percent of the students
interviewed said that SSEP increased their interest in science’ (1998: 17).
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Table 2.1
Key Characteristics of Domain- Related Studies
Study

Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

Bequette (2005)

High school students
participating in an 8-week
summer science programme
in biotechnology
(N = 8)

Examine impact on students’
perceptions of the nature of
science

Qualitative study
Participant observation
Semi-structured interviewing

Students’ relationships with
science changed as they
developed new ideas about the
culture of science and gained
new perspectives of themselves
as scientifically engaged adults

Barab and Hay
(2001a)

Middle school students
participating in a 2-week
summer science
apprenticeship camp
(N = 24)

Action theory / Situated learning
Programme evaluation as a
function of key learning
characteristics of participatory
science learning: situationally
constructed knowledge;
authentic practices; learning
with experts, participation in
communities of practice;
identity as scientists; and
reflection-in-action

Qualitative study
Naturalistic approach (Lincoln &
Guba, 1985)
Grounded theory (Glaser &
Strauss, 1967)
Semi-structured interviewing

Students engaged in most of the
key principles for participating
in authentic science practice
Yet the duration of the
programme did not allow a full
apprenticeship experience,
particularly because the
students only worked with
scientists for two hours a day

Bleicher (1994a,
1995)

High school students
participating in a summer
science programme
(N = 32)

Socio-cultural theory
Examine students-scientist
interactions and their impact on
the students’ learning of science

Qualitative study
Ethnography
Participant observation (Spradley,
1980)

Extended opportunities for doing
authentic science alongside
scientists produced visible gains
on students’ learning and
communication of science
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Table 2.1
Key Characteristics of Domain- Related Studies (cont.)
Study

Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

Cavallo, Sullivan,
Hall and Bennett
(1999)

High school junior and senior
students participating in a
6-week summer programme
in the health sciences
(N = 110)

Examine students’ college major
decisions and future career
goals

Quantitative study
Descriptive statistics
Survey designed by the host
institution and administered to
participants from 1992 to 1997

81% of participants chose a major
area of study in a science field.
Of these science majors, 42%
selected a major in a healthrelated field

Costa et al. (2005)

Senior secondary school
students participating in
summer science internships
in scientific research
institutions

Examine participants’ motivations
and programme impact on
students, scientists and host
institution

Qualitative study
Interviewing

Main motivations included
interest in the subject and in
experience of laboratory life.
Students noted the advantages of
the experience, particularly in
terms of their projects for the
future, independently of the
pursuit of a scientific career

Crawford, Bell,
Leslet, and
Lederman (1999)

High-ability high school
students participating in an
8-week summer science
programme in science and
engineering
(N = 10)

Examine impact on students’
conceptions of the nature of
science and scientific inquiry.

Qualitative study.
Open-ended pre- and postquestionnaires
Semi-structured interviews
Teacher/researcher’s daily logs on
students behaviour

Comparison of pre- and postquestionnaires indicated few
changes in the students’
understanding of the nature of
science
Students reported gains in
learning about doing science,
but only a few exhibited change
in their knowledge about
scientific inquiry
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Table 2.1
Key Characteristics of Domain-Related Studies (cont.)
Study

Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

Davis (1999)

High school students
participating in a research
apprenticeship programme
in the health sciences
(N = 54)

Investigate factors affecting the
career decision-making
processes of minority high
school students

Quantitative study
Inference statistics
Survey designed by the researcher

The programme had a significant
impact on the career decisionmaking process of the students
68% of the students chose to
pursue a health profession
immediately following high
school

Evanciew (1994)

High school youth
apprentices working with
adult mentors in rural
communities

Situated cognition theory
Examine and describe interactions
between mentor and youth
apprentices

Qualitative study
Participant observation
Interviewing
Document analysis

Mentors used instruction
techniques associated with
cognitive apprenticeship, such
as modelling, coaching and
scaffolding
Most apprentices believed their
experience was challenging and
interesting, with good
opportunities to explore
different career options

Frierson (1996a)

High academic achievers
participating in a 10-week
summer programme in
sciences and humanities.
(N = 208)

Compare the perceptions of
mentoring-related experiences
of African-American students in
sciences with those in
humanities and social sciences

Quantitative study
Descriptive statistics
Survey designed by the researcher

Students engaged in humanities
and social science research had
a higher proportion of positive
responses
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Table 2.1
Key Characteristics of Domain-Related Studies (cont.)
Study

Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

Gibson (1998)

Middle school students
participating in a 2-week
summer science programme
(N = 79)

Evaluate long-term impact on
students’ science attitudes and
interest in science-related
careers two years after
participation

Longitudinal quantitative study
Inference statistics
Science Options Survey (National
association for Educational
Progress, Florida State
University)
Career Decision-Making System
Revised (Harrington &O’Shea,
1992)
Interviews

In general, as measured by the
standardized surveys, students
interest in science careers
decreased slightly as they
moved from junior to senior
high school
The interviews suggest that
students may lose interest
because of the way science
classes were taught

Goldberg and
Sedlacek (1995)

High school girls
participating in a 6-week
summer programme in
engineering
(N = 30)

Evaluation report
Assess quality and effectiveness
of the programme

Mixed-methodology
Descriptive statistics
Likert-type survey designed by
the researcher
One focus group with all the
participants

The majority of the students
gained a greater understanding
of engineering and related
careers, and an increased selfconfidence to pursue a career in
engineering.

Jelinek (1998)

High school students
participating in a 6-week
summer science programme
(N = 20)

Experiential science learning
Investigate impact of an
experiential science learning
summer camp on students’
science attitudes and
perceptions of the nature of
science

Qualitative study
Grounded theory (Glaser &
Strauss, 1967)
Pre-post test design
Questionnaire (designed by the
researcher) and ‘draw-ascientist’ instrument

Students broadened their views of
science and of scientists as a
result of the interaction with
scientists in activities which
challenged their prevailing
views
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Table 2.1
Key Characteristics of Domain- Related Studies (cont.)
Study

Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

McComas (1993)

High ability secondary school
students participating in a
6-week summer science
programme
(N = 56)

Examine impact on students’
views of the nature of science

Quantitative study
Inference statistics
Pre- and post-test standardized
survey with the Test on
Understanding Science (TOUS)
(Cooley & Klopfer, 1961)

The TOUS showed no change in
the students’ perceptions of the
nature of science
However, a qualitative study of
the same participants
(McArthur, 1993) revealed
gains in this domain

Munoz (2002)

Afro-American urban
minority secondary school
students participating in a
4-week summer programme
in mathematics and science
(N = 103)

Evaluate programme impact in
academic achievement.
Examine students’, parents’ and
teachers’ perceptions of the
programme

Quantitative study
Descriptive statistics
Content knowledge pre and posttest.
Surveys of students, teachers and
parents surveys

Students’ mathematics and
science scores increased
significantly (more than 40%)
Most parents and teachers had
positive reactions to the
programme
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Table 2.1
Key Characteristics of Domain- Related Studies (cont.)
Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

Phillips et al. (2002)

High school girls
participating in a 2-week
summer science programme
(N = 32)

Examine interests in physical
sciences and related careers one
year after participation in the
programme

Quantitative study
Inference statistics
A pre- and a post-test (one year
later) using a standardized
inventory, the Strong Interest
Inventory (Harmon et al., 1994)

The attitude and interest
inventories revealed no
significant change in the
participants’ interest in school
science or in the physical
sciences and related careers
The participation in out-of-school
experiences significantly
decreased after one year

Plucker and
Stocking (2001)

High school gifted students
participating in a 3-week
summer programme
(N = 131)

Internal/External frame of
reference model (Marsh, 1986)
Examine the development of
academic self-competence and
adolescent well-being

Quantitative study
Inference statistics
Self-Description Questionnaire II
(Marsh, 1992)

Gifted adolescents’ self-concept
was not high in all the subjects
in which they excelled (e.g.,
mathematics achievement was
negatively related to verbal selfconcept)

Rahm et al. (2005)

High school girls from poor
urban schools participating
in a 6-week summer
programme
(N = 3)

Critical and social cultural theory
Examine motives for
participation; students’
subjective accounts of the
experience; relatedness of the
programme to their lives

Qualitative study
Multi-sited ethnography (Marcus,
1998)
In-depth interviewing

The value of the programme in
the lives of poor urban youth
was highlighted by the
‘opportunity to develop a sense
of hope for the future within
which science becomes a tool
for action’ (2005: 289)

Study
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Table 2.1
Key Characteristics of Domain- Related Studies (cont.)
Study

Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

Ritchie and Rigano
(1996)

High school students
participating in a oneafternoon-a-week university
research project through out
the school year

Cognitive apprenticeship
Investigate the application of
open-ended inquiry under the
mentorship of university
scientific researchers

Qualitative study
Participant observation

The duration of the programme
allowed students to extend
traditional apprenticeship to
ownership of projects with
increased autonomy in the
research design

Richmond and Kurth
(1999)

High school students
participating in a summer
research programme
(N = 7)

Investigate how research
apprenticeships shape students’
views of the culture and
practice of science

Qualitative study
Participant observation
Discourse analysis

Students acquired new insights
into the culture and practices of
science along four main
dimensions:
(i) technical and scientific
discourse; (ii) social dimension of
scientific practice; (iii) scientific
uncertainty; (iv) perception of the
scientific inquiry as a long-term
process

Ryken (2003)

High school students
participating in summer
laboratory internships in
biotechnology
(N = 61)

Examine how diverse
environments provide access to
skill development opportunities,
and how these gain meaning
when connected to school
experiences

Qualitative study.
Participant observation, document
analysis and interviews

Programme contributed to skill
development by providing
access to the basic scientific
tools and techniques of
biotechnology and added
relevance to school learning
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Table 2.1
Key Characteristics of Domain-Related Studies (cont.)
Sample

Framework / Purpose /
Research Questions

Methods / Instruments

Key Findings

Schenkel (2002)

High-ability secondary school
students participating in a
2-week summer programme
in marine sciences
(N = 25)

How do programme activities
align with science education
reform recommendations
regarding provisions for gifted
students?
What do students gain from
participating in the programme?
How do students compare their
experience at the camp with
their school experience?

Quantitative study
Descriptive statistics
Survey designed by the researcher

Approximately half of the
students experienced a positive
change in their feelings about
science. The programme
provided valuable experiences
for its participants, especially in
understanding what scientists
do, how they work and how this
knowledge can relate to the
participants’ own career choices

Stake and Mares
(2001)

Gifted high school students
participating in a summer
science programme
(N = 330)

Evaluate programme impact on
science attitudes

Large-scale evaluation study
Inference statistics
Content analysis
Science Motivation Scale
(designed by the researchers)
Science Self-Concept Scale
(Campbell, 1991)
Parents open-ended survey

Pre-post comparisons did not
indicate positive impact on
science attitudes; but other
measures provided evidence of
programme effectiveness.

Study
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Table 2.1
Key Characteristics of Domain-Related Studies (cont.)
Sample

Framework / Purpose /
Research Questions

Tuss (1993)

Academically talented high
school students in an 8-day
summer research
apprenticeship programme
in materials and nuclear
science.
(N = 78)

Flow Theory of Intrinsic
Motivation (Csikszentmihalyi,
1988)
Questions about the participants’
subjective experience in terms
of enjoyment, involvement and
perception of challenge

Quantitative study
Inference statistics
Survey and attitude inventory
(Retrospective Experience
Survey, RES)

Wilson (1993)

Exceptionally talented high
school students
participating in a 3-week
summer programme in
sciences and mathematics
(N = 947)

Examine the motivational factors
and gender differences
influencing course selection

Quantitative study
Inference statistics
Talent Identification Program
questionnaire, designed by the
host institution and
administrated at the end of the
programme

Study

Methods / Instruments
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Key Findings
Subjective experience is optimal
when the participant’s skills are
high and the level of challenge
is neither excessive nor
insufficient.
Levels of involvement are highest
during laboratory activities.
Levels of enjoyment are highest
during unstructured activities
such as recreation and tours.
Gender differences in course
selection reflected traditional
gender stereotypes. Gender
differences in motivation were
detected. Girls were more likely
than boys to choose classes that
they perceived as challenging,
different, not available at
school. Boys selected the
classes where they thought they
would do well and/or would be
useful for future schooling and
career.
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Katherine Philips and colleagues (2002) found the same inconsistency between
quantitative and qualitative findings when they examined a group of high school females
who participated in a residential summer intervention programme focusing on physical
science, mathematics, engineering and technology. Like Helen Gibson, they were
interested in long-term effects. Their main purpose was to investigate students’ levels of
interest in physical sciences and related careers one year after their participation in the
programme. A pre- test/post-test design was administered using another standardized test
(see Table 2.1). In the analysis of the overall results of the sample, the inventory failed to
reveal any significant change. Moreover, the participation in out-of-school experiences
significantly decreased after one year. Philips et al. then turned their attention to
individual cases, particularly to those placed at the extremes of the spectrum revealed by
the inventory: three participants who showed significant gains and three whose interest in
physical sciences significantly decreased were selected for individual interviews. All six
participants were able to recall their experience at the Academy and its positive effect on
their confidence in performing science-related activities. The large increases and decreases
in interest in physical science and related careers suggested that these interests, in the
words of Philips et al’s., ‘were not necessarily stable for girls at the high school level’
(2002: 245). Moreover, further investigation suggested that recent events in the students’
lives – particularly school experiences – influenced their current interests in science and
science careers ‘more strongly [than the programme]’ (2002: 246). A similar pattern was
reported again in a larger evaluation study (Stake & Mares, 2001) carried out from 1995 to
1998 and involving 330 highly skilled students. In this case, although the investigators
used a science attitude inventory which had been specially designed to address the purpose
of their research, there were no significant pre-test/post-test differences. However, this
study introduced a methodological improvement, which enabled the identification of other
forms of evidence of the programme’s impact. A mix of inquiry techniques covering
individual performance, attitudes to science, career options and students’ own ratings of
change allowed Stake and Mares to account for different programme outcomes among
individual participants. In doing so, they were able to examine how the programme’s
impact was influenced by differences in gender, family support, teacher attractiveness and
students’ self-esteem.
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From a more qualitative perspective, but still a normative one, Crawford et al. (1999)
designed an open-ended questionnaire focusing on aspects of the nature of science and
scientific inquiry ‘considered appropriate for secondary students’ (1999: 2). Again, a pretest/post-test design was applied. In the authors’ own words, ‘no change in conceptions
was noted in students’ conceptions from pre to posttest’ (1999: 11).
From what has been outlined so far it is clear that either summer science programmes have
limited impact on students’ attitudes to and views of science or that there are inherent
problems with attitude research. Science attitude scales were used extensively in the 1960s
and 1970s (see Gardner 1975, 1996, for an extensive review). However, the growing shift
towards more qualitative approaches led to their virtual abandonment (Ramsden, 1998);
and even among those continuing to advocate them, there are increasing concerns about
design and validity issues (Gardner, 1996; Munby, 1997; Oppenheim, 1992). Two
difficulties arise from the administration of attitude measurement instruments, especially
from rating scales. First, ‘the expected answer’ effect, which drives the respondents
towards an answer that they think will satisfy the researcher rather than expressing their
own ‘real’ attitudes. Encouraging the students to give open and honest responses is not
always successful in diminishing their understandable desire to please, or fear of
disapproval. This is why other techniques, such as projective methods or semi-structured
interviews (Oppenheim, 1992), are increasingly being used in attitude measurement.
Secondly, there is the risk of the ‘ambiguity effect’, where researcher and respondents do
not always share the same understanding about the meaning of the items. Concerns about
the distortion produced by ambiguity has led both to an increasing abandonment of
science attitude inventories over the past decade, particularly in Europe, and to
refinements in methods of questionnaire design, which now tend to include larger pilot
samples and, sometimes, even preparatory qualitative fieldwork.
In the particular case of science programmes, there are two further problems. On the one
hand, students’ underlying attitudes appear to be relatively enduring and thus unlikely to
change substantially in the normally quite short period of time characteristic of these
programmes. On the other hand, there is the so-called ‘ceiling effect’, suggested by some
researchers as an important reason for the failure to detect change in students’ attitudes.
That is, the fact that highly motivated or talented students score so highly in pre-tests
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makes it unlikely that they will improve their scores in post-tests (McComas, 1993; Stake
& Mares, 2001).
Naturalistic and Interpretative Studies. David Jelinek (1998) introduced a multiple data
source perspective in his case study of high school students in a summer programme at the
University of California in Santa Barbara. The main objective was to identify the key
factors affecting students’ attitudes and perceptions of the nature of science. These factors
would emerge within an ‘experiential learning’ framework inspired by Dewey’s
pedagogical approach. The author was interested in ‘how students relate to science rather
than what they know about science’ (1998: 3). Here, interest, meaningfulness and
imagination are seen as key motivational factors to bring about change in students’ views
of science. Field notes, classroom activity reports and student assignments complemented
a questionnaire and a ‘draw-a-scientist’ instrument, all these were operated within a pretest/post-test design. The author claims to have found multiple evidence to suggest that
students broadened their conceptions of science and scientists, mainly as a result of
activities that challenged their prevailing views and because of the interaction they had
with real science and scientists.
From a social-cultural perspective, Gail Richmond and Lori Kurth (1999) studied the
experience of a group of high school students participating in a summer research
programme. A focus group of seven students was selected as representative of the gender,
ethnic and social diversity of the participants, and data were gathered from interviews,
participant diaries and pre-test/post-test questionnaires, following a qualitative
ethnographic approach. The researchers’ main purpose was ‘to investigate how research
apprenticeships shaped students’ views of the culture and practice of science’ (1999: 677).
These views, as they became visible through discourse analysis of student talk and
writing, revealed four main dimensions of scientific culture and practice, as perceived by
the students: first, the role of technical language, not only for understanding scientific
knowledge, but also as a key tool for negotiating knowledge within a community of
researchers; secondly, the importance of collaboration (and this seems to have been one of
the students’ views which changed dramatically) which contradicted an initial view of
individual scientists working alone in the pursuit of their own research questions. Thirdly,
the role of uncertainty as an integral part of scientific research, where initial questions
become most complicated by new questions and issues brought up in the course of the
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experiment; finally, the nature of inquiry, which is no longer seen by students as a result
of short-term research efforts, but, rather as a time-consuming process of trial and error,
where available data do not always live up to expectations. Furthermore, in the authors’
own words, ‘Students came to see science as a cumulative body of work, with ideas
building upon each other, within a laboratory and across scientific communities.’ (1999:
686).

Research into Science-Related Career Interests
The research focus on the effects of science enrichment and intervention programmes on
student interest in science-related careers stems from two main arguments; firstly, the need
to tackle the threat that students’ lack of interest in science poses to scientific and
technological competitiveness in modern societies (Cavallo, Sullivan, Hall & Bennet,
1999; Davis, 1999); secondly, the idea that this type of programme may have a positive
impact on specific problems associated with girls’ low interest in science oriented careers
(Chacon & Soto-Johnson, 2003; Goldberg & Sedlacek, 1995; Wilson, 1993).
Chacon et al. (2003) examined the impact of a week-long summer programme for young
women on the way they perceived mathematics and mathematics courses. Applying a
mixed-methodology approach, with a combination of pre-test/post-test surveys with
interviews and observation, Chacon et. al. were confronted with similar results to those
reported by research on change in attitudes to science, ‘We did not find a change in
attitude toward the ability of women to do mathematics’ (2003: 281). Again, more
qualitative probes revealed a different scenario, as ‘conversations with the participants
indicated that they arrived with the belief that women are very capable of doing
mathematics’ (2003: 281). Overall, the authors claimed that students’ attitudes, confidence
level and perception of the value of mathematics for their future schooling and career
options changed after attending the programme. But they also recognized that, as noted by
the participants themselves, the significance of that change was influenced by the short
duration of the programme. Another study of underrepresented students in science, who
participated in a summer science programme was conducted by Cavallo et al. (1999). Its
focus was to evaluate two main programme goals: (i) to introduce the students to career
options in health-related professions; and (ii) to stimulate student interest in pursuing
higher education in the health sciences. The follow-up surveys administered to participants
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showed that 81 percent of them chose a science university course, and that 42 percent of
these selected a health-related subject. Another study (Davis, 1999) of minority ethnic
high school students participating in a research apprenticeship programme in the health
sciences revealed a significant impact on their career choices. After working as full-time
apprentices and being assigned to faculty mentors for eight weeks, 68 percent of the
participants chose to pursue a health profession immediately following high school. In the
author’s view, the impact of the research apprenticeship programme on the career
decision-making processes of the students was enhanced by psychological factors, such as
personality and cognitive characteristics, along with social determinants, such as family
traits and socioeconomic status.
Julie Goldberg and William Sedlacek (1995) used a mixed-methodology approach to
evaluate the quality and effectiveness of a six-week residential summer programme in
attracting young women to engineering. The programme consisted of hands-on, teambased design projects, field trips and laboratory work, during which participants were also
exposed to female role models, and aimed to bring high school girls into contact with
university-level engineering study and provide a positive learning experience that would
build their self-confidence to become engineers. According to Goldberg et al., results of a
survey and focus group suggested that most participants gained ‘a greater understanding
of what engineering is, what engineers do, and knowledge about the various careers within
the field of engineering’ (1995: 15).
John Wilson (1993) used a three-week summer residential programme designed to identify
talent as a means of gaining insight into gender differences in course selection criteria.
Based both on the programme enrolment figures and on a questionnaire specially
developed by the host institution to identify talents and vocations, Wilson recognized that
‘girls and boys selected different types of classes, with course participation falling along
traditional gender-stereotyped lines’ (1993: 2). However, what was particularly interesting
about his study were the gender differences in the motivation factors underlying the course
selection. Indeed, although both boys and girls acknowledged that their interest and
curiosity about the subject was the major reason for choosing a particular class, girls were
more likely than boys to choose courses that they perceived as challenging and not
available at school, whereas boys selected those in which they thought they would do well
and/or which would be useful for their future.

52

Learning science through work experience

Research into Applications of Apprenticeship Models
Studies of summer science programmes, and particularly of those involving students
working with scientists in research laboratories, have identified examples where
applications of apprenticeship models are applied to science learning and teaching. From
this perspective, laboratory apprenticeships are seen as ways of investigating both the
implementation and effectiveness of relevant theories of learning, particularly when
applied to senior high school students.

From a social constructivist stance, Robert Bleicher (1995) examined three consecutive
years of a summer science programme, and concluded that participants ‘made noticeable
gains in conceptual understanding of science as well as gaining new insights into the
world of the scientist’ (1995: 3). Field notes, videotape recordings and interviews were
used to assist the researcher, who assumed an active participant observer role in each of
the six-week-long summer programmes carried out at The Center for Quantized Electronic
Structures (QUEST)1. Unlike the reviews of some of the summer science programmes
described earlier, where activities were mainly organized for instructional purposes,
QUEST provided opportunities for students to work as apprentice researchers alongside
scientists in authentic research projects. This direct experience of how science research is
conducted created a learning environment of shared activity which was a major factor in
changing students’ perception of the nature of science.
Stephen Ritchie and Donna Rigano (1996) have studied a research project involving ‘high
school students working in a university chemical engineering laboratory under the
mentorship of a university-based scientist’. Unlike other examples previously outlined,
which comprise short intensive summer science programmes, here the students were
released from their normal school classes one afternoon each week to carry out a research
project for a period of six months. This provided an opportunity to examine the viability
of open-ended research, where students take responsibility for their own research segment
and carry it out in a fairly autonomous fashion. However, unlike the type of open-ended
enquiry where students set the goals of their project from the start, the initial purposes of
each project were specified by the supervisor rather than by the students themselves, as
1

QUEST is the Science and Technology Centre at the University of California at Santa Barbara. Its main
research ‘is focused on physical phenomena of microscopically small quantum electronic structures, made
primarily from semiconductor materials’ (Bleicher, 1995: 4).
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would probably be the case with junior laboratory employees. Ritchie and Rigano’s main
findings – largely based on an interpretative analysis of field notes, video recordings and
interviews – suggest that (i) the development of laboratory skills preceded conceptual
understanding, which was accelerated as the students became more familiar with technical
procedures; (ii) students became aware of the uncertain nature of scientific inquiry, as they
‘dealt with their daily frustrations’ (1996: 805); and (iii); unlike traditional apprenticeship
models, students were able to assume greater responsibility for, and control over, their
project, particularly after the initial four or five weeks. Nevertheless, the authors exercise
some caution about the viability of extending this type of open-ended laboratory inquiry to
all students in the school science environment. As they point out,
Research questions such as, Can less talented teachers implement open-ended
inquiry? And, Can open-ended investigations provide stimulating learning
opportunities for less privileged students in different contexts? have yet to be
addressed. (1996: 813).
Another study, by Sasha Barab and Kenneth Hay (2001a), may make some contribution to
answering such questions, particularly in terms of the viability of bringing apprenticeship
learning environments and authenticity to school science learning. Although focusing their
attention on the learning experiences of middle school students in a two- week- long camp
with scientists engaged in real research – the Science Apprenticeship Camp (SAC) - the
authors also discuss the characteristics of alternative models, such as ‘simulation’ and
student-scientist partnership (SSP), particularly through the Internet. According to Barab
and Hay, the simulation model seeks to design classroom environments which provide
opportunities for students to engage in a range of science practices, using ways of thinking
and strategies for problem-solving that are used by real science practitioners. Unlike
scientific apprenticeship in research laboratories, where more rigorous procedures and
qualifications are demanded, this model has the advantage of allowing students to take full
control and ownership of their own projects in a low-risk context. On the other hand, there
is a dimension of authenticity missing, since the tasks are not designed to respond to realworld needs and the learning does not take place through interaction with experts in the
field being studied. Yet these limitations may be partially overcome with the SSP model.
The GLOBE programme is used as an example of an SSP where the students collect real
data (e.g., air temperature, precipitation, tree growth) that are afterwards analysed by
actual scientists in order to address real-world questions. Thus, as Barab and Hay point
out, although connecting students with scientists in their own workplace has stimulating
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educational possibilities, simulation and SSP models also present obvious advantages to
engage students in authentic and meaningful science learning activities.
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Chapter 3

Research Perspective
The last two decades have seen a number of research studies into various aspects of
science enrichment programmes, science internships and summer science programmes.
My review of these studies, as presented so far, outlined their major themes, methods and
frameworks. An interesting and distinctive characteristic of these studies is that they echo
the dominant methodological controversy in educational research and in the social
sciences at large: the tension between statistically based and case-study based inquiries,
itself an expression of the wider normative-interpretative debate.
The same methodological problem came up in my research, where it was necessary to
address both a national science programme, SIP, and one of its instances, Ipatimup. The
coexistence of both a macro and micro dimension of the object of research soon became
incompatible with the choice of a single interpretative framework. The use of a more
normative approach helped to (i) distinguish the major characteristics of the evolution and
distribution of SIP throughout the country; (ii) expose the interests, expectations and
views of a large population of students; and, finally, (iii) show how these could be
associated with a wide range of determinant factors, such as the type of institution,
internship or scientific domain. However, the limits of this approach were revealed when I
tried to capture the complexity of activities, interactions and discourses occurring between
scientists and students at the Ipatimup research laboratories. Here, a more interpretive
approach was required.

3.1 Paradigmatic Pluralism
Guba and Lincoln define paradigm as ‘the basic belief system or worldview that guides
the investigation’ (1994: 105, my emphasis). It is difficult not to interpret this as
advocating the primacy of the paradigm over the inquiry. From this viewpoint, paradigms
are essentially based on mutually exclusive and contradictory assumptions. Either reality
is seen as part of an objective world, where, as Miles and Huberman (1994: 4) point out,
‘some lawful and reasonably stable relationships are to be found’, or it is only attainable
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through the understanding of how individual accounts of action and belief are socially and
contextually constructed.

The problem here is not only a matter of ontological

irreconcilable stances, it also echoes the objective/subjective and realist/relativist
dichotomies which still populate our epistemological horizons.
Guba, for example, took this position to an extreme when he argued that the
‘accommodation between paradigms is impossible … we are led to vastly diverse,
disparate, and totally antithetical ends’ (Guba, 1990: 81). Also, in their first edition of the
Handbook of Qualitative Research, Denzin and Lincoln (1994: 6) were still stating that
‘[the five points of difference between methodologies] reflect commitments to different
styles of research, different epistemologies, and different forms of representation’.
Another argument put forward in favour of the ascendancy of the conceptual over the
empirical is that methods and instruments are not theory-free technical devices, since their
choice reflects particular views and assumptions about the nature of human and social
relations, and these, as Hammersley (1996: 169) writes, ‘have important implications for
how we do research and for what conclusions we can draw on the basis of our data’.
In recent years, however, several arguments have been put forward against paradigm
incommensurability. Firstly, there is no absolute agreement on the definition of paradigm.
Kuhn (1962) popularized the term as a particular combination of assumptions which
generally supplanted and succeeded one another. But Kuhn later evolved a less restrictive
notion – that of a common agreement on ‘exemplars’ of high quality research or thinking
(Kuhn, 1977).

Today, a research paradigm includes, but is not limited to, a set of

assumptions about ontology (what is assumed to exist), epistemology (what can validly be
known), axiology (what is considered ethically right) and methodology (Lincoln & Guba,
1985; Patton, 2002; Tashakkori & Teddlie, 1998).
Secondly, contradictory paradigms do share common philosophical views. Cook and
Campbell (1979), two of the best known quantitatively oriented experimentalists, debate
extensively what they call the ‘experimenter effect’, and write, ‘We share the
postpositivists’ belief that observations are theory-laden’ (1979: 24). Yin (2000), after a
comparison of a variety of quantitative and qualitative approaches, concludes that the
commonalities ‘transcend the differences’. Reitchard and Rallis (1994) recognize that
both postpositivist and interpretative paradigms take ‘facts’ as theory-laden, inquiry as
value-laden, knowledge as fallible and understanding of reality as socially constructed.
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Finally, from an ontological perspective, whether the world is a combination of multiple
realities (as advocated by those who support interpretative paradigms) or a stratified
plurality of structures that generate events (as stated by critical realists), the full richness
of the real world can only be dealt with by a plurality of approaches. Furthermore, a
research study is not a single event but rather a dynamic process which unfolds throughout
different phases, each with its own problems and tasks, for which different paradigmatic
contributions have to be called upon. As Greene and Caracelli (2003: 95) suggested, rather
than follow a single paradigm, one should be ‘committed instead to the acceptance of
difference and the importance of multiple diverse perspectives’.
In this study, paradigms were used according to their relevance for specific problems at
hand, but not as critically important to inquiry decisions. They were relevant as far as they
were responsive to the practical contexts of the research, but not critical to the point of
having inquiry decisions taken on the grounds of their consistency with a particular
worldview. On the contrary, the choice of methods throughout the research was primarily
guided by its goals, the questions being asked and the nature of the available data.

3.2 Mixed Methodology
A Rationale
Although the integration of different forms of data and methods is not new to social
research, a growing number of researchers has been developing the concept of ‘mixed
methodology’ to the point where it can be seen as a separate methodology in its own right,
with its own particular worldview, operational concepts, models, and techniques of data
collection and analysis (Creswell, 2003; Greene & Caracelli, 2003; Johnson &
Onwuegbuzie, 2004; Tashakkori & Teddlie, 1998, 2003), incorporating quantitative and
qualitative components ‘in unique ways to answer research questions that could not be
answered in any other way’ (Tashakkori & Teddlie, 2003: 15). Advocates of the mixedmethods approach have put forward an identifiable definition. It describes itself as a
methodology which rests its knowledge claims on the pragmatic and collects both numeric
and textual information so as to integrate them into unique database for both quantitative
and qualitative analysis (Creswell, 2003: 20).
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In the case of the present study, the combination of multiple data sources, methods and
analytical procedures was not simply a mix of different approaches to distinct realities.
The idea was not to have, on the one hand, a discussion of the emerging themes derived
from a qualitative analysis of interviews with the students in Ipatimup and, on the other, a
separated statistical analysis of the SIP. Rather than having quantitative and qualitative
methods accounting for quantitative and qualitative data in a complementary fashion, the
purpose was to achieve data integration and analysis through processes of triangulation.
This approach borrows from Denzin and Lincoln’s (1998: 4) assertion that ‘triangulation
is not tool or a strategy to validation, but an alternative to validation’. In this study, the
extensive use of triangulation served two main purposes: firstly, to provide diverse sources
in which to ground emerging themes and hypotheses; secondly, to increase the
representativeness of the themes emerging from qualitative analysis by providing
quantitative background data and patterns against which their generalizability could be
verified and reinforced.

Combining Induction and Deduction – an Iterative Process
A main feature of the current research is its tentativeness or, as Miles and Huberman
(1994) would put it, its ‘iterative nature’. Rather than following a straight path, it was
necessary to search here and there for clues which, at a later stage, were brought together
to shape the analysis and discussion of the findings. Indeed, from a purely inductive
perspective, the existence of a defined framework of research questions may be regarded
as a constraint on the development of the inquiry. This means that the enquiry should
avoid predefined hypotheses and theories, but instead should allow them to emerge from
the data, ‘because no a priori theory could possibly encompass the multiple realities that
are likely to be encountered’ (Lincoln and Guba, 1985: 41).
However, as Miles and Huberman have argued, ‘highly inductive, loosely designed
studies make good sense when experienced researchers have plenty of time and are
exploring exotic cultures, understudied phenomena, or very complex social phenomena’
(1994: 17). This was clearly not the case in the present study. Besides, however inductive
the approach may be, there are always several initial research questions which set the
direction of the investigation and help to focus the inquiry. In reality, research questions
were key drivers in the choice of the appropriate research methods and instruments.
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Nevertheless, the presence of a set of initial research questions did not remove the need to
address unanticipated phenomena as they emerged from an iterative process of data
gathering, analysis and interpretation. For example, as the collection of quantitative data
was moving on, it soon became clear that, unlike the situation in most European countries,
girls outnumbered boys as participants in the SIP. This finding led to a new insight into
the issues of gender in science education.
Furthermore, the qualitative analysis of students’ application forms and evaluation reports
brought up a number of emerging themes and patterns, particularly in terms of their
perception of the role of practical work in science learning. Again, these findings, together
with theoretical frameworks provided by recent developments and trends in science
education, constituted a source of new provisional hypotheses which influenced the
ethnographic approach to the events and student-scientist interactions at the Ipatimup
laboratories. Were the students engaged in ‘real’ tasks to respond to ‘real-world’ needs?
And, in doing so, were their motivations consistent with those underlying the scientific
practices? Finally, were the tasks specific to the context and scientific domain of the
Ipatimup, or were they related to general and transferable knowledge and skills?
The above examples show that rather than having a commitment to either an inductive or
deductive approach, this study moved through inductive approaches from initial grounded
results to general inferences (derived from both quantitative and qualitative observation
and analysis). These inferences produced a number of hypotheses which were then
verified and tested, following a deductive approach, by further observation and analysis.

3.3 Summary
From what has been outlined so far, it should be clear now that my research perspective
tried to bring together theory and action so that one modified the other continuously, drew
on distinct – and sometimes opposite – interpretative frameworks and, finally, exploited
different methods of inquiry to address the research questions at hand. I have tried to
sustain a research perspective which emphasizes pluralism and diversity through a
multiple methodological approach.
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Chapter 4

Research Design
This chapter is intended to provide a detailed description of the research design used in
this study. It starts by presenting an overview of the choice of methods of data collection
and analysis in relation to the correspondent research questions. Next, it presents the
rationale for (i) the selection of a specific model of mixed-method design - the concurrent
dominant\less dominant approach (§ 4.2 and 4.3), and (ii) the preference for a case study
approach to the inquiry. Finally, it ends with a thorough description (§ 4.4 and 4.5) of the
data sources, methods and instruments of data collection used both in the SIP and
Ipatimup case studies.

4.1 Research Design - the Interplay of Methods and Research Questions
Throughout the inquiry, there was not always a one-to-one relationship between research
questions, data and methods; there were different combinations across different stages of
the research. Moreover, the triangulation of both methods and data analysis required
constant cross-referencing between different sources of data, their analysis and the
research questions. However, for the purpose of clarity, Table 4.1 is intended to provide an
overview of how the research questions, sources of data and methods of data collection
and analysis were interrelated in this study.
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Table 4.1
Data Sources Methods and Techniques
Research questions

Data sources

Methods and analytical techniques

1. What are the characteristics of the distribution and
growth of SIP in respect to its intervention
programmes, promoters and participants?

Ciência Viva archives (1997/05)
Institutions’ proposals (1997/05)
Institutions’ reports (1997/05)

Documentary analysis
Descriptive statistics
Inference statistics

2. What are the students’ motivations to participate
in SIP?

Students’ application forms (2003/05)

Coding
Descriptive statistics
Inference statistics

3.How do SIP students perceive and judge the
quality of the science internships in which they
participate?

Students’ evaluation reports (2003/05)
Survey 2005

Coding
Descriptive statistics
Inference statistics

4. How do student-scientist interactions and
discourses in the Ipatimup research laboratories
shape the students’ learning of science?

Observation field notes
Videotaping
Students’ scientific presentations
(including PowerPoint presentations and
final written reports)
Interviews with students

Ethnomethodology
Educational ethnography
Analysis of discourse as social
interaction (discourse-in-action and
conversation analysis)
Ethnographic interviewing
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4.2 A Mixed-Methods Research Design
The research design used in this study is a ‘mixed methods’ approach, carried out
throughout a period of three consecutive years, involving a combination of case study and
survey with a range of interconnected qualitative methods of data collection, such as
observation, interviewing and document analysis (see fig. 4.1).

A Multimethodology Approach with a Dominant-Less Dominant Concurrent Design
Several generic combinations of research approaches have been suggested to demonstrate
how methods from different paradigms can be combined together (Creswell, 2003;
Johnson & Onwuegbuzie, 2004; Tashakkori & Teddlie, 1998, 2003). However, there is a
consensus over a broader classification of these generic combinations according to two
criteria: (i) the relative weight of the paradigms and (ii) their time ordering The first
criterion is whether or not one operates largely with a single dominant paradigm. If the
former is the case, the model is called a dominant-less dominant design, in which ‘one
paradigm and its methods predominate, with a smaller component over the overall study
being drawn from an alternative design’ (Tashakkori & Teddlie, 1998: 44). The second
criterion is a decision about the time ordering of the quantitative and qualitative
approaches: sequential or concurrent. The sequential employs each method individually
with results from one feeding into the next (e.g., a survey is initially administrated in order
to provide questions for further in-depth interviews, or interviews are used as a tool for the
construction of a questionnaire), whereas concurrent design combines the two approaches
in parallel, with results feeding into each other across all stages of the research (research
questions, data collection and data analysis).
My study is an example of a concurrent model within a dominant-less dominant mixedmethod research design. A rationale for these inquiry decisions follows.

The Dominant-Less Dominant Approach
This research was primarily grounded in the interpretative paradigm, because (i) the main
research question aimed at understanding social phenomena within a naturally occurring
context (the interactions between students and scientists at their workplace, the research
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laboratory) and, furthermore, the three general research questions, as described above,
involved understanding the meaning for the participants in the study (students, scientists
and co-ordinators), of the situations and actions with which they were involved; (ii) these
questions required not only a qualitative type of data but also an interpretative paradigm,
in order to capture both the complexity of particular contexts and the richness of the
participants’ accounts of their perceptions and actions; (iii) finally, the survey and the
descriptive statistics and statistical inferences constituted the alternative design (1998: 44),
since they were applied mainly with the purpose of, on the one hand, obtaining contextual
information about the characteristics of the SIP programme as a whole, and, on the other,
reinforcing the representativeness, generalizability and trustworthiness of the themes
emerging from the qualitative methods.

The Concurrent Model
This research was conducted according to a parallel approach because (i) both quantitative
and qualitative analyses were carried out separately on the same set of data (this will be
explained in the chapter ‘Analytical Techniques’; (ii) the conclusions were then combined
to generate a richer understanding of the phenomena at hand; (iii) this approach provided a
more flexible framework both to accommodate an inductive-deductive research cycle, as
well as being open to new insights and information as they emerged from an iterative
process of data gathering, analysis and interpretation.
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Figure 4.1
Graphical Representation of the Concurrent Mixed Model
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4.3 The Case Study
‘Case study’ is not a term that has a clear and fixed meaning. For some (Yin, 2000), it is a
method. Stake (1994), on the other hand, argues that a ‘case study is not a methodological
choice but a choice of what is to be studied’ (1994: 435). This research followed Stake´s
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view and approached the case – Ciência Viva SIP – from a multimethod perspective
(Figure 4.2).

Figure 4.2
Multimethod Approach to Ciência Viva ‘Embedded’ Case Study
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Documentary
Analysis

Descriptive
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(SIP)
Ciência Viva - National Agency for Scientific and Technological Culture
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Ethnography

Participant
Observation

Discourse
Analysis

Population Genetics Laboratory
IPATIMUP - Institute of Molecular Pathology and Immunology of the University of Porto

Yin’s taxonomy of the case study design draws a crucial distinction between holistic and
embedded case studies. The holistic type is addressed mainly from

a qualitative

perspective which relies on narrative and phenomological descriptions, whereas an
embedded one involves more than one object or unit of analysis and is not limited to
qualitative analysis alone (Gomm, Hammersley, & Foster, 2000; Yin, 2000; Scholz,
2002). The fact that the research addressed simultaneously a case, Ciência Viva SIP, and
a ‘case-within’, Ipatimup and its programme (Figure 4.2), from both a qualitative and
quantitative perspective, justifies its definition as an ‘embedded case study’.
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Rationale for the Case Study
The reasons for using a case study approach were based on Yin’s own rationale. He points
out that case study is (i) ‘an empirical inquiry that investigates a contemporary
phenomenon within its real life context’, and that it is the most appropriate choice when
(ii) ‘the boundaries between phenomenon and context are not clearly evident’ and (iii) the
researcher ‘has no control’ over the conditions in which it occurs (1994: 13). This was
clearly the case for my research, particularly in relation to the latter argument.
Indeed, it is important to note that, as a researcher, I did not control either the construction
or the method of administration of the quantitative data collection instruments. With the
exception of the questionnaire used in the survey - of which I was the author, but still had
no control over its administration – the archive documents, files and the students’
application and evaluation forms were designed by Ciência Viva itself. Moreover, the fact
that I had no control over the Ipatimup instructional strategies and criteria for selection of
student candidates ruled out any possibility of applying experimental research methods
using control groups.

Dimensions of the Case Study
The scope of the case study (Table 4.2) followed Miles and Huberman’s definition of the
several dimensions of a case: conceptual nature, social size, physical location and
temporal extent (1994: 27, authors’ italics).

The Case: Ciência Viva SIP.

One of the possible variations in case studies depends on

the extent to which the researcher is concerned with the wider context in which it unfolds.
In my research, the characteristics of the case - an innovative programme (SIP) developing
within a national science programme (Ciência Viva) – justified paying a particular
attention to the institutional and organizational context.
It was thus important to address not only the visible events and activities of the
programme, but also the motivations and purposes of Ciência Viva to undertake such a
programme, its implementation plans and the degree of involvement of its human and
physical resources. As Adelman, Kemmis, & Jenkins (1980) point out, ‘It is not possible
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to treat an innovative programme as a bounded system isolated from its host institution’
(1980: 51).

Table 4.2
Dimensions of the Case Study

Conceptual
nature

Temporal
extension
Physical
location

Social size

SIP: the case
Contextual conditions influencing the
planning and implementation of a
national science programme
Evolution, distribution and
characteristics of the entities
involved (internships, institutions,
scientists and students)
Research is carried out over a threeyear period (2003-2005).
Historical research of the evolution of
the programme from 1997 to 2005
Nationwide programme covering all
the geographical regions of the
country.
Takes place in scientific institutions
and universities.
Indoors (laboratory) and activities in
the field.
th
10 to 12th grade students (n=3,674);
senior and junior researchers
(n=705); research institutions
(n=110); and summer science
internships (n=954).
Small groups of students in each
internship, coming from different
schools and regions.
Gender, academic background, and
geographical diversity.

IPATIMUP: the case-within
Student-scientist interactions in
the research laboratory and
their effects on students’
learning of science.

Participant observation of the
summer science internship
programme in 2004)1
One Ipatimup research
laboratory: Population
Genetics.1

Participants: 2 students and 1
researchers.1
Each internship is constituted
by a group of two students
supported by at least one
researcher.
Gender and academic
background diversity.

1

A pilot study was carried out in the summer of 2003 with 10 students and 5 researchers in two
other Ipatimup research laboratories: Brest Cancer and Thyroid Cancer.

The Case-Within: Ipatimup.

This particular instance of the SIP programme was

addressed as the case-within (Miles & Huberman, 1994). It was designed to examine in
detail the activities, interactions and discourses between scientists and students in the
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summer science internship, and the ways in which these supported or constrained the
students’ learning of science. The case study research was conducted mainly from a sociocultural perspective and, in doing so, tried to show how events and participants’ accounts
of action and belief were socially generated and contextually situated by the day-to-day
reality of the laboratory.

A Rationale for the Choice of a Single Research Institution for the Case-Within
The literature on case study methodology points out several advantages to the adoption of
a multiple case approach. Miles and Huberman (1994) summarize these by arguing that
multiple cases offer ‘deeper understanding of processes and outcomes of cases, the
chance to test (not just develop) hypotheses, and a good picture of locally grounded
causality’ (1994: 26). However, there is a rationale for having avoided this strategy in my
research. The Ipatimup, in spite of being a single institution in physical and institutional
terms, includes a diversity of approaches in its own summer science internship
programme. In reality, there are four different ‘sub-programmes’ running at the Ipatimup,
one of which was included in my research as a sub-case, or ‘unit of analysis’ (Yin, 2000).
This diversity allowed cross-case comparisons within a single case. Secondly, the choice
of a single institution helped to place a boundary around the focus of the study and avoid
comparisons between factors that may not be comparable (as might have happened if
other, unrelated programmes had been selected for comparative purposes). Thirdly, and
most important, it allowed a more detailed and dense description of the phenomena being
studied. A comparison with other unrelated activities would have distracted me from
seeking deeper knowledge about the single case. As Stake (1994) suggests, the
comparison process would have been competing with learning about and from the case.

4.4 The Ciência Viva SIP Case study – Methods and Sources of Data
The methods of data collection used in the SIP case study involved mainly documentary
analysis of a wide range of data sources related to the planning, implementation and
evaluation of the programme. These sources provided (i) quantitative data about the
number, type, distribution and growth of the main components of SIP: internship
programmes, institutions, students and mentors, and (ii) qualitative and quantitative data
about students subjective accounts of motivations, expectations, preferences, difficulties,
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dislikes and suggestions. Quantitative data were obtained via questionnaires’ closed
questions, whereas qualitative data was analysed through coding of open-ended questions
(Strauss & Corbin, 1998), and later quantified by methods of content analysis (Weber,
1990) and other techniques of quantification of qualitative information (Bazeley, 2003;
Onwuegbuzie & Teddlie, 2003).

Ciência Viva SIP Archives and Databases
The document and historical strategies of data collection involved a comprehensive search
of all pertinent archives and databases produced since 1997. These included Ciência Viva
documents (e.g., administrative files, communication with the institutions, lists of students
and mentors, documents informing on implementation norms and procedures) and
documents produced by the institutions: during the preparation phase of the SIP, each
university, scientific institution or science museum proposed to Ciência Viva an
implementation plan with a description of programme goals, learning activities, resources
and budget.

Student Application Forms and Student Evaluation Reports
Information related to the students’ accounts was collected through qualitative and
quantitative analysis of two main sources of data: (i) the student application form (used to
select and enrol in a specific internship programme) and (ii) a questionnaire answered by
each student after attending the programme.

Students’ Application Form (2003/05).

Students gain access to the SIP programme

through the Ciência Viva website (www.cienciaviva.pt), where they obtain relevant
information about all the different programmes proposed throughout the country
(scientific domain, duration, and proposed activities). Students select a programme and
fill in an application form. This form is particularly important, not only because it offers
demographic data related to the candidates (including those who were not selected), but
also because each student provides a written statement of the reasons underlying their
desire to participate in the programme.
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Students’ Evaluation Reports (2003/05). At the end of the internship programme, a
questionnaire is administered to the students. This includes (i) student subjective ratings of
interest, level of difficulty, duration, timetable and global evaluation of the programme
and (ii) students’ answers to open questions about difficulties, likes, dislikes and
suggestions for further improvement of the programme.

The 2005 Survey
The survey is designed to examine the students’ accounts of their perceptions of the
internships in which they have participated within the SIP. Its construction draws heavily
on the findings of the above-mentioned quantitative and qualitative analysis of students’
application forms and evaluation reports from 2003 to 2004. This survey is of a specialpurpose type and has two main functions. Firstly, it has a research function, to address one
of the main research questions of this study: ‘How do the students perceive and judge the
quality of the summer science internships promoted by Ciência Viva?’. Secondly, it has a
methodological one, which is to provide background data for the evaluation of the
generalizability of the findings emerging from the Ipatimup case study.
As Cohen et al (2000) point out, the advantages of a survey lie in ‘its appeal to
generalizability or universality within given parameters’ (2000: 171). Furthermore, it may
be the only way of providing comparable forms of measurement which are consistent
across all the participants in the survey (Fowler, 2002).
This survey is primarily aimed at determining what proportion of the target population
shares a certain opinion or perception and how this is associated with other factors, such as
scientific domain, type of institution, activity and instructional interaction. Following this
characterization, the survey falls into the category of a ‘descriptive survey’; thus, as
Oppenheim (1992) points out, it ‘is not designed to “explain” anything or to show casual
relations between one variable and another’ (1992: 12).
The questionnaire follows a Likert-type scaling method and is administered together with
the SIP student evaluation report. The writing of the items is based on the most
representative statements written by the students who attended the internship programmes
in 2003 and 2004. The questionnaire is used mainly as a triangulation and validation
device to compensate for some of the disadvantages of open-ended questions. In reality,
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although open-ended questions may be the best path to insightful information about
students’ views and justifications expressed in their own terms (and also for reducing the
bias introduced by predetermining answers), they also have clear limitations. Indeed, as
has been pointed out in the literature (e.g., Cohen et al., 2000; Fowler, 2002; Moser &
Kalton, 1985; Oppenheim, 1995), open-ended questions demand a particularly timeconsuming analysis and, most important, they are hardly comparable, since not all the
respondents will address the same issues in their answers.
The main reason for choosing a Likert-type scaling method is the nature of the expression
of opinions and perceptions, which are best quantified in terms of the intensity of
agreement/disagreement in relation to complex statements, rather than in terms of ‘yes’ or
‘no’ answers. Besides, when compared with other types of rating scales, such as
Thurstone, Likert-type scales tend to be more reliable (Moser & Kalton, 1985;
Oppenheim, 1995). However, they also present some disadvantages. Firstly, they tend to
permit answers in the middle of the five-category scale (and thus are hardly interpretable);
and, secondly, it is difficult to extract an individual’s answer to a given item from the
knowledge of the total score. To avoid the former, the scale is changed to a four-category
scale (strongly agree, agree, disagree and strongly disagree).

4.5 The Ipatimup Case Study – Methods and Instruments of Data Collection
To capture the laboratory interactions in the Ipatimup, data were gathered from multiple
sources within the framework of a micro-ethnographic approach, including videotape
records of the students’ and mentors´ work (involving lectures, group work and
presentations), student artefacts (work notes, technical reports, exhibit displays
´multimedia presentations’), ethnographic interviews (Spradley, 1979) and field notes
(Burgess, 1984).

Participant Observation, Field Notes and Videotaping
Participant observation was focused on students’ interactions with phenomena,
instruments and equipment, with the scientists and with each other. Because I participated
in all students activities, from the first until the last day of their internships, interactions
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were both videotaped and recorded in field notes. Observation was an ongoing reflective
process, involving to some extent the overlap of data collection and data analysis.
Field notes were a useful tool in this respect because they provided not only descriptions
of events, but also impressions, ongoing interpretations and hints for future focused and
selected observations. They were organized according to the ethnographic method
suggested by Spradley (1980: 78) in his description of the nine major dimensions of every
social situation: space, actor, activity, object, act, event, time, goal and feeling. The
videotapes, while useful for observing teacher action, did not provide the full context of
student actions. Field notes were taken during the laboratory observations regarding
scientists’ interactions with students and student-to-student interactions. Notes were
compiled from the laboratories where the apprenticeships were conducted. These data
included observation summaries of the apprenticeship experience and notes from informal
discussions with students/apprentices, supervisors and scientist mentors. Field notes
recorded during the pilot study in 2003 were not particularly descriptive, since the
continuous video recording provided most of the relevant information about the events at
hand (descriptions were limited to relevant events occurring while the video was not on, or
when they occurred outside the scope of the video camera). Thus field notes were used
mainly for methodological and reflective purposes (Burgess, 1984), aiming at providing
categories and hypotheses for future test and analysis.
Videotaping was used extensively not only to capture laboratory interactions, but also to
provide a resource for future reconstruction of events. Lynch (1985) saw videotaping as a
decisive tool in his ethnomethodological study of laboratory work, since ‘the talk was very
frustrating to understand in isolation from a video record of the setting’ (1985: 161). In my
case, this was particularly relevant as most of the instructional talk was undertaken while
laboratory tasks were being carried out and often in interaction with sophisticated
equipment. There were also two methodological advantages arising from the use of digital
video (Pink, 2001). Indeed, a particular feature of digital video is that the operator’s eye
no longer has to be close to the camera, which allows her or him to see both the camera
screen and the scene being recorded. The first advantage is that the operator has a better
view of what is going on around the scene. The second is that, ‘a researcher can maintain
better eye contact with video subjects’ (2001: 78). My experience in the Ipatimup
participant observation supported both these claims.

73

Learning science through work experience

Interviews
The interviews conducted with the 12 students participating in the Ipatimup case study
were recorded both on video and audio (minidisk). They assumed the form of structured
interviews (see Appendix 1) covering the following topics: (i) students’ views about their
experience in the laboratory (expectations, relationships with the scientists, self-perception
of difficulties, interaction with sophisticated equipment, best and worst experiences,
outcome of the experience) and (ii) students’ views about the relationships between the
programme experience and their school experience (comparison of the laboratory
experience with school science experience, boring vs. exciting science lessons, advice for
science teachers).

Students’ Final Reports and Scientific Presentations
As part of their internships, students produced a final report of their activities and a final
PowerPoint presentation. These documents provided a major source of data, which
allowed me to gather evidence of their learning process. On their last day, students made
a presentation of their work in front of a large audience of scientists (n > 20). I consider
this to be a valuable source of data, not only because presenting science is an authentic
activity in the scientific community, but also because it is a skill that needs to be
extensively developed in students who are learning science. These presentations, together
with the debate that followed them, were videotaped and constituted a major insight into
students’ learning of science. Indeed, as Lemke (1990) points out, students should be
given the opportunity of talking about science in schools; and this was a challenging
opportunity for them to do it in front of experts in the field. When asked about their
experience, a large majority described the final presentation as being the most difficult
activity that they had to perform in the Ipatimup programme.
However, the final presentations are not the only evidence that is crucial to the research.
The process of preparing presentations was itself another relevant source. I thoroughly
observed the process through which the students went to get to the point of preparing the
presentation, and then how they went about making the actual presentations. In addition,
the interactions within the groups working together on the presentations were central to
the testing of one of the hypotheses in the study: to what extent were the students engaged
in collaborative work, supporting or being supported by others with less or more ability?
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4.6 Summary
An overview of the interplay between research questions, methods and instruments was
presented in this chapter, together with a rationale for the choice of a mixed-method
approach to the case study of SIP and its ‘embedded’ case, the Ipatimup. A complete list
of data sources, methods and instruments of data collection was also presented.
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PART 2
OPERATIONALISING THE RESEARCH DESIGN, DATA ANALYSIS
AND PRESENTATION OF FINDINGS
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Chapter 5

Operationalization
This chapter addresses the practical issues involved in the operationalization of the
research design in this study. It describes the steps of the negotiation to gain access to the
data and to both the Ciência Viva and Ipatimup research sites. The focus is on the
approach to the Ipatimup case, with a discussion of my role as researcher during the two
consecutive years (2003 and 2004) of fieldwork and participant observation at this
research institute.

5.1 Strategies for Gaining Access
The importance of negotiating and maintaining access both to the institutions and to the
object of study is crucial to the research process (Cohen et al., 2000). Since the Ipatimup
initiative is embedded within the larger SIP, access was negotiated at two levels: firstly
into the programme, then into the Ipatimup site. At SIP level, this required a consultation
with both the Ciência Viva director and the SIP co-ordinator. For the Ipatimup, this
involved negotiations with the institute director, the co-ordinator of the department
responsible for the programme, the scientist co-ordinator of the programme itself and,
finally, the senior researchers of the three research units promoting each of the subprogrammes.
Considering the nature of the research carried out at the Ipatimup, the laboratories are
restricted sites and require particular levels of security. In this respect, the Ciência Viva
director was a very important mediator in the negotiation of my access to the Ipatimup.
The fact that I worked in Ciência Viva from 1996 to 2002 as project manager proved to be
an important advantage in gaining access to institutions and individuals. Moreover, both
Ciência Viva and Ipatimup were particularly interested in supporting any type of research
which could provide guidance on programme assessment and improvement. Explicit
authorisation from the students participating in the study was obtained through a personal
meeting.
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5.2 Choosing the Research Sites
The Ciência Viva office is located in Lisbon at the Ciência Viva Pavillion of Knowledge,
the most import Science Centre in Portugal, and the head of a network of science centres
throughout the country. The Director of Ciência Viva was particularly interested in this
research and granted me continuous access to all the facilities, resources and archives.
Moreover, I was able to accompany the whole process of organization of the SIP while it
was carried out from May to September 2004.

Rationale for the Selection of Ipatimup
The selection of Ipatimup as a case study resulted from a combination of purposive
sampling strategy (to ensure both similarity and contrast in relation to other sites and
scientific areas) with convenience sampling.

Based on personal experience in the

organization and follow up of Ciência Viva projects, the sampling strategy was guided by
Stake's assertion that ‘opportunity to learn is of primary importance’ (1994: 447). This is
why the selection of this case was also guided by the availability of opportunities to
collect as much relevant data as possible.
Thus, in selecting the Ipatimup site, I was concerned with whether or not (i) it would
afford me the opportunity to study the ‘apprenticeship nature’ of learning science; (ii) it
would be possible to collect adequate data - with a reasonable assurance of quality and
credibility; (iii) there would be a meaningful combination of SIP programme features, and
student-scientist interactions, present at the site; and (iv) I could be seen as playing an
appropriate role as a researcher and, most importantly, maintain continuity of presence.

5.3 The Participant Observation at Ipatimup
I started my fieldwork at the Ipatimup in September 2003. During the two-week internship
I followed exactly the same daily routines as the participants. I always tried to be the first
to arrive at the laboratory. This provided me with the opportunity to engage in informal
conversation with the students and scientists before the laboratory work would start. These
dialogues were not only helpful in building mutual trust, they were also important in
providing an insight into both the participants’ views about the work carried out so far and
their expectations for the day. To avoid the intrusiveness of my constant presence
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alongside the students, I concentrated my observation on the periods when there was an
effective interaction between them and the scientists. I used the students’ periods of
autonomous study in the library and IT room to follow the scientists on their ongoing
research work. This provided me also with additional opportunities for informal dialogue
and anticipation of the next steps in the apprenticeship process.
The fact that I was following two groups of students in distinct internship sub-programmes
proved to be a source of problems, as I had to switch constantly from the Breast Cancer
Laboratory to the Thyroid one. As a consequence, some relevant activities were lost in this
process, even though I tried to fill in the gaps whenever I had the opportunity to talk to the
group that I had missed.
This problem led me to a shift in the observation strategy. Thus, when I returned to the
Ipatimup in the Summer of 2004, I focused my observation on a single group. I chose this
by following a sub-programme that I had missed the year before: the Population Genetics
Laboratory. This time, I was able to obtain a complete and systematic picture of the entire
apprenticeship process.

My Role as a Researcher
Fundamental to ethnographic data collection is the researcher's role as participant
observer. The issues of intrusiveness (the effects of the presence of the researcher in the
field) have been debated extensively in the literature (Hammersley & Atkinson, 1995).
Depending on the degree of active involvement in the actual study situation – and in the
lives of the people being studied – Spradley (1980) defines five levels of participation.
These range from ‘non-participation’ (absence or distance from the action) to ‘complete
participation’, when the researcher was already a participant in the group before the
research (e.g., teacher researcher). In this respect, I saw myself as being somewhere
between the levels of ´moderate’ and ‘active’. This means that I maintained a balance
between insider and outsider, whilst being involved in some of the participants’ activities.
There were two reasons for avoiding a complete ‘active participation’, in which the
researcher interacts fully with the participants: (i) my lack of knowledge of the scientific
domain and (ii) an intentional exercise of caution, since an over-participation could have
been perceived as intrusive and, ultimately, prejudicial to the apprenticeship process.
Thus, in addition to being an observer, I developed strategies to be seen by others as a
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participant, such as by volunteering as a technician in the laboratory, even though I was
often limited to washing glassware and occasionally helping to mix simple solutions.
I employed at least three methodological practices to assure the quality of my role in the
process: (i) I used the a continual strategy of data collection, coding and analysis on a
daily basis, which helped me to become aware of research bias as it emerged throughout
the iterative analytical process; (ii) I approached the inquiry with a full understanding that
a researcher is not an impartial observer. The guiding principle was whether, as a
participant researcher, I could collect, analyse and report on the process in a reliable
fashion.

The Use of Video Recording
Clearly, the extensive use of video brings up both ethical and methodological issues,
particularly in terms of its intrusiveness. This is quite a debatable issue, and again it
reflects particular views in relation to the existence of an ‘objective truth’, which would be
inaccessible in the presence of an intrusive camera. Nevertheless, I made no attempts to
hide it or to put it in a corner, pretending that it did not exist. Instead, I used it as an
instrument to stimulate the participants’ active involvement in the research itself. As far as
the ethical issues were concerned, the participants were informed that in no circumstances
would the images be used outside the research without their formal consent. In
methodological terms, I invited all the participants to videotape the scenes themselves,
which proved to be a useful way of empowering the participants by engaging them in the
research. As the days went by, not only did the video cease to be an intrusive object, it
became part of the set of tools at hand. A similar process happened with the way I was
perceived by the students. At first the students referred to me as ‘mister cameraman’ (an
obvious reference to the constant presence of the camera). As the internship progressed, I
became the ‘camarada man’ (literally ‘the comrade man’). I took this as evidence that I
had become accepted as ‘one of them’.

Interviewing
Interviewing material constitutes another main source of data in the research. However, it
took different forms according to the purposes, the settings and the interviewees. Students,
for example, were not interviewed at the start of the programme. In this respect, I followed
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Spradley’s (1979) recommendation that ethnographic interviews should only take place
when some kind of rapport has been established between the researcher and the
participant. In this case, interviews with the students could take place in the laboratory
setting by ‘merely carrying on a friendly conversation while introducing a few
ethnographic questions’ (1979: 56). Interviews took a structured form only at the end of
the programme and were carried out in the Ipatimup library on a one-to-one basis. At this
point, all the students were expected to answer the same set of questions in the same order.
The purpose here was to apply a standardization of instruments so that findings could be
compared in the course of the analysis.

5.4 Summary
This chapter was dedicated to the practical issues involved in the operationalization of my
research, such as the negotiation of the access to the research sites, the discussion of my
role as researcher and the ways in which the problems were addressed and overcome.
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Chapter 6

Analytical Techniques
This chapter includes a comprehensive description of the techniques used in the analysis
of the data collected throughout the three years of the inquiry. Given the diverse nature of
the data – verbal, textual, visual and numeric - a relevant section is dedicated to the
presentation of the strategies that I have used in order to assure full data integration for
interconnected quantitative and qualitative analytical purposes. The chapter starts with an
account of the process of data representation and transformation throughout the stages of
(i) data collection, (ii) data organization and storage in relational databases, (iii) qualitative
analysis in NVIVO, (iv) quantification of qualitative data and finally, (v) data transfer to
SPSS for further statistical analysis.
Considering the role of the Ipatimup case study in this research, this chapter also provides
a

discussion

of

the

underlying

theories

and

methods

associated

with

the

ethnomethodological and ethnographic approaches used in this case. Furthermore, it puts
forward a description of the procedures used in the process of analysis of the interactions
and discourses between scientists and students at the Ipatimup laboratories. It concludes
with a presentation of a partial example of the combination of discourse analysis and
semantic structural analysis which constitute the core of the data analysis.

6.1 The Ciência Viva SIP Case Study – Data Structuring and Analytical
Techniques
An Overview of Data Processing in the SIP Case Study
For the purpose of integrated representation and mixed analysis, the data underwent a
process of structuring and re-representation This procedure was vital for an interconnected
analysis of (i) diverse entities (internships, institutions, researchers and students), (ii) large
samples and populations and (iii) different types of data (numeric, textual and visual). The
process is illustrated in Figure 6.1.
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Figure 6.1
The Data Transformation Process

Data Sources
Quantitative and
Qualitative

Researcher
SIP Database

Database design. Manual
input of data from SIP
archives

Manual input

Direct output
SPSS Files

Manual input

Direct output
Computer
Assisted
Qualitative
Data Analysis

Manual input of
NVIVO categories
into each student
record
Researcher

The process involved a number of different tasks, including manual input, structuring,
representation, transformation and storage of the data, following a sequence of phases. For
clarity purposes, a first overview is now presented. A more detailed description of objects
and technical procedures will follow.

Key Stages of Data Representation and Transformation
Initial overview of SIP data. Ciência Viva archives, communication with schools and
scientific institutions (mailing lists, fax and emails), institutions’ proposals (goals, activity
descriptions, budgets) and final reports, lists of participants (students) and other paperbased documents were subject to an initial reading. Its purpose was to determine a
typology of entities, objects and instances that could be effectively structured and stored
within an integrated relational database.

Creation of the SIP Database.

I designed a relational database with Microsoft Access

database software. This database linked the different entities (tables), objects (individual
records) and instances (data fields) through indexes of key identifiers.
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Manual Data Input to the SIP Database. The previously overviewed SIP data were then
re-examined in detail, manually gathered and input into the SIP database (this took a total
of four months).

Direct Output (Qualitative Data).

The next stage was to transfer the qualitative data

from the SIP database into NVIVO, a Computer- Assisted Qualitative Data Analysis
System (CAQDAS) software package. This procedure was applied both to the internships’
curriculum and to the open-ended questions in the students’ applications and evaluations.
This was firstly done by creating an output of the relevant SIP data (via ‘report’) to an
RTF format document, and then by importing it from an NVIVO project.

Manual Data Input (from NVIVO to SIP Database).

This was the most important stage

in the process of combining qualitative and quantitative techniques of data collection.
Basically, the process involved the application of techniques of quantification of
qualitative data , as will be explained in detail in §6.2.

Direct Output (Quantitative Data). The final stage was to transfer the quantitative data
from the SIP database into SPSS files. This procedure was created so as to be dynamic
right from the beginning of the research design phase. The goal was to achieve ultimate
flexibility in the process of creating statistical files. Indeed, rather than having static SPSS
files with a predefined set of variables, the purpose was to be able to multiply the
production of new SPSS files – as a result of new emerging themes or hypotheses –
directly from the database. This was thus a technical decision guided by an initial research
perspective. Rather than having a priori hypothesis, the goal was to allow hypotheses to
emerge inductively from data, and then deductively test them against data and evidence.

The SIP Database
The SIP database (Figure 6.2) is the main core of the data processing and analysis in the
SIP case study. It is composed of six tables, which are linked together by a ‘one-to-many’
association between their key indices.
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Figure 6.2
Data Structure

The information contained in the six tables is described below:

Internships (n=954)
data since 1997
id_event,
id_institution,
Name,
Description
StartDate, EndDate,
Duration
Year
Number of boys
Number of girls
Type of internship

Institutions (n=105)
data since 1997
id_institution
Name
Description
Keywords
Town
Type of institution
Scientific domain
Number of researchers
Number of SIP male
researchers
Number of SIP female
researchers
Number of male
apprentices
Number of female
apprentices

Researchers (n=635)
data since 1997
id_people
id_institution
Name
Post
Academic
Gender
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Students (n=3674)
since 1997
id_student
id_event
id_institution
Name
Grade
Age
Town

Student applications
(n=4,142)
since 2003
id_event
id_student
Year
Motivation

Student Evaluation Reports
(n=689)
since 2003
id_student
id_event
id_application
Gender
Year
Level of difficulty
Interest
Duration
Timetable
Career
Enjoy most
Enjoy least
Difficulties
Suggestions
Global evaluation

6.2 SIP Mixed Analysis: Quantitative and Qualitative Analysis of the Same Data
Unlike the interview data, which were analysed exclusively with qualitative methods, the
data resulting from the students’ application and evaluation forms were subject to
qualitative and quantitative analysis using a sequential process. Firstly, a set of categories
emerged from the qualitative analysis. These categories were quantified and assigned to
each particular student in a specific table, which was then linked to the remaining
quantitative student records, as part of the SIP database.

Analysing Qualitative Data from the SIP Database: the Students’ Subjective Accounts
The qualitative analytical techniques applied derived from the coding methods provided
by grounded theory (Glaser & Strauss, 1967; Strauss & Corbin, 1998). Following the
requirements of grounded theory I have developed, following Taber, “theoretical
sensitivity’, by attempting to commence the research with an open mind” (Taber, 2000 :
470). In this perspective, rather than selecting the data to fit coding categories based on
existing theories, the emergent categories were constantly modified to fit the data. This
process was supported by a computer-assisted qualitative data analysis software package,
such as NVIVO. Following the coding techniques used to develop grounded theory,
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temporary categories were generated and verified against the data in a process which led
to the discovery of more accurate categories, until a level of ‘data saturation’ (Glaser &
Strauss, 1967) was reached, and definitive categories were generated. A note of caution
must be introduced here to make clear that the use of coding methods associated with
grounded theory does not mean that this research developed or claimed for itself a
grounded theory approach; such would have required an iterative process within a
continuous cycle of data gathering, analysis and interpretation, year on year, and this
pattern was not established in the present research design.
The same process was applied to the analysis of the open-ended questions in both the
students’ application and evaluation forms. As far as the former was concerned, coding
was applied to the subjective reasons for wanting to enrol in the internships, as stated by
the students in their own terms. In relation to the latter, data were following questions
which elicited the views of students after leaving the internships: ‘Difficulties?’, ‘Most
enjoyed?’, ‘Least enjoyed?’ and ‘Suggestions?’.

Quantifying Qualitative Data
After having examined the qualitative data using methods of coding to capture
impressions, patterns and trends, the codes could now be analysed quantitatively. In sum,
the main purpose of using this quantitative approach to qualitative analysis was to
operationalize my own subjective coding of the qualitative data

by (i) comparing

quantitatively the frequencies of the codes and (ii) analysing statistically these frequencies
against a set of independent variables.
The next diagram illustrates the steps, procedures and software tools that I have used in
order to obtain statistically analysable files (SPSS) from the qualitative analysis of the
students answers to the open-ended questions in their application and evaluation
questionnaires. This involved four stages, as described in Figure 6.3.
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Figure 6.3
Quantifying Qualitative Data

SIP database
Students Applications File

SPSS File

Students Motivation File
Export

ID_student
ID_internship
ID_institution
F jhg ggfy htyrdf
hgtr dse jkj ui gdfg
df hjhj hty sde h hjk
F jhg ggfy htyrdf
F jhg ggfy htyrdf
hgtr dse jkj ui gdfg
df hjhj hty sde h hjk

Students Motivation
Records

ID_student
2425
3421
6754
…………….
Innnn

Scientific career
Professional experience
Vocational choice
University experience

NVIVO SSI project

ID_student
ID_internship
ID_Institution
Motivation Categories

Manual input of category values

Export via RTF documents

ID_student
ID_internship
ID_Institution
Motivation

0 1 0 1
1 0 1 0
0 1 0 1
…………….
1 1 1 0

Coding process

•

Firstly, five new tables were created in the SIP database: (1) motivations, (2)
difficulties, (3) most enjoyed, (4) least enjoyed, and (5) suggestions. Each of
these tables was designed in such a way that each category resulting from the
qualitative analysis was represented by both a textual field, to hold the textual
data associated with each category (extracted from the student answer), and a
numeric field.

•

Secondly, for each student in each of the five tables I introduced the student
codes from the NVIVO documents (with the students’ answers) into the
textual fields of the SIP database associated with the specific category; in
addition, a value of 1 or 0 was introduced in the corresponding numeric field
to indicate presence or absence of the category in the student answer.
88

Learning science through work experience

•

Thirdly, the five new tables (described in the first step) were linked to the
remaining tables in the SIP database through the interconnection of their key
identifiers, as follows (i) the ‘motivation’ table and the ‘was associated to the
student’ table were joined via a common field (ID_student); (ii) the ‘student’
table was then linked to the ‘internship´ table, via the ID_event; (iii) the
‘internship’ table was, then, connected to the ‘institution’ table via the
ID_institution;

•

Fourthly, according to the hypothesis that I sought to test, the linked tables
were used to produce database ‘queries’ with a combination of the pertinent
data fields. Finally, the output of these queries was then exported to SPSS, the
statistics software.

The Analysis of Quantitative Data
The quantitative analysis was designed to converge with the qualitative analysis in
addressing two of the four research questions of the study: (i) the characteristics of the
distribution and growth of SIP, in respect of its intervention programmes, promoters and
participants and (ii) SIP-students’ views and accounts of their subjective experience of the
internships.
The quantitative analysis used SPSS files created from the association of the SIP database
tables into ‘queries’ with specific selections of data fields. These included information
about students (gender, age and grades), institutions (type, scientific domain, geographical
location) and internships (type, duration, number of students and researchers). Moreover,
and most fundamentally, these data were linked to other tables containing the students’
subjective quantitative ratings and quantified data provided by their accounts.
This linking strategy was the only effective way of capturing the diverse aspects of the
SIP: firstly, the diversity of the institutions involved in the programme (university
departments, university research laboratories, scientific institutions and science museums);
secondly, the wide range of scientific domains and technological areas; thirdly, the variety
of activities and learning strategies offered to the students, all constituting open-inquiry
activities; finally, each of these activities might also involve different types of interactions,
from group work to individual tutoring or autonomous student work. Given all of this, it
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would not have been accurate simply to provide frequencies of categories with respect to
the SIP as a whole. Instead, frequencies, patterns and statistical inferences were
systematically measured against the specific characteristics of the institutions, scientific
areas and internships.
Quantitative analysis included descriptive statistics, group comparisons (t-test and chisquare) and a variety of ways of testing associations between variables, such as correlation
and regression. These strategies revealed patterns in large samples of data and provided
statistical testing of empirical hypotheses.

6.3 The Ipatimup Case Study – Underlying Theories and Methods
Social studies of laboratory work (Latour, 1979/1986, 1987; Lynch, 1985a, 1991; KnorrCetina, 1981; Pickering, 1992) played an important role in the provision of an appropriate
analytical framework with which to approach the study of the Ipatimup summer
programme, as it unfolded in its natural setting: the research laboratory.

Moreover,

following an ethnographic perspective, I approached the study of the apprenticeships at
the Ipatimup laboratories as a group whose knowledge, skills and traditions were unknown
to me, and started by addressing fundamental ethnographical themes, such as the use of
time, space and language (Spradley, 1990; Erickson, 1992; Hammersley & Atkinson,
1995). However, since my purpose was not the understanding of the makings of science
but the learning of it, my analytical tools were largely influenced by educational
ethnography - and particularly by its attention to the ways in which local meanings of
science learning are defined and accomplished through discourse processes and practices
(Lemke, 1990; Zarharlick & Green, 1991; Crawford et al. 2000; Erickson, 1992).
In sum, depending on the practical purposes of the Ipatimup case study, I used elements
from (i) social studies of scientific work, particularly from an ethnomethodological
perspective and (ii) ethnographic methods, and combined them with analytical techniques
derived from socio-cultural studies of school science talk (Moje, 1995) and educational
ethnography (Zarharlick and Green, 1991).
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The Lens of Science Studies
I drew from science studies its ethnomethodological approach to the local order of
laboratory work. Indeed, unlike classroom practices, which are designed exclusively to
address instructional purposes, the scientist-student interactions that I witnessed in
fieldwork at Ipatimup occurred alongside the day-to-day practice of the laboratory, where
time and resources were shared in a space often crowded with people whose roles varied
constantly (sometimes within a matter of minutes) from being scientists to being student’
supervisors, and back again. Students worked under the supervision of one scientist, on
their left, and alongside another who was simply going about her work, on their right.
People came in and out constantly. Order and disorder coexisted. Hence examining how
learning takes place in authentic environments demanded particular attention to the ways
in which order emerged from the apparent disorder of ordinary laboratory life. After all, as
Garfinkel’s study points out, the main goal of ethnomethodological studies has been ‘to
demonstrate locally produced, naturally organized, reflexively accountable phenomena of
order’ (1991: 15). Hence I borrowed from social studies of laboratory work:
•

Bruno Latour’s particular concern for (i) ‘inscriptions’ (e.g., notes, diagrams and
other forms of knowledge representations) as organizing devices in the
collaboration between group members within the laboratory (in the case of my
study, these were extensively used both in scientist-student dialogue and in
students’ presentations and reports) and (ii) ‘actor networks’, in which artefacts
play as active a role as non-human actors in the production of knowledge (here
again, instruments and sophisticated equipment were constitutive elements in the
scientist-student dialogue and informed most of the learning-in-practice taking
place in the laboratory).

•

Michael Lynch´s approach to ‘laboratory shop talk’ (1985a), and Gilbert and
Mulkay’s (1984) sociological analysis of scientific discourse. Here, the traditional
overemphasis on interview data - regarded as evidence of invariant thoughts or
views – is substituted by an account including variations in participants’ claims
across situations. Indeed, what Gilbert and Mulkay have shown with their analysis
of scientists’ discourse is that attitudes and beliefs are not only dependent on
context, but also highly variable within individuals. Likewise, under the influence
of Garfinkel’s data ethnomethodological studies of work, Michael Lynch has
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started to develop more empirical approaches to examining laboratory talk within
the context of the daily routines of the laboratory

The Ethnographic Perspective
Guided by ethnographic studies of science education, I extend this ´situated perspective’
of discourse to the study of ‘instructional talk’ in the laboratory. The overall purpose was
to examine how discourses were used to construct instructional events and ways of
learning, doing and talking about science in the laboratory. This was done with:
•

a combination of analytical methods derived from socio-cultural studies of school
science talk (Lemke, 1990; Moje, 1995) and educational ethnography (Zarharlick
& Green, 1991). I used contextual as well as thematic content from the studentscientist conversations to identify instructional episodes. Samples of these episodes
were selected according to their relevance as learning events and sequenced in
timelines. The sequences of events were then structured in ‘units of analysis’ and
‘message units’ for discourse analytical purposes.

•

a domain analysis – through semantic structure analysis (Spradley, 1980), which
linked these sequences of events, as well as their attached discourses and practices,
to the wider cultural context of laboratory life. As Spradley points out,
ethnography is a constantly evolving relationship between the parts and the whole,
Thus, over the course of the analysis, I ‘zoomed in’ to look at specific actions and
‘zoomed out’ to look across groups and over time. Semantic structure analysis
provides, in this regard, a systematic and rigorous approach to analysing
ethnographic data with the goal of revealing cultural behaviours, cultural
knowledge and cultural artefacts.

Having highlighted the underlying theories and analytical methods which guided my study
of the Ipatimup case, I will now describe in further detail the procedures used in the data
analysis.
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6.4 Structuring and Representing Ipatimup Data
Data Preparation
The ethnographic data includes 40 hours of video records, artefacts (students’ and
scientists’ ‘inscriptions’), field notes and 2 hours of video records of semi-structured
interviews with the students. I started by digitising all the existing data. This step was
crucial not only for time saving purposes, but also, and most importantly, to provide
flexibility in data storage, handling, structuring and representing.
The video was digitised to DVD format using an imaging software package (Pinacle
Studio) and a special purpose external device. This was done over a two-week period and
resulted in the production of 10 DVDs (4.5 gigabites each). During the process, I had the
opportunity to (a) have a first view of all the video records, (b) take notes and write
memos and (c) build a database of videoclips (5 minutes each) for indexing and crossreference purposes. The purpose of this database was to give the ability to provide (i)
search and retrieval tools, (ii) flexible and dynamic outputs to word-processing
documents, organized by time, group, episodes and scenes and (ii) quick cross-reference
to digital tape or DVD for further detailed inspection.

Data Structuring and Representation
This stage was driven by the research questions and theoretical underpinnings of the study
and was based on a process of identification of distinct components, interrelations and
logical hierarchies. Taking into account the purposes of the research and the analytical
methods at hand, the data were separated into the following distinct entities:
The message units, defined as ‘the minimal unit of conversational meaning on the part of
the speaker’ (Green & Wallat, 1981), are the smallest units of linguistic meaning (Kelly &
Chen, 1999). According to Gumperz’s (1982) definition, they are bounded by utterances
or social action that are identified through cues to contextualization, (e.g., pitch, stress,
intonation, pause structures, physical orientation). These contextual, non-lexical features
were extracted from video recordings, and helped me to integrate the verbal messages in
their social, cultural (and, in this case, instructional) context. The discourse analysis of the
relevant message units – together with their correspondent cues – provided answers to my
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main research question by the identification of the key events by which learning was
interactionally constrained or supported at the laboratory. Since the ethnographic data
included video records gathered over a two-week period, and as it is not feasible – within
the limits of the present dissertation – to present a report of the discourse analysis of all
the oral and written language used in the laboratory, decisions had to be made with respect
to the selection of data and how to represent them. These drew on theoretical
considerations which were informed by the underpinning literature review, research
questions and, finally, triangulation with findings resulting from the quantitative and
qualitative analysis of SIP data.
The sequence units are the next entity based on the messages units, but unlike message
units, the scope of sequence units is not determined by the contextualizing cues. Here, the
boundaries (at the start and end) are signalled by a shift in the topic of conversation. In
sum, sequence units are topic- and content-oriented: a change in the topic indicates the
boundary between them.
The instructional events are combinations of sequence units and form what can be
described, in school terms, a complete ‘lesson’, or in the case of the apprenticeship in the
laboratory, a complete ‘explanation’ of something the scientist wanted to teach to the
student.
The episodes are the highest level in the tree. They constitute cycles of instructional
events, and they are different form the latter in the sense that they link instructional events
separated in time and/or physical location.

6.5 The Analysis of Events, Interactions and Discourses in the Ipatimup
Having structured the data into its basic components and constructed the corresponding
database, I began the analysis with an initial overview of the ways in which instructional
events could be recorded into episodes or cycles of activity. After the identification of the
main episodes, the video was examined again – this time in greater detail – for a further
identification of the ‘instructional events’. This was done by noting each occasion when a
change in activity was observed (through ‘contextualizing cues’ or shifts of topic). Again,
a brief description of the event was entered in the database - in the instructional events
table – together with the time references. These were crucial for further sorting of the
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‘events’ records, generating a written chronological representation. The resulting timelines
and written records provide a graphic representation of the ways in which scientists and
students structured time and activity throughout the apprenticeship programme. Moreover,
the use of timelines in the analysis enabled me to examine the time distributions of
activities constructed for each day recorded (Erickson, 1992). And, most importantly, this
process provided data for quantitative analysis of the emerging patterns of interaction
between scientists and students in the Ipatimup.
These written records served also as a basic indexing system, providing a means for (i)
locating events and participants' actions, (ii) cross-referencing data (i.e., field notes,
memos, artefacts and domains), and (iii) returning to the corresponding videoclip in a
specific DVD for subsequent analysis. The product of these analyses constituted the basis
for a theoretically driven (Kelly & Chen, 1999) selection of episodes for discourse
analysis, as they proved relevant to the questions I was asking about the data at particular
stages of the analysis.
Semantic structure analysis is an ongoing and recursive process which is carried out in
two distinct and hierarchical layers. Using this analytical method, I started with the most
basic layer of analysis - the ‘domain analysis’. This revealed the first patterns in the data
and provided an initial picture of the broad cultural structure of the Ipatimup laboratories.
The next step in the semantic structure analysis was to organise the domains into a
taxonomy, forming the kind of hierarchical structure that Spradley (1980) referred to as a
‘taxonomic analysis’.
I used the qualitative data analysis software package NVIVO to code my data according to
the domain structures and then organize the domains into this taxonomic hierarchy. The
coding started with the identification of the cover terms, which represented concepts
shared by all the people in the laboratory. These initial cover terms then served as a
starting point from which I began to look for included terms. These were connected to a
cover term by means of a semantic relationship, (e.g., ‘X is a kind of Y’ or ‘X is a reason
for doing Y’). Together, the cover term, the semantic relationship and all the relevant
included terms comprise what is referred to as a ‘domain’, as seen below:

95

Learning science through work experience

Figure 6.4
Domain Analysis

Included term

Semantic relationship

Cover term

Domain

X

is a kind of

Y

Laboratory equipments

X

is a place for doing

Y

Work areas

X

is used for

Y

Tools

X

is a result of

Y

Artifacts, reports

X

is a reason for doing

Y

Sequence of procedures

The next stage – taxonomic analysis - involved gathering several domains together to
identify both the relationships and the levels of hierarchy among them. Indeed, as noted by
Spradley (1980:116), the taxonomic analysis ‘is an extension of domain analysis’ and a
way of examining relationships between domains. In this sense, the taxonomy provides
insights into the ways people organize - and make meaning of – the cultural world in
which they live. How things are organized is part of the way cultural meaning is
generated.

6.6 Summary
A comprehensive description of the methods of data analysis was presented in this
chapter. I started by reporting

the techniques used to assure the full integration of

qualitative and qualitative data – verbal, textual, visual and numeric. Next, I moved on to
explain how data were gathered, transformed and represented in relational databases,
which constituted the support for the production of inscriptions and heuristic devices for
further data analysis, both in NVIVO and SPSS. Finally, I presented a description of the
procedures used in the process of analysis of the interactions and discourses between
scientists and students at the Ipatimup laboratories.
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Chapter 7

A Profile of the Ciência Viva
Science Internships Programme

This chapter addresses the first research question of the study: What are the
characteristics of the promoters, projects and participants in SIP? Section §7.1 looks at
the physical size of the case study and examines the institutional and scientific nature of
the organizations which have been providing summer science internship programmes. §7.2
examines the human resources assigned to the projects, from the point of view of their
frequency, academic career and professional status. The nature of the projects themselves
is addressed in §7.3, with an account of the key facts, such as scientific subject, number of
participants, gender patterns, geographical location and teaching strategies. Finally, §7.4
concentrates on the students attending these programmes. These four issues are the focus
of this chapter.

7.1 The SIP Providers
The Institutional Dimension
A group of ten organizations started SIP in the summer of 1997. Since then, a total of 110
have participated (a median value of 43 institutions each year). SIP providers fall into
three main categories: R&D establishments (75 percent); higher education institutions (16
percent); and museums and private companies (10 percent). Figure 7.1 shows the growth
dynamics of the participation of scientific research centres in SIP. Three main findings
emerge from these data: (i) the fast growth of the research institutions; (ii) the slow, but
steady, rise in the participation of the higher education sector; and (iii) the ‘drop- out’ of
the other categories.
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Figure 7.1
Global Annual Growth of the Number of SIP Promoters by Type of Institution
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The Primacy of the Research Institutions.

It should be clear by now that the R&D

organizations constitute the bulk of the programme, to the extent that four in five SIP
providers are exclusively dedicated to a scientific research mission. Of these, 87 percent
are publicly funded, either by the government or by the National Foundation for Science
and Technology (FCT). They belong either to state organizations or to non-profit private
organizations with a strong link to the universities – hence they constitute the backbone of
the university-related scientific research in Portugal. One particular group of research
institutions – the State Laboratories and the Associate Laboratories – has, as we will see,
achieved a leading role in SIP. They have access to direct government funding, usually for
specific research contract work, special research programmes and formal scientific
consultancy or policy-oriented tasks and assignments.
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Table 7.1
SIP Providers by Scientific Domains and Scientific Fields (1997-2005)1
Partners

%

Exact Sciences

23

20.9

Mathematics

8

7.3

Physics

9

8.2

Chemistry

6

5.5

30

27.3

8

7.3

14

12.7

Marine Sciences

8

7.3

Medical Sciences

15

13.6

15

13.6

25

22.7

Civil Engineering

1

0.9

Electrical and Computer Engineering

7

6.4

Mechanical Engineering

5

4.5

Chemical Engineering and Biotechnology

6

5.5

Materials Sciences

5

4.5

Medical Engineering

1

0.9

Agricultural Sciences

8

7.3

8

7.3

9

8.2

Economy and Management

2

1.8

Sociology

3

2.7

History and Archaeology

2

1.8

Other Humanities (Museology)

2

1.8

110

100.0

Natural Sciences
Biological Sciences
Earth and Environmental Sciences

Medical Sciences
Engineering and Technological Sciences

Agriculture, Forestry and Veterinary Science
Social Sciences and Humanities

Total

1

In this study, the category ´Scientific Domain’ refers to a composite group of scientific fields. The
classification of the scientific domains and scientific fields of the SIP providers follows the categories
defined in the FCT’s database of Portuguese scientific institutions (www.fct.mctes.pt). The composition of
each scientific domain, as presented in Table 7.1, will be used consistently throughout this thesis. The only
exception will occur in the case of an international comparison (Figure 7.3), where the exact sciences will be
included in the scientific domain “natural sciences” to match the classification used in the source published
by the European Commission, Directorate-General for Research (2003).
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From 1997 to 2005, most SIP providers pursued their scientific and academic activities in
the scientific domain of the natural sciences. However, in terms of scientific fields,
medical sciences, earth and environmental sciences, and physics were the areas with the
largest number of institutions (Table 7.1).

At the inception of the programme, the

involvement of social science institutions was negligible. However, the last three years
have seen a slow increase. This is particularly noteworthy because, in national terms, the
social science research institutions represent approximately half of all the publicly funded
R&D in the country.
Figure 7.2
Comparison Between the Number of R&D Institutions in Portugal and the Number of
R&D Institutions that Participated in SIP from 1997 to 2005
Social Sciences and Humanities
Agricultural Sciences
Medical Sciences
Engineering and Technology
Natural Sciences
Exact Sciences
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Participating in SIP

To assess the extent to which the national

research institutions have been involved in SIP, it is necessary to consider some national
R&D indicators. The Portuguese scientific system is characterized by the prevalence of
the publicly funded sector, which employs 85 percent of the researchers in the country1. If
we were to remove the social sciences from the calculations, the percentage involvement
of the national scientific system in SIP would be approximately one third (31 percent).
Moreover, this percentage increases significantly in the case of both the State laboratories
(85 percent) and the Associate laboratories (76 percent). A final indicator of the extent of

1

Source: OCES, Inquérito ao Potencial Científico e Tecnológico Nacional 2001.
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the involvement of the Portuguese R&D system in SIP is the fact that almost half of
institutions doing research in natural sciences have already participated in the programme.

The geographical distribution of the SIP providers shows the presence of internship
programmes in all the seven administrative regions of the country. Lisbon stands out as
hosting almost half of all the institutions involved in SIP. The north and central areas
follow with 24.5 percent and 19.1 percent respectively. The South (the Alentejo and the
Algarve) and both the Atlantic archipelagos of Madeira and Azores are under-represented
in SIP. But, as evidenced by Table 7.2, the unbalanced distribution of SIP across the
country is in itself a mirror of the national scientific system.
Table 7.2
Geographic Distribution of R&D Institutions in SIP and in Portugal (1997-2005) (%)
Administrative Regions

R&D Institutions in SIP

R&D Institutions in Portugal

North
Centre
Lisbon
Alentejo
Algarve
Azores
Madeira

22.0
17.1
46.3
6.1
2.4
3.7
2.4

29.9
14.2
48.6
2.4
2.7
0.9
1.5

Total

110

100.0

7.2 The SIP Mentors
In all, 705 science and technology practitioners have participated in SIP since 1997. The
role of individual participants in the programme varied from project coordination to a
wide range of learning support roles, such as mentorship, tutoring or coaching, for which
the study will henceforth use the single title, mentors. Information on age was available
for 71 percent (N = 203) of the mentors. Chi-square analysis showed no differences
between men’s and women’s age range. In this sample, half of the mentors are in their
thirties, 40 percent are over forty, and 10 percent are less than 30 years old.
Forty per cent of the SIP mentors work as practising scientists either in State Laboratories
or in Associated Laboratories. This is particularly striking since such organizations
represent only 24 percent of all the SIP partners. The imbalance may be due to the fact that
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they are normally bigger than other types of research institutions. But it may also reflect
the intrinsic dynamics of these laboratories, possibly a function of their stronger link to
government policy or a consequence of the fact that some are themselves associate
members of the Ciência Viva Agency.
Table 7.3
Distribution of Mentors by Scientific Field of the Institution (1997-2005)
Women
Scientific field of the institution

N

Exact Sciences
Natural Sciences
Medical Sciences
Agricultural Sciences
Engineering and Technology
Social Sciences

48
68
67
47
101
10

Total

341

Men

%
37.2
43.6
65.7
59.5
48.1
34.5

N

%

81
88
35
32
109
19

62.8
56.4
34.3
40.5
51.9
65.5

364

Total
129
156
102
79
210
29

%
100.0
100.0
100.0
100.0
100.0
100.0

705

Overall, there was gender parity among SIP mentors (48 percent female, 52 percent male).
However, statistically significant differences were to be found across scientific domains,
x2(5, N = 705) = 26.27, p < .001, particularly in medical research organizations where
there were almost twice as many female than male mentors. By contrast, in the exact
sciences, the ratio was three male mentors to two women, x2(1, N = 705) = 7.87, p < .05.
A cell-by-cell inspection of scientific fields showed the widest gender gap to be in
electrical and computer engineering, with 21 male instructors and only two women (p <
.001). Physics came next with 73 percent of male instructors.
Figure 7.3 clarifies the extent to which the above differences are specific to SIP and not a
mirror of the gender patterns in science and technology observed in Portugal or in the
European Union (EU). In fact, the only case in which the percentage of women is lower in
SIP is the social sciences – even though these are seen as traditionally more attractive to
women (Scott, 2005; Stake, 2005; Wilson, 1993). In all the other areas, the percentage of
women researchers is higher in SIP – and closer to the Portuguese percentage than to the
European. This shows that the SIP gender pattern is to some extent representative of the
overall situation of women researchers in Portugal – but noticeably more feminised.
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Figure 7.3
Percentage of Researchers who are Women by Scientific Domain in SIP, in Portugal and
in the European Union1
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Note: * For international comparison purposes, the Exact Sciences are included in the Natural Sciences.

Mentors’ Academic Grades and Careers
The findings in this sub-section focus on the last three years of SIP (2003-2005). Because
a more extensive archive and collection of documented data was made available, it was
possible to gather additional information about mentors’ age, academic grades, career and
professional status. The first message arising from this is that two-thirds of the SIP
instructors have a PhD. Furthermore, the percentage of PhDs is higher in the research
institutions than in the universities (69 percent and 53 percent respectively). The other
mentors have either a Masters (16 percent) or a university first degree (18 percent). The
distribution of degrees among SIP mentors is different from the situation in the country,
where 30 percent of the researchers have a PhD and 47 percent a university first degree.
This contrast may be an indicator of the extent to which the Ciência Viva partners have
been willing to assign their senior staff to SIP projects2.

Research versus Academia? To examine the professional status of the SIP mentors, we
have to take into account the nature of the academic and research career in Portugal.
1

Source: European Commission, Directorate-General for Research (2003) She Figures, Women and Science
Statistics and Indicators.
2
Source: OCES, Inquérito ao Potencial Científico e Tecnológico Nacional 2001
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National indicators show that half (50 percent) of Portuguese researchers are also
university teachers.1
Figure 7.4
Careers and R&D Roles of SIP Mentors (2003-2005)

A – University teacher as main career
B – Researcher as main career
C – Researcher in SIP R&D provider
D – Other profession as main career

# A = 161
# B = 64
# C = 214
# D = 21
# D1 (only D) = 1

# A1 (only A) = 25
# (A ∩ C) = 136
# B1 (only B) = 7
# (B ∩ C) = 57
# (C ∩ D) = 20

The overlapping of the academic and research career is thus the norm. This is even more
evident in the case of SIP, where 90 percent of the partners are either university
departments or research centres doing university-related research. The Venn diagram in
Figure 7.4 summarizes the different combinations of both research and academic careers.
Table 7.4
Research Staff Grades of SIP Mentors (2003-2005); (N = 214)
Women
Rank in the research career2

N

Men

%

N

%

Total

%

Technician
Researcher
Group Coordinator
Head of Laboratory
Scientific Coordinator

3
73
14
2
2

50.0
55.7
40.0
33.3
28.6

3
58
21
4
5

50.0
44.3
60.0
66.7
71.4

6
131
35
6
7

100.0
100.0
100.0
100.0
100.0

Total

94

50.8

91

49.2

185*

100.0

Note. The total does not correspond to the 214 SIP instructors who work as researchers because 29 were
removed due to missing data.

1

Source: European Commission, Directorate-General for Research (2003) She Figures, Women and Science
Statistics and Indicators.
2
Careers and Professional Categories (Source: Sistema Retributivo da Administração Pública, DGAP, 2004;
Direcção de Serviços de Formação de Recursos Humanos, FCT, 2004 [Retributive System of the State
Administration, DGAP, 2004; Department of Training of Human Resources, FCT, 2004]).
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It is clear that the main professional career of most researchers in Portugal is academic. A
similar pattern was found among the SIP instructors. From the 74 percent (N = 214) SIP
instructors practising science and technology in R&D centres, only 26.6 percent are
exclusively researchers – the rest are university teachers.
As far as seniority is concerned, and as evidenced by Table 7.4, more than one third (36%)
of the SIP instructors are senior scientists with management and scientific coordination
responsibilities. In terms of their academic career, they are distributed across existing
academic staff grades (see Table 7.5), with almost one third (29 percent) belonging to the
top rank of the profession.
Table 7.5
Academic Staff Grades of the Mentors who Work in SIP Research
Providers (2003-2005) (N = 136)
Women
Academic staff
grades1
Assistente
Adjunto
Auxiliar
Associado
Catedrático
Total

Men

UK
equivalent

N

%

N

%

Lecturer
Lecturer
Lecturer
Professor
Professor

9
5
37
6
7

56.3
71.4
50.7
28.6
36.8

7
2
36
15
12

43.7
28.6
49.3
71.4
63.2

16
7
73
21
19

64

47.1

72

52.9

136

Male Seniority in Research: a Persistent Pattern?

Total

In global terms, no statistically

significant gender differences were found in both the academic qualifications and the
career profile of the SIP mentors. However, a major exception appeared in the research
career: chi-square analysis showed that women outnumber men in the ‘Researcher’
category, but not in the upper ranks, x2 (1, N = 185) = 4.60, p < .05. These data therefore
suggest that women are less well represented in the most highly rewarded positions. This
appears to be the case for academic and research careers alike. In fact, as far as the low
and middle ranks are concerned, there are slightly higher proportions of SIP female
mentors in academic careers than in research, but the dichotomy in seniority is just as
pronounced. This is a pattern which is largely consistent with most comparable European
indicators.
1

Ibidem.
105

Learning science through work experience

7.3 The SIP Projects
A total of 1,150 SIP projects have been carried out since 1997. Three in four were
provided by research institutions; the other 22 percent took place in universities, museums
or private companies. Within the group of the research institutions, the Associate
Laboratories and the State Laboratories were the most dynamic; together, they represented
one third (33 percent) of the research centres, yet they organized almost half (48.5%
percent) of the projects.
Table 7.6
SIP Projects by Scientific Field of the Institution (19972005)
Scientific Fields
Medical Sciences
Chemical Engineering and Biotechnology
Physics
Earth and Environment
Agriculture and Veterinary Sciences
Mechanical Engineering
Biological Sciences
Materials Engineering
Marine Sciences
Chemistry
History and Archeology
Electrical and Computer Engineering
Mathematics
Sociology
Astronomy and Space Sciences
Museology
Civil Engineering
Economy and Management
Medical Engineering
Total

Projects

(%)

242
116
115
115
107
89
62
60
58
42
35
25
24
19
14
10
7
7
3

21.0
10.1
10.0
10.0
9.3
7.7
5.4
5.2
5.0
3.7
3.0
2.2
2.1
1.7
1.2
.9
.6
.6
.3

1150

100.0

Table 7.6 shows a descendent distribution of projects by scientific field. Medical sciences
stands out as the most dynamic area: 14 percent of the institutions carried out 21 percent
of the SIP projects. Chemical engineering and biotechnology came next on the list, as their
line of research is approximately the same as that of the medical sciences laboratories –
particularly in microbiology, biochemistry and genetics engineering. If we add to them the
agricultural and biological sciences, the centres directly linked to the study of living
processes were responsible for almost half (46 percent) of all the SIP projects. One in four
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projects was organized by engineering and technology institutions, and the exact sciences
offered 16 percent of the SIP projects.

Frequency and Duration of the Projects
The mean number of projects organized by each SIP provider did not vary across time,
type of institution or scientific field – each institution organized two projects each year.
As displayed in Table 7.7, SIP providers tended to prefer two-week projects. However,
some significant main effects were found when comparing the means of the projects’
duration in relation to different independent variables. The shortest projects (less than a
week) constituted only 2 percent of all the projects implemented since 1997, whereas the
longest (four weeks or more) represented 12.6 percent.
Table 7.7
Distribution of SIP Projects by Duration (1997-2005)
Duration

N

Less than a week
1 week
2 weeks
3 weeks
4 weeks
More than one month

46
225
620
114
55
90

2.4
19.6
53.9
9.9
4.8
7.8

1150

100.0

Total

(%)

Another statistically significant variation occurred between types of organizations, F(2,
1150) = 20.66, p < .001. Projects in research institutions tended to be longer (M = 11.73,
SD = 8.52) than those in the higher education sector (M = 7.77, SD = 3.35). Moreover,
project duration varied also with the institutions’ scientific field, F(5, 1150) = 14.22, p <
.001). This was apparently due to the nature of field work in agriculture research centres,
which demanded longer periods of monitoring and follow-up of experiments.
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Class Size
Table 7.8 shows that more than half of the projects (54 percent) had either one or two
students, compared to 5 percent which had more than ten. Once more, one-way ANOVA
testing showed statistically significant differences between research institutions and
universities, F(2, 1150) = 23.71, p < .001. The latter tended to enrol more students in their
projects (M = 5.64, SD = 3.94) than the former (M = 3.39, SD = 3.94).
Table 7.8
Distribution of SIP Projects by Number of Students
(1997-2005)
Class size
1 student
2 students
3 to 5 students
6 to 10 students
More than 10 students
Total

Projects

(%)

214
407
323
144
62

18.6
35.4
28.1
12.5
5.4

1150

100.0

Variations in class size were also found in relation to different scientific domains, F(5,
1150) = 6.42, p < .001. The most significant differences occurred between the agricultural
sciences (M = 2.9, SD = 1.25) and the other remaining scientific domains (means are all
higher than 3.38). In sum, if we take the median as the more accurate representation, the
results indicate three different rates of students per project: (i) two students for the
agricultural sciences engineering and technology, and medical sciences; (ii) three students
for the natural sciences, and; (iii) four students for the social sciences. However, in global
terms, the median value was two students per project.
A bivariate correlation test, using the Pearson coefficient and a two-tailed test of
significance, showed that number of instructors and class size were positively correlated,
r(1148) = 0.74, p < .05, which means that the number of instructors increased with the
number of students per project.
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7.4 The SIP Students
There has been a total of 4,378 students participating in the SIP over the past nine years –
2,586 girls and 1,792 boys. The high participation rate of girls appears to challenge the
traditional view of the persistence of a male culture in science and technology. However,
when compared with 2003 – the year with the highest ‘Feminisation Ratio’ (FRi)1, the
gender gap appears to be decreasing over the past two years. In 2003, 63 percent of the
students in SIP were girls (269 boys and 466 girls). Two years later, in 2005, 55 percent of
the students were girls (315 boys and 389 girls). This data suggests that gender is a
significant, but complex, variable in the SIP profile, calling for particularly close and
careful analysis.
Figure 7.5
Evolution of the Feminization Ratio among SIP Students (1997-2005); N = 4378
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Project Enrolments
The data in this section are drawn from the analysis of SIP enrolment records of all the
students (N = 4,378) over the past nine years. More than two-thirds (69 percent) joined the
research centres, 22 percent the universities, with only 10 percent enrolled in museums or
science centres. Having already attracted the bulk of both the projects and mentors, State
laboratories and Associated Laboratories also took the largest share of students (35
1

The Feminisation Ratio (FRi) denotes the number of women per 100 men: Fri = (Fi/Mi)*100; where Fi is
the number of women in category I, and Mi the number of men in category I. So, if FRi = 100, there is parity
of men and women.
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percent), compared to 25 percent in the R&D Units, and 18 percent in the state
universities.
Table 7.9
Enrolments by Gender and Type of Institution (1997-2005)
Girls
Type of institution

N

Boys

%

N

%

Total

Research Institutions
Higher Education
Other Institutions

1792
522
272

59.5
54.7
66.0

1220
432
140

40.5
45.3
34.0

3012
954
412

Total

2586

59.1

1792

40.9

4378

Chi
Square
0.72
9.55*
9.09*

Note. * p < .05

Gendered Enrolments. Neither the choice of establishment nor the selection of scientific
fields were independent of gender. Chi-square tests show that girls and boys choose
different kinds of organizations, x2(2, N = 4378) = 15.93, p < .001. The ratio of girls to
boys in hospital research centres was approximately 3:1 – the widest gender gap (p < .001)
Conversely, state universities had the narrowest (6 percent), although girls were still in
the majority. Girls also outnumbered boys in research institutes, but the difference was not
statistically significant.
Table 7.10

Enrolments by Scientific Domain of the Institution (1997-2005)
Girls

Boys

Scientific domain

N

%

Exact Sciences
Natural Sciences
Medical Sciences
Agricultural Sciences
Engineering and Technology
Humanities and Social Sciences

381
679
599
160
529
272
2586

Total

N

%

Total

48.4
65.1
73.3
71.4
45.4
66.0

406
364
218
64
636
140

51.6
34.9
26.7
28.6
54.6
34.0

787
1043
817
224
1165
412

59.1

1792

40.9

4378

Chi
Square
1.31
38.42*
84.34*
14.91*
122.51*
16.98*

Note. *p < .001
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Girls and boys selected different scientific domains, x2(5, N = 4378) = 241.00, p < .001, a
finding that replicates results from prior studies of course selection (Stocking & Goldstein,
1992; Taber, 1991, 1992). Here again, the medical sciences presented the widest gender
gap, with a highly statistically significant advantage for girls, x2(5, N = 4378) = 84.34, p
< .001. As shown in Table 7.10, girls also outnumbered boys in natural, agricultural and
social sciences.
However, in spite of the overall high proportion of girls in the programme, engineering,
technology and the exact sciences remained male territory. Cell-by-cell inspection of the
chi-square values for the specific subjects indicates that gender differences were most
visible (p <.001) for physics, electrical, computer, mechanical and materials engineering,
where boys were the majority. Yet within the exact sciences, chemistry stood out as an
exception to the dominance of young males, as there were twice as many girls as boys.
Similarly, chemical engineering and biotechnology were the only exception to the male
prevalence in engineering and technology, although the difference was not statistically
significant.
The quantitative analysis in this section relates to the last three years (2003 to 2005), when
the students started to selected the SIP courses from a list provided by the Ciência Viva
website. During this period, students produced a total of 5,671 applications from a list of
457 possible choices. Provided that they met entry requirements, students were assigned to
their choice on a first come, first served basis until the internship programme was filled.
Therefore the analysis of the students’ applications – including those which were not
successful – provides not only an insight into the candidates’ preferences, but also a
measure of the students’ demand for this type of programme.
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Table 7.11
Students’ Applications by Scientific Domain of the Institution (2003-2005)
Girls
Scientific domain

N

Boys

%

N

%

Total

Chi
Square
4.05*
72.77**
123.92**
12.17**
94.07**
11.80**

Exact Sciences
Natural Sciences
Medical Sciences
Agricultural Sciences
Engineering and Technology
Humanities and Social Sciences

466
520
1333
299
917
213

53.5
69.3
76.6
74.0
56.5
75.5

405
230
407
105
707
69

46.5
30.7
23.4
26.0
43.5
24.5

871
750
1740
404
1624
282

Total

3748

66.1

1923

33.9

5671

Note. * p < .05

** p < .001

Chi-square analysis of the students’ applications over the past three years reproduced – but
only to some extent – similar gender patterns to those observed in project enrolments.
However, they showed even more relevant gender differences. The feminisation ratio, for
example, went up from 144 to 175. Girls’ applications also rose for the research
institutions; and even in the universities, where the gender gap was the narrowest (12
percent), the advantage was still highly statistically significant in favour of the girls, x2(1,
N = 5,671) = 59.25, p < .001. Again, as in the enrolments, girls were particularly attracted
by hospital research laboratories, where the widest gender gap could be found (81 percent
of girls’ applications against 19 percent, from the boys).

Advantage of Girls’ Applications in Engineering and Technology.

In global terms, the

gender gap in students’ applications was wider than in the actual enrolments (32 percent
and 18 percent respectively). The same time period (2003-2005) was selected to facilitate
comparison between applications and enrolments. As the analysis proceeded on a cell-bycell basis, some divergences emerged from this comparison (Table 7.12). The most
striking was the advantage of girls’ applications across all the main scientific fields including the exact sciences and engineering and technology, areas more traditionally
associated with the boys’ preferences. In fact, it was necessary to go down to a cell-bycell analysis of more specific subjects in order to find any case where boys would still
have the advantage. Unsurprisingly, electrical and computer engineering, as well as
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physics, emerged as the only exceptions, x2(1, N = 5671) = 59.25, p < .001, with 79
percent and 58 percent of boys’ applications respectively. Indeed, it is striking that in
3,748 girls’ applications, there were only 25 for electrical and computer engineering and
79 for physics. As Zohar and Bronshtein (2005) have pointed out, ‘low participation rates
of girls in advanced physics classes are a serious problem in many countries’ (2005: 61),
and the same applies to engineering and technology (Goldberg and Sedlacek, 1995;
Phillips et al., 2002; Scott, 2005). Even in a strongly feminised programme such as SIP,
the call for more gender-inclusive physics and technology learning environments should
be taken seriously.

Table 7.12
Comparison of Enrolments and Applications by Scientific Field of the Institution
(2003-2005)
Applications (N=5671)

Enrolments (N=1780)

Scientific fields
Chi square
Exact Sciences
Mathematics
Physics
Chemistry
Natural Sciences
Biological Sciences
Earth and Environment
Space Sciences
Marine Sciences
Engineering and Technology
Civil Engineering
Electrical and Computer
Mechanical Engineering
Chemical Eng. & Biotechnology
Materials Engineering
Medical Engineering
Medical Sciences
Health Sciences
Agricultural and Veterinary
Agricultural Sciences
Social and Human Sciences
Economy and Management
Sociology
History and Archaeology
Other Humanities (Museology)

4.05
7.31
126.97
4.27
72.77
3.40
19.85
1.10
0.643
94.07
0.07
187.61
6.87
14.27
0.28
2.64
123.92
123.92
12.17
12.17
11.80
0.23
12.88
4.87

Gender
diff.
g**
g*
b**
g*
g*
g**
g**
b**
g*
g**
g**
g**
g**
g**
g**
g**
g*

Chi square
16.85
1.63
38.13
6.97
3.28
0.08
5.20
1.12
1.53
51.70
3.50
53.96
17.56
1.79
0.10
0.04
59.34
59.34
5.31
5.31
8.76
0.18
14.02
4.59
0.01

Gender
diff.
b**
b**
g*
g*
b**
b**
b**

g**
g**
g*
g**
g*
g**

Note. The letters g and b stand for a difference in favour of girls or boys.
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* p < .05

** p < .001

Supply and Demand. An examination of, on the one hand, the SIP course enrolments and,
on the other, the candidates’ preferences – as expressed in their applications – helps to
measure the extent to which the programme managed to meet student demand. In this
respect, Figure 7.6 shows clearly which scientific field had the strongest appeal and
attracted the largest number of applications – the medical sciences. Nevertheless, it was
also the one where SIP failed the most in meeting student demand – 390 places were
available; 1,740 applications were received; only 22 percent were successful.
Chemical engineering and biotechnology came next in the students’ preferences (641
applications for 303 places), but the deficit of supply was not so pronounced (47 percent)1.
Mechanical Engineering2 institutions were also very high in the students’ preferences, yet,
the mismatch between offer and demand was huge – 630 applications for 151 enrolments.

2

The Mechanical Engineering category includes institutions which, in some cases, have a wider range of
scientific domains, which are mainly related to industrial and technological research.
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Figure 7.6
Comparison of Course Enrolments and Applications by Scientific Field of the Institution
(2003-2005)
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Are Girls in SIP Older?
Data relating to the age of the students is only available for the past thee years. More than
two thirds of the students (70 percent) were 16- to 17-years old. The average age was 16
(M = 16.22, SD = 1.19). A one-way ANOVA showed that students’ age varied with the
type of institution, F(2, 1694) = 10.36, p < .001. Examination of students’ mean ages in
each type of institution indicated that the relationship between age and type of institution
was greater in research centres, where the students tended to be somewhat older (M =
16.71, SD = 1.22) than those enrolling in higher education establishments (M = 16.43, SD
= 1.19). Hospital research units attracted the oldest students (M = 17.21, SD = .84),
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ranging from 15- to 19-year-olds, and state universities the youngest (M = 16.13, SD =
91). It is worth noting that the former had the widest gender gap (55 percent), and the
latter the narrowest (6 percent).
Age varied less between scientific domains,

F(5, 1694) = 3.55, p < .05. The only

statistically significant differences were found between medical sciences (M = 16.8, SD =
0.51) and engineering and technological sciences (M = 16.71, SD = 1.21), again, a mirror
of the gender differences. In fact, when comparing the ages of all the students who
attended SIP courses over the past three years, t-tests showed statistically significant
effects for gender, t(1695) = 2.22, p < .05: girls tend to be slightly older (M = 16.67, DS =
1.23) than boys (M = 16.54, SD = 1.13).

The Geographical Distribution of the SIP Students
Figure 7.7
Global Annual Growth of the Number of SIP Students by Region
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As evidenced by Figure 7.7, SIP was mainly a Lisbon-centred initiative during its first five
years. In 1999, for example, almost half (48 percent) of the students were in the region of
the capital. That percentage started to drop in 2001 (36 percent), when the North reached
almost the same level (35.6 percent). The next four years would see the dominance of the
North, whilst almost all the other regions experienced a reduction in the number of
students. Equality between Lisbon and the North was reached again last year, with small
increases in all the remaining regions.
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However, though these numbers show how many students were involved in SIP
throughout the country, they do not say where they are from. To examine the actual
distribution of students, their mobility and the degree of accessibility of the SIP, this data
must be compared to those relating to the students’ home residences.
To some extent, SIP courses enrolled students who did not live in the region where they
the courses took place. On average, 16 percent of all the students had home residences
outside the region. The Algarve and the Alentejo attracted the larger percentage of
outsiders, which may be linked to the movement of national tourists moving to the south
during summer holidays.
Table 7.13
Percentage of Students Attending SIP Outside their Region (2003-2005)
Region
North
Centre
Lisbon
Alentejo
Algarve
Azores
Madeira
Total

Living in the
region

Staying

Leaving (%)

776
272
579
59
35
50
9

727
86
530
33
17
49
3

6,3
68,4
8,5
44,1
51,4
2,0
66,7

1780

1445

18.8

The percentage of students moving either from the North or from Lisbon to other regions
was irrelevant, since such individuals had the highest number of offers in their own
regions. On the other hand, students from the Centre were the most willing to seek SIP
projects outside their region of residence. The Centre is a highly populated area, however,
neither the universities nor the research institutions of the region seemed to meet the
students’ demand. Between 2003 and 2005, a large part of the students living in the
Centre region moved either to the North (110) or to Lisbon (86).
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7.5 Summary of Key Findings
The SIP Providers
1. Three in four SIP providers are science and technology research institutions.
2. The R&D publicly funded sector is the one which reveals the strongest growth in
participation in SIP activities over the last decade.
3. Approximately two-thirds of the research institutions in the SIP were rated either
as ‘Very Good’ or ‘Excellent’ by international evaluation panels.
4. With an annual growth rate of 45 percent, the higher education sector has been
showing an almost constant rise in its involvement in the SIP. However, the
participation of private universities is rare.
5. Other institutions, such as science museums, have been showing a tendency to
drop out of the programme.
6. Almost half of all the publicly funded R&D centres which carry out research in the
Natural Sciences in Portugal have already participated in the SIP. Unlike the social
sciences, each scientific domain is represented in SIP by more than one quarter of
its research institutions.
7. SIP appears as a nationwide scheme, however its regional asymmetries mirror
those of the national scientific system.

The Mentors
1. Almost half of the instructors are over 40 years old. Only one in ten is aged less
than 30.
2. Two thirds of the instructors have a PhD degree.
3. Four in five SIP instructors are professional science and technology practitioners.
Of these, one-third are senior practising scientists with management and scientific
coordination responsibilities.
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4. The norm is the combination of academic and research careers: 62 percent of the
SIP instructors who are professional researchers are also university teachers.
5. When compared to Portugal or to the European Union, the SIP shows a more
gender inclusive environment.
6. However, the data provided also supports the claim that some science and
engineering disciplines show much lower participation of female instructors than
others. The most striking cases are electrical and computer engineering (91 percent
of male instructors), physics (73 percent) and mathematics (70 percent).

The Projects
1. Of the 1,150 projects carried out since 1997, three in four were provided by
research organizations. Associate Laboratories and State Laboratories organized
almost half of the projects promoted by this type of institution.
2. Medical sciences research institutions were responsible for the largest number of
projects (21 percent).
3. A total of 87 percent of the projects involved laboratory or fieldwork as the main
strategy for introducing students to scientific research.
4. In general, SIP providers limited the number of projects to two each year. No
differences were found between universities and research institutions in that
respect.
5. More than half the projects (54 percent) were two-weeks long, compared with 22
percent with a duration of three weeks or more. The longer projects were mainly
organized by agricultural and veterinary research institutions.
6. More than half of the projects (54 percent) had one or two students. Only 5 percent
had more than ten. The number of instructors increased with the number of
students per project.
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The Students
1. Students ranged in age from 15 to 19. Two-thirds were 16- to 17-years old. The
average age was 16 years old. Girls and boys averaged 16.67 and 16.54,
respectively, a statistically significant difference – but meaningless in practical
terms.
2. In all, 4,378 students attended Ciência Viva SIP from 1997 to 2005 – 60 percent of
them were girls. Of the 5,671 students’ applications received over the past three
years, 66 percent were from girls.
3. Each year, without exception, the Feminisation Ratio (Fr) was always higher than
100, which means that girls have systematically outnumbered boys across each of
the last nine years. Moreover, data suggests the possibility of bias in selection as
about 28 percent of applications from girls were successful (1,054/3,748) whereas
about 38 percent of applications from boys were successful (726/1,923).1
4. Medical science research institutions were the most frequent SIP providers; they
organized most of the summer internships projects; they received the largest
number of student applications; they enrolled more students than any institution
from any other scientific field. Yet, three in four students involved in projects in
medical science research institutions were girls.
5. In terms of student applications, the only exceptions to girls’ predominance came
from physics and electrical and computer sciences. When it came to actual
enrolments, mechanical engineering was also added to this gender pattern.
However, when all the engineering and technology subjects were grouped together,
there was a statistically significant difference in favour of the girls.
6. From the outset, we may infer that, although SIP was not deliberately designed to
engage women in science, girls have been the most willing to participate. SIP can
fairly be seen, therefore, as a feminised science education programme.

1

Some caution should be exercised here as the number of applications does not correspond to the number of
candidates. Each candidate was allowed to put forward several applications, which means that a candidate
may have been selected even though his or hers alternative applications were not successful.
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7. However, Fr has been decreasing since 2003, as a consequence of the rise in the
number of boys – the average annual growth in their participation rate is higher
than that of the girls.
8. The ‘top-five’ students’ options, as measured by the number of applications, in
order of preference were medical sciences, chemical engineering and
biotechnology, mechanical engineering, physics, and finally, agricultural and
veterinary sciences.
9. The supply of SIP projects was, in some cases, significantly below the level of
students’ demand. This was the case even in scientific areas with the greatest
number of offers, such as the medical sciences, chemical engineering and
biotechnology or mechanical engineering.
10. Although there was a dominance of the main urban centres – Lisbon and Oporto –
students came from all the administrative regions of the country, including Azores
and Madeira. The rate of mobility of the student, the percentage of those who
attended projects outside the regions where they live was 16 percent , which shows
not only a significant mobility rate, but also the students willingness to seek SIP
projects matching their interest when they are not available in their own regions.
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Chapter 8

The Students’ Reasons for Participating in the
Ciência Viva Science Internships Programme
‘The most important thing in life is to have a goal and the determination to achieve it.’
SIP candidate s3053

The focus of this chapter is to analyse the motives given by the candidates to justify their
applications for internships in the Ciência Viva SIP, and to consider the extent to which
such motivations were influenced by the personal characteristics of the applicants and the
particular nature of the institutions and internships for which they applied. The data cover
three consecutive years, from 2003 to 2005, and derive from the students’ written
responses to the following open-ended question on their application forms – ‘Why do you
want to participate in this internship?’. The responses were provided on-line by the
candidates, in a place, time and context of their choice, without guidance or knowledge of
the selection criteria.
I begin by describing the sample and the analytical procedures applied to the examination
of the candidates’ reasons, and go on to discuss their consistency with motivation research
and self-determination theory. The reasons used by the students are also shown to be
affected by the students’ gender, the institutions’ nature and the scientific field dominant
in these institutions. The final section presents a summary of the key findings.

8.1 Analytical Procedures and Framework
Of the 5,671 applications, 1515 were selected for this analysis. I retained only valid
applications (i.e., those with a written response) that resulted in an actual enrolment.
Unsuccessful applications were removed to avoid repetitions.1

1

Each candidate was allowed to put forward several applications, which resulted in a repetition of written
responses which, in turn, would bias my analysis (there were, in fact, only 2,134 candidates).
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Table 8.1
Descriptive Statistics Comparing the Total Number of Applications and the Sample
Total
(N = 5671)

Sample
(N = 1515)

By gender
Girls’ applications
Boys’ applications

66.1
33.9

58.4
41.6

By type of institution
Research institution
Non research institution

75.4
24.6

65.1
34.9

By institution’s scientific domain
Exact sciences
Natural sciences
Engineering and Technology
Medical sciences
Agricultural sciences
Social sciences

15.4
13.2
28.6
30.7
7.1
5.0

20.0
12.2
36.2
20.9
6.9
3.8

Distribution (%)

Table 8.1 presents the proportions of candidates across key variables. The similarity
between the proportions in the sample and in the totality of the applications provides an
indication of the representativeness of the sample.

Analytical Procedures
The data were examined in a four-stage process with a sequential mixed-methodological
analysis.
Stage One: Qualitative Analysis of the Students’ Written Responses to the ‘Why’ Question.
This stage consisted of a phenomenological inquiry, based on the qualitative analysis of
the students’ responses. The inquiry was phenomenological in that it aimed at
understanding phenomena from the perspective of those being studied. It was carried out
using an inductive approach in the sense that no a priori hypotheses were stated about the
students’ motivations. This stage involved four steps: (i) a first exploratory reading of all
the students’ responses to establish an initial impression of them; (ii) the responses were
then organized into units of information which served as the basis for extracting
significant statements, such that each statement corresponded to a unique category; (iii)
according to their meaning, categories were aggregated into themes (consistent with the
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inductive approach, these themes were created a posteriori); and, finally, (iv) the
categories and themes were referred back to the students’ responses to ensure that no
original descriptions were unaccounted for.

Stage Two: Quantification of the Categories and Themes. A database was designed to
incorporate an inter-respondent matrix (i.e., participant x category) with a record for every
candidate. Each record contained a set of fields corresponding to all the categories and
themes. For each field, a score of ‘1’ or ‘0’ was entered depending on whether the
corresponding theme or category was represented in the candidate’s response. Finally, the
inter-respondent matrix was linked to the other databases I had previously designed,
containing relevant information on the students’ and institutions’ characteristics (see §7.1
and §7.2). This process allowed the computation of both the frequencies of each
category/theme and the percentages (i.e., endorsement rates) of each category and theme
not only for the inter-respondent matrix, but also in relation to external variables .

Stage Three: Quantitative Analysis of the Categories and Themes.

This stage

corresponds to the hypothetical deductive phase of the research cycle. After an initial
phase of inductive inquiry, the investigation had reached a stage at which some questions
started to emerge from the process of data gathering, analysis and interpretation. To
answer these questions, I predicted that:

•

Hypothesis 1: Girls and boys would emphasize different motives for their
participation in SIP;

•

Hypothesis 2: Applicants for research institutions would differ from those who
applied for non-research institutions in terms of their justification for participating
in SIP;

•

Hypothesis 3: The predominance of the motives for participating in SIP would
vary according to the scientific domain of the host institution.

Themes and categories were then used as dependent variables to differentiate between the
candidates whose responses represented a particular theme or category (i.e., score = ‘1’)
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and those who did not (i.e., score = ‘0’). The individual characteristics of the candidates
and the characteristics of the institutions were used as independent variables. These
variables included: (i) candidate characteristics – age and gender; (ii) institutional
characteristics – type of institution and scientific domain.
Several quantitative methods were applied at this stage. A t-test for differences between
the means of two independent samples of unequal size, with a two-tailed test, was used to
identify significant age-related differences between groups. Since the other independent
variables were nominal or categorical, I used chi-square tests to examine their
relationships with the themes and categories. To reinforce the robustness of the test, the
independent variables that were categorical (i.e., type of institution and scientific domain)
were recorded to dummy or contrast variables following the procedure recommended by
Cohen, Nest, & Aiken (2003: 302). The outcomes of this procedure were eight
independent variables.1 Finally, I used multivariate discriminant analysis when I felt that it
would be necessary to test the combined influence of more than one variable.

An Analytical Framework
The students’ reported motives were interpreted from the perspective of motivation
research by referring to the operational concepts of self-determination theory (Decci &
Ryan, 2000, 2002).

Why Self-Determination Theory (SDT)?

The reasons for drawing on SDT were not

grounded in its theoretical underpinnings (i.e., the innate nature of psychological needs),
its epistemological stand (i.e., the search for causality and predictability) or even its
methodological approaches (i.e., experimental research). Instead, I borrowed elements
from SDT because (i) its operational concepts provide a better account for the themes
arising from the analysis (e.g., intrinsic vs. extrinsic motivation, psychological needs and
regulatory processes) and (ii) when compared to other motivation theories, SDT has the
advantage of linking with key aspects of other theoretical approaches2.

1

The eight independent variables were age, gender, type of institution, exact sciences, natural sciences,
engineering and technology, medical sciences, agricultural science, and social sciences.
2 While agreeing with the notion that motivation is always a relation between a subject and an object of
desire, motivation theories disagree as to whether to put the focus on the subject, with its needs and abilities,
or on the object - the goal - as an external determination of behaviour. On the one hand, goal-related theories
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In SDT, individuals are assumed to be active, intentional beings and growth-oriented
organisms (Decci & Ryan, 2000). At the centre of this theory is the notion that the forces
which drive individuals towards their goals are not the desirability of the goals - however
rewarding these may be – but three innate psychological needs: the need for competence
(critical to the effectiveness of the interaction between the individual and the
environment); (ii) the need for autonomous control (provides the individual with voice,
choice and control); and,

finally, (iii) the need for relatedness (the need for social

acceptance and connection with others). These needs, when fulfilled, are expected to
facilitate intrinsic motivation, the most self-determined - and educationally effective type of motivation. As shown in Table 8.2, when the SIP candidates justified their
applications by stressing their willingness to learn, and their desire to do so with others,
they were voicing two of the psychological needs addressed by SDT: the need for
competence and the need for relatedness. In terms of the third need (i.e., autonomous
control), it is reasonable to assume that the students’ willingness to engage in an intensive
and time-consuming learning process of their own accord during summer holidays is, by
itself, evidence of autonomous and self-determined behaviour.
Table 8.2
The SIP Students’ Motivations and the SDT Operational Concepts
Motivations
I love it and I enjoy doing it
I want to learn
It is important for me
I can do it
I want to do it with others

Themes

SDT concepts

Interest
Learning
Importance
Perceived competence
Social interaction

Intrinsic motivation
Need for competence
Extrinsic (identified)
Self-efficacy
Need for relatedness

There are, however, other types of motivation: people may be driven to action because
they seek a reward, fear punishment or by other external factors (extrinsic motivation).
(Deweck (1986), Deweck & Leggett (1988), and Nicholls (1984, 1989) for example, distinguish between
performance goals (demonstrating competence) and learning goals (developing competence). Other goalrelated theories focus mainly on achievement motivation or on the values that people attach to their pursued
goals (value-expectancy theory). On the other hand, from a more subject-oriented stance, Bandura (1997),
with his theory of human agency, sees goal selection as a function of the individual’s perception of
competence (self-efficacy) rather than as a result of the desirability of the object. For him, one is motivated
by the goals that one feels able to attain. Behaviour is thus determined by the extent to which people are
convinced that they can cope with a task in order to achieve the desired goal. From a similar subject-related
approach, Decci and Ryan (2000) bring the empirical psychology concept of needs to the organization of
their study of motivation as a self-determined process. Where Bandura sees an ‘agentic being’, Decci and
Ryan see an ‘intentional organism’.
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These different kinds of reasons, corresponding to different levels of autonomy, also
represent different kinds of external motivation. In SDT, extrinsic motivation
encompasses three different styles of control, which correspond to different degrees of
perceived autonomy. The extent of this perceived autonomy is dependent on whether the
control is in fact external or, on the contrary, internalized by the subject.1

The analysis of the SIP applications reveals the level of internalization, in that students
expected their internship experience to play an important role in their academic and career
aspirations. Although these expectations were expressed in terms of extrinsic motivation,
they were perceived by the candidates as personally important and decisive for outcomes
which they valued themselves. This level of external regulation (i.e., identified regulation)
is seen by SDT as the most self-determined and autonomous form of extrinsic motivation.
Finally, the fifth theme (i.e., perceived competence) can be understood as a manifestation
of self-perception of competence and self-efficacy, defined by Bandura as ‘beliefs in
one’s capabilities to organize and execute the courses of action required to produce given
attainments.’ (Bandura, 1997: 3).

8.2 The Emergent Categories and Themes
A Word Frequency List
As part of the exploratory stage, I used WordStat, a textual content analysis software
package, to quantify the occurrence of all the words contained in the candidates’
responses. I started by merging the 1,515 responses into a single document (word count =
68,787). I then produced a descending word frequency list (see, in Table 8.3, the 18 most
frequent words).2

1

Self-determination theory distinguishes the following levels of extrinsic motivation: (i) extrinsic
regulation, where behaviour is regulated by external contingences; (ii) introjected regulation, where
behaviour is regulated by internal pressures (the regulation is internal but actions are felt as controlled –
sense of guilt, fear of punishment); and (iii) identified or integrated regulation, where behaviour is adopted
by the individual because it is important for achieving goals which are valued by that person.
2
Due to their analytical irrelevance, the words ‘internship’ and ‘course’, together with all the conjunctions,
pronouns and other connection words, were removed from the list.
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Table 8.3
The Most Frequent Words in the (N = 1,515) Candidates’ Written Responses to the
‘Why?’ Question in their Application Forms
Portuguese
Interesse
Conhecimentos
Seguir
Gosto
Futuro
Oportunidade
Aprender
Universidade
Ciência
Experiência
Interessante
Investigação
Laboratório
Trabalho
Participar
Conhecer
Contacto

English

f

Interest
Knowledge
To pursue
I like
Future
Opportunity
To learn
University
Science
Experience
Interesting
Research
Laboratory
Work
To participate
To know
To contact

544
431
339
287
279
259
258
234
228
214
210
195
193
188
185
177
172

The results were relevant enough to justify a ‘horizontal’ reading of the list. By adding a
few connecting words (between square brackets), a text similar to a telegram or SMS
message was obtained:
Interest [in] knowledge pursue. I like future opportunity to learn. University science
experience [is] interesting [for] research laboratory work, to participate, to know, to
contact.
As I will show in the presentation of the findings, this message not only contains words
related to the emerging themes and categories, but also summarizes to some extent most of
the students’ reasons for engaging in SIP.
The thematic structure of the themes and categories which emerged from stages one and
two of the mixed-methodological analysis are presented in Figure 8.1. This figure
illustrates the relationships between the categories and themes and relates these to the
operational concepts of SDT. Each of these themes will now be discussed, with examples
from the database used as illustrations. Where needed, the students will be identified by
their ID_code (in square brackets) to maintain confidentiality.
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Figure 8.1
Thematic Structure Showing the Candidates’ Reasons for Participating in SIP

The Interest Theme
As shown in Table 8.4, the students’ interest in science and technology for its products
(knowledge), processes (scientific inquiry) and values (social implications) was their most
frequent reason for participating in SIP. Approximately two-thirds of the candidates used
this argument in their applications. Moreover, unsurprisingly, ‘interest’ was also the most
frequent word in the students’ applications (see Table 8.3). Used as a noun (i.e. ‘having
an interest in’) or as an adjective (i.e., ‘interesting’), it occurred within a wide range of
synonym nuances, ranging from a mere ‘I like it’ to more intensive forms of emotional
attachment, such as being ‘in love with’ or ‘fascinated by’.
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Table 8.4
Frequency and Endorsement rate (%) of the Themes Emerging from the Candidates’
Reasons for Participating in SIP
Girls

Themes
f

Learning
Interest
Importance
Perceived competence
Social interactions

525
543
406
121
54

Boys

All

%

f

%

59.3
61.4
45.9
13.7
6.1

286
444
248
120
34

45.4
70.5
39.4
19.0
5.4

f

%

811
987
654
241
88

53.5
65.1
43.2
15.9
5.8

The following descriptions provide examples in which these features appear to be
maximized:1
Firstly, I consider the possibility of participating in this internship as a very enriching
experience. It is with enormous interest and curiosity that I view the internship, for
which I am extremely motivated. I love plants, and this out-of-school training is very
important to get familiar with environments which I wouldn’t otherwise have a
chance of knowing. [s2182]
Above all, I would like to underline the fact that this application was undertaken after
some consideration, in which I have concluded that being part of this project would
allow me to use my knowledge in a useful manner, as well as expend them through a
new and unique experience. It is also with extreme motivation that I present myself as
a candidate, a motivation that is based on the challenge proposed by this activity.
[s2999]
This interest in an activity for its own sake – a form of intrinsic motivation – was
dominant across all scientific subjects. Likewise, the t-test showed that the group who
endorsed this theme could not be significantly differentiated by student age. However, chisquare tests showed that this group could be distinguished by gender, type of institution
and medical sciences (respectively with x2 = 28.9, p < .001; x2 = 10.3, p < .01; and x2 =
5.37, p < .05)2. Boys tended to express their interest in science (and/or in the subject and
1

All the extracts from student data, including not only the students’ written responses in chapters 8 and 9 but
also the verbal data of mentors and apprentices reported on chapter 10, were originally in Portuguese. For
the reporting purpose I translated all the quotes from Portuguese to English. My translation poses potential
problems in the sense that it disregarded inevitably the culturally specific cadences and resonances of the
Portuguese with the purpose of making the quotes less foreign to the readers who live in another language.
An example of the difficulties and potential problems of the translation process is the absence, in the
Portuguese language, of a clear distinction between learning and apprenticeship ("aprendizagem" is a
Portuguese word used to represent both apprenticeship and learning, and its specific meaning can only be
deduced by context).
2
The N value (i.e., 1,515) and the degrees of freedom value (‘1’) will remain the same throughout this
chapter. Hence, for reasons of economy of text and clarity, it will not be referred to again.
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activities) more than did the girls. The same happened with applicants for research
institutions, compared with those applying for other type of institutions.
Among the group of those advocating this theme (n = 987), 89 percent reported their
interest in science, particularly as a body of knowledge (i.e., the category of the products
of science); 24 percent cited explicitly their concern for science as an inquiry process (i.e.,
the category of the processes of science); and, finally, approximately 10 percent
mentioned their views on the importance of science for the individual or for society as a
whole (i.e., the category of the values of science). Table 8.5 shows the extent to which
boys and girls advocated each of these categories.
Table 8.5
The ‘Interest’ Categories: Frequency and Endorsement Rate (%) by Gender
Categories
Processes of science
Products of science
Values of science

Girls
f
159
459
59

Boys
%
18.0
51.9
6.7

f
82
420
33

Total
%
13.0
66.7
60.0

f
241
879
97

%
15.0
58.0
6.4

The Products Category. This was a recurrent category (the most frequent of all) across
all types of institutions, scientific domains, and applicants’ ages. However, chi-square
testing showed a statistically significant gender-related effect (x2 = 33.10, p < .001), as
boys were more likely than girls to express their interest in scientific knowledge and/or its
applications.

The Processes Category. This category was used to code those statements in which the
candidates expressed their attraction to the processes of scientific investigation. Girls
tended to cite more frequently this type of interest (x2 = 6.7, p < .01). Unsurprisingly, the
same happened with candidates for research institutions, when compared to those who
applied to other institutions (x2 = 19.60, p < .001). The frequency of references to the
processes of science appeared to be influenced by the scientific domain, particularly in the
exact sciences, the engineering and technological sciences, and the medical sciences. In
the case of the first two domains, chi-square testing showed that the observed values were
lower than expected, at a significance level of p < .05 and p < .001 respectively.
However, students who asked for internships in medical sciences mentioned their interest
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in science-as-inquiry to a larger extent than did those who applied for any other scientific
domain (x2 = 6.7, p < .01).
At this point, a new hypothesis had to be tested: could this last finding be influenced by
the fact that medical sciences is the field where, as shown in §7.1, girls outnumbered boys
by a ratio of three to one? To what extent was gender affecting the ability of the medical
sciences variable to differentiate between the groups? To test this hypothesis, I used a
multivariate discriminant analysis (MDA)1. Using the stepwise method of classification,
the only independent variable not excluded from the discriminant test was the medical
sciences variable. The MDA test produced a Wilks’ Lambda value of .953, and a chisquare value of 72.18, with 1 degree of freedom and a statistical significance value of
.000. The results indicate that the ‘grouped’ cases were correctly classified at a rate of 76.2
percent. This indicates a reasonable level of accuracy in prediction, which means that
these groups (i.e., those who cited the ´products’ category and those who did not) could be
significantly differentiated just by the variable ‘medical sciences’ on its own.

The Values Category.

Approximately 6 percent of all the candidates showed some

awareness of the relations between science, technology and society (STS); and in so
doing, they expressed a view of science and technology as an unquestionable path to the
well-being of mankind. A typical example came from a student for whom ‘discovering
new things has been contributing for the well-being of Humanity through the preservation
of our planet’ [s3717]. This somewhat naïf perception of STS was prevalent in most
students. However, even though no candidate went as far as to approach this category in
terms of a crisis of confidence in science, some were concerned with eventual negative
effects. A (rare) example came from a student for whom
We live in a world were food is produced through an intensive regime. The
satisfaction of the needs of the population depends on the use of fertilizers in
agriculture. To what extent are these fertilizers harmful for our health? What are the
true processes of fertilization? These are the questions I would like an answer for in
this project. [s1187]

1

The rationale for applying MDA in this case is that this statistical test analyses differences in terms of the
whole rather than of each of the variables This analysis also has the advantage of minimizing the risk of
Type-I error. All eight independent variables were entered in the MDA; the grouping variable was
‘processes’ (a contrast variable with a minimum value of ‘0’ and a maximum of ‘1’).
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The statistical tests showed no significant effects from the scientific domain variable - or
from any other variable. However, chemistry and biotechnology were the subjects where
the students more frequently expressed their views about this category. In chemistry,
concerns about laboratory security, residues and toxic products were recurrent. One
student, for example, noted that ‘the fact that dangerous residues co-exist with animals and
the environment, without being processed, worries me a lot’ [s33]. But the approach was
one of damage control, reflecting at the same time a view of the importance of chemistry
in environmental terms: ‘how can I process laboratory residues to avoid contamination or
pollution?’ [s160], or, as another candidate pointed out, ‘I think that today it is very
important to have a rational treatment of toxic products’ [s10587].
In biotechnological sciences references to the values of science were always formulated in
terms of social benefits. One student wrote:
I strongly believe that the improvement of the quality of life depends above all on the
scientific progress in areas as biology, biochemistry, and chemistry. I am also
convinced that scientific research, when correctly explored, is of extreme importance
for the development of Portugal. I wish to contribute to the improvement of the
quality of the life of all of us and to the development of the country, and that is why I
have the ambition of becoming, one day, part of the scientific community. [s10321]
The Importance Theme
The candidates who justified their desire to participate in SIP because of its importance for
their future were expressing what motivation research has been describing as ‘goal
oriented’ motivation. Pursuing a goal that is valued by the self as personally important for
one’s future is what Decci and Ryan called ‘the most self-determined form of extrinsic
motivation’(2000: 236): a ‘well-internalized’ external regulation, and thus a form of
autonomous motivation. Indeed, as shown in Table 8.4, this was the third most commonly
stated motive (43 percent). Moreover, as evidenced by the word frequency list in Table
8.3, ‘to pursue’ (i.e., pursuing a university course or a career) and ‘future’ were
respectively the third and the fifth most used words in the students’ applications. A typical
example was:
The theme of this internship is totally related with what I would love to do in the
future. I applied to medicine with the intention of doing research in the field of
genetics. Consequently, this is an opportunity to get in contact with my area of
interest. I would love to participate. [s10879]
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This kind of reason occurred within four non-repetitive, non-overlapping semantic
contexts: firstly, the perceived benefits of the internship for future university studies. This
was the case of those candidates who had already made up their minds about which
university course to pursue. Secondly, for those who are not yet sure of their vocational
aspirations, participating in SIP would be a way of testing their vocational options or, as
one student noted, getting ‘help in deciding a future career’ [s6092]. Thirdly, other
candidates argued that it would be an opportunity to ‘acquire professional experience’
[s3888]; or to anticipate the perception of self as a professional, as noted by one student
who wrote, ‘I want to feel what it is to be the person with the profession that I always
imagined as my own’ [s10277]. Finally, in more specific terms, it was about feeling like a
scientist. A candidate provided an eloquent example of this last aspiration:
I have decided to apply because science has always fascinated me. I always wanted to
discover new things, to see what nobody has seen yet, to reach what nobody has
reached before me. The only way of doing this is by scientific research. This research
is the best way of knowing and understanding the world around us, from the smallest
bacteria to the giant star, all these phenomena, each with its own mystery, each with
its own fascination. I intend to pursue biochemistry, so this opportunity will help me
to see what I have before me. I would love to participate in this internship, to feel like
a real researcher and, for a short time, be inside the skin of a scientist incapable of
satiating his curiosity. [s1008]
The incidence of the Importance theme varied significantly with gender (x2 = 13.48, p <
.001) and, to a smaller extent, with the type of institution (x2 = 10.03, p < .01). Girls
tended to use this kind of reason more frequently, as did candidates to internships in
research institutions. The medical sciences was, again, the scientific domain with the most
frequent occurrence (59 percent), and also the only one that significantly differentiated
between the groups (x2 = 5.37, p < .05). The different meanings of the Importance theme
were coded under the four categories shown in Table 8.6.
Table 8.6
The ‘Importance’ Categories: Frequency and Endorsement Rate (%) by Gender
Categories
University studies
Vocational indecision
Work experience
Scientific research career

Girls
f
213
126
90
51

Boys
%
24.1
14.2
10.2
5.8

f
153
52
48
36

Total
%
24.3
8.3
7.6
5.7

f
366
178
138
87

%
24.2
11.7
9.1
5.7
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The University Studies.

Approximately one in four university candidates expected their

internships to be their first experience as a university student, and also to engage with the
knowledge and skills which they assumed to be part of university curriculum. As
evidenced by Table 8.6, no significant difference was detected between boys and girls in
this respect. The chi-square test showed that both the applicants for research institutions
and those applying for medical sciences were more likely to cite this category
(respectively x2 = 8.70, p < .01, and x2 = 31.60, p < .001). In fact, it did not come as a
surprise that 35 percent of the applicants for medical sciences had mentioned this motive
in their applications.
Interestingly, this was the only time the age variable presented statistically significant
effects. The t-test showed a difference between the age means of those who cited this
category and those who did not: t(715) = 2.88, p < .01. Unsurprisingly, the candidates who
expected to benefit from the internships in terms of their future university studies were
older (M = 16.79, SD = 1.04) than those who did not (M = 16.60, SD = 1.24). However,
the mean difference was too small (-.189) to reflect any practical significance.

Vocational Uncertainty.

This category was applied to those candidates for whom there

was ‘indecision about the course to choose’ [s10541] or for whom the internship was
expected to provide ‘an opportunity to clarify my eventual vocation’ [s1519]. Girls were
significantly more likely than boys to show how undecided they were about their future
career (x2 = 12.71, p < .001). The medical sciences was the only science domain-related
variable which has significantly differentiated between the two groups (x2 = 7.28, p < .01)
by showing the largest proportion of candidates who were hesitant about their career
aspirations.
Unlike the case of the interest in scientific inquiry category, this last finding appears to
reflect the influence of the prevalence of female applications in medical sciences. After
running the MDA test, gender and the medical sciences were the two variables not
excluded by the ‘stepwise method’. However, the findings showed that the percentage of
‘grouped’ cases was only 46.5 percent, which represents a low level of predictive
accuracy. This means that, to some extent, the medical sciences candidates were more
likely to use this reason (i.e., vocational indecision) because they were mainly girls and
because these, in turn, had also shown the highest incidence of this category.
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The Professional Experience Category. Up to 10 percent of the candidates expected not
only an academic experience, but also a professional one. The statements coded under this
category expressed a view of SIP as an opportunity to ‘acquire professional experience’
[s3888] or to ‘gain practice to enter the world of work’ [s3905]. For these candidates, the
internships’ proposed activities were different from those they had experienced throughout
their school life. As one candidate noted:
My dream is to study medicine, to became a doctor, or to finish any other university
course after which I might work in scientific research. That is why I am applying for
this internship: to gain experience in non-scholarly work. [s1541]
The perception of SIP as an anticipation of a working adult life had a similar incidence
across all scientific fields. Likewise, no statistically significant gender-related differences
were found in this category. The type of institution was the only variable showing
statistically significant effects. Interestingly, the candidates applying to research
institutions were more likely than the others to be interested in gaining professional
experience out of the internships of their choice (x2 = 15.67, p < .001).

The Scientific Career.

This was the category with the lowest percentage (6 percent )

incidence. This code was applied only to the candidates who explicitly stated their desire
to become professional researchers. Such strict boundaries for this category were
necessitated by the need to set a clear distinction between the large majority of the
students who declared their willingness to pursue a science-related university degree or
profession, and those who specifically expressed the choice of a career in scientific
research. Typical examples were ‘I wish to pursue my studies having a scientific career as
a goal’ [s3682], or, as another candidate pointed out, ‘Participating in one of these
internships will be extremely appropriate and enriching, since I want a future in scientific
research in neurology or genetics’ [s10321].
The engineering and technological sciences was the scientific domain with the lowest
incidence of scientific research goals (2 percent), which may be explained by the
candidates’ perception that this domain is more likely to be associated with science and
technology applications than with scientific research as such. The highest percentage of
incidence of this category occurred in the medical sciences (11 percent). No statistically
significant differences were detected between boys and girls. On the other hand, the type
of institution had a statistically significant effect on this (x2 = 14.31, p < .001). As
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expected, among the research institutions’ candidates, 7.4 percent mentioned their
willingness to pursue a scientific career, whereas only 2.7 percent of the applicants to
universities cited this category.

The Learning Theme
As one of the candidates pointed out, ‘I don’t intend to wait till I go to university to learn
as much as I can about the subjects that I love’ [s10037]. The willingness to learn was the
second most used reason for participating in SIP. More than half of the students (54
percent) expected a learning opportunity from SIP.
Table 8.7
The ‘Learning’ Categories: Frequency and Endorsement Rate (%) by Gender
Categories
Practical work
Knowledge and skills
Personal experience
New learning

Girls
f
227
275
118
41

Boys
%
25.6
31.1
13.3
4.6

f
109
161
58
21

Total
%
17.3
25.6
9.2
3.3

f
336
436
176
62

%
22.2
28.8
11.6
4.1

This was a recurrent motive across the gender and scientific fields. Chi-square showed
gender-related differences, x2 = 13.49, p < .001, with a higher rate among girls. This
theme resulted from the aggregation of four categories, ranging from the specific exercise
of expanding knowledge and skills to a more holistic meaning of having a personal
experience. The frequency and endorsement rate of these categories are presented in Table
8.7.

The ‘Knowledge and Skills’ Category.

The word ‘knowledge’ was the second most

frequent word in the students’ applications. The desire to learn was not only expressed in
general terms but also in terms of a specific topic. The structure of a typical sentence was:
‘I want to acquire [or] expand [or] obtain…knowledge [in a given subject or topic]’.
Almost a third of the students (29 percent) mentioned this category. Examples included:
I hope to be part of at least one of these internships because I want to understand
better the deeper aspects of the concepts emerging from studying science. [s10053]
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‘I confess that I know nothing about optical fibres, but I hope to learn a lot about the
subject. And I also hope to apply that knowledge in physics next year. [s3656].
I am such a fanatic for the relation between the viruses and the immunologic system
that I really would love to improve and deepen my knowledge about this subject’
[s419].
Practical Work. This category appeared as an analytical choice necessitated by the need
to distinguish from among the references to Knowledge and Skills, those statements
explicitly mentioning readiness for hands-on learning. Approximately 22 percent of the
candidates cited this category. Here are some typical examples:
The knowledge I have, I got from books. Now I want to complement my study with
concrete experiments. [s3722]
From my point of view, theory only has strong foundations if allied to practice.
[s3791]
Understanding science not through theory but through practice, which is why this
internship is so fascinating. [s10053]
This internship seems to provide good insight into the subject (with a practical
component, which makes things even more fun)’ [s3810]
The agricultural sciences showed the highest endorsement rate (30 percent). This could be
related to the fact that it was the domain which offered a more extensive fieldwork
component - a form of practical work that, due to physical and time constraints, is not so
common in schools. Neither the type of institution nor the scientific domain significantly
differentiated between those who cited this category and those who did not. However, this
was the category in which the highest significant gender-related differences were found (x2
= 14,86, p < .001). More than two-thirds of the candidates highlighting their willingness
for practical work were girls.

New Learning.

One of the students wrote, ‘I would like to experience new types of

teaching’ [s1520]. Only 4 percent of the candidates expressed this type of expectation..
However, those who did emphasized the opportunity for new instructional methods, such
as independent learning, discovery learning and work-based learning. This is neatly
summed up in one candidate’s statement:
I am attracted by the description of this activity, because it is an excellent challenge
as it calls for the design of a project followed by its implementation [s328].
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Sometimes, this expectation was seen as complementary to school science (e.g., ‘it would
allow me to try a new approach to the subject matter that I have been learning throughout
the school year’ [s3791]). In other examples, it was seen as an opportunity for more
authentic science learning. As one of the students pointed out,
After the limited experiments in the school laboratory, I would like something more
serious now, something that would give me the ‘taste’ of a true research laboratory
[s3660].
Again, these types of expectations were more frequent in agricultural sciences (6 percent)
than in other scientific areas. No differences were found between boys and girls or
between research institutions and other types of institutions.

Personal Experience.

Around 12 percent of the candidates expected learning to be

associated with growth, since they anticipated that the internships would provide an
opportunity for an ‘enriching’ and ‘formative’ experience. This category showed the
desire ‘to live new experiences’ [s10567] ‘at an academic and personal development level’
[s10348] or, as yet another noted, there was an expectation of a ‘rewarding experience, not
only at the level of knowledge, but also at a psychological level’ [s2191]. Candidates to
medical sciences, as well as those applying for research institutions were more likely to
advocate this category (respectively with x2 = 12.83, p < .001 and x2 = 12.89, p < .001
chi-square values). Chi-square analysis also showed significant gender-related differences,
x2(1, N = 1515) = 14,86, p < .001), with slightly more girls than boys.

The Perceived Competence Theme
Motivation research in science education has demonstrated how students’ beliefs about
their competence is positively correlated to indicators of motivation, such as effort,
persistence and willingness to face challenging tasks (Patrick & Yoon, 2004). This
assertion was neatly illustrated by a 16- year-old girl who wrote that ‘the most important
thing in life is to have a goal and the determination to accomplish it.’ [s3053]. The
categories described below present the five ways in which the candidates expressed their
perception of their ability to cope successfully with the internships they were applying to.
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Table 8.8
The ‘Perceived Competence’ Categories: Frequency and Endorsement Rate (%) by
Gender
Categories
School experience
High achievement
Personal qualities
Out-of-school experience

Girls
f
59
19
22
42

Boys
%
6.7
2.1
2.5
4.7

f
35
12
31
67

Total
%
5.6
1.9
4.9
10.6

f
94
31
53
109

%
6.2
2.0
3.5
7.2

This theme was articulated by 16 percent of the candidates, with boys more likely to do
so than girls (x2 = 6.36, p < .05). This was also the only theme where the exact sciences
had a significant effect (x2 = 12.09, p < .01). Moreover, almost two-thirds of the students
who expressed this kind of justification in their applications were candidates either for
engineering and technology or for the exact sciences (36 percent and 28 percent
respectively).

Out-of-School Experience.

A total of 7 percent of the candidates wrote about their

previous involvement in out-of-school science projects. Among this group, 90 percent
mentioned their previous experience in SIP internships (e.g., ‘last year I was in a Ciência
Viva internship and I liked it a lot. I want to repeat the experience this year’ [s10410]).
The highest percentage of this kind of references occurred in the exact sciences (12
percent). A student described his previous experience this way:
I am applying for this internship because I greatly enjoy learning new topics in
mathematics which have not yet been taught in class. I am used to participating in
projects related to mathematics, namely the project Delfos (internships and distance
learning) and the project SigMat. I have always been curious about working and
learning with the MatLab computer program. [s10110]
Statistically significant differences were found between boys and girls (x2 = 19.12, p <
.001). This occurred particularly in the exact sciences, where boys tended to describe their
out-of-school experiences more than girls (15 percent and 8 percent respectively).
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School Science Experience. This emerged because of those candidates (6.2 percent) who
referred to their school experience as a reason to engage in SIP: they often cited the extent
to which school science increased their motivation for the subject and thus the desire to
participate in the internship. A typical statement was, ‘This year my class worked on this
theme [biopolymers], and it was then that I got interested in it and decided to increase my
knowledge about it’ [s10542].

High Achievement.

Since information on school grades was not a requirement for the

selection of candidates, only a very small percentage of students (2 percent) - probably
those with exceptionally high achievement - spontaneously provided that information
(e.g., ‘If my school cv can help to support my application, then I feel I should mention
that (…) I finished the 10th grade with an average of 19.4’ [s3147]. The number of cases
was too small to allow an adequate test of their relationships with any of the independent
variables. However, in terms of the respective frequency and distribution, the highest
percentage occurred in engineering and technological sciences (6 percent) and in medical
sciences (5 percent).

The ‘Personal Qualities’. Finally, this category was used to code statements (4 percent)
which explicitly mentioned the candidate’s personal qualities (e.g., ‘I am a dedicated
student, with a critical mind’ [s10287]; or ‘I am also very quick in assimilating new
things’ [s346]). No statistically significant differences were found across scientific fields
or type of institution. However, gender-related differences were detected as boys were
more likely than girls to cite their personal qualities (x2 = 6.46, p < .05).

Social Interactions – ‘I Want To Do It With Others’
The desire for social interaction was the least frequent theme in the students’ applications
(6 percent), which may be explained by the fact that candidates did not expect this reason
to be a relevant argument to support their desire to participate in the internships. However,
as will be shown in the next chapter, the ‘social’ theme played a decisive role in the
students’ perceptions of SIP after they had participated in the internships. This is neatly
illustrated by the statement of a female candidate who had already gone through a similar
experience abroad:
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I also have the expectation of working as a team with people whose life is science –
which is what I want for myself. Last year, during the summer holidays, I participated
in an intensive course in London. I did it with the purpose of improving my English
and interacting with students and teachers from other countries. The sharing of
experiences was very enriching. [s3680]
Another student, who had participated in SIP the previous year, wrote:
I am applying, , because I think this is an excellent way of learning important things
for my life as a student, and as a future committed professional, and do it with people
who share the same interest in science. [s3953]
The perspective of interacting with other students who share the same love of science and
the same types of interest was a leitmotiv in practically all the statements coded under this
category. Only a few candidates anticipated the advantages of being in contact with
researchers. No statistically significant relationship was detected between this category
and each of the eight independent variables.

8.3 Summary of Key Findings
The analysis of the arguments for participation in summer science internships, as
expressed in writing by the students, spontaneously and in their own terms, led to the
following key findings.
1. The main types of reason used to justify applications for a placement in SIP were
interest in, and enjoyment of, doing science, a willingness to expand their scientific
knowledge and skills, an expectation that there would eventually be benefits for
their future as students and professionals, their perceived competence in facing the
tasks at hand, and, finally, to a smaller extent, their interest in meeting people with
similar interests. From the point of view of motivation research, and given the
students’ own accounts, the findings suggest that it is reasonable to infer that
senior secondary students who seek this type of educational provision during
summer holidays are intrinsically motivated, goal-oriented and self-determined
people.
2. Age had nothing to do with the above characteristics. Within the age range of these
students (14-19 years old), age failed to differentiate the candidates significantly.
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3. On the other hand, gender was a highly influential variable. Boys were more likely
than girls to articulate their interest in science, particularly as a body of knowledge,
as well as to state their self-efficacy, in terms of their experience and personal
qualities. Girls, on the other hand, more frequently expressed their attraction to
science as an inquiry process, their willingness to expand their scientific
knowledge and to acquire new scientific skills and techniques, and, finally, their
enthusiasm for undertaking practical work. They were also more likely to voice
their career uncertainties and to expect help and advice in this respect.
4. No gender-related differences were detected in terms of candidates’ readiness to
express the advantages of the internships for their future university studies,
professional experience and eventual scientific career, and also the benefits of
meeting people with similar interests and aspirations.
5. The type of institution to which the students were applying was another significant
factor. Scientific research institutions were more likely to attract candidates who
underlined their interest in the processes of science, who focused on their researchrelated career aspirations, who highlighted the advantages for their future
university studies and, finally, who expected to acquire both professional and
personal experience.
6. None of institutions’ scientific domains except for the medical sciences had any
influence on most of the emerging themes and categories. The findings suggest
that medical science institutions were more likely to attract students who declared
their interest in science-as-inquiry, their awareness of the benefits of the
internships for their careers and their expectation of a clarification of vocational
options. It is worth noting that the higher incidence of these motives among the
medical sciences candidates was partially equivalent to that of the girls and that of
the research institutions. This may be explained not only because there were three
times as many female than male applications in this field, but also because 93
percent of the medical science institutions were scientific research institutions.
7. Other exceptions to the absence of significant statistical effects of the institutions’
scientific domains were found in (i) the exact sciences and engineering and
technological sciences, where there was a lower than expected incidence of an
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explicit interest for the processes of science, (ii) chemistry and biotechnology
subjects, where reflections about the social implications of science were
particularly visible, (iii) agricultural sciences, with the highest rate of interest in
practical work and, finally, (iv) the exact sciences, which had the largest
proportion of references to perceived competence and out-of-school experience .
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Chapter 9

The Students’ Perceptions of their
Science Internship Experience

The previous chapter addressed the expectations and the motives of the senior secondary
students who applied for and obtained a placement in a science research internship in their
summer holidays. This chapter will examine these same students’ views of their
experience after finishing their internships. By doing this, I will be addressing the third
research question of this study: ‘What were the students’ perceptions of their experience
in SIP?’. The focus will be on what the students themselves felt were the important
characteristics of learning science through the experience of working alongside scientists
in their workplace. In order further to refine these findings, I also investigate the extent to
which the students’ perceptions of their experience may be seen to be influenced by their
personal characteristics, as well as by the characteristics of the institutions and internships
with which they were associated
I started by analysing qualitatively and quantitatively the data provided by the students’
written responses to four open-ended questions about their perceptions of their experience.
The themes emerging from this analysis were then quantified and assessed against a
number of factors, including the individual characteristics of the respondents and those of
the internships in which they participated. The next step was to analyse quantitatively the
results of a survey which I designed specifically for this study and which drew on the
qualitative analysis of the open-ended questions. Finally, consistent with the concurrent
mixed-methodology model described in the methodology chapter, I compared the results
obtained by the different processes of data collection and analysis.
The findings show that although the students perceived their internships as beneficial in
terms of learning science and in relation to their future science career aspirations, these
perceptions were significantly different between boys and girls, between participants in
research institutions and those who attended internships in universities and museums, and
also between different scientific domains.
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9.1 Methodological Considerations
Instruments
Two instruments were utilized to answer the question addressed in this chapter: (i) the
Ciência Viva Questionnaire (CVQ), designed and administered on-line by Ciência Viva
from 2003 and 2005; and (ii) a 12 Likert-type four-point scale items survey, which I
designed to be administered as part of the Ciência Viva Questionnaire of 2005 and which I
have called the Students’ Perceptions [of SIP] Survey (SPS).

The CVQ.

Participants were sent the questionnaire on-line on completion of their

internships. The first questions (items 1 to 3) sought their views of the level of difficulty
associated with the internship (i.e., too easy vs. adequate vs. too difficult), its duration
(i.e., too short, adequate or too long), and its timetable (i.e., good or bad). Item 4 asked
whether participants intended to pursue their studies in science-related subject, and if so,
in which scientific domains (i.e., exact sciences, natural sciences, medical sciences,
engineering and technological sciences or social sciences). The next four items (items 5 to
8) consisted of four open-ended questions soliciting the participants’ views of (i) what
they enjoyed most, (ii) what they enjoyed least, (iii) the difficulties they experienced and,
finally, (iv) what they would suggest to improve the experience of SIP. Finally, Item 9
asked for an overall evaluation of the internship (i.e., poor, fair, good or excellent). The
questionnaire also included demographic information (gender, age and year of study).

The SPS.

The 12 items of this second instrument were added to the CVQ in 2005 and

were designed to address the following questions:
(i) to what extent did the 2005 participants agree with the views expressed in the
responses to the CVQ open-ended questions in previous years?
(ii) to what extent could the 2005 participants’ responses be differentiated
significantly by gender, age and grade, as well as by type of institution (i.e.,
research vs. non-research institutions), scientific domain of the host institution (i.e.
exact, natural, technological, medical, agricultural or social sciences), and by
internship duration (i.e., less than two weeks, two weeks or more than two weeks)?
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A four-point scale (strongly agree, agree, disagree and strongly disagree) was applied to
each of the 12 items (corresponding to items 10 to 21 of the 2005 CVQ). The reliability
coefficient of the 12 items was 8.34. The questionnaire was previously submitted for
scrutiny by a panel of experts from Ciência Viva - including those in charge of the
coordination of the SIP - to determine whether the items were robust and fit for purpose .
Table 9.1
Descriptive Statistics Comparing the Populations and the Samples of both the Ciência
Viva Questionnaire(CVQ) and the Students’ Perceptions Survey (SPS)
CVQ

Students

SPS

Total
(N = 1780)

Sample
(N =1171)

Total
(N = 754)

Sample
(N = 481)

16.62
(1.19)

16.63
(1.11)

16.64
(1.10)

16.59
(1.02)

59.2
40.8

58.2
41.8

55.3
44.7

53.8
46.2

69.0
31.0

69.3
30.7

70.1
29.9

Student distribution by institutions’ scientific domain (%)
Exact sciences
20.7
20.9
Natural sciences
13.0
10.8
Eng. and Technology
32.5
32.3
Medical sciences
21.9
25.2
Agricultural sciences
6.1
7.3
Social sciences
5.7
3.5

19.2
7.5
34.5
24.6
6.0
8.2

18.1
9.8
36.2
23.1
7.5
5.4

Age
Mean
SD
Gender (%)
Girls
Boys

Student distribution by type of institution (%)
Research institutions
67.0
Non-research institutions
33.0

Participants
Of the 1,780 students who participated in SIP from 2003 to 2005, a total of 1,171 (66
percent) responded the CVQ. Of these, 1,054 were girls (59 percent) and 726 were boys
(51 percent), corresponding to 65 percent of the female population and 67 percent of the
male population.
The SPS was administered to 754 students participating in 2005, with a response rate of
68 percent (N = 481). Approximately 54 percent of the participants were girls (67 percent
of the female population) and 46% were boys (71 percent of the male population).
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As evidenced by Table 9.1, group comparisons showed the populations and the respective
samples to be equivalent on the demographic and institution-related variables used in the
analysis. The similarity of the characteristics and distributions of the groups is therefore an
indicator of the representativeness of the samples.

9.2 Quantitative Analysis of the CVQ Closed Items (2003-2005)
Table 9.2 provides the data for a demographic profile of the students who answered the
CVQ during the three-year period, from 2003 to 2005. Approximately three-quarters of
the respondents (74 percent) were 16 or 17 years old. Likewise, the majority (76 percent)
took part in the

two years immediately before going to university. Although girls

outnumbered boys by 16 percent, the measures of frequency and distribution were, on the
whole, quite similar. The mean age difference between girls and boys, for example, was
only .08 (girls were slightly older, with a higher percentage being 18 years old or older).
Table 9.3 presents the results of the students’ responses to the CVQ items which were
directly related to the characteristics of the internship, as well as an overall evaluation.
Table 9.2
Demographic Profile of the CVQ Respondents (2003-2005)
Girls
Demographic variables

Boys

Total

Gender

f
682

%
58.2

f
489

%
41.8

f
1171

%
100.0

Age (M = 16.63, SD = 1.11)
≤ 15
16
17
≥ 18

72
241
256
113

10.6
35.3
37.5
16.6

53
189
179
68

10.8
38.7
36.6
13.9

125
430
435
181

10.7
36.7
37.1
15.5

School Years
Year 9
Year 10
Year 11
Year 12

6
154
304
218

.8
22.6
44.6
32.0

10
109
233
137

2.1
22.3
47.6
28.0

16
263
537
355

1.4
22.5
45.9
30.3
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Table 9.3
Students’ Responses to the CVQ (2003-2005)
Girls
Items

Boys

Total

f

%

f

%

f

%

61

8.9

63

13.1

125

10.7

566

83.0

392

80.2

958

81.8

55

8.1

33

6.7

88

7.5

Internship duration
Too short
Appropriate
Too long

244
415
23

35.8
60.9
3.4

170
302
17

34.8
61.8
3.5

414
717
40

35.4
61.2
3.4

Timetable
Bad
Good

35
647

5.1
94.9

25
464

5.1
94.9

60
1111

5.1
94.9

Difficulty level
Too easy
Appropriate
Too difficult

23
643
16

3.4
94.3
2.3

27
454
8

5.5
92.8
1.6

50
1097
24

4.3
93.7
2.0

Overall evaluation of the internship
Poor
3
Fair
41
Good
280
Excellent
358

.4
6.0
41.1
52.5

4
29
220
236

.8
5.9
45.0
48.3

7
70
500
594

.6
6.0
42.7
50.7

Reasons for participating
Loves science but doesn’t
want to pursue science
Wants to pursue sciencerelated career
Other reasons

Four in five respondents wanted to participate in the internships because they intended to
pursue a science-related career. Up to 8 percent were there not because they loved science
and/or had aspirations for a career in science, but for other reasons.1 The majority was
happy with the timetable and the difficulty level of the internships. However, more than
one-third considered the internships to be too short. This was also a recurrent assertion
among the responses to the open-ended question: ‘What did you enjoy least?’.2 The
1

The reasons were too circumstantial or personal to allow any type of quantification. They ranged from the
desire to occupy holiday free time to a girl whose aunt had a dog suffering from leishmaniose and thus
wanted to know more about that disease.
2
The frequency rate of this negative theme was also a reason for including the internship duration as a
variable in the analysis of both the CVQ and the SPS.
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overall evaluation of the programme was extremely positive, since half of the respondents
rated it as ‘excellent’ and approximately 43 percent classified it as ‘good’. Statistical tests
showed no significant gender-related effects in the responses to any of the CVQ items.
However, as evidenced by Table 9.4, the students’ ratings of the ‘overall evaluation’ item
were affected by several factors, such as the type of the institution and the students’
responses to other CVQ items. Respondents from research institution rated their
internships more highly than their colleagues who attended other types of institutions.
The statistical significance of this difference is was provided by the chi-square test (x2 =
38.60, p < .001). Indeed, students from research institutions were more likely to rate the
internships as excellent (57 percent) than their colleagues in non-research institutions (38
percent).
Table 9.4
T-tests for the CVQ Item ‘Overall Evaluation’ (N = 1171, df = 1)
M

SD

Mean
difference2

t

Effect
size3

Type of institution
Research institutions

3.50

.63

.20

5.18**

.4

Institutions’ scientific domain
Medical sciences
Exact sciences
Engineering and technology
Agriculture
Social sciences
Natural sciences

3.65
3.43
3.29
3.42
3.39
3.40

.59
.65
.64
.59
.59
.62

.28
.00
-.22
-.01
-.05
-.04

7.15**
.08
5.56**
.18
.47
.64

.5
.0
.4
.0
.1
.1

Other CVQ items
Duration (short internship)
Pursue science-related career

3.60
3.28

.58
.66

.26
.17

6.85**
2.91*

.4
.2

Variables1

1

All variables were converted to dummy (i.e., contrast) variables
Compared with the cases not represented by the variable
3
Effect sizes were measured by the Cohen d.
*
p < .01; ** p < .001
2

The internees in medical science institutions gave a more favourable evaluation of their
internships. Although they showed a high level of satisfaction – 91 percent rated ‘good’ or
‘excellent’ – engineering and technology respondents showed the lowest mean of all the
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scientific domains (70 percent of medical sciences interns gave their internships an
‘excellent’ mark, only 38 percent of engineering and technology interns did the same).

The respondents who viewed their internships as ‘short’ had the second highest level of
satisfaction. This suggests that being ‘short’ was not seen only as a negative quality, but
also as a sign that they were enjoying the experience so much that they wanted it to last
longer. Relevant comments include, ‘It should take up the whole summer’, and ‘I would
love to stay longer; this is the dream job for any young future scientist’ [s10469].

Another notable finding was that the respondents who wanted to pursue a science-related
career rated their internships less highly than those who did not. However, the difference
was not statistically significant, and the magnitude of the relationship was rather small,
with an effect size of .2. However, this fact also emerged in further analysis, particularly
of the SPS items.

9.3 Positive Themes Emerging from the Mixed-Methodological Analysis of the CVQ
Open-Ended Questions (2003-2005)
Positive themes emerged from the qualitative and quantitative analysis of the students’
responses to the question: ‘What did you enjoy most?’. I will now present each of these
themes with examples from the database of students’ responses, maintaining
confidentiality by the use of their ID codes. Table 9.5 presents, in descending order, the
aspects the students enjoyed most from their internships:
•

putting theory into practice through product-oriented, learning-oriented or inquiryoriented activities (i.e., the Practical Work theme);

•

working alongside science and technology practitioners in their own workplace
(i.e., the Student-Scientist Interaction theme);

•

building relationships with students with similar interests, as well as acquiring
interpersonal skills through teamwork (i.e., the Peer Interaction theme);
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•

gaining subject knowledge, experience of new practical techniques and knowledge
about handling specialized equipment not available in school (i.e., the Knowledge
theme);

•

(iii) undergoing different teaching approaches and gaining new learning and skills
(the New Learning theme);

•

gaining insights into the practice and the culture of the scientific community (i.e.,
the Laboratory Life theme);

•

gaining insights into career opportunities (i.e., the Career Development theme).

It is useful to revisit here some of the students’ reasons for participating in the first place.
Their motivations included interest in practical work and learning new skills, the benefits
for their future career and willingness for social interaction. Interestingly, this last reason,
which was only mentioned by 6 percent of the candidates, acquired an increased weight in
the students’ perceptions of the internships, as 58 percent described their interaction with
peers and scientists as the most enjoyable experience they had. Another important shift
(and also a decisive one from the stance of this study) was that the same students who
rarely mentioned the contact with scientists as a reason for participating were now the
ones who considered their contact with the people working at the universities, institutions
and laboratories as one of the most important outcomes.
Table 9.5
Endorsement Rate of Positive Themes Emerging from Students’ Responses to the ‘Why?’
Question in CVQ (2003-2005)
Girls
Themes
Practical work
Student-scientist interaction
Peer interaction
Knowledge and skills
New learning
Laboratory life
Career development

f
425
219
207
178
119
106
60

Boys
%
62.3
32.1
30.4
26.1
17.4
15.5
8.8

f
281
132
116
87
86
57
24

Total
%
57.5
27.0
23.7
17.8
17.6
11.7
4.3

f
706
351
323
265
205
163
81

%
60.3
30.0
27.6
22.6
17.5
13.9
6.9
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Practical Work
Throughout the analysis, it became increasingly clear that what the students enjoyed most
were the extended opportunities for engaging in practical work.. Approximately 60
percent endorsed this perception and verbs like to work (n = 356), to do (n = 117) or to
experiment (n = 127), as well as the word practice (n = 89) were among the most
frequently used. The most praised characteristic of practical work was that it was carried
out by the students themselves alongside experts in the field, rather than being merely
demonstrated to them, as often happens in school science. As noted by one student,
Watching things being done and then being allowed to do them myself, that’s what I
enjoyed the most [s3423]
The advantages of practical work were perceived within three main categories. Firstly,
practice-for-product: many students enjoyed practical work because it led to visible
outcomes. One of them observed that what he enjoyed most was ‘to see the fruits of my
work in action’ [s10527]). Secondly, practice-for-learning: in many cases, the students
articulated the importance of learning by doing. Practice was, for many, a central path to
the understanding of the concepts they had learned at school. A student noted how ‘it was
now possible to understand many of the concepts learned at school, but which made no
sense without an experimental component.’ [s304]. The learning benefits of practical work
were neatly summarized by a student who asserted that:
I really enjoyed the practical part, because it was when I was in control of the
situation, understanding the subject and taking part actively and accurately. [s10274].
Finally, practice-for-inquiry was another way of perceiving the importance of the practical
work, as illustrated by a student who reported having enjoyed ‘testing the influence of
several factors in the darkening of a fruit salad’ [s2829]. Many students realized that the
work they were carrying out at the laboratory, or out in the field, was a way of obtaining
evidence to support scientific truth. One student declared:
What I enjoyed most in this internship was that it was more practical than theoretical,
because that is one of the reasons why so many students don’t like physics. In a
physics class, most subject matter is provided theoretically and not experimentally
and, as we all know, science is based on experimentation and that is what turns
science into truth. [s10017]
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The endorsement rate of practical work was not significantly influenced by gender or type
of institution. However, chi-square tests showed statistically significant differences
according to the scientific domain of the host institution, x2(5, n = 1171) = 30.44, p <
.001. A cell-by-cell inspection yielded the highest statistically significant difference when
comparing the exact sciences – the lowest percentage of references to practical work (47
percent) – with the agricultural sciences (71 percent). Within the exact sciences, physics
and mathematics had the lowest percentages (40 percent and 41 percent respectively).

The Scientist-Student Interaction
There was a recurrent perception of a supportive atmosphere throughout the contact with
researchers and other people working at the laboratories. This appears to have been a
surprise for many; as one student noted, ‘I was pleasantly surprised by the accessibility of
the researchers, who were always available to help and resolve any problems or doubts’
[s674]. For other students, the fear that their presence and activity would be discounted
because of their age and lack of expertise was not borne out. This allowed them to feel
comfortable sharing what they were doing with others and enriched their understanding by
learning about the connections between their work and that of the scientists. Almost onethird (30 percent) of the respondents wrote about the pleasure they felt on meeting and
working with the science and technology practitioners at their research institutions and
universities. Unlike what they had been used to at school, the participants discovered a
research community which was very diverse, including heads of research, practising
scientists, faculty professors, postdoctoral students, graduate or undergraduate students
and technicians. This was shown in the way the students used a wide range of nouns to
refer to the people with whom they were working. The most frequent were teachers (n =
76), researchers (n = 58), supervisors (n = 37) and scientists (n = 15).

Students felt that the researchers were really willing to work with them, sharing their time,
equipment and resources so that the internees would have a meaningful experience.
Another surprise was that, they were not there to ‘watch’ but ‘to participate’: ‘I felt as if I
was part of the team – I could suggest, contribute, I had to think for myself’ [s10809]. In
fact, as more than 6 percent (n = 70) of the respondents explicitly reported, they were not
simply hearing about the work of real scientific communities but were given the
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opportunity to have meaningful relationships, at some level, with real-world professionals.
One respondent stated, ‘What really motivated me was to participate in the work that they
[the researchers] were doing at the time’ [s3798]. Similarly, another student reported that:
What I enjoyed most without any doubt, was contacting real researchers and getting
to know their work. Also, I had the opportunity to join a professional team, helping
them to carry out some of the tasks.’ [s10321]
This sense of participation was experienced not only in terms of facilitating learning, but
as a genuine working relationship. It was through participation in all these activities that
many students came to perceive themselves as doing real science and as contributing in
meaningful ways to the work of the researchers.
No gender-related differences were found in relation to this theme. Even so, chi-square
testing of the effects of the variable scientific domain showed a highly significant effect
for medical sciences (x2 = 30.48, p < .001). The duration of the internship was another
influential variable (x2 = 19.04, p < .001): participants in internships which lasted for two
weeks or more praised their interaction with the scientists more frequently than those who
had been in short internships (i.e., less than two weeks). Likewise, compared to nonresearch institutions, respondents from research institutions were more likely to refer
positively to the student-scientist interaction (x2 = 13.67, p < .001).

The Students’ Perceptions of the Scientists’ Teaching Abilities.

While describing their

interactions with the science community, students’ statements put forward a number of
characteristics and attributes regarding the researchers’ teaching performance. At this
point in the analysis, these statements provided relevant data for a newly emergent
research goal, which was to investigate the students’ perceptions of the characteristics of
effective student-scientist interaction. Because of the importance of this theme for the
present study, I conducted a further analysis of the statements of those respondents who
referred to their interaction with their instructors as one of the features they enjoyed most
(30%, n = 351). From this data, I removed those respondents (n = 217) who were
ambivalent in their accounts (e.g., ‘I enjoyed the convivial atmosphere among the
colleagues, the teacher and his collaborators’). The remaining 134 students specifically
mentioned characteristics and attributes of their instructors (e.g., ‘The interest, concern
and commitment of the instructors while teaching the topics of the subject’ [s1527]). This
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group formed the sub-sample of respondents whose statements were the object of the
following analysis .
The analytical procedure involved the following steps. Firstly, these students’ statements
(n = 134) were coded into a list of non-repetitive characteristics (i.e., units). Secondly,
according to their meaning within the context of the students’ statements, the
characteristics were aggregated a posteriori in distinct emergent themes. Thirdly, the
themes were quantitized (Tashakkori & Teddlie, 2003; Onwuegbuzie, 2003) for each
sample member by giving it a score of ‘1’ when at least one of its aggregated
characteristics was mentioned by that member (otherwise a score of ‘0’ was entered).
A list of 18 characteristics was obtained from this process. Table 9.6 presents the
prevalence rates of each of the three themes that emerged: (i) student-centredness, (ii)
knowledge of the subject and (iii) teaching skills. The results show clearly that studentcentredness was the most important theme. Approximately 79 percent of the sample cited
one or more attributes that fell into this theme (e.g., ‘nice’, ‘accessible’, ‘available’,
‘helpful’, ‘caring’, ‘friendly’, ‘receptive’). Up to 13 percent referred to attributes related to
the instructor’s knowledge of the subject, such as ‘professional’, ‘knowledgeable’,
‘enthusiastic for the job’; finally, 22 percent endorsed the ‘teaching skills’ theme, with
features like ‘committed to teaching’, ‘good communicator’, ‘motivating’, ‘clarifying’).
Table 9.6
Themes Emerging from Students’ Perceptions of the Characteristics of SIP
Mentors
Themes
Student-centredness
Knowledge of the subject
Teaching skills

Endorsement
rate (%)
79.1
13.4
21.6

As evidenced by Table 9.6, student-centredness and teaching skills were the aspects of the
scientists’ behaviour which were most praised by the respondents.
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Peer Interaction
The effect of what was called a friendly, informal and almost familiar atmosphere was a
decisive factor for motivation and engagement. It made ‘learning easier, as well as the
tasks at hand’ [s1936] or, as another student noted, ‘The interaction was extremely
important, because that was what made the experiences really interesting’ [s3356]. In fact,
interaction and networking (in Portuguese, convívio and contactos) were the most frequent
words applied to the description of the social relationships which took place amongst the
students (n = 85 and n = 147, respectively). From the accounts of their experience, it
became evident that the respondents developed strong interpersonal ties and a sense of
community with each other.
This was one of the positive themes that were gender-related and in which statistically
significant differences were found (30 percent for girls and 24 percent for boys). Although
many students reported that the internship provided an opportunity to expand their
relationships, girls supported this claim more strongly than boys, x2 = 6.27, p < .05. This
suggests that, in terms of the peer interaction theme, awareness of the internships’ benefits
was greater among girls.
The building of new peer relationships was facilitated by the wide variety of schools
represented in each internship, and also because most students were previously
unacquainted with one another. One student particularly enjoyed the convivial atmosphere
and the sharing of experiences because the participants ‘came from different places and
had very different learning methods.’ [s112]. The internships did not just provide
opportunities to meet people from other schools, there were also opportunities to interact
with other girls and boys who were also interested in science. One student stated, ‘I really
enjoyed the contact with colleagues my age because we shared common interests.’
[s10094]. This seems to have made some students realize that people of their age
sometimes do respect and enjoy the company of other students who are good at science –
something that was not common in school. The awareness of the benefits of shared
interests was neatly described by a respondent who wrote, ‘I met people with the same
interests as myself, which made me enjoy the internship even more’ [s10175].
The duration of the internship played a critical role, as evidenced by the fact that
respondents attending less-than-two-week internships made significantly fewer references
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to this theme, x2 = 31.10, p < .001. On the other hand, no statistically significant effects
were found in relation to variables such as scientific domain or type of institution.

Knowledge and Skills
Approximately 23 percent of the respondents expressed their satisfaction at having
expanded their conceptual knowledge and at having acquired or improved their technical
skills. The word ‘learning’, either as a noun or a verb, appeared in a quarter (25 percent, n
= 289) of the students’ statements, and was often associated with ‘knowledge’ (n = 212)
and/or with ‘techniques’ (n = 122). Examples of the most frequent characteristics of the
knowledge/skills being learned were ‘new’ (n = 126), ‘interesting’ (n = 143), ‘important’
(n = 32) and ‘useful’ (n = 26).
As some students pointed out, what they enjoyed most was ‘expanding knowledge in areas
not usually covered in the ordinary school curriculum’ [s3022], and being taught ‘concepts
and new theoretical foundations of major importance to current scientific research’
[s10245]. The novelty did not apply only to new content or methods, it also applied to
scientific equipment and resources often not available at school: 7 percent of the
respondents mentioned the contact with these new resources as a main reason for enjoying
their internships. One student declared:
What I enjoyed most was to be allowed to work in laboratories that were totally
different from those I was used to, to learn how to use equipment that I had never
used before and which was new to me.[s3066]
Statements like this were more frequently expressed by girls, which shows that female
respondents appeared to be more aware of (or attach more importance to) the
unprecedented opportunities they had to handle ‘new’ and ‘sophisticated’ equipment
which is consistent with previous research on women and science. No other factor – type
of institution, scientific domain or internship duration – had any statistically significant
effect on the prevalence of this theme.

New Learning
A total of 18 percent of the students expressed awareness of teaching methods which they
had not experienced before. To a large extent, their statements were consistent with views
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on education that stress the effectiveness of instructional methods such as independent
learning, self-directed learning, discovery learning and work-based learning, whereby
learners take responsibility for their own learning process. This was summarized by a 17year-old girl as follows:
I enjoyed everything: being confronted with a problem (or, better, many), with the
challenge of searching and investigating; learning the theory, learning how to apply
it, learning how to question it; improving my laboratory work, with the possibility of
trying out techniques and resources that were previously unknown to me; working
with a fantastic team, feeling the day-to-day reality of a researcher, the need to search
for answers, to understand what is going on, sharing the moments of discouragement,
of joy, of euphoria; that, in some ways, I made a contribution to the progress of the
research. [s10052]
The enjoyment of ‘building an activity in our imagination, and then carrying it out ‘[s673],
either with full autonomy (e.g., ‘the freedom to choose the research project’ [s3788]), with
guided support (e.g., ‘we were not given the results but the means to reach them, which
made us think for ourselves’ [s10549]) or, ultimately, team-negotiation (e.g., ‘the course
of the project was agreed between myself and the rest of the team’ [s3742]) were shared
by many respondents.
On the other hand, some compared their internships with their previous school science
experience. If, as one student noted, ‘this internship complemented perfectly the
knowledge that I acquired throughout my school years’ [s1427], for others the comparison
was more about contrast than complementarity. These contrasts were expressed not only
in terms of equipment and resources, but also in relation to some of the perceived
characteristics of school science. Many described school science as being excessively
theoretical. One student noted that ‘[In school] subject matter is approached in a purely
academic fashion, and somehow it even feels quite superficial’ [s10009]. In contrast, the
instructional methods in the internship were perceived as providing a sense of purpose to
conceptual learning. As a student pointed out, ‘I could see, in practice, the purpose of
learning the theory’ [s3848].
A second contrast was the notion of the relevance of what they were learning. As one
student reported, ‘We met true scientists who seek ways of solving some of the problems
of our society, whereas school is not so rigorous and things are not taken so seriously’
[s3688]. Students felt as if they were no longer carrying out tasks to achieve the kind of
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rewards associated with school but, rather, they were addressing real-world needs that they
had identified as relevant to themselves and to human beings in general.
Finally, a third contrast in relation to schooling was summarized by a young girl for whom
‘studying without the pressure of school assessment was quite different! For me it was a
relief and that was why I was more interested and curious.’ [s2101]. This perception of the
absence of the normal pressures of school life was often expressed as a feeling of
freedom: ‘Freedom to develop our own projects’ [s677]; ‘Freedom of movement to carry
out our work’ [s1843]; ‘Freedom while carrying out the practical part, a freedom which is
so rarely allowed at school’ [s6091]. This feeling was also expressed in terms of perceived
autonomy, impacting directly on critical thinking and increased self-confidence. Two of
the students noted that they had enjoyed particularly:
The spirit of autonomy which made us think for ourselves, question ourselves about
the whole process as opposed to just following the protocol. [s1997]
The autonomy that I had to perform all the steps was also very positive, because it
allowed me to gain self-confidence and new knowledge and skills. [s10511]
In global terms, the appreciation of the teaching methods and learning environments
experienced in the internships was not affected by any external variable. No statistically
significant effects were found when tested against factors, such as gender, type of
institution, scientific domain and internship duration The only two exceptions occurred (i)
in the medical sciences institutions, with a slightly larger than expected frequency effect
size, x2(1, N = 1171) = 4.79, p < .05 and (ii) in the frequency of references to the
participation in the work of science practitioners: twice as many girls as boys endorsed
this form of participatory learning as one of the most-enjoyed experiences of their
internships.

Laboratory Life
The contact with laboratory life and science-in-the-making was, unsurprisingly, another
positive theme emerging from the analysis of the students’ accounts. For approximately 14
percent of the respondents, the direct contact with both the processes of scientific inquiry
and the social environment in which these occurred was what they enjoyed most in their
internships. Some respondents praised not only their interaction with the researchers but
also the social networking in the laboratory. One student noted, ‘They were nice and fun
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in the ways they approached the theme and related to each other’ [s10173], or another one,
similarly, praised ‘the interaction between people working in a research laboratory’
[s10192]. For some, it was also an opportunity to ‘demystify the undesirable view about
the scientists, for instance their humourlessness and tendency to work non-stop without
time for fun’ [s3687]. Another example came from a student who wrote, ‘I realized that
scientists are not so different from the people I am used to socializing with.’ [s3817].
Other students enjoyed particularly the fact that the routine of the laboratory was not
changed because of their presence as internees. Unlike school, where time, space and
events are organized solely for teaching and learning purposes, in the laboratory it was
business as usual. One student noted this exact point:
I enjoyed the fact that they didn’t adapt their laboratory activity to our presence.
Because even the most boring and monotonous task, such as pipetting substances into
countless test-tubes, is new and interesting for us. [s3702]
Some respondents noticed that the researchers were continually engaged in frequent
discussions which led to the exchange of ideas and thoughts that forced the students to reexamine their own assumptions and interpretations. That was the reason that one student
wrote, ‘Above all, I learned how to be more critical of my own performance and also of
the performance of the others.’ [s1608]. The contact with the professional world of
scientific research and the opportunity of experiencing the day-to-day challenges and the
atmosphere of a laboratory led them to acquire what one of the respondents described as ‘a
new view of things and of the world.’ [s10670]. Other examples included:
I enjoyed seeing how people work in chemistry because, up till then, I had only a
vague idea based on my school lessons. Through this internship I realized what is on
the other side of the classroom and what chemistry is all about. [s3809]
I really enjoyed following up the on-going research projects at the Centre. The
participation in this internship was enriching because it allowed me to learn how
science is done, to follow the work ‘in loco’, in real time and with all the reality of
making progress or going backwards, commitment and patience. [s3677]
The frequency of references to this theme was not significantly influenced by gender.
However, chi-square tests showed statistically significant differences according to the type
of institution, x2 = 20.05, p < .001, as well as to the institutions’ scientific domain, x2 =
23.33, p < .001. Unlike their colleagues in other types of institutions, respondents who
attended their internships in science research centres showed a higher-than-expected
frequency of references to the benefits of being in direct contact with science in a
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scientific laboratory. A similar pattern was evident in relation to the medical science
institutions. Furthermore, the duration of the internships also played an influential role in
causing a lower- than- expected frequency of references to this theme.

Career Development and Future Self as Scientist
Approximately 7 percent of the respondents expressed their awareness of the opportunities
they had during their internship to clarify and/or consolidate their academic, vocational
and professional options. The ways in which they voiced these concerns fell into two main
categories. Firstly, there was the building of what Richmond and Kurth designated as a
‘scientific identity kit’ (1998: 678). Interestingly, the perception of a possible future self as
scientist was often articulated with the word ‘skin’, as a metaphor for the internalization of
an identity. Examples included: ‘I enjoyed “dressing” in the skin of a true scientist’
[s10782]; ‘What I enjoyed most was to get under the skin of what I may become in the
future’ [s1305]; ‘This allowed me to “get under the skin” of a scientist and live intensely
the day-to-day of scientific research’ [s3682]. Another student summarized this perception
as follows:
I enjoyed also knowing more about the life of these professionals, in that they gave
me an idea of what the world of work looks like and of the difficulties that I may face
in that world. I enjoyed having the opportunity to ‘place myself inside the skin’ of
these workers. [s2921]
Secondly, the opportunities for career counselling, particularly through the mentorship and
guidance of the people whom the students met at the institutions. A student wrote:
Another important benefit from this internship was getting to know details about the
academic and professional paths of the researchers I worked with. This allowed me to
appreciate the wide range of different courses and routes available. It also clarified for
me what I now want to do in my own future: research and investigation in
neuroscience. [s10321]
The only variables which significantly differentiated the groups were gender and type of
institution: girls were more likely than boys to value this theme (x2 = 9.00, p < .01). A
similar effect occurred among respondents from research institutions, compared with those
attending other types of institution (x2 = 5.15, p < .01).
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9.4 Negative Themes Emerging from the Mixed-Methodological Analysis of the
CVQ Open-Ended Questions (2003-2005)
Negative themes emerged from the analysis of the responses to three questions: (i) ‘What
did you enjoy least; (ii) What were your difficulties?; and, finally, ‘What do you
suggest?’. Although the negative themes occurred less frequently than the positive themes,
many of them were noteworthy. By far the most cited criticism centred upon time
constraints and laboratory routine. Table 9.7 reveals, in descending order, the frequency of
these themes.
Table 9.7
Endorsement Rate of Negative Themes Emerging from Students’ Responses to the CVQ
Open-Ended Questions (2003-2005)
Girls
Themes
Short internships
Laboratory routine
Insufficient practical work
Too theoretical
Poor planning
Insufficient teaching support

Boys

f

%

135
48
52
47
32
26

19.8
7.0
7.6
6.9
4.7
3.6

f
81
44
36
32
22
26

Total
%

f

%

16.6
9.0
7.4
6.6
4.5
5.3

216
92
88
79
54
52

18.4
7.9
7.5
6.7
4.6
4.4

Duration of the Internships 1
Up to one in five respondents complained about the short duration of the internships. For
some, even when there had been enough time to meet the original goals, ‘a longer duration
would have allowed us to improve our knowledge’ [s1287] or ‘to examine certain themes
more thoroughly’ [s10175]. For others, the duration was responsible for some of the
practical projects and experiments remaining unfinished. Unsurprisingly, chi-square
analysis showed a significant relation between the frequency of this criticism and the
duration of the internships, x2 = 10.25, p < .01. Of the respondents who mentioned the
short duration as one of the things they disliked more, 92 percent attended internships of
two weeks or less. No other variable had a significant effect in this theme.

1

Only two students in 1171 reported that they felt the internships were too long.
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Laboratory Routine
Approximately 8 percent of the respondents complained about what they called the
repetitiveness and monotony of laboratory work. This assertion was independent of
gender, type of institution or scientific domain. As one of the students pointed out:
The only thing I didn’t like when I got in contact with science was to realize that
work in this area is a bit routine. [s943].
Doing things time and again, like ‘systematically testing’, ‘counting cells so many times’ ,
‘weighing samples’, or ‘spending a week marking stones’ were examples of repetitive
tasks that contributed to a feeling of ‘monotony’, ‘boredom’ or even ‘tiredness’.
Another aspect of the day-to-day laboratory routine which attracted criticism was the long
wait between activities. A striking word emerging from the data was ‘dead’, (e.g., ‘dead
hours’ or ‘dead time’); it appeared in 20 percent of the critiques about the routine nature of
scientific work. Some expressed understanding about the issue (e.g., ‘the dead moments
we had between experiments were inevitable’ [s1178]). But for others, it was not just the
‘long hours of waiting between experiments’ [s3648], the experiments themselves could
be too long (e.g., ‘we had to wait a long time for the reactions to take place’ [s943]) or,
worse, after waiting a long time, ‘the results of the experiments were not as successful as
expected’ [s1306]. These complaints were shared in similar proportion by girls and boys.
Likewise, factors such as the type of institution, the scientific domain and even the
internship duration played no significant role in the rate of occurrence of this theme.

Too Theoretical
For approximately 7 percent of the respondents, the theoretical component of the
internship was the part they least enjoyed. However, this was often associated with an
awareness of the role played by conceptual learning, as voiced by one student:
But I understand that the theoretical part is necessary. Without it, the making of the
circuit would not be so interesting because I wouldn’t understand what I was doing’
[s3943]
A more severe criticism was expressed by the following statement:
The theoretical part. I think it was not approached with patience, after all …we are
young and we don’t have 1/10th of the knowledge of the researchers. The subject
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matter was not taught with enthusiasm. That is why the rest of the internship became
a bit boring. Once the students start to get lost , they lose some motivation because
they cannot relate what they learned in the morning with what they will be doing in
the afternoon. [s6105]
Almost a quarter (n = 22) of the critiques concerning theoretical teaching were about
being ‘too long’, ‘too boring’ or ‘too tiring’.
However, in contrast, approximately 3 percent of respondents complained about some
aspects of the practical work in which they were involved, exactly because they did not
have the conceptual understanding needed for the tasks at hand. Two of them complained
about the absence of the conceptual understanding underpinning practice. One wrote:
Some times I felt a bit ‘lost’ because I didn’t always understand the topics, also
because I missed a lot of the theoretical aspects which help you to understand
practice and which had been forgotten by some of the researchers who were
supporting us. [s3661].
While another noted:
Although there is a lot of experimental work we don’t have enough explanation of
each step we take, hence I got out of there knowing the names of certain objects, but
if I am asked why they are there I don’t know the answer. [s10017]
Having to do things ‘in the absence of the theoretical aspects which underpin and so help
people understand practice’ [s3661], or ‘without having a clue of how things are done’
[s3948] was, for some, the least enjoyable part of the internship. One suggested that
‘before moving on to practice, there should be more in-depth explanations of what is about
to be done’ [s2652].
An outstanding statement is this respect:
We should follow a hypothetical deductive method throughout the internship, from
the moment of the isolation of cells for study to the search for a solution for the
problem at hand. Maybe a bit less technical experimentation and a bit more
internalization/application of scientific method. However, I understand how hard it
may be because the work demands some basic notions of biochemistry which we
have never been taught. [s2931].
Insufficient Practical Work
For 7 percent of the respondents, not being practical enough was one of the main reasons
that the internships did not live up to their expectations: ‘I would like to see more
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participation from the students, more practical activities, especially fieldwork, which was
exactly what I expecting from this internship’ [s10088]. ‘The fact that we didn’t apply
what we have learned’ [s3971], ‘the fact that we had so few opportunities for practical
activities’ [s10123], ‘absence of experiments carried out by the students, only observation’
[s3848] were statements reflecting this frustration and sense of having been let down.
Chi-square analysis showed no statistically significant relation between this category and
independent variables such as gender, scientific domain or type of institution. This
suggests that the source of this criticism might have been related to the specific contexts
in which some of the internships took place. Firstly, more than half (57 percent) of the
occurrences of this category apply to only five of the internships. In one case, the
internship only lasted a single day, during which the students would hardly have had
opportunities for practical work. Moreover, this criticism was stated by 22 students, which
corresponds to 25 percent of all instances of this type of complaint. Two were
mathematics internships with no laboratory work. A third was about radio-pharmacology,
which poses obvious security issues in terms of handling radioactive materials. A student
pointed out that he didn’t enjoy ‘the fact that I couldn’t participate more technically in the
experiments, even though I understand that it was about radioactive reagents and, hence,
dangerous’ [s10069]. Finally, the last one was a hospital internship, where students were
supposed to follow and observe interactions with patients, the processes of diagnosis and
other types of medical intervention which, by their nature, could not be carried out by the
students themselves:
The internship in which I participated this year, in contrast with what I was used to,
was more about observation than student participation . I can understand that in
certain circumstances we are not allowed to participate because we cannot treat the
patients, however there are some activities which I think could have been carried out
by 12th grade students [s10798].
These critiques show that those students who had very high expectations of the practical
component of the internships felt to some extent disappointed by the fact that there were
few or no opportunities for practice and learning by doing.

Poor Planning
Almost 5 percent of the respondents were not satisfied with the organization and planning
of their internships. This criticism was often associated with complaints about laboratory
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routine and inefficient time-management. As one of the students suggested, ‘To improve
the organization of the experience, an internship plan should be prepared and delivered,
with activities and goals from the very first day.’ [s10223].

167

Learning science through work experience

9.5 Quantitative Analysis of the Students’ Perceptions Survey (2005)
Table 9.8 presents the results of the students’ ratings of statements formulated within the
written responses provided by the students who responded to the four open-ended
questions analysed in the previous section.
Table 9.8
Student Ratings of the SPS Items
Items (brief description)

SA

A

D

SD

1. This internship helped me to choose a future
career

71
14.8%

225
46.8%

151
31.4%

34 7.1%

2. I had the opportunity to participate in the
scientific work carried out by professionals

236
49.1%

206
42.8%

35 7.3%

4
0.8%

3. The practical part of the internship was
important: we learned the theory and how to
apply it in practice

287
59.7%

167
34.7%

25 5.2%

2
0.4%

4. The researchers stimulated us to think and
question ourselves about what we were doing

216
44.9%

238
49.5%

26 5.4%

1
0.2%

298
62%

152
31.6%

25 5.2%

6
1.2%

6. A fantastic team spirit was created which
helped us to carry out our work

248
51.6%

205
42.6%

21 4.4%

7
1.5%

7. What I have learned may be very important for
my professional future

206
42.8%

215
44.7%

57
11.9%

3
0.6%

8. The researchers were always available to help
us and clarify our doubts

345
71.7%

123
25.6%

11 2.3%

2
0.4%

9. The researchers helped us to understand why
we were learning the theory

270
56.1%

199
41.4%

10 2.1%

2
0.4%

10. I have worked with materials and equipment
that don't exist in my school

321
66.7%

113
23.5%

31 6.4% 16 3.3%

11. This internship allowed me to 'get under the
skin' of a scientist, living 'in loco' the day-to-day
routine of science work

182
37.8%

238
49.5%

56
11.6%

5
1.0%

12. I would like to recommend this internship to
my friends

288
59.9%

165
34.3%

22 4.6%

6
1.2%

5. This internship allowed us to put into practice
what we had learned instead of just observing
how things were done
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Item #1. This internship helped me to choose a future career. Approximately 40 percent
of the respondents did not agree with this statement, which corresponds to the highest
level of disagreement. This was striking, since the majority of the respondents (87 percent)
believed that what they had learned in their internships could be very important for their
professional future. A possible clue to this apparent contradiction might have been
provided by a student who wrote, ‘This internship didn’t help me to decide my future
career, because it was already decided’ [s10286]. This led to the speculation that the rate
of disagreement may be related to fact that many students had already made up their
minds about their careers before they attended the internships. But how many was many? I
predicted that the disagreement would be lower among those who were not yet certain of
their careers. To test this hypothesis, I went back to the ‘students’ motivation’ database
and selected only the cases of those candidates who scored ‘1’ in the ‘vocational
indecisions’ category in the same year of this survey (n = 69); then I examined their
responses to this item. My hypothesis was only partially confirmed: the result was 28
percent disagreement (12 percent less than for the whole sample, but still a significant
level). This result suggests that, however important the internships had been for their
professional future, many students did not feel that they had gained enough insights into
career opportunities or relevant information to clarify their career options.
As evidenced by Table 9.9 and Table 9.10, the t-test showed significant effects for gender
and type of institution, but with different levels of statistical significance or magnitude.
Girls were only slightly more likely than boys to agree with this item (p < .05); the effect
size (d = .2) also indicates a small magnitude. However, the type of institution had its
strongest effect (p < .001, d = .7) in this item, suggesting that students who attended
research institutions were noticeably more likely to agree with this item (69 percent) than
their counterparts in other institutions (44 percent).
A one-way ANOVA was conducted to inspect for differences among groups for each of
the levels of scientific domain and internship duration. The mean varied among scientific
domains (F5, 481 = 4.32, p < .05, η2 = .043), as responses ranged from means of 2.53 to
2.95. Subsequent comparisons revealed that the most statistically significant difference
occurred between the medical sciences and the engineering and technological sciences (p
< .001), indicating that respondents from medical sciences were more inclined to perceive
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their internships as helpful for their career decisions. No statistically significant
differences were detected for internship duration.

Item #2. I had the opportunity to participate in the scientific work carried out by
professionals. Almost half of the respondents (49 percent) strongly agreed, whereas 8
percent felt that they had not been involved in the scientists’ on-going work. Girls rated
this item higher than boys but, however statistically significant (p < .05), gender had a low
effect size (d = .2). The type of institution, on the other hand, showed a stronger statistical
and practical significance (p < .001 and d = .4, respectively), with respondents from
research institutions rating this item more highly, compared with those in non-research
institutions.

The one-way ANOVA showed significant differences among scientific

domains (F5, 481 = 7.63, p < .001, η2 = .074), with means ranging from 3.20 to 3.65. Again,
in the medical sciences, there were more opportunities perceived for engaging in on-going
research than in the engineering and technological sciences (p < .001), or the exact
sciences (p < .05). Likewise, the same test yielded significant differences according to the
duration of the internship, (F2, 481 = 5.70, p < .01, η2 = .023): internships of more than two
weeks rated more highly than those of two weeks (p < . 05) and even more significantly (p
< .001) than those with less than two weeks. These results suggest that longer internships,
as well as internships in research institutions, were perceived as providing more
opportunities for working alongside scientists in their on-going activities.

Item #3. The practical part of the internship was important: we learned the theory and
how to apply it in practice. Sixty per cent of the respondents strongly agreed and 35
percent agreed that they learned how to put theory into practice. This recurred across all
variables, except for type of institution. Respondents from research institutions rated this
item more highly, but the statistical significance was only p < .05, and the magnitude of
the relationship between the variables was weak (d = .1), which suggests an almost
insignificant practical effect.

Item #4. The researchers stimulated us to think and question ourselves about what we
were doing.

Most respondents (94 percent) agreed with this statement. Statistically

significant differences were observed between boys and girls, although with a modest
effect (d = .3), as girls were more likely to perceive this characteristic. Similar results
170

Learning science through work experience

occurred with respondents from research institutions. The ANOVA tests showed no
differences in relation to the duration of the internships; however, significant effects for
the scientific domain were detected, F5, 481 = 3.65, p < .05, η2 = .037, with means ranging
from 3.27 in engineering and technology to 3.53 in the medical sciences.

Item #5. This internship allowed us to put into practice what we had learned instead of
just observing how things were done. This item is similar to item #3; the difference is that
learning how things are done is not always the same as doing them. The students,
however, appear to have interpreted the two items in the same way, which suggests that
both statements should have been worded with less ambiguity. However, the similarity of
results in both items has the advantage of confirming students’ perceptions that practical
work played an important role in their internships. In fact, this item was one of the few
where no differences were found for any of the external variables under scrutiny.
Table 9.9
T-tests Comparisons of Girls’ and Boys’ Ratings on SPS Items
Items (brief description)
10. Helped career choice
11. Working with scientists
12. Applied learning
13. Critical thinking
14. Hands-on learning
15. Teamwork
16. Importance for professional future
17. Teacher support
18. Purposeful learning
19. Working with science equipment
20. Felt like a scientist
21. Recommend it to friends
1
2

Mean
difference1
.173
.126
.068
.157
.071
.103
.234
.095
.093
.176
.247
.194

t-value

p-value

Effect size

2.36
2.09
1.20
2.89
1.18
1.74
3.73
1.93
1.80
2.50
3.96
3.29

.019
.037
.230
.004
.237
.083
.000
.055
.073
.011
.000
.001

.2
.2
.1
.3
.1
.2
.3
.2
.2
.3
.4
.3

A positive value means that girls rated more highly.
Effect sizes were measured by the Cohen d.

Item #6. A fantastic team spirit was created which helped us to carry out our work. More
than half of the students strongly agreed and 43 percent agreed that teamwork was relevant
to their performance throughout the internships. This was another consensual assertion
across all variables.
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Item #7. What I have learned may be very important for my professional future.
Approximately 88 percent agreed with this statement. Tests showed statistically
significant gender-related differences (p < .001) and a modest effect size (d = .3) as girls
rated this item more highly than did the boys. Equivalent results occurred between
research and non-research institutions. The one-way ANOVA yielded significant
differences among scientific domains, F5,

481

= 6.36, p < .001, η2 = .063, with means

ranging from 3.13 to 3.59 respectively for the medical sciences and for engineering and
technology. No significant effects were detected for internship duration.

Item #8. The researchers were always available to help us and clarify our doubts. This
was the item which attracted the strongest agreement: 72 percent of the respondents
strongly agreed and 26 percent agreed that they had constant support and attention from
the researchers with whom they were working. Girls and boys perceived it in the same
way, but respondents from research institutions were even more inclined to endorse this
assertion. The ANOVA test showed significant effects for scientific domain, F5, 481 = 3.35,
p < .05, η2 = .045, with means ranging from 3.56 to 3.83. Engineering and technology
scored lower means, compared with the medical sciences. Again, no differences were
found in relation to the duration of the internships.

Item #9. The researchers helped us to understand why we were learning the theory.
Approximately 56 percent strongly agreed and 41 percent agreed that they had
opportunities to understand the purpose of what they were learning. The t-tests showed no
significant differences in relation to gender or type of institution, but the respondents from
the medical sciences were more inclined to agree with this statement. The duration of the
internships played no significant role in this perception.

Item #10. I have worked with materials and equipment that are not available in my school.
This was the second most highly rated item in the survey. Around 67 percent strongly
agreed and 24 percent endorsed it. No significant differences were found between research
and non-research institutions. Similarly, the rating of this item was not affected by
scientific domain or internship duration. However, girls were more aware of the
opportunities to handle materials and equipment that were not previously available to
them.
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Item #11. This internship allowed me to ‘get under the skin’ of a scientist, living ‘in loco’
the day-to-day routine of science work. This item had the second lowest rate of strong
agreement (37.8 percent), but the highest percentage of agreement (50 percent).
Interestingly, the gender-related difference had the highest effect size estimate (d = .5),
with an advantage for the girls. Also, unsurprisingly, respondents from research
institutions were more likely to agree with this statement. The one-way ANOVA showed
significant differences among scientific domains (F5, 481 = 9.10, p < .001, η2 = .087), with
means ranging from 3.20 in engineering and technology to 3.56 in medical sciences.
Again, results were not affected by internship duration.
Table 9.10
T-tests Comparisons of Research Institutions’ Respondents and Non-Research
Institutions’ Ratings of the SPS Items
Items (brief description)
10. Helped career choice
11. Worked with scientists
12. Applied learning
13. Critical thinking
14. Hands-on learning
15. Teamwork
16. Importance for professional future
17. Teacher support
18. Purposeful learning
19. Worked with science equipment
20. Felt like a scientist
21. Recommend it to friends
1
2

Mean
difference1
.423
.285
.181
.122
.071
.117
.295
.196
.076
.052
.235
.159

t-value

p-value

Effect size

5.15
4.42
2.75
2.10
1.09
1.81
4.34
3.45
1.35
.69
3.45
2.48

.000
.000
.006
.037
.278
.071
.000
.001
.176
.493
.001
.013

.7
.4
.4
.3
.1
.1
.4
.4
.1
.1
.3
.2

A positive value means that research institutions’ internees rated more highly.
Effect sizes were measured by the Cohen d.

Item #12. I would recommend this internship to my friends. Approximately 60 percent
strongly agreed and 34 percent agreed with this statement. Representing to some extent a
form of overall evaluation, the statistical tests mirror the same type of differences that
occurred in the majority of the items. Girls rated this item more highly, and so did the
respondents from research institutions. Again, the only differences in variation between
groups occurred between the medical sciences and engineering and technology (F5, 481 =
3.30,

p < .01), with means ranging from 3.39 in the latter to 3.68 in the former.

Noteworthy were the effects of internship duration (F2, 481 = 3.50, p < .05): respondents
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who attended short internships (less than two weeks) agreed less with this overall
evaluation than did their colleagues from longer internships.

Principal Components Analysis and Principal Factors Analysis: Results and Limitations
of the 2005 Survey
After having analysed each item, I used both Principal Components Analysis (PCA) and
Principal Factor Analysis (PFA) to examine the relationships between the items. As a
flexible technique, factor analysis is a collection of statistical methods that serves a wide
range of purposes - from the analysis of patterns in a correlation matrix to the test of
hypotheses about theoretical variables. Principal Factor Analysis, a widely used statistical
technique in social sciences, is, as Pohlmann (2004) points out, “used to gain insight into
the structure or underlying processes that explain a collection of variables” (2004 : 14).1
But if one wishes to reduce a set of variables by using a smaller set of measures, yet
retaining their variation, a PCA is the tool of choice.

When conducting a factor / component analysis, researchers have to make decisions when
faced with the choice of different procedures, methods and tools. Because there is always
the possibility that inappropriate choices may result in incorrect conclusions, the reporting
of factor analysis must include information about these choices, particularly for
independent verification purposes. Conducting this type of analysis usually involves a
number of steps: (i) assessing correlations among variables; (ii) choosing an extraction
method; (iv) deciding on the number of factors / components to retain; (v) selecting a
rotation procedure; and (v) naming and interpreting factors and components.

Assessing Correlations Among Variables. The purpose of assessing correlations among
variables is to determine whether it is feasible to carry out the analysis. Table 9.11 shows
the variables correlation matrix. I started with both an assessment of sampling adequacy
with the Kaiser-Meyer-Olkin (KMO) and the Bartlett’s test of sphericity. The KMO,
representing the ratio of the squared correlations between variables to the squared partial
correlation between variables, was .864. The KMO statistics vary between 0 and 1; and
values between .8 and .9 are “great” (Field, 2005 : 640). The Bartlett’s test of sphericity
examines whether the correlation matrix resembles an identity matrix (i.e. a matrix where
1

Structure is used here to describe the relationships between observed variables and latent variables.
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all correlation coefficients are zero). For these data, the test was significant, x2(55, N =
481) = 1357.88, p < .001, and therefore factor analysis was deemed appropriate. A visual
inspection of the correlation matrix shows that correlations range from .05 to .55, with
more than half of the correlations ranging from .3 to .5, indicating that none of the
correlation coefficients are particularly large or particularly low, with no variables having
the majority of their correlation coefficients lower than .05 or larger than .9.

Table 9.11
Correlation Matrix for the SPS (N = 481)
1

2

3

4

5

6

7

8

9

10

1. Career choice
2. Worked with scientists

.25

3. Applied learning

.14

.37

4. Critical thinking

.23

.30

.40

5. Hands-on

.06*

.34

.44

.32

6. Team work

.19

.32

.36

.36

.35

7. Professional future

.43

.30

.30

.29

.16

.26

8. Teachers support

.24

.38

.40

.36

.37

.38

.37

9. Purposeful learning

.22

.30

.46

.49

.37

.36

.37

.55

10. Scientific equipment

.15

.18

.24

.11

.21

.13

.05*

.15

.11

11.Felt like a scientist

.29

.51

.30

.31

.28

.32

.37

.31

.31

.23

* p = ns, all others p < .01

Methods of Factor Extraction.

Although a full presentation of the different methods of

factor extraction is beyond the scope of this research, it is important to summarize the
differences between the two procedures used in this study, namely PCA, which may not
be considered strictly as factor analysis (Field, 2005), and PFA, also known as principal
axis factoring. As early mentioned, PCA serves mainly a data reduction purpose (to reduce
the information in many measured variables to a smaller set of components), particularly if
the primary objective is to examine a large number of items in order to select a reduced
number of appropriate variables in the construction of an assessment instrument, such as
the development of new scales or inventories. Principal Factor Analysis, on the other
hand, is used when the research purpose is to identify latent variables or hidden
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dimensions which contribute to the common variance of a set of observed variables,
excluding unique (i.e., variable-specific) variance. The rationale underlying the use of
these two methods is to compare their outcomes and enhance the interpretability of the
structure of factors, as PCA tends to inflate loadings when compared to PFA, which not
only creates problems when selecting which variables to include in the components but
also may bias the interpretation of these components (Park et. al., 2002 : 569).

Number of Components or Factors.

When deciding on the number of factors /

components to interpret, researchers usually rely on eigenvalues. The eigenvalues for
these data are presented in Table 9.12. An eigenvalue measures the amount of variance
explained by a factor (an eigenvalue of a factor divided by the number of variables gives
the proportion of variance in all the variables accounted for by that factor). If a factor has a
low eigenvalue, then it is contributing little to the explanation of variance in the variables
and should be ignored when compared to more important factors.

Table 9.12
Initial Eigenvalues for PCA and PFA (before extraction and rotation)1
Factor / Component
Initial Eigenvalues
Total

% of Variance

Cumulative %

1
4,076
37,050
37,050
2
1,185
10,774
47,825
3
1,055
9,587
57,412
4
,817
7,430
64,842
5
,688
6,256
71,098
6
,656
5,962
77,060
7
,598
5,437
82,497
8
,575
5,224
87,721
9
,524
4,760
92,481
10
,444
4,035
96,516
11
,383
3,484
100,000
1
After extraction and rotation, the cumulative total variance explained by the three first factors
retained for PCA and PFA was 57.4 and 41.8, respectively.

I used the Kaiser-Guttman rule, which states that a researcher should attempt to interpret
the number of factors that have eigenvalues greater than 1, and the Cattell's Scree Test (a
visual plot of eigenvalues) as methods of determining the number of factors that can be
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derived from the set. The use of Kaiser’s criterion may be questionable under certain
circumstances because it may underestimate the number of meaningful factors (Field,
2005; Merenda, 1997; Pohlmann, 2004). Likewise, the scree test may cause some
problems due to a degree of subjectivity in the interpretation of the plots. There is thus a
rationale for the use of a combination of the two methods (Tinsley & Tinsley, 1987). The
Kaiser-Guttman eigenvalue-greater-than-one rule suggested a three-factor solution. The
scree test plots the factors/components as the X axis and the corresponding eigenvalues as
the Y axis. When the curve of the differences in eigenvalues defines a scree (i.e., when the
shape of the curve becomes horizontal), the factors to the left of the scree are considered
the real factors. For these data, the scree test is presented in Fig. 9.1. The curve is
somewhat difficult to interpret because the curve begins to tail off after one factor (the
point where the drop ceases and the curve makes an elbow toward less steep decline), but
there is another drop after three factors before the horizontal line. Therefore we could
justify retaining either two or four factors. Given the large sample (N = 481), it is
justifiable to assume Kaiser’s criterion, and drop all factors with eigenvalues under 1.0
(Field, 2005). My argument for retaining the three-factor solution rests on the assumption
that, at this initial phase of the research, it was preferable to retain the three factors as
hypotheses for further research and replication. Moreover, if I dropped the two remaining
factors, these would not be available for testing in any future stages of the research.

Figure 9.1
Scree Plot for the Principal Component Analysis and the Principal Factor Analysis
Scree Plot
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What Type of Rotation?

Because factor extraction procedures tend to produce a first

factor where most variables have high loadings, followed by succeeding factors with small
loadings in each factor, a technique – factor rotation – is necessary to facilitate the
interpretability of the factor structure by spreading variance across the factors. Indeed,
since each variable should load highly on only one factor, factor rotation methods have
been designed to meet such criteria. There are two types of rotation methods: orthogonal
(e.g., varimax) and oblique (e.g., promax) solutions. Orthogonal rotations assume that
factors are uncorrelated, and thus yield factors that are independent, whereas oblique
rotations allow factors to be correlated. Therefore, the choice of a rotation method depends
on whether there are theoretical reasons to believe that the factors should be related. A
review of the use of factor analysis in communication research (Park et. al., 2002) and a
similar review in education research (Pohlmann, 2004) both show that orthogonal
rotations, and particularly the varimax version, are the most commonly used rotation
procedures. Another approach (Field, 2005 : 636) is to run the analysis using both types of
rotation. Park et. al. (2002) presents empirical evidence of the differences in factor
loadings yielded by the two procedures, and dismisses the common belief (or convention
of preferring varimax rotation) as “unwarranted and unrealistic” (2002 : 566).

Since I had no reasons to expect the factors/components to be unrelated, I decided to
follow Field’s (2005) approach and used both methods, starting with an oblique rotation
(promax) to obtain the correlations among factors in both PCA and PFA (see Tables 9.13
and 9.14). Furthermore, if factors were to be correlated – which is indeed plausible in
social and human sciences (Field, 205) – then the results of an orthogonal varimax rotation
would be misleading (Park et. al., 2002).

Table 9.13
Component Correlation Matrix for Principal Component Analysis of the
SPS (N = 481) using varimax rotation
Component

1

2

1
2

.428

3

.379

.198
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Table 9.14
Component Correlation Matrix for Principal Factor Analysis the of the
SPS (N = 481) using promax rotation
Component

1

2

1
2

.609

3

.474

.432

An observable pattern in the factor/component correlation tables is that correlations
among components tend to be lower for PCA than for PFA, which is consistent with the
findings of Park et. al. (2002). This underestimation of the relations among components is
due to the fact that PCA analyses the variation of the measured variables in a different
way. Unlike PFA, which looks only at the common variance (i.e., the variance which is
shared with the other variables), PCA takes into account also the unique variance and the
random variance, or error (see Field, 2005 : 630 for further detail).

Interpreting and Naming Factors/Components.

After determining the number of factors,

the next step is to interpret the factor structure. I started by consulting the component /
factor matrix (after rotation) to examine which variables correlated more highly with each
of the factors. Having done this, I sought a construct which would both explain the
correlations and my interpretation of the factor. As Tinsley and Tinsley (1987 : 411) point
out, “the actual interpretation of a factor analysis calls for a high degree of creativity,
ingenuity, and familiarity with the data”. It is conceivable that two researchers who
examine the same data could present different interpretations of the factors. In light of
this, it is necessary to elaborate the analysis in sufficient detail to facilitate any future
attempt to replicate the results.
The most important feature of the factor matrix is the factor loadings. A factor loading
represents the correlation of the variable with the factor or component, and should be
interpreted like any other correlation. As Field (2005) noted, “it should be clear that if we
square the factor loading we obtain a measure of the substantive importance of a particular
variable to a factor” (2005 : 622). For these data, the correlation coefficients for both the
principal component solution and the principal factor analysis (with a factor axis
extraction method) are presented in Table 9.16. The results of orthogonal rotation (e.g.,
varimax) and those from oblique rotation (e.g., promax) are also presented. This leads to
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the major question of how high a factor loading should be to consider a variable as a
defining part of a particular factor?
There is no rule for determining an interpretation cut-off for factor coefficients, but there
are some basic guidelines that can be used. Stevens (1992) proposed to test each loading
for statistical significance using an alpha = .01 (two-tailed test) and the sample size - the
larger the sample the smaller the cut-off. For a sample size of 50, a loading of .22 can be
considered significant, for 100 a loading greater than .298, up to 1.000 where it should be
greater than .162. Therefore, “in very large samples, small loadings can be considered
statistically meaningful” (Field, 2005 : 637). It is important, however, to bear in mind that
Stevens is proposing guidelines to obtain the statistical significance of a loading, which is
not the same as its practical significance. Indeed, for statistical significance purposes, a
correlation between a measured variable and a latent variable, which is obtained from the
relations between a set of observed variables, including the measured variable itself) is not
the same as a simple correlation between two observed variables. Therefore, it may be
preferable to use Field’s concept of substantive importance (i.e., using the squared
loadings), rather than that of statistical significance. The question thus remains: what
should be the minimum value of a loading to accept an observed variable as belonging to a
factor or component?
A cut-off of .30 is often used in the fields of the social and behavioural sciences. However,
using loadings as low as .30 is likely to lead to (i) complex variables, for which equally
high loadings are present in more than one factor or component, or to (ii) unsatisfactory
factor structures, in which the loadings are so low that they lead to low communalities and
hence to a small proportion of the total variance that is explained (less than .50), which is
the case of the PFA in these data (see Table 9.15).
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Table 9.15
Communalities for Principal Components Analysis (PCA) and Principal Factor
Analysis (PFA)
Items (brief description)
1. Career choice
2. Worked with scientists
3. Applied learning
4. Critical thinking
5. Hands-on
6. Team work
7. Professional future
8. Teacher support
9. Purposeful learning
10. Scientific equipment
11. Felt like a scientist

PCA
.670
.503
.554
.488
.587
.410
.652
.540
.645
.697
.568

PCF
.354
.468
.450
.367
.433
.312
.505
.456
.621
.125
.504

% of variance explained

57.4

41.8

For these data, I used a cut-off of .50 for both PCA and PFA (values in bold in Table
9.16). It is, however, important to acknowledge that I take a loading of .50 as a minimum
limit. That is, the weight attached to the different variables in my interpretation of the
factors or components depends on the loading itself: a variable with a loading of .80
(which explains approximately 64 percent of the variance in the variable) deserves
significantly more attention and plays a more important role in the interpretation than a
variable loading at .50.
Two patterns emerge when examining Table 9.16. Firstly, when loading of .50 or higher
are compared across the two methods of factor extraction, the majority of the loadings are
higher for PCA than for PFA. This is consistent with other empirical studies which show
the tendency of PCA to inflate factor loadings. Secondly, when compared across the two
methods of rotation, varimax and promax yield somewhat similar results. However,
considering the existing correlations between factors / components, I have focused my
attention on the loadings produced by the promax rotation.
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Table 9.16
Loadings for Principal Component Analysis and Principal Factor using Varimax and
Promax Rotations
Items
(brief description)

PCA
1

2

PFA
3

1

2

3

With Varimax
1. Career Choice

.03

.81

.13

.09

.15

.57

2. Worked with
scientists

.39

.37

.47

.26

.57

.28

3. Applied learning

.68

.05

.29

.56

.37

.09

4. Critical thinking

.66

.23

.01

.53

.19

.23

5. Hands-on

.66

-.15

.36

.51

.41

-.08

6. Team work

.60

.15

.17

.44

.30

.16

7. Professional
future

.32

.74

-.05

.29

.11

.64

8. Teachers support

.67

.29

.06

.58

.21

.28

.76

.24

-.06

.74

.07

.27

.03

.00

.84

.11

.33

.04

.29

.49

.50

.18

.57

.39

9. Purposeful
learning
10. Scientific
equipment
11. Felt like a
scientist

With Promax
1. Career Choice

.25

.80

.20

.06

.08

.59

2. Worked with
scientists

.54

.48

.56

.06

.58

.14

3. Applied learning

.72

.22

.42

.56

.23

-.10

4. Critical thinking

.68

.36

.15

.54

.02

.09

5. Hands-on

.67

.02

.46

.51

.33

-.28

6. Team work

.64

.29

.29

.41

.19

.02

7. Professional
future

.45

.76

.07

.18

-.05

.63

8. Teachers support

.72

.43

.21

.58

.02

.14

.77

.39

.10

.84

-.21

.12

.19

.08

.82

.01

.37

-.05

.47

.58

.58

-.06

.59

.28

9. Purposeful
learning
10. Scientific
equipment
11. Felt like a
scientist
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If readers, or future replications studies, favour a data reduction purpose which is
interested mainly in the total variance of each variable (i.e., common variance and specific
variance), the columns under PCA are the most relevant. This method of extraction
yielded a first component on which seven from eleven variables loaded at .50 or higher
(including three variables loading at .70, explaining around 50 percent of the variance of
each of these variables). Item 2 - “I had the opportunity to participate in the scientific
work carried out by professionals” – is somehow problematic since it yields similar
loadings across the three components. If this item is excluded, all the six remaining
variables of the component have in common the students’ perceptions of the learning
dimension of their internships. The items “Purposeful learning”, “Teacher support” and
“Applied learning” are particularly favoured by the first component (respectively .77, .72,
and .72), which is consistent with the variables correlation matrix (see Table 9.11), in
which these items show the highest correlation coefficients. The respondents who felt that
the researchers were always available to help and clarify their doubts (item 9) were also
inclined to appreciate being told “why” they were learning the theory (item 10), and
thought “how” to apply it in practice (item 3). It appears as if these were three important
dimensions of the participants’ involvement with learning: the constant availability of
their mentors (item 9), the awareness of the purpose of what they were learning (item 10)
and also its practical dimension (items 3 and 5). Associated with these variables, although
to a smaller degree, were the items measuring the respondents’ perception of other
dimensions of learning, such as thinking critically about what they were learning (item 4)
and learning collaboratively (item 5). Considering the degree of association between these
items (items 3-6 and 8-9) and the first component, I would suggest interpreting this
component as a measure of the students’ perceptions of the learning aspect of their
internships, and name it, in short, “Learning”.
A second component resulting from the PCA (both with orthogonal and oblique rotations)
favours particularly items 1 and 7, loading at .80 and .76, explaining approximately 64 and
57 percent of their total variation (i.e., common and specific). Again, as in the first
component, the PCA shows a “complex” variable (item 11), loading at .58 in both
components 2 and 3. However, if we pay the appropriate attention to the highest loadings
it becomes clear that this component is measuring the students’ perception of the
importance of the internship for their future, both in terms of a career choice (loading at
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.80) and in terms of their professional future. I propose, therefore, to interpret this
component as a measure of the students’ perception of the vocational dimension of their
internship, and name it “Career”.
The third component does not present such satisfactory results, and poses problems in
terms of interpretation. Firstly, it includes two items (2 and 10) loading equally in more
than one component. However, there is an item that deserves particular attention, since
more than 67 percent of its total variance is explained by this component, namely item 10,
the most highly rated item in the SPS: the respondents’ perception that they had worked
with materials and equipment that do not exist in their school. If we were to associate this
item with both the variable that measures the students’ perception of having participated in
the work of professionals (item 2) and the variable accounting for their perception of
“’getting under the skin’ of a scientist, living ‘in loco’ the day-to-day routine of science
work”, we could look at this component as a possible indicator of the respondents’
perception of their participation in the culture of the host institution. Indeed, as I will show
later (§10.5) social studies of laboratory work (Lynch, 1985a) have noted the important
role played by the handling of tools and equipment in the perception of belonging to a
community. If we would take it as a mere hypothesis for future clarification in a revised
instrument, I suggest that this component would be interpreted as measure of the students’
perception of their participation in the laboratory culture. However, some caution must be
exercised here, since the SPS, in its current formulation (and with the present data), does
not provide sufficient mathematical evidence of such correlations. Moreover, as I will
show below, the PFA - an analysis examining exclusively common (i.e., shared) variance
– does not sustain the above hypotheses.
As mentioned earlier, the PFA yielded a factor structure which is very close to the
component structure presented by PCA, but with expected smaller loadings and a total
variance explained below 50 percent. However, the PFA has the advantage of having no
complex variables (particularly with the promax rotation), since no variable loads highly
in more than one factor. As far as the first factor is concerned, the variables loading at .50
or higher are largely the same as those found in the first component (items 3-5 and 8-9).
Two differences should be noted. Firstly, the “problematic” item 2 (i.e., “worked with
scientists”), which yielded similar loadings across the three components of the PCA, is
now exclusively associated only with Factor 2. Secondly, and interestingly, although all
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the variables yielded smaller loadings when compared to the PCA solution, there is a
noteworthy exception: item 9 (i.e., “Purposeful learning”) presents the highest loading
(.84), with more than 70 percent of its common variance being explained by the first
factor.
The PFA is consistent with the PCA in presenting a factor (Factor 3) associated with the
students’ perception of the vocational dimension of their internship – the “Career”
component. However, again, loadings are smaller (.59 and .63 for items 1 and 7,
respectively), but the complex item 11 is no longer included in this factor. Finally, the
PFA includes another factor, which may be compared to Component 3, with two items
loading at .50 (items 2 and 11), which is consistent with the variables correlation matrix
(Table 9.12), where these items show a correlation coefficient of .51. It is, indeed,
plausible to conceive that a science-motivated student who participates in the work carried
out by scientists is likely to feel himself or herself “under the skin of a scientist”.
The principal factor analysis revealed some limitations in the survey instrument. Indeed,
both the number of factors and the total of variance explained were too small for a
satisfactory factor analysis - a combined variance nearer to a total of 70 percent would
have been appropriate. Four significant limitations might be identified. The first of these
may be seen to relate to the small number of variables that were used in the analysis. The
second concerns the fact that the choice of the items could have contributed to the small
amount of variance obtained in the statistical analysis. However, it is worth noting that the
survey had a limited scope (see above, (§9.1), being designed with the purpose of
measuring the extent to which the respondents agreed with the views expressed in the
responses to the CVQ open-ended questions in previous years. The 2005 items were
therefore based only on those items that were identified as dominant in the analysis of the
CVQ. Thirdly, as a consequence of this fact, the wording of the items followed closely the
statements which had been used by the students themselves in their responses to the CVQ
since 2003 (the respondents to the 2005 were prompted to state their degree of agreement
with the opinions of students who attended the internships in previous years). This
closeness produced, in some cases, over-emphasized affirmative questions (e.g., “A
fantastic team spirit was created which helped us to carry out our work”), and, in other
cases, questions that effectively asked two questions instead of one. Another important
limitation was the fact there was only one variable measuring each of the themes (e.g.,
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there was only one variable (item 7) accounting for the respondents’ perception of the
importance of the internship for their future, whereas a revised instrument would more
usefully include different variables related to this particular theme, both in professional
and academic terms (see Table 9.17). The reduced number of measurements for each
theme may have limited the chances of uncovering some strong underlying relationships
between the different variables. A final limitation involved the use of a 4-point Likert
scale which, without the option for a neutral response, may further have reduced the
chances of a more informative factor analysis.
The combined effect of the above limitations, as expressed by the results of the factor
analysis, suggests that the outcomes of the analysis need to be seen as reflecting only a
part of the full range of factors at work. In future work in this area, the use of a revised
instrument should be considered, particularly in terms of a more extensive set of items
which, importantly, includes the option for a neutral or negative response.
Such a revised instrument should take into consideration all the themes that emerged from
the analysis of both the CVQ and the students’ applications rather than confining itself to
those that had been identified as dominant. An improved set of items should address a
wider range of themes, including those relative to students’ motivation, family
encouragement, science confidence, future career, and peer influence (sample item “My
best friends like science”). The ways in which these news themes would be included in a
future SIP survey should be discussed both with Ciência Viva senior coordinators and
with other experts in science education. A new pilot study would be required to ascertain
the reliability, validity and practicality of the questionnaire, and the screening
questionnaire would need to be piloted with selected mentors and their apprentices, whose
independent feedback would be decisive for the evaluation of the clarity, suitability of
language, and relevance of the items for the themes under scrutiny. Discrimination should
also be considered to address the problems raised by the limited range of potential factors
used to build the original set of items, which did not include some potential relevant areas.
Table 9.17 sets out a proposed set of items for a future SIP survey, with the major
provision that the final wording of the items should be subject to modification in response
to the evaluators’ feedback.
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Table 9.17
New Items for a Future SIP Survey
I wanted to participate in this internship because
1. My family encouraged me to study science
2. My parents have a career in science
3. People in my family are not interested in science
4. My best friends like science
5. My friends have already participated on a Ciência Viva SIP
6. My friends encouraged me to have this experience
7. I wanted to make friends with other students who enjoy science
8. I want to know more about the subject
9. I wish to know how scientists work
10. I want to clarify what I want to do in science career
11. I want to make sure that I will be able to handle science courses at the university
12. I would like to have a career in science
The internship experience:
1. Made me feel that I will not be able to handle science courses at the university
2. Made me feel more confident in my ability to do science
3. Increased my interest in a science career
4. Clarified for me what I want to do in a science career
5. Made me feel more confident that I may be able to succeed in science as a career
6. Gave me little “hands-on” experience
7. Increased my knowledge of science
8. Gave me a better understanding of what scientists do at their workplace
9. Was limited to learning science techniques I already knew
10. Made me feel like a scientist
11. Gave me experience on how to work as a team in science
12. Helped me to see that there are people my age who really appreciate other
students who are good at science
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9.6 Summary of Key Findings
The following key findings are supported by data based on 1,171 students’ written
responses to the open-ended questions of the Ciência Viva Questionnaire over a period of
three consecutive years, and on 481 students’ ratings of other colleagues’ statements in a
Likert-type survey administrated in the summer of 2005.

1. The opportunity for engaging in practical work in a real-world science context
was, for the overwhelming majority, the most enjoyable and productive experience
of the internship. It was the most cited aspect in the written responses, and the
second-most-rated statement in the survey. The provision of hands-on learning was
particularly appreciated because it:
i. facilitated a better understanding of science concepts, by presenting
the students with the experience of real-life applications of
academic subjects;
ii. was conducted in high-level science facilities with available up-todate technology and supervision by scientists;
iii. included opportunities to try new procedures and equipment not
normally available at school;
iv. was, to some extent, experienced as being part of on-going
scientific research or, at least, of the everyday tasks performed in a
professional science setting.
2. There is not enough evidence to sustain the claim that the students had, to a large
extent, opportunities to design and implement their own projects. However, some
students praised the autonomy they had in carrying out their tasks, whereas others
found that autonomy disorienting or saw it as a sign of poor time-management.
3. Close contact with researchers was the second-most-cited statement in the
students’ records. Having been surrounded by experts who were always available,
providing help and clarifying issues and problems, was the most highly rated
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statement of the survey and also the one which attracted the highest percentage of
strong agreement. The benefits of such a relationship were perceived by the
students as opportunities for:
i. expanding their knowledge of up-to-date scientific concepts and
skills;
ii. reviewing their own images of scientists, by contrasting stereotypes
with observed characteristics of their real personality and
behaviour;
iii. gaining new insights into the day-to-day professional life of those
who, for many students, constitute role models for a career they
want for themselves;
iv. engaging with scientific research in some of the most prestigious
science and technology institutes and universities in the country.
4. The most frequently cited characteristics of the researchers were ‘nice’, ‘available’,
‘helpful’ and ‘friendly’. Their teaching qualities were perceived by the students as
variations of a student-centredness dimension. Being knowledgeable and
enthusiastic about their work was also perceived as having fostered the students’
motivation to learn.
5. The students’ third- most-important reason for having enjoyed their internships
was the building of new relationships with young people with similar interests.
Peer group support and a sense of belonging was particularly valued. They also
appreciated working in mixed-school groups as this provided them with the
challenge of co-operating with colleagues whom they had not previously met.
These group characteristics appeared to have contributed to the creation of an
effective collaborative learning environment.
6. Participation in the scientists’ on-going professional work and the handling of
scientific equipment was positively correlated with the perception of self as a
scientist. More than one-third strongly agreed, and half agreed, that the internships
led them to feel like scientists, living ‘in loco’ the daily routine of science work.
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7. However, although the majority felt that the internships provided possibilities for
sharing course planning and career information, this did not occur in every case.
The opportunities to gain insights into career opportunities, as well as for career
advice, did not seem to have been frequent enough to justify particular attention in
the students’ written responses. Likewise, although more than 60 percent of the
respondents agreed that the internships were helpful in this respect, this was also
the statement with the largest disagreement rate.
8. There are, however, enough data to suggest that those students who were uncertain
of their career aspirations were the ones who benefited most from the insights into
career opportunities provided by their experience.
9. In many aspects, the internships were perceived differently by female and male
respondents. Girls, more than boys, valued the opportunities for the clarification of
their career choice and the importance of what they learnt for their professional
future, and also for the development of their identity as future scientists. Moreover,
female respondents were also more inclined to appreciate their interaction with
peers and scientists, their experience of using specialized equipment not available
at school and, ultimately, their self-perception of themselves as scientists. A final
item of evidence that, overall, girls valued their internship experience more is that
they were more likely to rate them as ‘excellent’ and to recommend them to their
friends.
10. Similarly, the perceptions related to careers, student-scientist interaction and
identity as scientist, were also more visible among the respondents who
participated in research institutions’ internships, compared with their counterparts
in universities and museums. Moreover, students from research institutions
indicated higher ratings in the overall evaluation of the internships.
11. The institutions’ scientific domain was another determinant variable. Compared
with the participants from engineering and technological sciences, where the
lowest ratings occurred, up to 70 percent of the medical science respondents rated
their internships as ‘excellent’. The themes with the most significant differences
between the medical sciences and other fields were the ones related to career
choice, importance for respondents’ professional futures and participation in on190
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going science research. Noteworthy was the fact that, when asked about what they
enjoyed most, respondents from agricultural sciences showed the highest
percentage of references to practical work (71 percent), compared with physics (40
percent) or mathematics (41 percent).
12. It did not come as a surprise that the duration of the internships was a determinant
variable in some students’ perceptions. Indeed, the students from internships that
lasted for less than two weeks were less inclined to mention aspects which were
particularly relevant for their colleagues in longer internships, particularly in terms
of their relationships with researchers and peers. It is therefore unsurprising that
they rated their experience less highly than all the other participants.
13. One in three respondents perceived their internships as having been too short.
However, it is important to realize that, among those who attended internships of
two weeks of more, this was not an indication of a negative perception. On the
contrary, it was an illustration of how much they enjoyed the experience and
wanted it to continue. Nevertheless, this is clearly one of the most important
aspects which will require further consideration by Ciência Viva, and this study
will further discuss the issue and make recommendations.
.
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Chapter 10

Ciência Viva at the Ipatimup:
The Dog Who Stole the Smoked Ham

Around four o’clock last Tuesday, Mr Adelino’s grocery shop was robbed. According
to eye witness accounts, as Mr Adelino was loading fruit boxes in his van, a dog
entered the shop and left hastily, carrying a smoked ham. As he went through the
door, the dog left a tuft of hair in the latch. This piece of evidence was collected by a
forensic officer, agent Sousa, an international expert on difficult cases involving
canines. With his gloves on, constable Sousa collected the sample and kept it in a
sterile tube for further analysis. Based on the physical description of the animal and
on its behaviour, the agent identified a particular dog from the neighbourhood. Max (
a dog belonging to the Salgado family) had no alibi for that Tuesday afternoon.
Mister Adelino remains very upset about his loss.
What can we do?

This is the research project that Maria1 proposed to Rui and Leo, her new Ciência Viva
apprentices at the Ipatimup.

As a participant observer in their internship, I wanted to address this question: ‘What
opportunities were available to the Ciência Viva apprentices to learn science under the
mentorship of a practising scientist?’. This chapter starts by focusing on the practices in
which the apprentices were involved during their internship, including the concepts,
techniques and procedures being taught, and the equipment and tools being used. It goes
1

Maria is a researcher in the Ipatimup ‘Population Genetics Laboratory’.
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on to examine the interactions between the apprentices and their mentor, with a particular
emphasis on the instructional nature of such interactions. The chapter then goes on to
address the opportunities that the apprentices had to display knowledge gained, as an
indication of their learning.

10.1 Analytical Procedures
The data resulting from the observation were analysed within an educational ethnography
framework. To make sense of the data I applied different analytic procedures to two
distinct, but closely inter-related, dimensions: discourse and practice.
The first dimension – discourse – is the instructional conversation that occurred between
Maria and her apprentices. The analysis focuses on how this discourse was used to
construct instructional events and ways of learning, doing and talking science in the
Ipatimup. The analytical procedures drew on an interactional sociolinguistic perspective
developed by Gumperz (1982), and applied in educational ethnography (Zarharlick &
Green, 1991). I used message units as the most basic level of analysis (Gumperz, 1982)
and grouped them in sequence units bounded by shifts in the topic of conversation. These
units were linked together to form phases – the components of an instructional event,
which, in turn, corresponds to a complete ‘lesson’ occurring on a particular day and in a
particular physical location. Finally, the instructional events were clustered into
instructional episodes – the largest unit of analysis. An episode differs from an event in
the sense that it links events that occur at different times and/or in different physical
locations (i.e., an episode may encompass several days and locations).
The second dimension – practices – comprises the activities in which the instructional
conversation was embedded. To make sense of these practices and their links to the
discourse dimension, I applied Spradley’s ethnographic methods of domain and taxonomic
analysis. Figure 10.1 shows an example of the application of the semantic relationship ‘X
is a kind of Y’ to the analysis of the electrophoresis gel practices. Other types of semantic
relationships were used for relevant domains of the laboratory culture – i.e., work areas,
laboratory procedures, artefacts, equipment and materials1. The next step, and the most

1

The method is based on X – Y semantic relationships. For example, X is a place for doing Y (work areas);
X is used for Y (equipment); or X is a step in Y (laboratory procedures).
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important, was the association of these semantic relationships with the practices, and the
record of their timing and location.
Figure 10.1
Taxonomic Analysis of Maria’s Apprentices’ Practices While Making a Gel
Gel of acrylamyde (T9C5 / glycerol / Peroxydisulphate / TEMED)
Mixing

Silver staining (applies different solutions of ethanol, AgNo 3, CaCo3)
Loading gel wells with DNA samples

Pipetting
Kinds of practices
in Polyacrylamide Gel
Electrophoresis

Labelling

Equipment
handling

Data analysis

Pouring acrylamide gel mix into the Gel cassette

Labelling gel bands to match them to DNA samples
Assembling gel apparatus (cassette)
Handling the electrical system used for
polyacrylamide gel electrophoresis
Measure bands’ length to confirm correspondence with required
DNA segments
Quality control of the PCR and/or gel procedures

To structure these data (i.e. laboratory cultural components, practices, agents, time and
space) and their links to events and episodes, I devised a network data model, which (I
propose) offers a structural representation of instructional practices unfolding in a learning
environment. The most elementary level of the proposed model is the practice unit. I
define this as an activity bounded by purpose and/or actor(s), e.g., a shift of purpose or a
change in the actor(s) inaugurating a new practice unit. These units are clustered in events
and episodes by applying the same criteria as used in the discourse dimension. Therefore,
and most importantly, it is the partial overlap between events, episodes and their
instructional counterparts (i.e. instructional events and instructional episodes) that
provides the necessary link between the practice and discourse dimensions.1
The proposed network model was recorded in a relational database that I designed for this
specific purpose: the practices database. It contains 125 practice units, each of them
embodying the categories that emerged from the ethnographic domain analysis. For
example, depending on the semantic relationship (‘kind of practice’), practices can be toolrelated (e.g., pipetting or equipment handling), science-related (e.g., calculating a mix, or
doing data analysis), or learning-related (e.g., talking science). Likewise, depending on the
1

The overlap is only partial because there are events in the practice dimension which are not of an
instructional in nature (e.g., an event may just be the repetition of a particular laboratory experiment,
without mentorship or instructional discourse).
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‘kind of instruction’ or on the ‘kind of learning’, practices can be coded as ‘scaffolding’ or
‘independent learning’. Figure 10.2 shows the ‘practices database’ entry form, together
with the categories used in the coding process.
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Figure 10.2
The ‘Practices Database’ Form and the Coding Categories

Kinds of practices

Kinds of media

1. Data analysis
2. Demonstration
3. Induction
4. Labelling
5. Mixing
6. Equip. handling
7. Pipetting
8. Presenting
9. Reading
10. Talking
11. Writing

1. Database
2. DNA sequence blueprint
3. Equipment
4. Instrument
5. Material
6. Paper & pencil
7. PowerPoint
8. Experiment protocol
9. Gel DNA bands
10. Research article
11. Verbal

Kinds of equipment
1.
2.
3.
4.
5.
6.
7.
8.
9.

Centrifuge
Computer
Developer
Electrophoresis
Gel cassette
Genetic Analyzer
Thermocycler
Incubator
Pipette

Kinds of instruction
Kinds of location

Kinds of actors
1.
2.
3.
4.
5.
6.
7.

Maria
Maria, Ivo & Lou
Maria & Ivo
Maria & Lou
Ivo & Lou
Ivo
Lou

1.
2.
3.
4.
5.
6.
7.

Lab coffee bar
Genetic Analyzer Room
Ipatimup
IT Room
Lab
Lab IT Room
Library

1. Modeling & coaching
2. Scaffolding
3. Lecturing
Kinds of learning
1. Guided learning
2. Independent learning
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10.2 Participants and Setting
Maria is a researcher in the Population Genetics Laboratory, an Ipatimup department
concerned with the comparative and evolutionary analysis of human (and other species)
genetic diversity. Applications of this research include the reconstruction of population
history, forensic work, development of ancillary diagnostics and evolution of genetic
risks. Maria was, at the time, involved in the Gencert Project, an investigation aiming to
create a characterization of the lineages of animals. Another area of her research was the
standardisation of nomenclature for canine mitochondrial DNA, as a prerequisite for
launching a database that includes most published sequences relating to dogs. This
standardisation of data has been increasingly recognized as a key issue, particularly in
forensic genetics (Pereira, Van Asch & Amorim, 2003).
Rui and Leo met for the first time that Monday morning, the 31st of August 2004. Rui,
aged 17, was intending to begin a career in medicine but, as he explained to us then, ‘I
have always loved science investigation but I never had any contact with laboratories … I
am not yet sure, maybe I will choose research in medical sciences’. Leo, also 17, had
finished his 11th grade and had still one year left before the university, but he seemed
somehow more sure of his career aspirations: ‘genetics and research’.

The Population Genetics Laboratory .

This Ipatimup laboratory (hereafter, lab) is not

consistent with the popular image of the aseptic sterilized biotechnology laboratory . It is a
vast open space, fully illuminated by daylight, relatively crowded and designed to foster
social networking and sharing of resources. The liveliness of the space was one of the
features the apprentices appreciated the most. Rui, for example, in our interview,
mentioned how different the laboratory was from the image he had anticipated.1
There are no microscopes in the lab, and all the more sophisticated and expensive pieces
of equipment – large centrifuges, genetic analysers, multiple ocular microscopes – are all
located outside the laboratory so as to serve the needs of different laboratories. Inside the
lab, computers and other equipment are concentrated in specialized areas for collective use
(see the laboratory plan in Figure 10.3), which, as we will see later, enhances the social
nature of working in that community.
1

He reported that a doctor, a friend of the family, had told him that he had quit investigation because he was
bored of being alone in a room with a microscope.
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Figure 10.3
The Population Genetics Laboratory

Laptop computer

Laptop computer

Laptop computer

Laptop computer

Lab IT Room

windows

Hotte
Lab workbench

balance

Frig.

Thermocyclers

Centrifuge

Lab workbench

vortex
electrophoresis

windows

Shaker

Maria’s
workbench
Lab workbench

Thermocycler
Lab workbench

Frig.

The colourfulness of the place (another contrast with the whiteness normally associated
with laboratories) is intensified by photos and science posters hanging on the walls, as
well as other personal paraphernalia all around the place. Like any other biotechnology
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laboratory, this one has its balances, vortexes, centrifuges, shakers, thermocyclers,
refrigerators and freezers, reagents and glassware of all kinds.
Rui and Leo were also surprised to discover that many people in the lab were not much
older than themselves. Apart from a few senior researchers, who come and go between
meetings, project planning, advising and co-ordinating, most of the bench work is carried
out by junior researchers, doctoral students and post doctorate researchers. Once Rui and
Leo started going out for lunch with them, they quickly figured out the hierarchies in the
lab and recognized who was who.

Other Sites for Learning. Consistent with the opinion of many SIP students’ perceptions,
Rui and Leo told me how much they enjoyed circulating freely in the institution and
having easy access to resources, such as books, IT facilities, photocopiers and printers.
Indeed, the institute provided each Ciência Viva apprentice with a login and password for
unlimited access to the Internet and to the public areas of the Ipatimup computer network.
So Rui and Leo had the opportunity to share the IT room with other researchers, and
Maria used it regularly to show them how to access on-line peer review journals. The
Ipatimup library was another source of scientific information which proved relevant for
the understanding of the concepts involved in their laboratory practices. Surprisingly,
another alternative learning site was the Institute’s coffee bar. As we will see, this was the
location of choice for Maria’s mini-lectures, informal conversations and advice on how to
build a scientific and academic career. Table 10.1 shows the time spent in the practice
units carried out in different learning sites.1
As evidenced by this table, Rui and Leo spent most of their time doing laboratory work.
But the fact that they spent approximately 40 percent of their time either in the library or
in the IT room shows the extent to which reading and writing science and preparing for the
final scientific presentation were relevant components of their internship.

1

The time, in minutes, refers to the duration of the actual practices, not to the time spent at the location (i.e.,
I did not register time spent between experiments, fetching tools, and other ‘dead moments’ in the Institute.
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Table 10.1
Time Spent in Practice Units by Location
Location
Laboratory coffee bar
Genetic analyzer room
IT Room
Lab
Laboratory IT room
Library
Total

Minutes

%

118
49
479
949
47
282

6.1
2.5
24.9
49.3
2.4
14.7

1924

100.0

10.3 The Key Instructional Events
Work at the lab was at all times dominated by the invisible nature of the object of
research. Maria made this clear from day one, ‘We are going to study a small fragment of
DNA, one among thousands of other fragments which are useless for us’. Indeed, as Rui
and Leo would learn in the course of the next two weeks, to handle a fragment of DNA
they had to master three central techniques in the genetic engineer’s toolkit: DNA
amplification, verification via electrophoresis gel and DNA sequencing; these constituted
the core of the lab routine. Figure 10.4 shows the sequence of techniques, equipment and
artefacts involved in the practices carried out by Maria’s apprentices during their
internship.

The DNA Extraction Instructional Episode
Maria taught her apprentices one of the most commonly used techniques of DNA
extraction: the phenol-chloroform method. Because the first step in a DNA extraction
protocol is the disruption of the starting material, Maria had previously prepared six
different samples. The hair left at the crime scene (the ‘incriminating evidence’) and
Max’s blood (the ‘suspect’) were the most important. For control purposes, four other
samples were added to the experiment: a saliva sample, two canine blood samples and,
finally, a slice of wolf tissue.
The episode involved the use of substances like Proteinase K and DLB buffer to extract an
aqueous DNA sample from each of the starting materials. After incubation during the
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night, a mix1 was added and the result was centrifuged to enact phase separation. The
resulting upper aqueous layers were then transferred to new tubes and the nucleid acids
were extracted via precipitation with ethanol.
Figure 10.4
Sequence of the Molecular Biology Techniques Performed by the Ciência Viva
Apprentices in the Lab
DNA extraction

DNA samples

PCR
(Polymerase Chain Reaction)

PCR
mix
DNA samples

Thermocycler
Amplified DNA

Gel electrophoresis
DNA bands
Polymerized Gel
Automatic
sequencing

Sequencing

Sequencing Mix

Amplified and purified
DNA
Genetic Analyser
Thermocycler

These DNA extraction practices were clear-cut and presented no unanticipated results. The
whole instructional episode was carried out starting on Day 2 in the afternoon and finished
the next morning. It provided a wide range of opportunities for Rui and Leo to learn and
do pipetting, chemical mixing and equipment handling, particularly vortexing2 and
centrifuging. Maria encouraged learning by doing, allowing her apprentices to carry out all
1 A mix of phenol, chloroform and isoamyl alcohol.
2 Vortexing is the act of producing a spiral motion of a fluid to suck everything toward its centre. It is done
with a vortex, a common device in any biology laboratory . Rui and Leo used it so frequently that I felt it
would be too repetitious and irrelevant to register and time every single use.
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the procedures by themselves, with only minimal scaffolding. Moreover, she used this
episode systematically to call their attention to the careful and safe handling of chemicals
and to the correct use of the pipette.

The PCR Instructional Episode
The polymerase chain reaction (PCR) is the process by which scientists amplify a target
DNA segment that lies between two regions of a known sequence. This is a routine
technique in molecular biology in that it provides enough material for manipulation and
analysis. It is however the most critical one. DNA extraction is a straightforward process
that can be performed in a proper school laboratory. Amplification (or ‘cloning’), on the
other hand, emulates in vitro part of the in vivo replication properties of the DNA; and that
is why it can be affected by a wide range of phenomena. Contaminated glassware, too low
a temperature during the heating process, unreliable pre-packaged kits and unpredictable
behaviour of enzymes are just some of the factors that might ruin an amplification.
Figure 10.5
Structuration Map: the PCR Instructional Episode
Day 1, Event 1 (in the coffee bar)
Phase 1: Getting started
SU1: Principles of PCR
SU2: Guidelines for autonomous study

Phase 4: Loading samples with the PCR mix
SU7: Labelling the sample tubes
(6 m)
(7 m)

Day 2, Event 2 (in the coffee bar)
Phase 2: Checking learning
SU3: Dialogue Maria-apprentices

SU8: Pipetting the mix into each tube

(12 m)

(3 m)
Phase 5: Operating the Thermocycler
SU9: PCR conditions

(5 m)

SU10: Programming the thermocycler

(6 m)

(5 m)

Day 3, Event 3 (in the lab)
Phase 3: The PCR mix
SU4: Ingredients and protocol

(14 m)

SU5: Calculating the PCR mix

(6 m)

SU6: Doing the PCR mix

(9 m)

Figure 10.5 shows the structure map of this instructional episode, with its events, phases
and sequence units. To provide her apprentices with the conceptual understanding of this
technique, Maria occupied most of the morning of Day 1 with a mini-lecture (the ‘Getting
Started Event’). She used the coffee bar for that purpose. As Rui and Leo were having
their first encounter with an environment alien to their school experience, they showed
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excessive formality and timidity. Maria’s choice of the coffee bar provided the best
atmosphere for breaking the ice during their first contact. She used paper and pencil
extensively (e.g., by drawing diagrams on the spot) to introduce her apprentices to the
principles of DNA recombination, a central property of nucleic acids and the core of PCR
amplification reaction. ‘This was the leap that changed molecular biology over the past 15
years’1 said Maria, as she went on explaining how the required DNA segment could be
replicated exponentially by flanking it with two primers and adding three other critical
reaction components.2
The laboratory practices included using a balance to measure quantities of reagents,
calculating the proper quantities of reagents (measured as microlitres), mixing solutions
with a centrifuge, calculating the dosage for each sample and, finally, programming the
heating and cycling processes of the thermocycler3.
To start with, Maria modelled the practices, but soon Rui and Leo were doing them under
close supervision, and by the end of the first week much of the scaffolding had been
removed. To minimize the risks to the success of the experiment, Rui and Leo were
systematically instructed in the careful house keeping and manipulation of samples. Maria
was meticulous about the cross-contamination risks from having tubes lying open in the
lab, from the tiniest holes in their gloves and, particularly, from the incorrect use of the
pipette and respective tips.

1

The discovery of the techniques of recombinant DNA is compared with some of the scientific discoveries
which changed the whole course of molecular biology, such as the discovery of the mechanisms of DNA
replication, the double helix and the genetic code. The PCR, was discovered by Kary Mullis and he was
awarded the Nobel prize in Chemistry for this in 1993.
2
The components are (i) Tac, a DNA polymerase extracted from the thermophilic bacterium Thermus
aquaticus, which, because it inhabits hot springs, works only under the high temperatures required by the
PCR; (ii) dNTPs (Deoxynucleotide triphosphates) are the ‘building blocks’ for any DNA; and, finally, (iii)
an appropriate buffer, a PCR enhancer.
3
Automation of the PCR cycle of operations is achieved by using a programmable heating system known as
a thermal cycler. This takes small microcentrifuge tubes in which the reactants are placed. Various thermal
cycling patterns can be set according to the particular reaction conditions required for a given experiment.
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Figure 10.6
Structuration Map: the Gel Instructional Episode
Day 2, Event 1 (in the lab coffee)
Phase 1: Getting started
SU1: Principles of Electrophoresis Gel

(7 m)

Phase 6: Running the Gel
SU8: Principles of electrophoresis

Day 4, Event 2 (in the lab)
Phase 2: Preparing the gel cassette
SU2: Assembling the cassette

Phase 3: The gel mix
SU3: Principles and procedures
SU4: Ingredients and protocol
SU3: Mixing the gel

Phase 5: Loading the DNA samples
SU6: Principles and procedures
SU7: Loading the samples into the
gel weels/slots

(7 m)

(2 m)
(9 m)

(5 m)

SU9: Setting the gel in the
electrophoresis device

(2 m)

SU10: Monitoring the run

(1 m)

Phase 7: Staining the Gel
(4 m)
(2 m)
(4 m)

SU11: Principles of silver staining

(3 m)

SU12: Preparing the staining mix

(9 m)

SU13: Developing the gel

(6 m)

SU14: DNA bands observation

(3 m)

Phase 4: Pouring the gel into the cassette
SU4: Principles and procedures
(2 m)
SU5: Pouring the gel
(1 m)

The Gel Instructional Episode
Because it provides a direct visualization of the DNA amplification, gel electrophoresis1
is the first step in the post-PCR process. There are basically two types of gel: agarose or
polyacrylamide. The former is the more commonly used; the latter is more effective for
separating very small quantities of DNA, so was appropriate for Rui and Leo’s project
(i.e., the analysis of a DNA segment with only 778 bps2). According to the literature
(Nicholl, 2002), polyacrylamide gels have the disadvantage of being more difficult to
prepare and handle than the agarose gels.
Maria was very thorough in her approach to Rui and Leo’s instruction. As shown in
Figure 10.6, she always preceded the practices with an introductory phase. Also, even
though she was ready to trust Rui and Leo in carrying out some of the procedures after a
short time, she insisted on performing the most critical ones, such as ‘pouring the gel’,
herself (Phase 4).

1

The method relies on the fact that nucleic acids carry negative charges, which means that their molecules
migrate towards the positive electrode when placed in an electric field. This migration, often termed ‘run’,
occurs in a matrix (the ‘gel matrix’), which separates the molecules according to their size.
2
Bps is the number of bases in a DNA segment
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Figure 10.7
Photo of Rui and Leo’s Polyacrylamide Gel (DNA Bands from Samples 2, 6 and 7 are the
Most Visible, Respectively, the Hair, Wolf and Max Samples)

The DNA Sequencing Instructional Episode
Having successfully extracted and amplified their DNA samples, Rui and Leo started the
final stage of their apprenticeship: the ultimate structural representation of the exact order
of the bases A, T, C and G in a DNA segment. The ability to determine the sequence of
bases is a central skill required by modern molecular biology research. Maria taught them
not only the necessary laboratory skills, but also the principles of the sequencing method
designed by Frederick Sanger1, the chain termination (or enzymatic) method, for which he
received his second Nobel prize. Because they understood these principles, Maria’s
apprentices were able to compare both the incriminating evidence and Max’s DNA
sequences with a published reference: the canis familiaris reference haplotype A19 (see
Figure 10.8).
1

The key to the Sanger method is the use of modified bases called dideoxy bases; when a piece of DNA is
being replicated and a dideoxy base is incorporated into the new chain, it stops the replication reaction.
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Figure 10.8
Partial Representation of the Haplotype A19 Reference and of Max’s DNA Sequence
(Including Rui and Leo’s Notes Written during the Data Analysis)

Rui and Leo hand
notes

The DNA Sequencing Instructional Episode was the most demanding, as it spanned a sixday period (see the episode’s structuration map in Figure 10.9). Because of this, Maria
decided to apply a different pedagogical approach, which she called ‘anticipation’. In fact,
whereas other instructional episodes followed a lecture-demonstration-practice-analysis
order, this episode started at the end with the data analysis. Maria told me that Rui and
Leo would better understand the principles involved if they could anticipate their use.
At the ‘Getting Started’ event on Day 2, having had Rui and Leo search the relevant
literature the day before, Maria brought a large pile of her own DNA sequence blueprints
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to the coffee bar. She began by explaining the processs of comparing the DNA sequences
with the reference haplotypes. After a while, a meaningful exchange occurred:
Speaker

Line

Talk

Analytic notes

Rui

100
101

Rui speaks really
softly here

Maria

102
103
104
105

Rui

106
107
108

Maria

110
111
112
113

**but** (3.0) isn’t there an easier way (.)
to facilitate the reading?
//
the first group of ten starts right here
(3.0) ((pointing to the DNA blueprints))
see? (.)
AAGC::
//
*okay* (.) but (.)
what I was really asking (.) was
how do you know this ((pointing to the sequence))
is the first?
(.) by the number?
//
the number? (3.0)
no::
(.) forget it (.)
the number has nothing to do with it=

Leo

114
115

=is it really only (.)
tentative?

Leo comes to the
rescue

Maria

116
117
118

Maria now
understands their
point

Rui

119
120

Maria

121
122
123
124
125
126

(3.0) oh::
of course (.)
only tentative
//
*I thought*(.)
there was a technique
//
*no::* I’ve done it so many times
(.) I know where they are most of the time
(4.0) ((holding up the pile of paper in the air)
cos when you have to read all the::se
(3.0)
you must have some sort of organization

109

She does not get
Rui’s question

Rui insists. He points
to the numbers in the
DNA blueprint, right
below the sequences
Maria is perplexed
with Rui’s question

Rui insists yet again,
but still softly

She seems to weigh
the pile to convey the
idea of hard work

Rui and Leo’s questions (lines 100-102 and 114-1115) are somehow characteristic of
young school students’ received image of science. After all, that DNA sequence blueprint
was a computer output and, with all the available technology, there had to be an easier
way of comparing a stream of letters. They failed to understand why the comparison had
to rest solely in the scientist’s eye and mind. Maria, on the other hand, could not pinpoint
the issue that they were failing to understand. Hence the pause and the ‘oh’, in line 116.
There had been a sort of ‘momentary’ cultural misunderstanding of some sort. For Maria,
an experienced member of a laboratory culture, science is ultimately a human endeavour.
But, for Rui and Leo, influenced as they were by school and media ways of depicting
science as a methodical and technologically mediated activity, there had to be an easier
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way (a similar misunderstanding occurs when computer-illiterate people ‘animate’
computers, expecting human-like behaviour and autonomy from them).
Figure 10.9
Structuration Map: the DNA Sequencing Instructional Episode
Day 7, Event 5 (at the lab)

Day 1, Event 1 (in the coffee bar)
Phase 1: Getting started
SU1: Principles of DNA sequencing
SU2: Guidelines for autonomous study

(4 m)
(1 m)

Day 2, Event 2 (in the coffee bar)
Phase 2: Checking learning
SU3: Dialogue Maria-Ivo

(4 m)

Phase 3: Analysis of DNA sequences
SU4: Principles of sequence analysis

(17 m)

Phase 6: Sequencing reaction
SU11: Principles and protocol
SU12: Doing the sequencing mix

(9 m)
(5 m)

Phase 7: Operating the Thermocycler
SU13: Sequencing conditions

(6 m)

SU14: Programming the thermocycler

(2 m)

Day 8, Event 6 (at the Sequencing Room)
Phase 8: Automatic sequencing
SU15: Principles of automatic sequencing (5 m)
SU16: Operating the Sequence Analyser (19 m)

Day 4, Event 3 (in the lab)
Phase 4: Analysis of DNA sequences (cont.)
SU5: Practicing sequence analysis
(9 m)

Day 9, Event 7 (at the lab)
Phase 9: Analysis of DNA sequences
SU17: Final data analysis of the forensic (47 m)
project

Day 6, Event 4 (at the lab)
Phase 5: Purification of the PCR products
SU6: The purification kit columns
(6.5 m)
SU7: Pipette buffer into PCR products

(12 m)

SU8: Tube labelling

(8 m)

SU9: Pipette PCR+buffer mix into
purification kit columns

(17 m)

SU10: Centrifuging

(5 m)

Maria understood then that Rui and Leo would have to learn this the hard way and that
they needed to acquire some of her ‘organization’ (line 126). That is, the more they
practised the analysis, the better they would be able to distinguish patterns, to the point of
almost ‘knowing where they are’ (line 122). Hence, the ‘anticipation’ strategy. Since then,
Maria used all the ‘dead moments’ in the lab to have them compare DNA blueprints, such
as those in Figure 10.8.
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The Flow of the Research Project
Figure 10.10 shows how events unfolded during the internship. A first striking
characteristic is the non-linearity of the whole experiment. In fact, as we will see, at all
times events were determined by how things work; and ‘things’ here means not only
experiment results, but also resource management and equipment availability.
Figure 10.10
The Flow of Events
Day 1

Project
design

Day 2
DNA
extraction
Day 3

Results?
Y

PCR 1
Gel

Day 4
Y

Results?

N

PCR 2

Day 5

Gel
Day 6

Sequencing 1

Results?

N

PCR 3
Gel

Day 7
Results?

N

PCR 4
Gel

Day 8
Sequencing 2

Day 9

Y

Results?

Sequence
analysis

Presentation
Day 10

Rather than mirroring the scientific method traditionally taught in school science, the flow
of events was more in tune with what has been reported by social studies of laboratories
(Buxton, 2001; Latour & Woolgar, 1979/1986; Lynch, 1985a). Over the past two decades,
a view of the laboratory as a place governed by one principle, ‘a principle of success
rather than one of truth, has emerged (Knorr-Cetina, 1981: 3). Rui and Leo were surprised
at experiencing the pragmatic nature of science and not so much the academic perspective
of a hypothetical all-purpose scientific method.
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Maria’s apprentices knew their research question from the very first day: ‘Does Max’s
mitochondrial DNA match that of the hair left at the crime scene?’. If their evidence
rejected this hypothesis, Max would be cleared and his owners, the Salgado family, would
be free from responsibility. In spite of its simulated nature, the research project was based
on a real case involving a road accident (Schneider, Seo & Rittner, 1999) where a dog was
excluded from having caused a traffic accident. As Maria told them, while handing out
photocopies of the article describing the case, ‘this will be your spiritual guide’. In
addition, she provided related articles illustrating applications of canine genetic research,
particularly in history (Savolainen and colleagues’ (2004) research on the genetic evidence
for the East Asian origin of domestic dogs). These articles prompted a rich conversation
not only on the importance of the Neolithic revolution, but also about the role played by
modern genetics in historical research. Moreover, for Rui and Leo, these articles provided
a broader picture of the applications of the laboratory practices they were learning and also
a sense of direction and purpose for learning the tasks ahead.
As noted earlier, the first laboratory practices (Days 2 and 3) went smoothly, except for
the DNA extraction of the hair sample. As we will see later, the incompatibility of the
sample size with the working specifications of the available centrifuges had to be solved
by an adaptation of the protocol – a ‘half-invented protocol’, in Maria’s own words (this
provided Rui and Leo with their first experience of the ‘inventive’ qualities required from
a scientist).
Day 4 was rather negative. Unlike the DNA extraction, the PCR experiment was far from
straightforward. Maria had been preparing her apprentices for the possibility of failures.
‘But, if we are lucky’, she said, ‘and we get good bands in the gel, we are likely to be
successful in our final sequencing reaction’. They were not lucky. As shown in Figure
10.10, the PCR had to be repeated several times and this went on for three days. Still, the
experience demonstrated some of the other qualities expected from a good researcher:
patience and, above all, persistence.
However, the hair sample created with the ‘half-invented protocol’ had worked after all;
and at the first try. This allowed a sort of ‘parallel processing’ to take place (see Figure
10.10). After their first instructional practice of DNA amplification and verification, Rui
and Leo were able to carry these out on their own. This provided Maria with an
opportunity to anticipate their DNA sequencing instruction by using the successfully
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amplified hair DNA sample (Day 6), while, at the same time, her apprentices were
gaining in proficiency by working through the amplification-verification cycle with the
remaining samples.
The climax happened on Day 8. This was the last chance for them to come up with an
answer to their research question. If they failed to achieve the amplification of Max’s
DNA, there was no way they could prove him either guilty or innocent. Maria had spent
her weekend at the lab trying to sort things out, but she was still not sure of a successful
outcome. ‘Well’, she said, ‘sometimes it is difficult to make sure the work goes according
to plan’. Annoyingly for everyone, one of the thermocyclers had broken down and the
genetic analyser had to undergo a substitution of capillaries. Because of all this, Maria felt
the need to prepare her apprentices for the worse-case outcome: ‘Don’t forget, this
research exercise was just a project designed to help you to learn the techniques; if it fails,
it’s not a big deal’. But for Rui and Leo it would have been. It would have meant that their
final presentation would not be able to arrive at a proper conclusion; a lot of changes
would have to be made. As there was no time left for a fifth PCR, the last gel of that
morning was to be ‘the proof of the pudding’. So it was great relief when they saw their
much-needed bands emerge over the surface of the gel slob. ‘Quick, let’s sequence them!’,
said an excited Maria. Luckily, they had already had a first attempt at Max’s DNA
sequencing two days ago; there was no need for demonstrations or explanations. The task
was accomplished as quickly as it would have been by an experienced researcher. Success
meant that the next day, the emphasis could be on comparing the DNA sequences, the task
to which they had been building up for the previous two weeks. Max was cleared, and Rui
and Leo had a proper conclusion for their presentation.

10.4 The Student-Scientist Interactions
From an educational ethnography stance, learning environments are socially coconstructed by learner-teacher interactions and are therefore dynamic. If this is true of
school contexts, where norms and roles are already institutionalized (and thus
crystallized), it is even more so in the context of secondary students learning in a
professional scientific laboratory. Here, as explained below, students and scientists are in a
constant process of co-construction of roles via communicative signs so as to establish
common ground and mutual understanding.
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Before entering the Ipatimup, Rui and Leo were unaware of the kind of student role that
would be expected of them at the laboratory . The information they had beforehand was a
short description of internship in the Ciência Viva website. The reality was radically
different from school. There, the text books, with their organized content and formal
learning objectives, introduce students to the curriculum in a structured and ordered
fashion. Their long experience as school students had given them a particular model of
what constitutes knowledge worth knowing, how to study and, above all, how to display
knowledge. The challenge at Ipatimup was how to become autonomous, responsible
learners in an environment which was governed by very different cultural practices and
values.
Maria, on the other hand, had a challenge of her own. Being a professional scientist, she
was as inexperienced in the social and cultural requirements of teaching secondary
students, just as Rui and Leo were unfamiliar with what was involved in being and acting
as member of a laboratory community. Moreover, unlike a teacher in a classroom, Maria
had to deal with the need to bring together two cultures in the same physical setting: the
culture of the day-to-day work she was carrying out and that of teaching about that work.
This double cultural condition – that of a teacher and that of a professional expert in the
practices she had to teach – explains her choice of apprenticeship as instructional strategy.
Right from day one, Maria adopted two typical assumptions of a senior scientist receiving
a graduate student as an apprentice: (i) that the student already has mastery of the required
conceptual knowledge and (ii) that the student is ignorant of the laboratory’s on-going
research. She said, ‘Well, boys, I am going to assume that you already know the basic
concepts’. So the apprenticeship began with the apprentices reading some of the literature
pertaining to the type of research being conducted in the lab and then they were introduced
to their mentor’s current research projects. This took Maria the whole of Day 1, a day in
which she came to realize that she was entirely correct about the second assumption, but
not about the first. She then suggested that Rui and Leo should use the library and IT web
search facilities to became acquainted with the relevant scientific concepts underlying the
lab research. The next significant dialogue about this occurred the following day.
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Speaker

Line

Talk

Analytic notes

Maria

100
101
102

you had a self-study day yesterday
(.) I hope it had some results (3.0)
what did you learn about the PCR reaction?

The quiz. Maria
switches to ‘school
teacher’ mode

Leo

103
104
105
106
107

(4.0) about the PCR uh
(.) mainly (.) uh:: (.)
it is used to uh
(2.0) amplify uh
a certain uh (4.0)

Leo struggles to
articulate his answer

Maria

108

Leo

109
110
111
112
113
114

Maria comes softly to
the rescue

Maria

115
116

Leo

117
118

Maria

119

Leo

120

Maria

121

Leo

122

**fragment**
//
fragment of DNA (4.0)
it starts with (.)
a denaturation phase that (.)
the DNA chains are separated (.) uh (.)
there is (.) a uh (.)
pairing uh
//
*um* (.)
*um* (.)
//
where uh (.)
the (.) uh (.)
//
prim
//
mers
//
connect
//
Exactly

A long ‘cognitive
breath’

Still struggling

Eye contact. Maria
encourages him to
proceed

Another push from
Maria

The dialogue shows how Maria and her apprentices were in the very initial stages of coconstructing their instructional context. As noted above, no one was yet sure of their
respective roles. Rui and Leo expected Maria to see them as would- be scientists. Maria,
the scientist, expected them to see her as a teacher. The awkwardness of the situation is
illustrated by the constant hesitations (lines 103-107), the long pauses (lines 107), the
overlaps in speakers transitions (lines 114-122) and, finally, the rescue attempts (line 108)
and encouragement (lines 115-116). Their mutual discomfort was palpable. Maria was
trying to act like a school teacher, hence the quiz (line 100-102). Rui had studied the PCR
reaction the day before, he knew what it was about and he would prove it later; but he was
not expecting a quiz. That took him ’back to school’, despite being in the laboratory.
Perhaps because Maria felt uncomfortable in her recently acquired role of school teacher,
she quickly dropped the quiz strategy - indeed, she never returned to it. Instead, a proper
theoretical induction was now the order of the day. She adopted the posture of a mentor
rather than that of a teacher facing a class. The concepts and theories underpinning the
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techniques were thoroughly explained in one-to-one, face-to-face tutoring sessions in a
quiet corner of the coffee bar. These type of mini-lectures were conducted on a need-toknow basis and Maria rehearsed them throughout the internship whenever she felt they
were needed. Mid-morning breaks and after-lunch coffees came to be meaningful
moments not only for the resolution of doubts and uncertainties, but also for approaching
topics such as scientific careers, protocol theory, science writing and presentation. Usually
paper and pencil sketches, diagrams, or DNA blueprints, protocols and scientific research
articles were used as visual aids. But these were the rare examples in which Maria would
be simply lecturing Rui and Leo. Most of the time their discussions were located in the lab
and emerged from the need to understand/carry out scientific practices. In fact, by the
early afternoon Day 2, after one and a half days of induction, mini-lectures, web searching
and reading research articles, Maria felt they had had enough of learning about scientific
practice. ‘Okay’, she said turning to Leo, ‘this boy can’t wait to go to the bench, he’s had
enough of looking at papers; this is a boy who needs practical work’. And she was right;
Rui and Leo did not return to the library or the IT room for the next three days.
The mentor-apprentice interactions in the lab and related spaces (i.e., laboratory, IT room
and genetic analyser room) provided abundant examples of apprenticeship strategies. As
the findings will demonstrate, Maria’s approach was consistent with Collins and Brown’s
(1989) cognitive apprenticeship, in which the mentor models, then coaches, then scaffolds
and then gradually fades the scaffolding. As evidenced by the structuration maps, almost
all phases of the instructional events included short periods of introduction to the
techniques. In supporting the participants in these modelling/coaching phases, Maria
thought out loud, articulating what the practices were doing and why she was using them.
Rui and Leo engaged in these practices through a process of watching Maria perform the
practice and then appropriating the individual steps of the practice.
Table 10.2 provides an example of the sequence of instructional strategies used by Maria
in the gel episode.After modelling and coaching Rui and Leo in the basic practices of gel
electrophoresis, in the morning of their 4th day in the Ipatimup Maria shifted to a different
pattern of instruction that was more in tune with the concept of ‘scaffolding’, a metaphor
linked to Vygotsky’s notion of assisted performance.

214

Learning science through work experience

Table 10.2
Gel Practice Units: The Modelling – Coaching – Scaffolding Approach
Time1

Practice Units (PU)

Day 2
Morning

(PU34: Assembling the cassette A)
Maria demonstrates how to assemble
the gel apparatus)

Maria’s message units (separated by ‘/’)

(PU35: Gel mix – principles and
procedures)
Maria explains why they are using an
acrylamide gel

depending on what we want to do / these gels may
have different matrices / more or less tight / if we
want a very fine separation in fragments with
very similar molecular weights / we use this one
here / I’ll show you how we do it

(PU36: Ingredients and protocol)
Maria shows them the protocol for the
gel mix

don’t worry about memorizing it / you will know
it by heart / after doing it more than a dozen
times ((laughs))

(PU37: Doing the gel mix)
Rui does the mix under Maria’s
surveillance.

Day 2
afternoon

(PU39: Pouring the gel)
Maria demonstrates how to pour the
gel into the cassette

now / if you don’t mind / I am going to do it
myself / because it is polymerizing so fast / let us
hope we have no bubbles / or it will go straight to
the garbage

(PU41: Loading the samples)
Rui tries, but not very successfully;
Maria helps him,

research is a process of Chinese patience ((Rui is
trying to pipette 1.5 microlitres into 2 x 2 cm
wells, which requires a lot of dexterity))

(PU43: Running the gel)
Maria demonstrates the use of the
electrophoresis device

okay / now / power on / ((after 12 minutes)) / see
this here? / watch how the DNA molecules
migrate

(PU46: Staining gel: developing)
Rui washes the gel slob. Maria adds
the silver

go on Rui / keep shaking / you’ll feel exhilarated /
(…) / come on doctor / don’t hide anything from
me

(PU48: Assembling the cassette B)
Leo does, alone, the cassette

((Maria is doing her own work, but always at an
arm’s length from them))

(PU49: Doing the gel mix B)
Leo does the mix; Maria helps him

is everything alright?

(PU50: Pouring the gel B)
Maria does the pouring of the gel

((Maria still keeps this critical practice to herself))

(PU52: Running the Gel B)
Leo sets the gel running

((Maria surveys, in silence))

1

The time here corresponds to the days within the instructional episode (i.e., day 2 is the second day of the
episode, but the fourth in the internship)
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Indeed, by the afternoon of that same day, Maria was already entrusting Leo with the main
tasks of the gel technique. She allowed him to concentrate on the practices that she felt
were within the extent of his skills (PU48, 49 and 52). She kept encouraging him as he
progressed to the full completion of the task; but she kept reserving for herself the
practices that Leo was not yet capable of managing on his own (PU51). In the next days,
as Rui and Leo’s proficiency improved with the repetition of the PCR and gel
experiments, Maria gradually withdrew her assistance until her apprentices were able to
conduct the experiments with full autonomy.
Figure 10.11
Evolution of Time Spent in Guided and in Independent Learning (%)
Gel Episode
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Guided Learning

Independent learning
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Days
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More evidence of this progressive move towards independent learning is provided by the
charts in Figure 10.11. The two lines in the charts correspond to the two categories used to
classify the kinds of learning in each of the practices related to the PCR and Gel
instructional episodes. The ‘X shape’ is, to some extent, an illustration of Vygotsky´s
concept of ‘Zone of Proximal Development’ . In this case, as the days went by, time spent
in guided learning decreased, whereas time spent in independent learning increased. This
pattern occurred in relation not only to these particular episodes, but also to the whole
internship.
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Another indicator may also be used to assess the level of independent action achieved by
Rui and/or Leo. Table 10.3 shows the distribution of the time spent in practices per kind
of actor. In this case, I have selected only the practices unfolding in the lab, laboratory IT
room and genetic analyser room.
Table 10.3
Time Spent in Laboratory Practice Units by Kind of Actor
Kind of actor / categories
Maria
Maria, Rui & Leo
Maria & Rui
Maria & Leo
Rui & Leo
Rui
Leo
Total

Minutes

%

125
267
54
104
162
186
147

12.0
25.6
5.2
10.0
15.5
17.8
14.1

1045

100.0

The ‘Maria’ category corresponds to the practices in which she acted as the initiator, with
no active participation from the apprentices (e.g., modelling procedures or brief
explanations of principles and concepts). The other categories involving Maria’s
participation correspond to practices in which she worked with individual or pairs of
apprentices. In these cases, Rui and Leo were the initiators of the practices and Maria
played a supportive role, monitoring their performance, being responsive to their explicit
requirements for help and taking action whenever she felt they needed assistance to reach
the target performance. The remaining categories relate to the practices in which Rui
and/or Leo were acting/learning independently of Maria’s intervention. As evidenced by
Table 10.3, Rui and Leo gained enough proficiency to be able to carry out autonomously
most of the practices they learned at the Ipatimup (47 percent of the time was spent in
carrying out the practices). Moreover, Maria organized the instruction in such a way that
her apprentices had opportunities to work either as an autonomous team (16 percent), or
as individuals.
The above process partially matches a pattern in the mentorship relationship which has
been observed with undergraduates learning in university laboratories (Gafney, 2005).
This is characterized by two phases. In the first, undergraduates are novices, learning basic
skills and concepts and finding their way around the laboratory. In the second, they have
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gained enough experience to feel more comfortable in their work, which allows them to
carry out basic protocols and design parts of the experiments. In this study, Rui and Leo
followed a similar pattern and, by the second week, were already able to perform most of
the steps involved in the PCR and gel techniques.
However, Maria showed evidence of a pedagogical practice which went beyond the
patterns of graduate students’ apprenticeship. By setting an initial research project – the
‘mini forensic investigation’ – she introduced a ‘simulation’ model (Barab & Hay, 2001a)
more in tune with the strategies used by school science teachers who seek authenticity in
their classrooms. In doing so, Maria provided Rui and Leo with an anticipated perspective
of the whole process and this supported their understanding of the purpose of each
individual experiment. Moreover, and most importantly, the project was driven by a
research question, the answer to which she never disclosed. In this behaviour, Maria was
more consistent with the way science is done in a research laboratory than with the
practice that is common in school laboratories, where experimental outcomes are normally
known in advance.

Learning Science with the Tools and Artefacts of the Laboratory Community
A central component of learning the practices of a culture is to use the tools common to it.
In the case of the Ipatimup laboratory, this meant that Rui and Leo needed to learn science
by using the tools, equipment and artefacts in routine use by the laboratory workers. As
devices used and produced by members of a laboratory community, equipment and
artefacts shape the social interactions within that community (Lynch, 1985a). Equipment
is shared, supplies are ordered and gel slobs and DNA blueprints circulate as signs. From
an ethnographic point of view, they are also cultural devices. And, in this sense, the
analysis of Rui’s and Leo’s interactions with equipment and artefacts reveal their path to
mastery of the scientific tools as much as into the working activities of laboratory culture.
Table 10.4 shows the duration distribution of learning events by category of practice. It is
apparent that Rui and Leo spent half of their learning time doing practical work.
Moreover, if we take scientific writing and presentation as integral components of doing
science, it becomes evident that Rui and Leo were presented with a wide range of learning
opportunities and that these represented more than two-thirds of the time they spent there.
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Table 10.4
Time Distribution by Kind of Practice
Kinds of practice

Minutes

%

Practical work
Presenting science
Reading
Talking science
Writing science

958
10
272
257
427

49.8
0.5
14.1
13.4
22.2

1924

100.0

Total

‘Meet Gilson, the Pipette, the Molecular Biologist’s Screwdriver’. This was how Maria
introduced Rui and Leo to the most important instrument in the molecular biologist’s
toolkit. And she was right: two-thirds of the time Rui and Leo spent using an instrument
was with a pipette (66 percent, n = 298 minutes). There is no other way of handling
liquids, particularly when they are used in microlitres (µl). ‘It requires Chinese patience’,
said Maria, as she challenged Rui to load a 1.5 µl of amplified DNA into a tiny gel well.
Handling a pipette demands constant attention to contamination, as well as the dexterity of
a surgeon. It is a skill that requires long and intensive training. This was why Maria
wasted no opportunities to have her apprentices using pipettes, and she started as soon as
possible: six minutes after having been introduced to a pipette, Rui was already using it.
Further examples of Rui and Leo’s handling of equipment and artefacts will be presented
in the next session. Their interaction with these devices will be situated in the context of
their use as part of both the practice and the culture of science.

10.5 Learning Science as Practice and Culture
The central goal of the Ipatimup Ciência Viva internships was to provide an opportunity
for senior secondary students to work directly with scientists in their laboratories. For
Maria, this meant (i) a commitment to the authenticity of scientific inquiry and (ii) a
refusal of any kind of simplification based on didactic assumptions or objectives. For Rui
and Leo, it meant an encounter with ways of doing science which were far from the readymade science and processes they were used to at school. What they experienced was
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closer to science-in-the-making (Latour, 1987; Latour & Woolgar, 1979/1983), a reality
incompatible with the image of scientists following a set of prescribed steps with a known
outcome, progressing in a linear way in which one step invariably leads to the next. As
apprentices, Rui and Leo were not spared exposure to the messy nature of life in a
scientific laboratory, where equipment may break down, experiments may fail more often
than they succeed, tools are shared and protocols are re-invented; in sum, a world where
scientists are valued for their open-mindedness and their ability to overcome risks and
hazards with perseverance and, above all, creativity.
Table 10.5
Structuration Table Representing Phase 7: Staining the Gel
Time

Sequence units

11:26

SU14: DNA bands observation

Line
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

Message units (separated by ‘/’)
Maria: the ladders appear first / they are markers
of molecular weight / if they don’t / then / it is
because / the staining was not well done / if they
do / but not in bands / well / in that case / the
amplification went wrong / you see / it is a kind of
control / but / that’s only a side effect / because
their function is to show the molecular weights /
go on Rui / keep shaking / you’ll feel exhilarated
when they come out / or disappointed if they
don’t / come on doctor / don’t hide anything from
me / look / we have the marker
Rui: it seems / that / yeah / we have the first
Maria: well / we have a band / let’s believe it is
the sample / which is quite surprising / we should
have the blood samples first / not the hair / which
was made with a half -invented protocol

As mentioned earlier, Rui and Leo’s first contact with experimental failure happened in
their first DNA amplification experience (see in Table 10.5 the correspondent sequence
unit). By noting that the hair sample – ‘the half-invented one – had worked and not the
blood samples, Maria showed how surprised she was with that unexpected outcome (lines
113-115). She conveyed to her apprentices both the excitement of discovery (lines 107109) and the open-mindedness required towards the results they found (lines 101-104). In
this way, she was modelling examples of the kind of positive attitudes that are expected of
a scientist. This incident took place on Day 3 while the trio were waiting for their first
DNA bands to come out of the gel, just as a pre-digital photographer would wait for the
first shapes to emerge in the darkroom. Maria knew from of her experience that it could all
amount to nothing. She was trying to reassure her apprentices, while at the same time
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using the opportunity to teach them about the concept of side effects1 in science practice
(i.e., the use of an indicator for purposes other than its original function). She tried to
boost their morale with a joke (line 109). Suddenly, the ladders appear, which meant that,
at least, the staining had come out right. Rui remarks proudly, but hesitantly (line 111),
that he had just seen the first band. Maria’s reply was typical of an experienced researcher,
‘Let’s believe it is the sample’, but the inflection on her voice denoted irony. In reality she
meant that data should not always be taken at face value without proper checking2. The
incident stimulated a rich dialogue about the importance of discussing unexpected findings
when doing science (e.g., ‘even a zero result is a result that we can discuss’). Part of the
dialogue went as follows:
Speaker

Line

Talk

Analytic notes

Leo

100
101

if this happens again uh
what do we do?

Maria

102
103
104
105

Leo

106
107

Maria

108
109
110
111
112

the sequence doesn’t work (.)
sometimes (.) it goes on like this for a month
things like (2.0)
**mysterious**
//
then when you understand why
it was something simple
//
no:: (.)
you never know
(2.0) sometimes you discover (.)
that some reagent wasn’t working properly
(.) but that’s only=

Leo is preoccupied
with the
consequences

Leo

113

=once in a while

Maria

114
115
116
117
118
119

a good solution (.)
is to ask somebody else to do it ((laughs))
but there are times when nobody gets it done
(.) there are times (.)
when there is some sort of (3.0)
**bad luck**

‘something’ here is
an experiment
procedure

Maria searches for
the right word

Leo was anxious about the consequences of failure for the well-being and value of their
project and because it might denote some kind of failure on his part. Maria avoided raising
their expectations about future results (line 103) and she paused before mentioning the
‘mysterious’ nature of things. She knew it would be difficult to explain that things may go
1

The ‘ladders’ original function is to allow the researcher to verify if the DNA segment has the required
length. But, in this case, they were being used for another purpose (i.e., the control of what may have gone
wrong in the experiment: the DNA amplification or the staining process).
2
She would latter, in the second failure, confirm this impression by stating, ‘Sometimes we want so much to
see bands that we see them when they are not there; it could just be the ladder passing to the DNA lane’.
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wrong not because of some incorrect procedure, but because the polymerase reaction itself
involves too many imponderable chemical and biological phenomena. And she was right.
Coming from a school culture where science is normally depicted as a predictable domain,
Leo thought that they had just done something wrong, ‘something simple’ (lines 106-107)
– as in school laboratory experiments, in which unexpected findings are usually attributed
to student error. He had some difficulty accepting that sometimes it may be impossible to
work out why an experiment does not work. When Maria replied that sometimes it was
better to ask somebody else to carry out the experiment (lines 114-115), she was
expressing an attitude out of tune with the often-portrayed authoritative image of the
scientist. This resulted in Rui and Leo becoming empowered to express their views and
comments more freely, since they realized that scientists do not always have the ‘right’
answer to all problems.
Another example of the role of experimental failure in the development of problemsolving skills occurred when they were applying the phenol method of DNA extraction.
One of the samples – the hair (the incriminating evidence) – was too big to fit in the lab’s
micro-centrifuge. When they tried to use a larger one, located outside the lab, they realized
that it was not capable of the speed required by the protocol. They solved this problem by
distributing the sample among several smaller tubes, which meant they could use the
laboratory micro-centrifuge (and thus the proper speed). To do so, they had to re-calculate
the relative proportions of ingredients that would form the correct chemical mixture.
Maria called this a ‘semi-invented’ protocol. In the end, to their surprise, the hair sample
was the only sample that worked in the DNA amplification.
Later, during the after-lunch coffee break, Maria used that incident as the rationale for an
informal mini-lecture about the use of protocols in science:
Obeying a protocol strictly is not always the best approach. One can be creative and
innovative. What is really important is to be consistent in the way we carry it out.
Sometimes, the choice of protocol is really a personal one.
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Maria’s approach was convergent with Hodson’s (1993: 121) assertion in his classic
article, Re-thinking old ways, about the use of practical work in the teaching of science. I
quote it at length because it sums up the points I have been making:
Because the ways in which scientists work are not fixed and not predictable, and
because they involve a component that is experience-dependent in a very personal
sense, they are not directly teachable. That is, one cannot learn to do science by
learning a prescription or a set of processes to be applied in all situations. The only
effective way to learn science is by doing science, alongside a skilled and experienced
practitioner who can provide on-the-job support, criticism, and advice.
The Communal Nature of Science
During our last interview, Rui and Leo told me that what struck them the most in the
whole internship experience had been the realization that doing science in the laboratory
had not been an individual task. ‘Before I came here’, said Rui, ‘I was expecting
something more isolated, not so social’. I will now examine some of the events that
framed this shift in their perception of science as an individual activity to a social one.
After almost 12 years of schooling, Rui and Leo were already experienced students. In
school, they were highly skilled in communicating with their teachers, and how to interact
with their fellow students in the socially accepted ways of a contemporary teenager. They
were now entering a community with its own system of norms, roles and relationships.
Being used to the rights and obligations that characterize life in school, with its schedules,
classes and timetables (invariably the same throughout the whole school year), Rui and
Leo were now facing an entirely different routine: one that was dictated by the
unpredictability of the experiments, by the availability of equipment and by all the other
contingencies of life in a scientific laboratory. Hence, all practices were subject to routine
changes in timing and, most importantly, often required negotiation.
Negotiation provided the first lesson learned about the social activities of working in the
lab. The only certain routines Rui and Leo had were when to arrive and when to leave.
Lunch times, coffee breaks, periods of autonomous study, report writing or presentation
preparation were always determined by how experiments were unfolding. Here is an
example of the type of negotiation which would be untypical in a classroom environment:

223

Learning science through work experience

Speaker

Line

Talk

Analytic notes

Maria

100
101
102

**Leo**
today (.) your lunch (.)
will have to be really quick

Turning to Leo, who
was bringing up the
DNA samples that
had just been
amplified

Leo

103
104

when should I go
(.) more or less?

Maria

105
106

you can leave the gel running (5.0)
but you shouldn’t take more than one hour

Leo

107

when do I have to be back?

Maria

108
109
110
111
112

Leo

113
114
115

you choose (3.0)
either you put the gel running now
and have lunch while it runs
and then you stain the gel after lunch (2.0)
or you wait for the running to finish
//
huh (3.0)
I’ll wait (.)
that way I can go with them

Maria

116
117
118
119
120

in that case (.)
if you stay
let’s search for haplotypes
there (.)
in the database

‘Them’ are the other
researchers with
whom Leo normally
has lunch
‘There’ is the
laboratory IT room,
where Maria has her
DNA sequences
database

As mentioned earlier, sharing equipment is part of the social fabric of laboratory life.
Learning and practising the rules of collaboration is a central process in becoming a
member of a community of researchers. Rui and Leo realized that when they had to use
the thermocycler. There are four in the lab, but it appeared that there are never enough of
them, although having one for each researcher would indicate poor resource management,
similar to that of having an individual laser printer for every computer in a network. Being
the only device capable of DNA amplification, the thermocycler is the most-used piece of
equipment in a molecular biology laboratory. This is why there is always a booking diary
on top of each thermocycler, which researchers use to book the machine several days in
advance, and sometimes for several days. The successive failures that Rui and Leo were
experiencing during the PCR reaction put some extra pressure on the use of the
thermocycler. It was essential for them to keep checking the diaries, and they became
familiar and confident in their use. And most importantly, they learned how to ‘hitch a
lift’ for a ride in the thermocycler. Here is an example:
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Speaker

Line

Talk

Analytic notes

Maria

100

do you have a PCR today?

Carlos

102

yeah

Turning to Carlos, a
colleague

Maria

103

at what temperature?

Carlos

104

60 to 80

Maria

105
106

may I use yours at 60? (.)
or are you going to do lots of them?

Carlos

107

maximum 8

Maria

108
110

there’s space for another half a dozen (.)
when?

Carlos

111

Maria

112
113

at 3 o’clock
//
done (3.0)
we’ll repeat these samples again

She is referring to the
number of samples

samples

Turning to Rui

This was how Maria showed Rui and Leo how to make the best use of available resources
through social behaviour. The trick was to find somebody doing a PCR with a similar
temperature to that required by their own PCR conditions (lines 103-105). Provided that
there was physical space to load their samples (line 108), this was the best way of
avoiding a long wait for a free thermocycler. As I had the opportunity of observing during
the periods I visited the Ipatimup in the two years of my research, this type of equipment
sharing was one of the most important norms in all the laboratories. People expected this
kind of personal collaboration, and only temporary visitors or newcomers were exempt
from that social practice.

This cooperation was also extended to other artefacts, such as the gel slobs. Table 10.6
shows a sequence unit from the gel instructional episode. Maria was demonstrating how to
pour the gel into a cassette for polymerization. Line 113 shows a recurrent figure of
speech in Maria’s instructional discourse: the rhetorical question. She used it time and
again to capture the apprentices’ attention and to help them focus on the task at hand. But
this time, in line 117, she added considerable body language, waving her arms around and
turning her head towards every corner of the lab, as if looking for someone: ‘We call out,
anyone need a run?’. What she was indicating to Rui and Leo was the need to be aware of
the people around them. Rather then staying in a corner doing his or her job, people in the
laboratory are normally attentive to other researchers’ needs and expect the same from
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them. Assembling a gel cassette, as well as preparing the gel itself, are not only frequent,
but also time-consuming procedures in the day-to-day reality of genetic engineering. Thus,
if there are free wells in a gel slob, it is a socially appropriate behaviour to look around
and see whether anyone else needs some free wells. As Maria explained, this is not just for
the sake of resource management, it is a socializing device, and one which may attract
criticism if not practised.
Table 10.6
Structuration Table Representing Phase 4: Pouring the Gel into the Cassette – the Gel
Episode
Time

Sequence units

10:31

SU5: Pouring the gel

Line
113
114
115
116
117
118
119
120
121

Message units
Maria: well, what may happen here? we may lose
gel / as it comes out / or / we may get bubbles /
then / the gel gets disrupted / so we cannot trust it
any longer / we have 7 samples / but this gel has
25 wells / what happens then ? / we call out /
anyone need a run? / we have free wheels / and /
we can share our gel / we have only 7 / but I have
some of mine over there / we will run those as
well

After some time, Rui and Leo started to interact with anyone who happened to be around,
particularly in those rare moments when Maria was either away or totally absorbed by her
own work. Having mastered the basic techniques, and as their familiarity with the people
in the lab grew (social lunches played an important role here), they would ask for
assistance from anyone. The most relevant incident of this kind occurred on the last day of
the project. Having finally succeeded in the amplification and sequencing of the decisive
forensic samples (the ‘incriminating evidence’ and the ‘suspect’ sample), Rui and Leo
were anxious to analyse the data and get the answer they had been seeking over the past
two weeks. That morning, I arrived in the lab at ten o’clock, their normal entry time, and
was astonished to see them already there, absorbed with the analysis of DNA blueprints.
This could only mean that they had arrived earlier and autonomously used the genetic
analyser, one of the most sophisticated and expensive pieces of equipment in the whole
institute (see Figure. 10.4). When I asked them what had happened, Rui just replied, ‘We
arrived really early, and Rui gave us a hand with the genetic analyser’. Maria was clearly
proud of them.
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10.6 Displaying Knowledge
We have seen how Maria’s teaching strategy led Rui and Leo to explore with increased
confidence and proficiency the range of professional scientific practices that were
available to them at the lab. We have also seen examples of their progressive integration
into the workplace culture, as they observed and demonstrated the social skills needed to
deal with other scientists in the lab. I will now concentrate my analysis on indicators of
Rui and Leo’s understanding of the scientific content and practices they learned during the
internship.
In school, evidence of conceptual learning is usually provided by students’ achievement in
quizzes, tests and exams. There were no such organized forms of assessment in the
Ipatimup internship. However, it is a tradition of all the Ipatimup’s Ciência Viva
internships that the apprentices write a report and make a final presentation to their fellow
students and to scientists from different departments.
Indeed, laboratory studies, particularly Latour and Woolgar’s (1979/1983), have shown
the intimate relationship between writing, presenting and producing science. Rather than
looking at researching and reporting as separate realities, whereby the dissemination of
scientific results appears as secondary to research activities, social studies of science have
been drawing attention to the fact that science talk (Lynch, 1985a; Gilbert & Mulkay,
1984) and science writing are active components of knowledge production. Indeed, they
are central to the kind of social negotiation required to obtain public and peer support
through replication and persuading others of the importance and validity of findings
(Knorr-Cetina, 1981; Gilbert & Mulkay, 1984). Echoing this approach, science education
research also stresses the importance of talking science (Lemke, 1990; Moje, 1995),
writing science (Kelly & Chen, 1999) and presenting science (Bleicher, 1994b) as central
strategies in science learning.
Consistent with the above, I took Rui and Leo’s final presentation at the Ipatimup as an
indicator of (i) whether they had understood the scientific process occurring in their lab
and (ii) whether they had acquired the scientific skills involved in writing and presenting
science in a world where science communication is technologically mediated (i.e.,
techniques for structuring scientific papers, WWW searching, and presentation planning,
construction and delivery). In her mini-lectures in the coffee bar, Maria taught her
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apprentices the technique of writing and structuring scientific papers and presentations.
She also insisted that their final reports and presentations should be consistent with these
norms and standards.
Table 10.7
Structuring Map of the Presentation Event: Rui and Leo’s Talk
Time

Phases (PH) / Sequence Units (SU)

Content (sub-topics of sequence units)

00:20

PH1 – Opening of talk phase
SU1 – What and why

01:05

SU2 – Introducing the project

01:53

PH2 – Materials and methods
SU3 – Materials

02:17

SU4. DNA extraction

An adapted protocol

02:54

SU5. DNA amplification

Goals
Description of the method
The PCR mix
Controlling for eventual contamination
Polyacrylamide gel
Staining the gel
PCR results

05:14

SU6. DNA sequencing

06:17

PH3. Findings
SU7. Data analysis

Why different proportions of samples
Purification method
Sequencing reaction
Sequencing results

06:50

PH4. Discussion
SU8. Conclusion

Conclusion

07:30

PH5. Acknowledgements
SU9. Acknowledgements

Acknowledgements

A genetic forensic exercise
Why canine genetics
The crime
The research techniques
Ice-breaking pause
The incriminating evidence
The suspects’ sample
The controls

Findings

The final presentation took place at the Ipatimup library; Rui and Leo shared it, alternating
as speakers. The audience included ten other Ciência Viva apprentices, who were also
doing their presentations, Maria, as the mentor, the co-ordinators of the other internships,
and other interested Ipatimup researchers: a total of 28 people. Rui and Leo’s talk lasted 7
minutes and 34 seconds. The overall structure of their presentation is displayed in Table
10.7. The talk was supported at all times by a PowerPoint presentation but, significantly,
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Rui and Leo did not limit their talk to reading the content of the slides out loud. Although
most message units drew on the slides, they faced the audience confidently and
improvised much of their talk, explaining how experiments had been conducted and how
later ones were influenced by previous outcomes. They also avoided wordy slides and
long sentences, relying mainly on tables and diagrams and, in doing so, revealed skills that
are sometimes absent even in more experienced presenters. In this section, I will examine
the links between the presentation and prior instructional events in terms of both structure
and content.

Linking Presentation Structure and Instructional Events
On Day 2, Maria dedicated part of the ‘Getting Started’ period to instructing her
apprentices in the norms of scientific writing, particularly for peer-reviewed journals.
Maria brought with her several research articles and went through each of them stressing
their structure:
It is really important to learn what the findings are, what the discussion is, materials
and methods used, the abstract. If we mix everything up, the article will be
unreadable, and worse, we will be repeating things over and over again, which means
much of what we say will be redundant.
As evidenced by Table 10.7, Rui and Leo applied most of the writing techniques they had
learned from Maria. Apart from the ‘discussion’, which they missed out, the structure of
their presentation was similar to that of most scientific papers: abstract (SU1 and SU2);
materials and methods (SU3 to SU6); findings (SU7); conclusion (SU8);

and

acknowledgments (SU9). I will now focus on the analysis of a segment from the opening
phase as it provides evidence of how they observed the characteristics of an article abstract
and, at the same time, displayed good discourse skills. Maria’s apprentices must have
borne her remarks about an abstract in mind:
It describes the problem, the way we dealt with it, and sums up the results. It is really
practical, because that way we know if the article is useful, without having to read it
all.
Right at the start of the introduction, Rui and Leo described the problem (i.e., the ‘solving
a crime’, lines 116-123), presented the techniques (lines 125-127), and revealed the
results (e.g., ‘we were able to prove Max’s innocence’, line 131).
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Speaker

Line

Talk

Analytic notes

Leo

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

This is how our story started (2.0)
our dog is accused of stealing a smoked ham (.)
there he goes (6.0) ((the dog pops up on the
screen))
as he passed by the door (.)
he left some hair (3.0)
uh according to the description of the dog (.)
the forensic officer identified a suspect
uh Max
then (.) uh
using processes of genetic investigation (2.0)
PCR (.)
sequencing uh
a::nd uh (3.0)
mo::st important of all
uh filling tip boxes
(8.0)
we were able to prove Max’s innocence
(3.0) now (.) moving to the **serious part**

Pockets of laughter
from the audience.
An ‘animation’ trick.

Ironically
Loud laughs from the
audience
Restoring formality

Rui and Leo were visibly anxious1. They knew they had to ‘soften up’ their audience.
Their first ice-breaking device was the starting slide itself. Using the following title for
the slide, ‘The dog who stole the smoked ham’, in a large font size set at the centre of an
otherwise blank screen, they surprised the audience with the strangeness of such a title for
a scientific presentation, and managed to stimulate early pockets of laugher from the
audience (line 116). Then they used a PowerPoint animation trick to have the suspect,
Max, a cartoon dog, pop up on the screen. This had the double effect of sustaining the
laughter and providing the speaker with time for a long pause. Another opportunity for
supportive audience laugher was Leo’s remark about ‘tip-box-filling’ (lines 129-130), ‘the
most important of all techniques’. These strategies are consistent with Henry Sack’s
(1984) perception of the co-construction of social events in conversation turn-taking - but
in this case it was socially constructed between a speaker and an audience: Rui and Leo
knew, and the audience knew that ‘tip-box-filling’ was a kind of ‘initiation ritual’ in the
Ipatimup2. Like the ‘there he goes’ (line 118), these turn-taking devices had been visibly

1

Almost all the apprentices I interviewed in the Ipatimup mentioned how anxious they were about their final
presentations. The reason was not so much the lack of experience (some had done it before in school), but
having to face an audience of experts.
2
Inserting pipette tips in countless holes in boxes is such a boring task that people at the lab diligently label
theirs with their own names and keep them at a safe distance from any eventual lazy colleague. No wonder
people at the lab were all dying to have novices doing it. It is a kind of initiation ritual that apprentices have
to undergo. A meaningful incident associated with box-filling occurred during the apprenticeship. By Day
6, as Rui and Leo were purifying Maria’s samples, she found herself filling her own tip boxes. She could not
help saying, ‘Now you do the difficult stuff, and here I am filling boxes. Isn’t this the moment to say that the
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planned in advance by Rui and Leo to capture audience attention and, at the same time,
instil the kind of convivial atmosphere they needed to reduce their own anxiety. By line
133, it was time to restore formality (i.e., ‘moving to the serious part’). The ice was
broken, they had won over the audience – it was time to move on to more serious
business. They would not use these tricks again.
Rui and Leo delivered their talk in such a way that ‘Materials and methods’ (Phase 2)
occupied almost two thirds (60 percent) of the whole presentation. The rest was
distributed equally between the introduction and the conclusion. A striking feature in their
presentation was the time dedicated to the process of DNA amplification (32 percent). By
calculating the time spent in all the activities related to this (i.e. PCR and gel events)
during the whole internship, we can see how their presentation structure was consistent
with the relative importance of its components.

Linking Displays and Practice Units
It is important, however, to go beyond Rui and Leo’s high-quality visuals and discourse
skills and focus on the content of the talk itself, because this provides an indicator of their
learning of science. Teachers in classrooms assess the accuracy of students’ presentations
by relating them to their knowledge of what students had been taught in the period leading
up to them, and by assuming that the presentations are full representations of what has
been learned. I used a similar approach by linking Rui and Leo’s talk to prior instructional
events and activities, and by comparing the topics addressed in the presentation with the
topics conveyed by Maria in her instructional discourse. However, a note of caution
should be introduced here. Because students’ presentations, or students’ written language
(Bloome, 2000; Bleicher, 1994a) are undertaken to display knowledge (and be evaluated)
within a school context, rather than to achieve a real-world purpose (e.g., communication
research results in a real scientific conference), they must not be seen as hard evidence of
real knowledge, but rather as knowledge displays. Rui and Leo knew from the start that
they would have to make the presentation. By anticipating that event they knew they
would have an opportunity for displaying knowledge.

apprentice out-passed the master (laughs)? Indeed, a milestone had been reached: Rui and Leo would not fill
boxes again.
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To measure the extent to which Rui and Leo’s presentation displayed their knowledge of
the practices they carried out in the lab, I related the sequence units of their talk to the
practice units of the key instructional episodes. Table 10.8 on the next two pages shows
whether Rui and Leo covered a particular instructional practice and also what type of
representational format they used (i.e., V: verbal; P: PowerPoint; VP: Verbal and
PowerPoint).
Table 10.8
Linking the Practice Units and the Presentation
Practice Units (PU)

Represented

Format

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

V
P
P
P
P
P
P
P
P
P
P
P

Yes
Yes
Yes
Yes

V
VP
VP
VP

Yes

VP

Episode 4: DNA Episode; Event 7: DNA extraction, Day 2
PU 07. Introduction to the Gilson pipettes
PU 08. Ingredients and protocol
PU 09. Add buffer
PU 10. Mix SDS and proteinase K
PU 11. Incubate samples
PU 12. Add NaCl
PU 13. Add phenol: chloroform: isoamyl alcohol
PU 14. Centrifuge and transfer to other tubes
PU 15. Add phenol: Chloroform: isoamyl alcohol
PU 16. Centrifuge again and transfer
PU 17. Precipitate DNA with ethanol
PU 18. Centrifuge
PU 19. Dry, re-suspend and add buffer TE
Episode 5: PCR Episode; Event 12: PCR fragment A, Day 3
PU 23. PCR: Ingredients and protocol
PU 24. Calculating PCR mix
PU 25. Doing PCR mix
PU 26. Labelling the samples
PU 27. Pipetting mix into sample tubes
PU 28. PCR conditions
PU 29. Programming thermocycler
Episode 6: Gel Episode; Event 14: Gel fragment A, Day 4
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PU 34. Assembling gel cassette
PU 35. Gel mix: principles and procedures
PU 36. Gel mix: ingredients and protocol
PU 37. Doing the gel mix
PU 38. Pouring the gel: principles and procedures
PU 39. Pouring the gel
PU 40. Loading the DNA samples: principles and procedures
PU 41. Loading DNA samples into gel wells
PU 42. Running the gel: principles and procedures
PU 43. Running the gel
PU 45. Staining gel: principles and procedures
PU 46. Preparing staining mix
PU 47. Developing the gel
PU 48. Measuring DNA bands

Yes

V

Yes
Yes

V
V

Yes

VP

Yes

V

Yes
Yes

V
V

Yes

VP

Yes

VP

Yes

VP

Yes
Yes

VP
VP

Yes
Yes
Yes
Yes

VP
VP
VP
VP

Yes

VP

Episode 6: Gel Episode; Event 14: Gel fragment A, Day 4
PU 34. Assembling gel cassette
PU 35. Gel mix: principles and procedures
PU 36. Gel mix: ingredients and protocol
PU 37. Doing the gel mix
PU 38. Pouring the gel: principles and procedures
PU 39. Pouring the gel
PU 40. Loading the DNA samples: principles and procedures
PU 41. Loading DNA samples into gel wells
PU 42. Running the gel: principles and procedures
PU 43. Running the gel
PU 45. Staining gel: principles and procedures
PU 46. Preparing staining mix
PU 47. Developing the gel
PU 48. Measuring DNA bands

Episode 7: Sequencing Episode; Event 24: Seq.PC 1.1, Day 7
PU 71. Purification kit: principles and procedures
PU 72. Add buffer to PCR products
PU 73. Labelling the DNA samples
PU 74. Add PCR+buffer mix to purification kit columns
PU 75. Centrifuge

Event 28: Sequencing PC 1.2 (sequencing reaction) , Day 7
PU 93. Sequencing reaction: principles and protocol
PU 94. Doing the sequencing mix (reaction 1)
PU 95. Adding mix to purified/amplified DNA (reaction 1)
PU 96. Doing the sequencing mix (reaction 2)
PU 97. Adding mix to purified/amplified DNA (reaction 2)
PU 98. Principles of sequencing conditions
PU 99. Programming the thermocycler / Sphadex re- purification
Event 37: Automatic Sequencing
PU 102. Working with the genetic analyser
Event 38: Sequence Analysis
PU 104. Data analysis of DNA sequence blueprints
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Overall, the presentation covered 29 (60 percent) of the 48 practice units that Maria and
her apprentices carried out during the lab instructional episodes and events and those in
related areas1. Most of the remaining 40 percent were not significant enough to be covered
by Rui and Leo’s presentation because they were not relevant to its main goal (i.e.,
reporting experiments and results). In fact, practice units like handling pipettes, pouring
gel, distributing mix in tubes, or operating a genetic analyser, would never be mentioned
in a real scientific presentation. This may also tell us more about their priorities and values
in terms of the importance they gave to the account of particular practices.
In terms of the type of representational format used by Rui and Leo, a first striking
difference in how they covered the techniques is illustrated by the significantly smaller
amount of time dedicated to the verbal account of the DNA extraction episode (8 percent),
when compared to the 32 percent spent with the PCR episode. The description of the steps
and procedures in the protocol of the DNA extraction was left exclusively to the diagrams
as they chose to highlight only the fact that they had adapted the protocol in the case of the
hair sample. This is consistent with real scientific papers as the authors assume that the
reader is already familiar with the protocol. However, the PCR is another matter. Here, the
type of ingredients, as well as the conditions of the reaction (i.e., temperature, time,
number of cycles) are bound to influence the outcome of the amplification, and that is why
Rui and Leo used both verbal and PowerPoint representation to present the components of
the PCR mix and the thermocycle conditions.

10.7 Summary of Key Findings
The following key findings are summarized so as to provide a link between the
observational data and the themes that emerged from the analysis of the students’
perceptions of SIP reported in the previous chapter.

Applied Learning – Putting Theory into Practice. The participants had extended
opportunities to gain knowledge of up-to-date scientific knowledge. They gained a broader
view of the many applications of molecular biology, not only in terms of human and
animal genetics but also in its links to the study of human history. Scientific concepts were
1

It is important to note that the practice units pertaining to events and episodes occurring outside the lab, or
not specifically instructional, are not computed here
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learned from multiple sources, including direct tutoring by experts in the field, reading of
up-to-date research papers and guided access to relevant information on the Internet.
Conceptual learning was conducted so that understanding of concepts was derived from
practice and from the contexts of their functional meanings. I found no evidence of a
separation between learning and doing.

Practical Work and Hands-on Learning. The apprentices spent a significant amount of
time doing hands-on work in laboratory practices. Moreover, after a short period of guided
learning, these practices were carried out by the participants with a high level of
autonomy. The practices were not trivial laboratory tasks. On the contrary, they were
central techniques in sophisticated genetics engineering, including DNA extraction, PCR,
Gel electrophoresis, DNA sequencing, automatic sequencing and data analysis of DNA
sequences. After the instructional phases, where apprentices learned by doing under the
supervision of experts, the apprentices demonstrated a considerable level of independence
and proficiency in skills and techniques. Further, as pointed out by the majority of the SIP
students, the apprentices used the tools that are common to the scientific community,
having had access to equipment/techniques not available or possible at school.

Student-Scientist Interactions.

The scientist mentor played a crucial role in shaping the

learning of her apprentices. The characteristics of their personal interactions were
consistent with those reported by SIP students in other Ciência Viva internships (i.e.,
convivial and friendly atmosphere, student centeredness and expertise in their subject).
The mentor not only kept constant and close contact with the apprentices, she also
demonstrated a wide range of teaching skills by adapting her instructional style to the
characteristics of the students. In doing so, she went beyond the traditional apprenticeship
approach and put in place a project-oriented pedagogy which was central in maintaining
the apprentices’ motivation, perception of learning goals and sense of purpose. The
apprentices themselves extended their personal interactions with the laboratory
community. The mentor stimulated this networking not only by inviting the contribution
of other researchers for specific instructional tasks, but also by introducing her apprentices
to the social ways of doing science in the lab.
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Participation in Scientists’ Work. The participants worked closely with the mentor, got to
know her current work and collaborated with her. The mentor dedicated a significant part
of the ‘getting started’ events to the presentation of her on-going research. Further,
throughout the internship, the apprentices had extended opportunities (in the laboratory IT
room) to observe and assist in the updating of the database of published dog sequences,
one of the central components of their mentor’s research. Moreover, during the laboratory
practices, the mentor often added the DNA samples which were part of her research to
those of the apprentices’ project. This way, they had the opportunity to apply their ongoing experiments and data analysis to their mentor’s current work. By letting her
apprentices take responsibility for tasks pertaining to her own research, the mentor
promoted collaborative working and fostered the apprentices’ perception of the
authenticity of their learning tasks.

Teamwork and Peer Support. The apprentices worked as part of a team at all times. They
faced the problems and arrived at solutions together. Throughout the internship, it became
clear that they were building friendship ties, which allowed them to organize and
distribute their individual tasks in a convivial fashion. Moreover, the writing of the final
report, as well as the preparation and delivery of the final presentation, constituted further
examples of collaborative work.

Critical Thinking. The mentor encouraged her apprentices to think for themselves and to
adopt a critical attitude to their own practices. This was observed in many instances,
particularly when the constraints of the available equipment and the characteristics of the
samples and materials forced a rethinking of protocol procedures. Indeed, the mentor
encouraged them to have a sceptical attitude towards ‘cooking-recipe’ approaches to
protocols and stimulated them to be inventive, though consistent, in adapting the proposed
protocols to the particular circumstances of the research. Moreover, the recurrent
experiment failures in the DNA amplification also provided extended opportunities to face
up to and discuss unanticipated outcomes in a critical manner.
Autonomy. Many SIP students have reported their enjoyment of having conducted their
projects with either full autonomy, guided support or through team negotiations. Only a
few said that they had had the latitude to choose the research project. My observation of
this internship provided no evidence of an open-inquiry approach. Apart from the freedom
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to circulate and use the resources available at the Ipatimup, the autonomy gained by the
apprentices was demonstrated through their independent performance of tasks once the
skills were properly mastered. As it was framed by an initial research project, the
internship experience was quite intensive, and required precise goals, careful planning and
timing: Rui and Leo were not expected to design their own experiments or have control
over the research question, basic goals, practices and resources being used. They entered
into the on-going practice of science by conducting research experiments that were part of
Maria’s research agenda. As a consequence, the participants had little latitude in changing
their technique, instrumentation, site or subjects.
Internship Duration. The two-weeks duration of the Ciência Viva internships has been a
consistent pattern in the Ipatimup since 1997. This choice is justified by the need to
protect the mentor from an unduly heavy burden and yet provide sufficient time for
students to complete a project. My interviews with the Ipatimup apprentices revealed no
evidence of criticism about the duration of the internship. Observation of the internships
both in 2003 and 2004 also showed me that, because of the strictness of the regime, the
apprentices were able to meet the target performance, and this was also visible through
their final scientific presentations and reports. Yet, as mentioned by the mentor herself,
some aspects of scientific research are hardly touched on in such a short time-frame,
particularly those related to resource management or budget planning. It is, however,
debatable whether these types of topics would be relevant to young secondary school
students.

Career Development.

The Ipatimup internships do not include any form of formally

organized career counselling or development – nor do any of the other SIP of which I am
currently aware. The apprentices’ awareness of their professional vocations or of the
available career options is supposed to be obtained implicitly through their contact with
both the scientists and the reality of professional scientific work. However, the mentor in
this internship dedicated an entire mini-lecture to introduce her apprentices to the issues
involved in building a scientific academic and professional career. As a consequence of
the above findings, it is clear the internship offered opportunities for the apprentices to
learn and use key skills (such as problem-solving, communication, technology and
teamwork) that are expected in science workplaces.
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PART 3

DISCUSSION: INTERPRETING AND THEORISING ABOUT THE
DATA
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Chapter 11

Discussion, Implications and Conclusion

The purpose of this study has been to examine secondary school students' experiences of
science learning through work experience in professional scientific research organizations,
and particularly, the discourse between them and the scientists with whom they worked
and the practices they acquired in the process. This issue was addressed from two
standpoints: first, an examination of the involvement of the scientific community in a
national science education initiative in Portugal; and secondly, an analysis of the
expectations, experience of participation and ‘before and after’ perceptions of the students
who took part.
This need for this study is highlighted by the existence of recurring calls for research into
science education, especially in authentic settings, such as those provided by scientific
research laboratories. Such appeals have been accompanied by a growing awareness of the
potential benefits that the contribution of the scientific community can provide. The
principal elements of this contribution have included the capacity to address the problem
of poor performance in science education along with decreasing university enrolments in
science, mathematics and engineering, and the ability to improve young people’s
engagement with science and technology, which in turn, promises to lay the foundation for
lifelong science learning and meaningful public engagement with science and technology
issues.
As shown in §2, a large body of ideas and research into science learning has already
recognized the importance of linking conceptual learning with practical experience.
However, the extent and impact of science workplace learning on secondary school
students involved in science in university and industry research facilities has been only
rarely the subject of serious research. The few existing examples tend to study either
large-scale programmes or short-lived, local projects. Moreover, they do so either by
quantitatively examining the overall characteristics of a programme, or by qualitatively
addressing a single occurrence in a particular host institution. The present study
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constitutes a first attempt to combine both these approaches by examining a nationwide
programme, which has developed over a period of nine years from a quantitative
perspective, and one of its specific local instances from a qualitative viewpoint. The
design of the study was influenced by several bodies of literature including: research into
practical work and apprenticeship in science learning; social studies of professional
scientific laboratories; ethnological perspectives in educational research; and domainrelated studies of summer science enrichment and intervention programmes.
The original purpose of this study was later expanded to provide insights into a wider
range of key themes, including institutional, social, psychological and educational aspects.
The four research questions generated to address these multiple dimensions were:
1. What are the characteristics of the distribution and growth of SIP in relation to
its programmes, promoters and participants?
2. What are the students’ motivations to engage in SIP?
3. How do SIP students perceive and judge the quality of the science internships
in which they participate?
4. How do student-scientist interactions and discourses in the Ipatimup’s science
research laboratories shape the students’ learning of science?
This chapter addresses each research question by providing a summary discussion of
principal findings and their implications.
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11.1 Findings
The first research question was addressed through a study of the growth and distribution
of quantitative key indicators associated with the Ciência Viva SIP throughout a nine-year
period. The data were gathered by means of a documentary examination of Ciência Viva
archives, including policy and programme documents, administrative records and project
proposals and reports from participating institutions.
As a nationwide initiative, SIP is co-ordinated by Ciência Viva, the Portuguese National
Agency for Scientific and Technological Culture, itself a not-for-profit voluntary
association of Portuguese scientific institutions, which counts among its associates both
the Ministry for Science, Technology and Higher Education and the Portuguese Science
and Technology Foundation, which is the national funding body for scientific and
technological research.
Although driven from the centre, SIP is an open programme in which the local host
institutions have a high degree of autonomy in terms of project design, implementation
and student selection. Ciência Viva works as the national promoter and funding body,
centrally promoting and publicizing all the local internship programmes through the
Ciência Viva website. The student candidates use this website to apply for internships,
whilst the institutions providing them have direct on-line access to the applications and
select candidates using their own criteria.
Overall SIP involved 4,378 senior secondary school students in 1,150 internship projects,
carried out in 110 institution, under the mentorship of 705 science and technology
practitioners and over the period 1997 - 2005. During that time the programme
experienced a steady and significant rise in all its indicators, growing from 10 institutions,
34 programmes and 92 students at the time of its inception, to 53 institutions, 196
programmes and 704 students, in 2005.

The SIP Profile
The internship projects are offered by a wide range of institutions, including university
departments, scientific research institutions, industry, museums and science centres.
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However, research institutions constitute the bulk of the programme, with three out of four
SIP promoters being science and technology research institutions. Seventy-four percent of
the SIP project providers since 1997 were research institutions, compared to universities
(16 percent) and museums and private companies (10 percent). For purpose of
international comparison I examined the National Science Foundation Young Scholars
Program in the United States and the Nuffield project known as ‘Science Bursaries for
Schools and Colleges’ in the United Kingdom. Like SIP, these two programmes are
designed to stimulate and extend interest in science among pre-university students, and
both of them emphasise student participation in real scientific work through interaction
with practising scientists.
Unlike the case of SIP, these programmes have published no statistics which would allow
a proper comparison. However, I have collected some data from dispersed sources, such as
NSF and Nuffield websites, where it was possible to access a list of the providers, but with
no consistent terminology or systematic classification. In 1996, the NSF programme
comprised 114 projects, of which 82 percent were conducted in universities. In 2005 the
Nuffield scheme involved some 200 institutions, of which 26 percent were universities, 10
percent were private companies and the rest were mainly research institutions. Because of
the involvement of research institutions, SIP can be seen as closer to the Nuffield scheme
than to the NSF Young Scholars Program.
As shown in §7.1, the scientific community has been extensively involved in SIP. Overall,
one third of all Portuguese scientific institutions have already participated. Furthermore,
this in the case of State Laboratories and Associate Laboratories percentage increases
significantly: 85 percent and 76 percent respectively have provided internships for
secondary school students in their research laboratories. The strong involvement of
scientific institution in SIP may be explained by three factors. Firstly, these types of
institutions already have a history of connection to Ciência Viva through their
participation in partnerships with school science projects, which it promotes, through a
programme called ‘Ciência Viva in Schools’ (see §1.3). Secondly, most of the Associate
Laboratories, which constitute the bulk of the leading research institutions in Portugal, are
themselves members of the Ciência Viva Agency. Finally, considering their nature and
mission, both the State Laboratories and the Associate Laboratories have strong links to
government departments, particularly to the Ministry of Science, Technology and Higher
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Education, which in turn plays a central role in the governance, strategy and programme
development of the Ciência Viva Agency.
Taking into account the fact that three quarters of the SIP providers are research
institutions, it does not come as a surprise that four out of five SIP mentors are
professional science and technology practitioners.
Overall, there has been broad gender parity among the SIP mentors (48 percent female, 52
percent male). However, some gender differences are visible across scientific domains.
Indeed, while most of the mentors in the exact sciences are male, in the medical sciences
there are almost twice as many female mentors than male ones. Although these figures
may appear to reflect wider gender patterns in science, in reality the percentage of women
researchers involved in SIP is higher than the percentage of female scientists in the
European Union, and closer to Portuguese gender indicators (see Figure 7.3) – possible
reasons for these data will be discussed later as part of the presentation of findings relating
to student participation in SIP.
Data taken from the period 2003 to 2005 shows that two-thirds of the SIP mentors hold a
doctoral degree, and that the percentage of PhDs is higher in research institutions than in
universities (69 percent and 53 percent respectively). These data are particularly striking
when compared to the fact that 30 percent of researchers in Portugal hold a PhD, which
may be an indicator of the willingness of the institutions to assign their senior staff to the
SIP projects. Indeed, as evidenced by Table 7.4, one-third of the SIP mentors are senior
practising scientists with management and scientific coordination responsibilities.
Furthermore, if one considers their academic careers (see Table 7.5), one- third comes
from the top layer of a university teaching career.
Reflecting the overall predominance of scientific institutions in SIP, of the 1,150
internship projects carried out since 1997, three in four were provided by research
organizations. In terms of scientific subject, approximately half of the projects were in the
fields of biology, biotechnology and medical sciences. One in four were organized by
engineering and technology institutions and the exact sciences were responsible for 16
percent of the projects.
The number of projects organized by each institution shows a persistent pattern across
time, type of institution and scientific field. From 1997 to 2005, each SIP provider
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organized an average of two projects every year. In terms of duration, the institutions
tended to prefer two-week projects. However, a one-way ANOVA showed a statistically
significant variation between types of organization as projects in research institutions
tended to be longer than those in university departments. Overall, the median value of
class size was two students per project, even though the university departments were more
likely than the research institutions to enrol more students in their internship programmes.
In sum, when compared to the universities, the research institutions were inclined to have
fewer internees over a longer period. Two reasons may account for this. Firstly, unlike
mentors in university departments, the researchers in scientific institutions have to
reconcile their day-to-day research work with the demands of mentoring their internees.
Secondly, given their tradition as educational establishments, university departments are
more suited to larger classes, whereas research institutions are more familiar with
apprenticeship models where smaller groups, preferably pairs, are more appropriate for
working alongside scientists in on-going research projects.
The typical student participating in SIP is 16- to 17-years-old with no significant gender
variation. Considering the students’ applications (N = 5,671), their five most favoured
options were, in order of preference: medical sciences, chemical engineering and
biotechnology, mechanical engineering, physics and, finally, agricultural and veterinary
sciences. Since school achievement was not explicitly mentioned as a selection criterion
by the SIP institutions, there are no available data to provide evidence that the candidates
are high achievers in school science. Indeed, the minority of candidates who mentioned
their academic achievement together with the results of the analysis of their applications
(see §8) suggest that the typical SIP participant is a highly motivated student with a strong
interest in science and a science-related career.
In addition, there are two indicators of the willingness of students to engage in the type of
science education projects offered by SIP. The first is the fact that the supply of SIP
projects was, in many cases, significantly less than the demand from students. This
happened even in scientific areas with the largest offer of internships, such as the medical
sciences, chemical engineering and biotechnology, or mechanical engineering. The second
is the fact that 16 percent of the students attended internships that were a relatively distant
from their homes, showing not only a significant mobility rate, but also the students’
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willingness to take part in SIP projects that interested them, even when these were not
available to them locally.

Students’ Motivations and Expectations

The purpose of this question was to understand the reasons for participating in SIP from
the perspective of the students by examining their motivations, needs and expectations. A
total of 1,515 of applications covering a three-year period were analysed with a mixedmethodological design out carried out with an inductive-deductive approach. That is, the
inquiry started with no a priori hypothesis about students’ motivations, moving from an
initial exploratory reading of their responses to the open-ended ‘why’ question in their
application forms, which led to the establishment of the emerging major themes and
categories. These were then quantified, placed in a database incorporating an interrespondent matrix (i.e., student x category) with a record for each candidate and linked to
other databases containing data about the characteristics of the institutions and also those
of the internship programmes. After an initial phase of inductive inquiry, a number of
questions emerged from the data analysis and interpretation, suggesting that the students’
reasons for participating in SIP may be affected by their gender, the type of the institution
and its scientific domain. To address these questions, the linked databases were subjected
to statistical analysis using t-tests, chi-square tests and multivariate discriminant analysis.
The final results of the analysis of their reasons expressed in writing, spontaneously and in
their own terms, led to the findings presented below.
Five major themes emerged from the data, suggesting that it is reasonable to infer that the
senior secondary students who seek the type of educational provision offered by summer
science internships are intrinsically motivated, goal-oriented and self-determined
individuals (Bandura, 1997; Decci & Ryan, 2000, 2002). In descending order of
frequency, the five themes were (i) interest in, and enjoyment of, doing science (the
’interest’ theme), (ii) a willingness to expand scientific knowledge and skills (the
‘learning’ theme), (iii) an expectation of future benefits for schooling and career (the
‘importance’ theme), (iv) a perceived competence to carry out the proposed internship
activities successfully (the ‘perceived competence’ theme) and, finally (v) interest in
meeting and interacting with people with similar interests (the ‘social interactions’ theme).
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More than two-thirds of the students mentioned their interest in science (and/or in the
subject and activities) as a reason for participating in SIP, which shows interest in an
activity for its own sake (a form of intrinsic motivation). Of these students, the
overwhelming majority reported their interest in science as body of knowledge, one in
four expressed an interest in science as an inquiry process and only approximately 10
percent mentioned their views about the social implications of science and technology.
The ‘interest’ argument was the dominant theme across all the groups differentiated by
gender, type of institution and scientific domain. However, boys were more likely than
girls to voice their interest in science, particularly as a body of knowledge. Girls more
frequently expressed their attraction to science as an inquiry process. Scientific research
institutions were also more likely to attract candidates who highlighted their interest in the
processes of science.
More than half of the students expected an opportunity for conceptual learning and skills
development from SIP. Yet only a small minority of all candidates (4 percent) anticipated
the experience of new instructional methods, such as inquiry, discovery or work-based
learning. However, the desire to be involved in diverse forms of practical work was
expressed by approximately a quarter of the students. Moreover, more than two-thirds of
the candidates expressing willingness to engage in practical work were girls.
The third most commonly cited reason for participating in SIP was its importance for the
future – a ‘goal-oriented’ motivation of the kind that Decci and Ryan define as the most
self-determined form of extrinsic motivation (2000: 23). The occurrence of this theme
varied significantly with gender (girls tended to use it more frequently), type of institution
(a higher incidence among candidates to research institutions) and scientific domain (the
most frequent occurrence was in the medical sciences). The category that contributed
most to the overall differences in gender within the theme was ‘vocational indecision’, as
girls were more likely than boys to express their career uncertainties and to expect help
and advice in this respect. On the other hand, the research institutions were more likely
than others to attract candidates focused on their research-related career aspirations and
who articulated the benefits they saw for their future university studies and who expected
to acquire professional experience that would be useful for the future of their careers.
Approximately 16 percent of the students indicated belief in their competence as a reason
for participating in SIP. This self-perceived competence is assumed to be an important
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indicator of motivation, persistence and willingness to face challenges (Bandura, 1997;
Patrick & Yoon, 2004). Strikingly, only 2 percent provided information about their school
achievement. The majority of the students using the ‘competence’ argument preferred to
cite their out-of-school experiences, and particularly their involvement in science projects.
Moreover, of these, 90 percent mentioned experience of SIP projects in previous years.
Overall, boys were more likely than girls to cite their ability to cope successfully with the
internships for which they were applying.
Perhaps because the candidates did not perceive interest in social and peer interaction to
be a relevant argument to support their applications, only a small number of candidates
mentioned their willingness to make contact with scientists and/or other students in their
applications.

Strikingly, after having participated in their internships, the students’

positive references to their interactions with scientists and peers were respectively the
second and third most endorsed reason for having enjoyed their internships.

The Students’ Perceptions of SIP
The purpose of this question was to examine what the students felt to be the most
important characteristics of learning science through the experience of working alongside
scientists in their workplace. A total of 1,171 students’ final reports (responses to the
Ciência Viva Questionnaire (CVQ)), covering a three-year period, were analysed using the
same mixed-method design already applied to the study of their applications. In addition, a
second instrument, the Students Perceptions Survey (SPS), specially designed for this
study, was administered to 481 students who attended SIP in 2005 and then used as an
instrument for quantitative analysis and comparison with the findings drawn from the
CVQ.
A quantitative analysis of the responses to the closed items of the CVQ revealed the
following results. Overall, the students’ evaluation of SIP was extremely positive, with the
overwhelming majority of respondents rating it as ‘excellent’ or ‘good’ (respectively 51
percent and 43 percent). However, the rating of the ‘overall evaluation’ item was
influenced by type of institution, scientific domain or internship duration. Students in
research institutions rated their internships more highly than those in non-research
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institutions. The same trend was apparent with internees in medical science internships
when compared to other scientific domains (e.g., 70 percent of those in medical sciences
rated their internships as ‘excellent’, whereas only 38 percent of those in engineering and
technology did the same). Four out of five respondents attended SIP because they intended
to pursue a science-related career. Although most students were happy with the timetable
and the level of difficulty in the internships, more than one-third thought that the time
period was too short. However, the fact that the respondents who viewed their internships
as ‘short’ had the second highest level of satisfaction suggests that being ‘short’ should
not be considered as a negative quality per se; it is also as an indication that the students
enjoyed their experience so much that they wanted it to last longer.
The analysis of the responses to both the CVQ open-ended questions and the SPS items
revealed results that are consistent with previous research on science education and
particularly with domain-related research on summer science enrichment programmes. A
first indisputable finding is that, for the large majority, the most enjoyable experience of
the internship was the opportunity to engage in practical work in an authentic real-world
science context. Indeed, the importance of practical work in science education was
extensively stressed, particularly when related to the physical phenomena that students
encounter in everyday life (see §2). In Portugal, according to recent surveys, teachers
think that hands-on science is an effective tool for motivating students (Costa, Marques &
Kempa, 2000), yet few use it (Livro Branco da Física e da Química, 2002). Students’
preference for practical work has also been confirmed by studies of enrichment
programmes and summer science internships (Sharp, 1994; Evanciew, 1994; Templin &
Doran, 1999; Tuss, 1993; Barisa & Holand 1993; Rahm & Moore, 2005; Schenkel, 2002).
In the case of the present study, the students’ enjoyment of their hands-on experience was
not dependent on any particular teaching approach, such as inquiry or discovery learning.
Indeed, if some students praised the opportunities they had to design and implement their
own projects, others found such autonomy disorienting or saw it as a sign of poor timemanagement. But involvement in practical activities earned unanimous applause, and this
was justified by the students themselves in the following terms. Firstly, practical work was
seen to make understanding of science concepts easier because it gave student experience
of the real-life applications of academic subjects. Secondly, and consistent with previous
research (Bequette, 2005; Bleicher, 1994a, 1995; Schenkel, 2002), the students
particularly appreciated the fact that the activities were conducted in state-of-the-art
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science facilities which provided opportunities to try out up-to-date techniques and
equipment not normally available at school. Finally, many students reported their
satisfaction at having demonstrably taken part in on-going scientific research or, at least,
in the everyday tasks characteristically performed in a professional science setting – a
result which corroborates the findings of previous studies (Barab & Hay, 2001a;
Richmond & Kurth, 1999; Ritchie & Rigano, 1996; Ryken, 2003).
The second most commonly cited statement in the students’ responses to CVQ was about
interaction with the scientists. It was also the most highly rated statement in the survey,
showing the high value placed upon being surrounded by experts who were always
available, providing help and clarifying issues and problems. The educational advantages
of such interaction have been extensively highlighted by previous research into students
working in scientific laboratories (Barab & Hay, 2001a; Bequette, 2005; Bleicher, 1994a,
1995; Ritchie & Rigano, 1996; Schenkel, 2002), not only because it changes the students’
images of scientists (Jelinek, 1998), but also because it provides role models for a future
science-related career (Cavallo et al., 1999) and gives students their first exposure to the
discourse of the scientific community (Bleicher, 1994a), itself a central tool for the
development of an identity as a scientist (Richmond & Kurth, 1999). As this study shows,
such advantages were also frequently voiced in the students responses to the CVQ.
Moreover, in expressing their views about the scientists’ observed behavioural and
personality traits, the internees depicted them as ‘nice’, ‘available’, ‘helpful’ and
‘friendly’, qualities which, combined with the scientists’ knowledge and enthusiasm about
their work, constituted a strong boost for the students’ motivation to learn.
But it was not only the interaction with the scientists that led to the students’ satisfaction
with their SIP experience. Interaction with other students with similar interests was the
third-most-cited reason for their enjoyment. The fact that they worked in mixed-school
groups was also cited as a stimulus to co-operate with colleagues whom they had not
previously met. Indeed, the role played by peer interaction in science learning, particularly
amongst highly motivated students and/or underrepresented groups in science, has been
extensively acknowledged by previous research (Goldberg & Sedlacek, 1995; Koch, 1998;
Meyer, 1998; Lee, 2002; Stake and Mares, 2001; Stake & Nickens, 2005).
Science enrichment and intervention programmes normally include among their goals the
introduction of the participants to career options in science, mathematics and engineering,
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as well as encouragement to go on to higher education in these domains. Research into
the impact of such programmes has highlighted their positive effects on student interest in
science-related careers (Cavallo et al., 1999; Chacon & Soto-Johnson, 2003; Davis, 1999;
Goldberg & Sedlacek, 1995; Wilson, 1993). However, it is important to remember that, in
the case of the present study, the SIP is not designed as a science intervention programme
and therefore does not explicitly aim to address specific problems associated with
students’ low interest in science-oriented careers, nor does it aspire to attract groups that
are underrepresented in science, such as women and/or ethnic minorities. In fact, data
from this study suggest that the majority of the participants (82 percent) engaged in SIP
because they were already interested in a science-related career. Therefore the effects of
the programme should be seen more in terms of its capacity to reinforce students’ interest
and/or to assist them in their choice of a specific career domain. In this respect, this study
has shown that the students’ participation in scientists’ professional work and the handling
of scientific equipment were positively correlated with a developing self-perception as a
scientist. The growth of an identity as a scientist was not only confirmed by the students’
responses to open-ended questions in the CVQ, but also by the SPS, where more than onethird of respondents strongly agreed, and a further half agreed, that the internships led
them to feel like scientists, living ‘in loco’ the daily routine of science work. Moreover,
approximately 90 percent of the respondents to the SPS agreed that what they had learned
in their internships was very important for their professional future. However, although
more than 60 percent of the SPS respondents agreed that the internships had been helpful
in their choice of career, this was also the statement with the largest disagreement rate. In
addition, opportunities for clarifying career choices or for career advice did not seem to be
frequent enough to justify particular attention in the students’ written responses to the
CVQ. But, on the other hand, if one considers only that group of participants who were
uncertain about their career choices and who expected help and advice in this respect, the
data suggest that it was these individuals who benefited by gaining insights into the career
opportunities provided by their experience in the internships.
The students’ perceptions of SIP were significantly influenced by gender. In terms of an
overall evaluation, the findings suggest that girls valued their internship experience more,
as they were more inclined than boys to rate them as ‘excellent’ and to recommend them
to their friends. Girls were also more likely than boys to value their interaction with
scientists, the opportunities they had for clarifying career options, the importance of their
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experience for their professional future and, finally, the development of their identity as
future scientists. These gender-related differences in the students’ perceptions , as well as
the differences in the ways they were motivated in relation to the programme, and
participated in it, will be discussed later in this study.

Learning Science with a Practising Scientist
As a participant observer in the Ipatimup internships during the summer in 2003 and 2004,
I had the opportunity to gain insights into the multiple realities that are likely to be
encountered by secondary school students in a summer science internship at a professional
research laboratory. The need to examine the types of activities, social processes,
interactions and discourses occurring between students and scientists justified a more
qualitative and naturalistic approach and, most importantly, provided an opportunity to
relate the findings obtained by this approach to those that emerged from the analysis of the
students’ perceptions of SIP.
The evidence showed that the aspect that students enjoyed most about their experience in
SIP was the extended opportunities for engaging in practical work. The observational data
from the Ipatimup are consistent with this finding since the apprentices spent most of their
time in laboratory practices. Although scientific knowledge was acquired from diverse
sources, including the reading of research papers, access to relevant information on the
Internet, or direct teaching in mini-lectures, conceptual understanding was always
enriched through practice, emerging from contexts that demonstrated their functional
meaning, in such a way that students could see concepts flowing into activities and
processes. Throughout their internship at the Ipatimup, the apprentices came to appreciate
that understanding a particular phenomenon involves conducting experiments, discussing
results with other members of the laboratory and communicating findings to other
scientists in conference presentations and published articles. The practical nature of the
interactions between the apprentices and their mentor created an environment in which
science was understood not just as a body of knowledge created by the scientific
enterprise, but rather as a subject that embraces both a body of knowledge and the
processes by which that knowledge is developed and verified.
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The practices in which the apprentices were involved during their internship largely
involved experiments that yielded data. These data either confirmed or failed to support
hypotheses that apprentices had formed about the forensic project they were carrying out.
The knowledge of how these experiments were conducted, the sources of error that might
be expected in them and the ways in which potentially contradictory evidence was dealt
with and discussed became the key to understanding the processes of doing science.
Although their focus was on a mini-forensic exercise, the apprentices blended in with the
ongoing practice of science by conducting the type of investigation that was part of their
mentor’s research agenda, and they used the techniques and procedures that went along
with that. Moreover, consistent with what was reported by the majority of the SIP
students, the Ipatimup had access to up-to-date equipment and techniques not commonly
available at school or even possible in a school context. Although it is important to
recognize the limitations of a two-week internship and the fact that the technical and
scientific knowledge of secondary school students is not comparable with that of
traditional apprentices who have been through undergraduate or doctoral studies, the
Ciência Viva apprentices at the Ipatimup managed to master core techniques in
sophisticated genetics engineering, including DNA extraction, PCR, gel electrophoresis,
DNA sequencing, automatic sequencing and data analysis of DNA sequences, with a
striking degree of autonomy.
Central to the learning of these techniques in a such a short time was the role played by
student-scientist interactions. My participant observation at the Ipatimup showed the
extent to which these interactions were consistent with those reported by SIP students in
other Ciência Viva internships: constant availability of their mentor; easy access to the
Ipatimup researchers; a convivial and friendly atmosphere; student centredness; and the
mentor’s visible expertise in the subject. Moreover, as evidenced by the observational
data, the instructional nature of the student-scientist interactions went beyond activities
typical of traditional apprenticeships in scientific laboratories. Indeed, although the
features of such apprenticeships were clearly visible, such as modelling, coaching and
scaffolding, the scientist mentor at the Ipatimup showed evidence of a pedagogical
practice which went beyond the normal patterns seen in typical graduate student
apprenticeships. She achieved this by giving apprentices responsibility for a research
project of their own, led by a research question, thereby providing the apprentices with an
immediate insight into the whole process. This strategy provided a foundation for
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apprentices’ understanding of the purpose of each individual experiment and was also
central in maintaining their motivation, focus on learning goals and sense of purpose.

Issues of Gender
As evidenced by the findings outlined so far, gender was the most influential variable in
this study. There were differences between boys and girls not only at the level of
engagement and participation in SIP, but also in terms of their motivations and
perceptions of the experience. These differences provided the impetus for a separate and
thorough discussion of this theme. I used both the results of domain-related research and
approaches to gender-inclusive science to discuss and illuminate the main gender-related
findings.

Gender, Motivation and Choice
Ciência Viva SIP was not designed as a science intervention programme for women. Yet a
striking feature is that, in each of the nine years analysed by this study, the programme has
always attracted more girls than boys. This is an indisputable fact and, most importantly,
one which cannot be attributed to the prevalence of any particular scientific field within
the programme. If we take the number of student applications as a statistical indicator of
the attractiveness of SIP, girls outnumbered boys across all the scientific domains (exact,
natural, technological, agricultural and social sciences). However, since each candidate
could (and did) apply for more than one internship, it is possible that girls selected more
traditionally ‘female -friendly’ internships as first choices, and put in the ‘male-friendly’
ones as alternatives. Nevertheless, the over-representation of female applications remains
a valid indicator of girls’ interest in engaging in this type of programme.
The use of actual enrolments provides a better barometer for comparison and discussion. If
we consider the same nine-year period (1997-2005), 59% of the student participants were
girls, which is consistent with other national indicators of women’s interest in science. In
2001, Portugal had the highest percentage of women students enrolled in the science,
mathematics and computer fields in higher education (50 percent) of all 25 members of the
EU‘ and was also above the EU average in other fields, such as health, agricultural and
social sciences. Moreover, in 2001, the percentage of women scientists in publicly funded
research institutions in Portugal was 48 percent. Additionally, where women possessed 18
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percent of the doctoral degrees in the 1970s, now they hold 46 percent of the PhDs.
Increased social mobility, a boom in schooling after 1974, and growing access to higher
education have all been put forward as historical and social explanations for the position
now held by women in science in Portugal (HGWS, 2001; Nunes, 1968)1.
It is important to discuss the results in international terms. Taking into account the
availability of the most recent statistics, I selected the SIP percentage of female
enrolments in 2001 and compared it to the percentage of women who enrolled in different
fields of higher education in the European Union and in the United Kingdom. One of the
main findings of this study is that the medical sciences was the SIP scientific domain with
the widest gender gap: three in four students involved in projects in these research
institutions were girls. The university enrolments in Portugal in 2001-02 were consistent
with this pattern as 77 percent of girls enrolled in medical sciences. And it was also
consistent with the general European pattern, as the percentages of women taking health
sciences studies in EU and in the UK were respectively 74 percent and 78 percent. The
same similarity occurred in the science, mathematics and computing fields: the figure of
36 percent for girls in SIP is quite close to those of 38 percent and 39 percent observed in
the EU and UK.2 However, a major difference occurred in engineering. While, in SIP, the
percentage of girls involved in engineering reached 46 percent, in the EU, it was 22
percent and only 16 percent in the UK. These data suggests thus that both the overrepresentation of women in health sciences and their under-representation in science,
mathematics and computing, which characterized girls’ participation in SIP, are consistent
with the overall trend in Europe and, to some extent, with that of the United States3.
Consistent with these national and international figures, but also in line with earlier studies
of course selection in summer science programmes (Stocking & Goldstein, 1992; Wilson,
1993), the findings drawn from SIP applications and enrolments show that girls and boys
selected different scientific subjects. Having studied a large sample (N = 795) of students
in a summer programme in the U.S., Stocking and Goldstein (1992) found no gender
differences in achievement; but ‘even for this academically talented sample, students
chose courses along traditional gender lines’ (1992: 10). Wilson’s (1993) research found
1

Even in the 1960s, Portugal had more women studying science than most European countries (Nunes,
1968).
2
Source: Eurydice, Key Data on Education in Europe.
3
In 2001-02, the percentage of American women who achieved a bachelor’s degree in health sciences was
73%, whereas in science, mathematics and computing it was 38% (NCES, 2002).
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the same type of gendered students’ preferences, but went a little further in eliciting the
participants’ reasons. In parallel with the data in my study, Wilson found that ‘interest’ in
the subject matter and future ‘usefulness’ in terms of school, university or career were the
students’ most frequently endorsed reasons for enrolling. Wilson also found that,
‘compared to males, females less often chose classes because they thought they would do
well in them’ (1993: 10) – another finding that is consistent with my research, in which
boys were more likely to display their perceived competence and expectation of success
(see §8). A striking finding in Wilson’s study was that, compared with boys, girls were
more likely to enrol in programmes that they perceived as challenging, different than usual
and not offered at school.(1993: 9).
These findings appear to suggest that, as Solomon (1997) has pointed out, ‘liking or
finding interesting some aspects of science’ is not enough to justify individual preferences,
which may be more a matter of the ‘construction of personal choosing, and cultural
persuasion’ (1997: 412). Indeed, beyond the specific area of research in science
enrichment programmes, science education literature has proposed many explanations for
gender differences in science subject preferences and involvement, ranging from direct
discrimination to the processes associated with gender role socialization. The wide variety
of possible explanations is beyond the scope of this study. However, a possible synthesis
might group potential reasons into three main categories: (i) extrinsic to school, such as
lower expectations of parents, lack of female career models (Seymour & Hewitt, 1997),
gendered games and toys (Harding, 1996) and internalized conventions of gender
appropriateness of careers (Taber, 1992); (ii) intrinsic to school, such as the male
dominant physics curriculum (Hughes, 2001), unintentional favouritism towards malestudents in the classroom (Guzzetti & Williams, 1996), particularly in physics classes
(Lemke, 1990; Kelly, 1998), or competitive culture of the physics class (Kondrick, 2003;
Zohar & Sela, 2003); and, finally, (iii) girls’ attitudes towards science in general, and to
certain specific topics, particularly those which seem to attract the boys’ preferences, such
as energy, waves, acceleration, electricity, forces and energy sources (Friedler & Tamir,
1990). Furthermore, large-scale research carried out in developing and developed
countries has highlighted that topics related to life, aesthetics or personal issues seem to
appeal more to girls (Sjøberg, 2000).
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Others,

however,

claim

that

the

association

of

gender

differences

with

masculine/feminine dualisms, where physical science is seen as abstract and thus equated
with masculinity and biology is ‘humanized’ and constructed as feminine, reflect an
essentialist approach and run the risk of providing arguments for the reproduction of
gender inequalities (Arnot, 2002; Dillabough, 2003; Brickhouse, Lowery, & Schultz,
2000; Brickhouse & Potter, 2001). In line with this criticism of the essentialist approach,
Hughes (2001) suggests that gendered student scientist identities derive from discourses of
power and

gendered constructions of the science curriculum, and should also be

approached from the viewpoint of ethnicity and cultural diversity. This was the case, for
example, in a study of the science education of Asian girls (Solomon, 1992), which
showed that they are more likely to have science as a favourite subject than non-Asian
girls, and that they had the support of their mothers in this respect. However, as Solomon
pointed out, this preference for science ‘may have as much to do with trying to qualify for
a prestigious career – a doctor or teacher – as with an intrinsic interest in the subject itself’
(1992 : 14).
The findings in my study support this position in several ways. Firstly, the medical
sciences was the domain of preference in the girls’ applications; they also constituted the
domain with the largest gender gap: three times more girls than boys. Secondly, when
asked about their motivations, girls were less likely than boys to justify their choice on the
basis of intrinsic reasons, such as the interest in the subject and/or in its specific activities.
On the other hand, the fact that girls also outnumbered boys in traditionally masculine
areas of study, such as exact sciences and engineering, also suggests that the
understanding of women’s science education preferences should not over-rely on
essentialist explanations, such as the often assumed feminine tendency for choosing careoriented careers or body-oriented subjects. Moreover, as mentioned earlier, the findings
from research on the growing influence of Portuguese women in science have exposed the
significance of historical and social factors. Among these, the role of parental and home
support has not yet been fully addressed in Portuguese science education research
(Cardoso & Solomon, 2002). The analysis of the students’ reported reasons for enrolling
in SIP provided some evidence of parental influence. However, my study did not have the
appropriate instruments to investigating this issue more fully. This is a limitation that
needs to be addressed in future research.
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The strong presence of girls in most of the SIP scientific domains should not hide a
persistent under-representation in physics and in electrical and computer engineering
(these attracted only 3 percent of the girls’ applications). It is unlikely that historical,
social and cultural considerations fully explain this phenomenon.
In addition to the above explanations, studies on career choice and development,
particularly those affiliated with socio-psychology frameworks, have proposed different
approaches to the understanding of women’s educational and occupational choices. These
choices are seen as complex and personal, framed by social expectations and interactions.
In line with this approach, Eccles (1994) drew a model based on individuals’ expectations
of success, valorisation of goals and perceptions of social appropriateness to explain girls’
educational choices. In simple terms, the idea here is that, being sensitive to the
encouragement or discouragement of social agents valued by the person, individuals tend
to consider those options that are consistent with gender-role stereotypes. Psychologyoriented explanatory models become even more complex when issues of self-concept,
self-confidence and self-efficacy are brought into the equation. Girls are assumed to have
lower self-efficacy than boys, particularly in physics and mathematics (Post-Kammer &
Smith, 1985). In fact, contradictory evidence has been found in relation to the issue of
whether girls and boys differ in their expectations of success at different subjects. Eccles
et al. (1994) found that girls were less confident of success than boys in science-related
professions and in traditionally male labour jobs, but more confident than boys in healthrelated and female-type occupations. However, this finding relates to average students,
who may be more sensitive to social pressures to assume gender-role stereotypes. Indeed,
Eccles (1994: 593) also reported several studies where no gender differences were found
‘in measures of self-concept, locus of control, general self-confidence, assertiveness and
self-esteem’.
The data in my study do not provide a straightforward insight to illuminate this
contradictory evidence. Statistical differences were found between boys and girls in
indicators which may be interpreted as evidence of gender difference in perceived
competence (see §8). Boys were more inclined than girls to stress their prior experience,
personal qualities and school achievement. But, instead of looking at this as evidence of
higher self-efficacy, I take it rather as an evidence that boys are more likely to display
their self-concept as argument to support their application, in that they take believe it will
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score highly in the selection criteria. There is, however, another type of evidence which
may support the idea of boys’ stronger assertiveness and self-confidence. When compared
with boys, girls were more likely to voice their career uncertainties, to expect help and
advice in this matter, and to look at the internships as a way of testing their capacities and
vocational aspirations. What the data do not support is Eccles’ (1994) claim that the
contrasting results depend on male-oriented or female-oriented subjects or careers. In
terms of that topic, the findings in my study were consistent across all scientific domains.
In many ways, the internships were perceived differently by female and male respondents.
Girls valued a number of aspects of the experience more than boys as part of the
development of their identity as future scientists. In particular, these were the
opportunities for the clarification of their careers and the importance of what they learned
for their professional future, the experience of using specialized equipment not available at
school and, ultimately, their feeling of themselves as scientists.
As noted above, research has suggested a wide range of theories to understand the
different ways in which boys and girls connect to science: parental influence, bias in
science education and materials, teacher attitudes and differential treatment of boys and
girls in the classroom, together with culturally gendered roles and expectations. More
recently, research has drawn our attention to the pivotal role of another factor: peer
influence. This influence has been noted at two main levels: (i) the students’ attitudes
towards, and involvement in, science and technology and (ii) their expectations about their
future lives as scientists. Peer influence was not reported as a major factor in the SIP
applications. However, when leaving their internships, the students’ reports showed a
considerable shift. The ‘social theme’ (student-scientist and peer interactions) was, after
the hands-on experience, the most frequently endorsed positive theme in the students’
perceptions of SIP. In addition, girls were more inclined to report the advantages of their
peer interactions than were boys. These findings corroborate the assertion by Stake and
Nickens (2005) that high school students who participated in summer science programmes
increased the level of

expectation of themselves as future scientists as a result of

experiencing positive peer relationships in a professional science context. This is also
consistent with a previous study (Stake and Mares, 2001) reporting that science
enrichment programmes had been effective in helping students to develop and sustain
personal relationships with other science students. Further, both studies highlighted the
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fact that girls were more likely to report on, value and sustain those relationships. A
longitudinal study (Lee, 2002), surveying 320 summer programme students, also suggests
that the peer relationships formed in summer programmes are more influential for girls
than boys. Further, drawing on ‘identity theory’, Lee also found that, in terms of the
development of identity as a scientist, ‘girls may be more influenced by newer
relationships, while boys maintain resistance, preferring to remain loyal to longer-term
social ties’ (2002: 368). Goldberg & Sedlacek (1995), in their study of a summer
programme in engineering for high school women, published similar findings: the
majority of the students stated that being with female peers had a positive effect on their
learning experience and contrasted it with the pressures they used to feel in their school
physics classes. Peer support was also increased by a sense of community which sustained
the students emotionally and academically. Research in science education and gender
which has suggested that girls might benefit more than boys from this type of programme
may help to compensate for the widespread social stereotype of science as a male domain.
This is particularly important as, in school, boys tend to receive more encouragement from
science teachers (Drudy & Chatháin, 2002; Guzzetti & Williams, 1996) and are more
likely to have a network of friends who support and encourage their interests in science
(Kelly, 1988). Science education researchers have also stressed that girls learn best
through an ‘engaged pedagogy’ that promotes student participation in a supportive
environment (Koch, 1998; Meyer, 1998, Stake & Mares, 2001).
When reporting on their perceptions of SIP, girls were also more inclined than boys to
value their interaction with the scientists and mentors. This may be consistent with the
issues noted above in respect of peer influence, but it may also be an illustration of what
has been said in the wider literature about the girls’ sensitivity to the student-centredness
that characterized the SIP mentor’s teaching style. Another possible explanation is that
girls were exposed to role models of successful female practising scientists, which are
lacking in schools and in the historical examples covered in science textbooks.
Connections between coursework and real-world issues, hands-on activities, cooperative
learning and group projects are believed to benefit all learners, regardless of gender. But
although beneficial to all learners, research indicates that these types of learning
environment are more girl-friendly. Indeed, the fact that girls in SIP appeared to be more
aware of (or attach more importance to) the unprecedented opportunities they had to
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handle ‘new’ and ‘sophisticated’ equipment is consistent with previous research on
women and science. The literature has stressed that girls may benefit from opportunities to
use science equipment because they are not as experienced as boys in out-of-school
science-related activities. (Stake & Mares, 2001). Phillips et al. (2002), who followed up
high school girls one year after participation in a summer science programme, found that
those students who had maintained or increased their interest in science were the ones who
‘indicated that their interests in science stemmed from an interest in hands-on activities’
(2002 : 243).
The findings in this study highlight issues of gender but a full explanation of this
dimension is out of its scope. Findings unequivocally suggest the persistence of barriers in
particular areas, as described above. However, the principal finding suggests that girls’
choices do not fully align with traditional male or female stereotypes. This indicates two
things. Firstly, there are still areas that justify a specific focus by Ciência Viva on the
development of female-specific action programmes and initiatives, particularly because
girls’ resistance to participation in areas such as physics means that jobs with a high
component of mathematics and physics will be barred to them as women. But such a
strategy will need to be sensitive to the differences that exist among girls and fully respect
their subjectivities and shifting identities, rather than simply calling for a new science
education agenda based on hypothetical ‘natural’ differences between girls and boys. The
challenge, for Ciência Viva and other educational initiatives, will centre on the ability to
develop a programme of action which pays simultaneous attention to the ‘learned’
communalities of womanhood and to the differences among women, in the diversity of
their subjectivities and their individual responses to the impact of gender.

11.2 Implications
The literature review in this study has shown how since the early nineteenth century
science education has been pursuing twofold, and overlapping, goals. One has been the
promotion of scientifically literate citizens, capable of independent thought and
autonomous action, and the other has been to produce qualified professionals, able to
provide the scientific and technological foundations of prosperity and well-being. Schools
have always been at the service of these goals for they play a key role in laying down the
knowledge and skills needed for lifelong science learning. However, over the last few
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decades, problems associated with underachievement and under-representation of women
and minority groups in science and with decreasing enrolments in science-related subjects
have resulted in calls for education reforms that aim to improve and sustain students’
interest in science learning. Responding to these, science education research has been
proposing the idea of to bridging the gap between learning science and doing science, in
the expectation that more authentic learning environments would help us face up to the
challenge of getting students to ‘do (real) science’ which resembles, as closely as possible,
the way science is practised in professional settings.
Such calls for more authentic instructional design are grounded in the idea that all human
activity, including learning, is situated and contextually embedded. The basic premise is
that because school practices do not have the contextualized nature of the professional
practices they seek to model, and because they are abstract representations of real-world
activities, they are barely effective as teaching strategies. Consequently, school science
should be made more like professional science. Findings from the sociology of science,
and particularly those drawn from social studies of science laboratories, should provide
the blueprints to drive the reconstruction of school activities to reflect more authentic
science practice and culture.
There is, however, a manifest contradiction in these premises. If, as sociologists and
educationalists have long recognized, all meaning is contextually and situationally
embedded in human social life, this theory will apply universally across all human
activities. If the meaning that scientists attach to their activities is embedded in the
circumstances and contexts of professional science, there is no reason to believe that
school science does not have its own situations and contexts. Professional science and
school science are intrinsically dissimilar. They are different because they have different
purposes and because they are undertaken in different contexts. This is, after all, the very
principle of situatedness and meaning-in-context. It is therefore a mistake to try to
eliminate the distinction between professional science and school science by ‘fixing’ the
latter to make it more like the former. In sum, the point is not to bridge the gap between
real science and school science, but to recognize their differences and take from the
findings of social studies of science the insights they really can provide, namely ways and
means to develop and improve students’ understanding of the nature of science.
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From what has been outlined so far, the major implications of my study do not suggest
that its findings should be translated into guidelines for transforming school science
environments into more professional, laboratory-like settings but rather (i) to encourage
educators to acknowledge and understand the potential benefits that a contribution from
the scientific community can make to science education, not as an alternative, but as
complementary to school science and (ii) to understand the benefits from the point of view
of the students, that is the added value of learning in professional scientific laboratories.
The longevity and sustainability of Ciência Viva SIP over the last decade provides lasting
evidence that the scientific community is willing and available to participate in cooperation between professional science and school science by providing opportunities for
secondary school students to have first-hand contact with the processes of science, the
physical and social settings in which these unfold and, ultimately, the social implications
of science and technology. This study has shown that such co-operation is not only
possible but feasible, provided that an organization with strong links to both policymakers and scientific institutions is capable of acting as a promoter, putting in place the
mechanisms that enable the scientific laboratories to advertise their internship programmes
nationwide and facilitate students’ access to their educational resources and provision.
Education reformers and policy-makers who are interested in setting up a similar
programme must take into account the needs and motivations of the students who are
willing to participate. Since the findings of this study suggest that the senior secondary
students who seek this type of educational provision during the summer holidays are
intrinsically motivated, goal-oriented and self-determined, they are more likely to be
attracted by education programmes that positively answer their expectations and needs.
These comprise, first, their enthusiasm for practical work, particularly where it forms part
of the on-going research agenda of the institution; secondly, their willingness to expand
their knowledge and skills by working alongside experts in science practices to address
real-world needs. And finally, their expectation of help and advice in career decisionmaking.
The findings derived from both the analysis of the students’ perceptions of SIP and the
participant observation of the Ipatimup internships suggest a number of implications for
practice. These are summarized in the following terms.
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The Engagement of Students in Applied Learning.

Many students contrasted their

experience at SIP with their view of school science as being too theoretical, and
disembodied and remote from, practical purposes, to the extent that it becomes almost
meaningless. In their opinion, scientific principles were better understood when linked to
real-life applications or applied to their everyday lives. For many students, projectoriented learning was particularly appreciated. In the case of the Ipatimup, it proved to be
effective in sustaining motivation and fostering conceptual learning and skills
development.

The Provision of Up-to-Date Technology and Equipment.

Students’ were particularly

motivated by working with equipment and technology that is actually used by the
scientific community. Although they experienced some initial difficulties, the great
majority of participants felt that direct support from their mentors helped them to
overcome their limitations. Far from being intimidated by the degree of sophistication of
techniques and equipment, the most highly rated statement in the survey was related to the
fact that participants had the opportunity to handle resources not commonly available at
their schools. Indeed, the observational data from the Ipatimup internship demonstrated
that, after a short period of modelling and coaching, students were able to cope
successfully and autonomously with techniques and resources which were part of the
scientists’ toolkit.

The Provision of Opportunities to Interact with Scientists. The overwhelming majority of
the students felt that the close interaction with scientists had been a relevant source of
motivation in their learning of science. The obvious differences between professional
science practitioners and secondary school students in level and depth of knowledge and
skills was not cited as an obstacle to communication. On the contrary, for many students,
the scientists’ expertise and their enthusiasm for their work was a strong motivational
factor. The opportunities for collaboration with the scientists’ research provided a sense of
belonging to the laboratory community, reinforced the students’ perception of themselves
as scientists and helped to hold their interest in on-going learning activities. Conversely,
the absence of well-defined student-scientist interaction was a source of discomfort and
disorientation for some students. Those who had difficulties were often those who were
expected to get help from whoever was available. Therefore it is strongly recommended
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that students have, from the outset, a mentor who is available and clearly assigned to
them.

The Importance of Initial Guidance and Conceptual Learning.

Ipatimup runs a brief

induction at the beginning of the internship, which helps the students to understand many
of the principles to which they would need to adhere later on. Although most SIP students
preferred practical work and ‘complained’ about taught sessions, they also recognized the
importance of conceptual learning. For many, the absence of a formal theoretical induction
was a matter of concern. Since secondary school students are likely to know far less theory
than undergraduate students, more explicit instruction is required, particular at the initial
stages. Otherwise, as some students pointed out, they struggled when they were expected
to learn from direct observation and modelling without the necessary experience or
theoretical background.

The Promotion of Critical Thinking.

The SIP students particularly appreciated the fact

that they had been encouraged to think for themselves and to adopt a sceptical attitude
towards received knowledge. It is crucial that students are helped to develop key features
of scientific reasoning, such as predicting, observing, measuring, classifying, inferring and
communicating. This can only be achieved by constant attention and high levels of
demand and challenge from their mentors. Opportunities should be provided for students
to build on their own ideas, but also to require that these are validated against sound data
and evidence. New information should be linked to students’ prior knowledge, and this
should be done by respecting their ideas, constructing parallels between these ideas and
the scientist’s on-going research agenda, and guiding them in overcoming naïve concepts
about causal relations in the construction of evidence-based knowledge about the physical
and the social world.

The Encouragement of Teamwork and Peer Relations. There is a large body of literature
highlighting the importance of social networks in promoting and sustaining students’
interest in science learning. The findings of this study corroborate such claims. The
students’ third-most important reason for having enjoyed their internships was the
building of new relationships with young people with similar interests. Peer group support
was particularly valued, but many students who attended programmes as the only intern
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also noted that their level of engagement and motivation would have increased if they had
had the opportunity of interacting with other students with similar interests. Whenever
possible, internships with a single intern should be avoided.

The Allowance of Time for In-depth Work. Internship duration is an interesting issue, and
providers need to consider it carefully, Clearly, two weeks is a reasonable length of time
because, even when students wanted the experience to go on for longer, they still regarded
it as very valuable. A period of less than two weeks is not recommended, but it may be
useful for institutions to experiment with longer timeframes or with flexible ways of
prolonging the experience, particularly with students who are highly motivated and
engaged.

Understanding the Nature and Culture of Science.

Reflecting the debate about the

purposes of science education, previous research into students’ learning in scientific
laboratories has discussed whether the main goal of science enrichment programmes is to
prepare professional science practitioners, or to promote the scientific and technological
culture of those students who are not aiming at a science-related career but who seek an
active engagement with scientific ideas. These goals do not necessarily have to be
incompatible. For those who aspire to a science-related career, the understanding of how
scientific knowledge is produced within scientific organizations and institutions increases
their confidence and preparedness to face the professional world of science. For the others,
such understanding makes science more transparent, particularly if their internships
provide direct experience and understanding of how funding is obtained, spent and
accounted for, how scientific work is socially organized and how scientific knowledge is
evaluated, verified and communicated.

The Provision of Support for Mentors. Expertise in the process of mentoring, by fostering
learning, providing a mix of support, challenge, scaffolding and, where appropriate,
formal instruction, is of critical importance to the success of these internships. To
minimize the risk of students having negative experiences because of a lack of skill and
sensitivity on the part of mentors, providers should consider offering training programmes
to those who volunteer to take up the role. Such training will need to stress the importance
of seeing the skills of mentorship as a legitimate and important part of the professional
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practice of science, as it is about supporting the development of the next generation of
scientists, and to highlight the importance of adding value to school science education,
helping to make it more effective and motivating for students.

11.3 Summary
This study began as an investigation of a national science education scheme designed to
provide senior secondary school students with opportunities for direct contact with the
reality of scientific research by working alongside science and technology practitioners in
scientific organizations. Such a scheme – the Science Internship Programme - was
implemented in Portugal by the Portuguese National Agency for Scientific and
Technological Culture – Ciência Viva. It has been running successfully since 1997.
The inquiry was conducted as a case study combining a nationwide profiling of the
programme since its inception with a participant observation of senior secondary students
working as apprentices in the research laboratories of the Institute of Molecular Pathology
and Immunology of the University of Porto, a leading research institution in Portugal.
Within the framework of a mixed-methodology research design, empirical research was
carried out over a period of three consecutive years. The case study and survey were
combined with qualitative methods, such as participant observation, interviewing and
document analysis.
A combined analysis of the data and literature on science education and domain-related
research provided evidence that the scientific community has a decisive role to play in
improving both the science learning and the scientific and technological culture of
secondary school students. It found that Portuguese scientific institutions engaged
extensively in this mission and responded effectively to the needs and expectations of
highly motivated students who were seeking first-hand contact with the world of science.
The research findings and the implications of involving science and technology
practitioners as partners in the quest to improve science education are presented as a set of
recommendations. These are intended to serve as guidelines for education providers
interested in enhancing their students’ active engagement with the processes of science,
the social environment in which these unfold and, ultimately, with the social implications
of their application to real-world problems.
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APPENDIX 1

STUDENTS’ EVALUATION FORM

The data obtained with this questionnaire are exclusively for statistical purposes.
The confidentiality and anonymity of the responses are warranted.

Name:
Institution:
Programme:
Date:

Gender:
Age:
Grade:

Male

Female

Level of difficulty:

Too difficult

Adequate

Too easy

Interest:

Very Interesting

Interesting

Uninteresting

Duration:

Too long

Adequate

Too short

Timetable:

Good
Bad.
You were involved in this programme because:

Why?

You want to pursue a science and technology related career
in:
Scientific research (all areas)
Exact Sciences
Natural Sciences
Engineering and Technology
Medical Sciences
Agricultural Sciences
Social Sciences and Humanities
You enjoy science, although you do not want to pursue a
scientific career.
Another reason. Which one?
What did you enjoy
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most?
What did you enjoy
less?
Difficulties:
Suggestions:
Overall evaluation:

Excellent

Good

Fair

Poor

Please state your degree of agreement with the following opinions of students who
attended the internships in previous years.
Strongly
Strongly
Agree Disagree
agree
disagree
1. This internship helped me to choose a future
career
2. I had the opportunity to participate in the
scientific work carried out by professionals
3. The practical part of the internship was
important: we learned the theory and how to
apply it in practice
4. The researchers stimulated us to think and
question ourselves about what we were doing
5. This internship allowed us to put into practice
what we had learned instead of just observing
how things were done
6. A fantastic team spirit was created which
helped us to carry out our work
7. What I have learned may be very important for
my professional future
8. The researchers were always available to help
us and clarify our doubts
9. The researchers helped us to understand why
we were learning the theory
10. I have worked with materials and equipment
that don't exist in my school
11. This internship allowed me to 'get under the
skin' of a scientist, living 'in loco' the day-to-day
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routine of science work
12. I would like to recommend this internship to
my friends
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APPENDIX 2

Transcription Notation

The transcription notation used in this study are derived from the conventions developed
by Sacks, Schegloff, and Jefferson (1974). The symbols may be described as follows:

xx::

Extended or stretched sound on a word.

__

Underlying indicates vocalic emphasis.

(.)

Micro-pause.

(2.0)

Pauses are noted in seconds.

//

Double slash notes the point at which one speaker begins when overlapping
another.

=

The equal sign indicates a latch (i.e., speaker transition without gap or
overlap).

(( ))

Double parentheses includes a scenic detail.

**xx**

Asterisks note soft speaking.
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