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Abstract  One of the ways in which students can be taught science is by doing science, the intention 
being to help students understand the nature, processes, and methods of science. Investigative research 
projects may be used in an attempt to reflect some aspects of science more authentically than other 
teaching and learning approaches, such as confirmatory practical activities and teacher demonstrations. 
In this article, we are interested in the affordances of investigative research projects where students, 
either individually or collaboratively, undertake original research. We provide a critical rather than a 
systematic review of the field. We begin by examining the literature on the aims of science education, 
and how science is taught in schools, before specifically turning to investigative research projects. We 
examine how such projects are typically undertaken before reviewing their aims and, in more detail, 
the consequences for students of undertaking such projects. We conclude that we need social science 
research studies that make explicit the possible benefits of investigative research projects in science. 
Such studies should have adequate control groups that look at the long-term consequences of such pro-
jects not only by collecting delayed data from participants, but by following them longitudinally to see 
whether such projects make any difference to participants’ subsequent education and career destinations. 
We also conclude that there is too often a tendency for investigative research projects for students in 
science to ignore the reasons why scientists work in particular areas and to assume that once a written 
report of the research has been authored, the work is done. We therefore, while being positive about the 
potential for investigative research projects, make specific recommendations as to how greater authen-
ticity might result from students undertaking such projects.

Résumé  L’une des façons d’enseigner les sciences aux étudiants est de leur faire faire des activités sci-
entifiques, l’objectif étant de les aider à comprendre la nature, les processus et les méthodes de la science. 
On peut avoir recours à des projets de recherche et d’enquête afin de refléter plus fidèlement certains 
éléments relevant de la science qu’en utilisant d’autres approches d’enseignement et d’apprentissage, 
telles que les activités pratiques de confirmation et les démonstrations faites par l’enseignant. Dans cet 
article, nous nous intéressons aux possibilités offertes par les projets de recherche dans lesquels les 
étudiants, individuellement ou en collaboration, entreprennent des recherches novatrices. Nous propo-
sons un examen critique du domaine plutôt que d’y porter un regard systématique. Nous commençons 
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par examiner la documentation portant sur les objectifs de l’enseignement des sciences et la manière 
dont les sciences sont enseignées dans les écoles, avant de nous intéresser plus particulièrement aux 
projets de recherche et d’enquête. Nous analysons la manière dont ces projets sont généralement menés 
avant d’examiner leurs buts et d’évaluer de façon plus approfondie quelles sont les conséquences pour 
les élèves de réaliser de tels projets. Nous constatons que nous avons besoin d’études de recherche en 
sciences sociales qui rendent explicites les avantages potentiels des projets de recherche et d’enquête 
scientifiques. Ces études devraient comporter des groupes de contrôle adéquats qui examinent les con-
séquences à long terme de ces projets, non seulement en recueillant des données différées auprès des 
participants, mais aussi en suivant ceux-ci de manière longitudinale de façon à voir si ces projets font 
une quelconque différence dans l’éducation subséquente et les destinations professionnelles ultérieures 
des participants. Nous concluons également que les projets de recherche et d’enquête des étudiants en 
sciences ont trop souvent tendance à ignorer les raisons pour lesquelles les scientifiques travaillent dans 
des domaines particuliers et à supposer qu’une fois que le rapport de recherche a été rédigé, le travail est 
terminé. Par conséquent, tout en demeurant optimistes quant au potentiel que représentent les projets de 
recherche et d’enquête, nous formulons des recommandations particulières en ce qui a trait à la manière 
dont une plus grande authenticité pourrait résulter de la réalisation de tels projets par les étudiants.

Keywords  Science investigative research projects · Student autonomy · Student engagement · 
Authenticity

Introduction

Many young people are interested in science but do not necessarily see themselves as able to become 
scientists (Archer & DeWitt, 2017; Archer et al., 2015). Others may not want to become scientists even 
though they may see themselves as succeeding in science (Gokpinar & Reiss, 2016). At the same time, in 
many countries, governments and industry want more young people to continue with science, primarily 
in the hope that they will go into science or science-related careers (including engineering and technol-
ogy), but also because of the benefits to society that are presumed to flow from having a scientifically 
literate population. Making science more inclusive and accessible to everyone may need endeavours and 
support from across education, employers, and society (Royal Society, 2014; Institute of Physics, 2020).

However, getting more people to continue with science, once it is no longer compulsory, is only one 
purpose of school science (Mansfield & Reiss, 2020). Much of school science is focused on getting 
students to understand core content of science—things like the particulate theory of matter, and the 
causes of disease in humans and other organisms. Another strand in school science is on getting students 
to understand something of the practices of science, particularly through undertaking practical work. A 
further, recently emerging, position is that science education should help students to use their knowledge 
and critical understanding of the content and practices of science to strive for social and environmental 
justice (Sjöström & Eilks, 2018).

In this article, we are interested in the affordances of investigative research projects—discussed in 
more detail below but essentially pieces of work undertaken by students either individually or collabo-
ratively in which they undertake original research. We provide a critical rather than a systematic review 
of the field and suggest how future research might be undertaken to explore in more detail the possible 
contribution of such projects. We begin by examining the literature on the aims of science education, 
and how science is taught in schools, before specifically turning to investigative research projects. We 
examine how such projects are typically undertaken before reviewing their aims and, in more detail, the 
consequences for students of undertaking such projects. We make recommendations as to how investiga-
tive research projects might more fruitfully be undertaken and conclude by proposing a research agenda.
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Aims of Science Education 

School science education typically aims to prepare some students to become scientists, while concur-
rently educating all students in science and about science (Claussen & Osborne, 2013; Hofstein & 
Lunetta, 2004; Osborne & Dillon, 2008). For example, in England, especially for older students, the 
current science National Curriculum for 5–16-year-olds is framed as providing a platform for future 
studies and careers in science for some students, and providing knowledge and skills so that all students 
can understand and engage with the natural world within their everyday lives (Department for Educa-
tion, 2014). Accordingly, science education within the National Curriculum in England broadly aims to 
develop students’ scientific knowledge and conceptual understanding; develop students’ understanding 
of the nature, processes, and methods of science (aspects of ‘working scientifically’, including experi-
mental, analytical, and other related skills); and ensure that students understand the relevance, uses, and 
implications of science within everyday life (Department for Education, 2014). Comparable aims are 
typically found in other countries (Coll & Taylor, 2012; Hollins & Reiss, 2016).

Science education often involves practical work, which is generally intended to help students gain 
conceptual understanding, practical and wider skills, and understanding of how science and scientists 
work (Abrahams & Reiss, 2017; Cukurova et al., 2015; Hodson, 1993; Millar, 1998). Essentially, the 
thinking behind much practical work is that students would learn about science by doing science. Practi-
cal work has often been orientated towards confirming and illustrating scientific knowledge, although 
it is increasingly orientated around reflecting the processes of investigation and inquiry used within 
the field of science, and providing understanding of the nature of science (Abrahams & Reiss, 2017; 
Hofstein & Lunetta, 2004).

In many countries, especially those with the resources to have school laboratories, practical work in 
science is undertaken at secondary level relatively frequently, although this is less the case with older 
students (Hamlyn et al., 2020, 2017). Practical work is more frequent in schools within more advantaged 
regions (Hamlyn et al., 2020) and many students report that they would have preferred to do more practi-
cal work (Cerini et al., 2003; Hamlyn et al., 2020).

The impact of practical work remains less clear (Cukurova et al., 2015; Gatsby Charitable Founda-
tion, 2017). Society broadly expects that students in any one country will experience practical work to 
similar extents, so it is unfeasible, for more than a handful of lessons (e.g. Shana & Abulibdeh, 2020), 
to apply experimental designs where some students undertake practical work while others do not. One 
study, where students were assigned to one of four different groups, concluded that while conventional 
practical work led to more student learning than did either watching videos or reading textbooks, it was 
no more effective than when students watched a teacher demonstration (Moore et al., 2020).

The study by Moore et al. (2020) illustrates an important point, namely, that students can acquire 
conceptual knowledge and theoretical understanding by ways other than engagement in practical work. 
Indeed, there are some countries where less practical work is undertaken than in others, yet students score 
well, on average, on international measures of attainment. Some, but relatively few, studies have focused 
on whether the extent of practical work, and/or whether practical work undertaken in particular ways, 
associates with any educational or other outcomes. There are some indications that more frequent practi-
cal work associates with benefits (Cukurova et al., 2015). For example, students in higher-performing  
secondary schools have reported that they undertake more frequent practical work than pupils in lower-
performing schools, although this does not reflect the impact of practical work alone (Hamlyn et al., 
2017). In a more recent study, Oliver et al. (2021a, b), in their analysis of the science scores in the six 
Anglophone countries (Australia, Canada, Ireland, New Zealand, the UK, and the USA) that participated 
in PISA (Program for International Student Assessment) 2015, found that “Of particular note is that the  
highest level of student achievement is associated with doing practical work in some lessons (rather than 
all or most) and this patterning is consistent across all six countries” (p. 35).
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Students often appreciate and enjoy practical work in science (Hamlyn et al., 2020; National Founda-
tion for Educational Research, 2011). Nevertheless, students do not necessarily understand the purposes 
of practical work, some feel that practical work may not necessarily be the best way to understand some 
aspects of science, and some highlight that practical work does not necessarily give them what they need 
for examinations (Abrahams & Reiss, 2012; Sharpe & Abrahams, 2020). Teachers have also spoken 
about the challenges of devising and delivering practical work, and often value practical work for being 
motivational for students rather than for helping them to understand science concepts (Gatsby Charitable 
Foundation, 2017; National Foundation for Educational Research, 2011).

Teaching Approaches

Educational research has examined how teaching and learning could best be undertaken. Many teach-
ing and learning approaches have been found to associate with students’ learning outcomes, such as 
their achievement (Bennett et al., 2007; Furtak et al., 2012; Hattie et al., 2020; Savelsbergh et al., 2016; 
Schroeder et al., 2007) and interest (e.g. Chachashvili-Bolotin et al., 2016; Swarat et al., 2012), both in 
science and more generally. However, considering different teaching and learning approaches is com-
plicated by terminology (where the definitions of terms can vary and/or terms can be applied in various 
ways) and wider aspects of generalisation (where it can be difficult to determine trends across studies 
undertaken in diverse ways across diverse contexts).

Inquiry-based approaches to teaching and learning generally involve students having more initiative 
to direct and undertake activities to develop their understanding (although not necessarily without guid-
ance and support from teachers), such as working scientifically to devise and undertake investigations. 
However, it is important to emphasise that inquiry-based approaches do not necessitate practical work. 
Indeed, there are many subjects where no practical work takes place and yet students can undertake 
inquiries. In science, examples of non-practical-based inquiries that could fruitfully be undertaken 
collaboratively or individually and using the internet and/or libraries include the sort of research that 
students might undertake to investigate a socio-scientific issue. An example of such research includes 
what the effects of reintroducing an extinct or endangered species might be on an ecosystem, such as 
the reintroduction of the Eurasian beaver (Castor fiber) into the UK, or the barn owl (Tyto alba) into 
Canada. Inquiry-based learning in school science has often been found to associate with greater achieve-
ment (Furtak et al., 2012; Savelsbergh et al., 2016; Schroeder et al., 2007), though too much time spent 
on inquiry can result in reduced achievement (Oliver et al., 2021a).

Allied to inquiry-based approaches is project-based learning. Here, students take initiative, manifest 
autonomy, and exercise responsibility for addressing an issue (often attempting to solve a problem) that 
usually results in an end product (such as a report or model), with teachers as facilitators and guides. 
The project occurs over a relatively long duration of time (Helle et al., 2006), to allow time for planning, 
revising, undertaking, and writing up the study. Project-based learning tends to associate positively with 
achievement (Chen & Yang, 2019).

Context-based approaches to teaching and learning use specific contexts and applications as starting 
points for the development of scientific ideas, rather than more traditional approaches that typically 
cover scientific ideas before moving on to consider their applications and contexts (Bennett et al., 
2007). Context-based approaches have been found to be broadly equivalent to other teaching and learn-
ing approaches in developing students’ understanding, with some evidence for helping foster posi-
tive attitudes to science to a greater extent than traditional approaches (Bennett et al., 2007). Specifi-
cally relating learning to students’ experiences or context (referred to as ‘enhanced context strategies’) 
often associates positively with achievement (Schroeder et al., 2007). The literature on context-based 
approaches overlaps with that on the use of socio-scientific issues in science education, where students 
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develop their scientific knowledge and understanding by considering complicated issues where science 
plays a role but on its own is not sufficient to produce solutions (e.g. Dawson, 2015; Zeidler & Sadler, 
2008). To date, the literature on context-based approaches and/or socio-scientific issues has remained 
distinct from that on investigative research projects but, as we will argue below, there might be benefit 
in considering their intersection.

Various other teaching and learning approaches have been found to be beneficial in science, including 
collaborative work, computer-based work, and the provision of extra-curricular activities (Savelsbergh 
et al., 2016). Similarly, but specifically focusing on chemistry, various teaching and learning practices 
have been found to associate positively with academic outcomes, including (most strongly) collaborative 
learning and problem-based learning (Rahman & Lewis, 2019).

Most attention has focused on achievement-related outcomes. Nevertheless, inquiry-based learning, 
context-based learning, computer-based learning, collaborative learning, and extra-curricular activities 
have often also been found to associate positively with students’ interests and aspirations towards sci-
ence (Savelsbergh et al., 2016). While many teaching and learning approaches associate with benefits, 
it remains difficult definitively to establish whether any particular approach is optimal and/or whether 
particular approaches are better than others. Teaching and learning time are limited, so applying a par-
ticular approach may mean not applying another approach.

Investigative Research Projects

Science education has often (implicitly or explicitly) been orientated around students learning science by 
doing science, intending to help students understand the nature, processes, and methods of science. An 
early critique of pedagogical approaches that saw students as scientists was provided by Driver (1983) 
who, while not dismissing the value of the approach, cautioned against over-enthusiastic adoption on 
the grounds that, unsurprisingly, school students, compared to actual scientists, manifest a range of mis-
conceptions about how scientific research is undertaken. Contemporary recommendations for practical 
work include schools delivering frequent and varied practical activities (in at least half of all science 
lessons), and students also having the opportunity to undertake open-ended and extended investigative 
projects (Gatsby Charitable Foundation, 2017).

Investigative research projects may be intended to reflect some aspects of science more accurately or 
authentically than other teaching and learning approaches, such as confirmatory practical activities and 
teacher demonstrations. Nevertheless, authenticity in science and science education can be approached 
and/or defined in various ways (Braund & Reiss, 2006), and the issue raises wider questions such as 
whether only (adult) scientists can authentically experience science, and who determines what science 
is and what authentic experiences of science are (Kapon et al., 2018; Martin et al., 1990).

Although too tight a definition can be unhelpful, investigative research projects in science typically 
involve students determining a research question (where the outcome is unknown) and approaches to 
answer it, undertaking the investigation, analysing the data, and reporting the findings. The project 
may be undertaken alone or in groups, with support from teachers and/or others such as scientists and 
researchers (Bennett et al., 2018; Gatsby Charitable Foundation, 2017). Students may have varying 
degrees of autonomy—but then that is true of scientists too.

Independent research projects in science for students have often been framed around providing stu-
dents with authentic experiences of scientific research and with the potential for wider benefits around 
scientific knowledge and skills, attitudes, and motivations around science, and ultimately helping sci-
ence to become more inclusive and accessible to everyone (Bennett et al., 2018; Milner-Bolotin, 2012). 
Considered in review across numerous studies, independent research projects for secondary school stu-
dents (aged 11–19) have often (but not necessarily always) resulted in benefits, including the following:
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•	 Acquisition of science-related knowledge (Burgin et al., 2012; Charney et al., 2007; Dijkstra & 
Goedhart, 2011; Houseal et al., 2014; Sousa-Silva et al., 2018; Ward et al., 2016);

•	 Enhancement of knowledge and/or skills around aspects of research and working scientifically (Bulte 
et al., 2006; Charney et al., 2007; Ebenezer et al., 2011; Etkina et al., 2003; Hsu & Espinoza, 2018; 
Ward et al., 2016);

•	 Greater confidence in undertaking various aspects of science, including applying knowledge and skills 
(Abraham, 2002; Carsten Conner et al., 2021; Hsu & Espinoza, 2018; Stake & Mares, 2001, 2005);

•	 Aspirations towards science-related studies and/or careers (Abraham, 2002; Stake & Mares, 2001), 
although students in other studies have reported unchanged and already high aspirations towards 
science-related studies and/or careers (Burgin et al., 2015, 2012);

•	 Subsequently entering science-related careers (Roberts & Wassersug, 2009);
•	 Development of science and/or research identities and/or identification as a scientist or researcher 

(Carsten Conner et al., 2021; Deemer et al., 2021);
•	 Feelings and experiences of real science and doing science (Barab & Hay, 2001; Burgin et al., 2015; 

Chapman & Feldman, 2017);
•	 Wider awareness and/or understanding of science, scientists, and/or positive attitudes towards science 

(Abraham, 2002; Houseal et al., 2014; Stake & Mares, 2005);
•	 Benefits akin to induction into scientific or research communities of practice (Carsten Conner et al., 2018);
•	 Development of wider personal, studying, and/or social skills, including working with others and 

independent work (Abraham, 2002; Moote, 2019; Moote et al., 2013; Sousa-Silva et al., 2018).

Positive experiences of projects and programmes are often conveyed by students (Dijkstra & Goedhart, 
2011; Rushton et al., 2019; Williams et al., 2018). For example, students have reported appreciating the 
greater freedom and independence to discover things, and that they felt they were undertaking real experi-
ments with a purpose, and a greater sense of meaning (Bulte et al., 2006).

Nevertheless, it remains difficult to determine the extent of generalisation from diverse research stud-
ies undertaken in various ways and across various contexts: benefits have been observed across studies 
involving different foci (determining what was measured and/or reported), projects for students, and 
contexts and countries. Essentially, each individual research study did not cover and/or evidence the 
whole range of benefits. Many benefits have been self-reported, and only some studies have considered 
changes over time (Moote, 2019; Moote et al., 2013).

Investigative science research projects for students are delivered in various ways. For example, some 
projects are undertaken through formal programmes that provide introductions and induction, learning 
modules, equipment, and the opportunity to present findings (Ward et al., 2016). Some programmes 
put a particular emphasis on the presentation and dissemination of findings (Bell et al., 2003; Ebenezer 
et al., 2011; Stake & Mares, 2005). Some projects are undertaken through schools (Ebenezer et al., 
2011; Ward et al., 2016); others entail students working at universities, sometimes undertaking and/or 
assisting with existing projects (Bell et al., 2003; Burgin et al., 2015, 2012; Charney et al., 2007; Stake 
& Mares, 2001, 2005) or in competitions (e.g. Liao et al., 2017). While many projects are undertaken 
in laboratory settings, some are undertaken outdoors, in the field (Carsten Conner et al., 2018; Houseal 
et al., 2014; Young et al., 2020).

Primary School

While much of the school literature on investigative research projects in science concentrates on second-
ary or university students, some such projects are undertaken with students in primary school. These 
projects are often perceived as enjoyable and considered to benefit scientific skills and knowledge and/
or confidence in doing science (Forbes & Skamp, 2019; Liljeström et al., 2013; Maiorca et al., 2021; 



Can. J. Sci. Math. Techn. Educ.	

1 3

Tyler-Wood et al., 2012). Such projects often help students feel that they are scientists and doing science 
(Forbes & Skamp, 2019; Reveles et al., 2004).

For example, one programme for primary school students in Australia intended students to develop 
and apply skills in thinking and working scientifically with support by scientist mentors over 10 weeks. 
It involved the students identifying areas of interest and testable questions within a wider scientific 
theme, collaboratively investigating their area of interest through collecting and analysing data, and 
then presenting their findings. Data on the programme’s outcomes were obtained through interviews 
with students and by studying the reports that they wrote (Forbes & Skamp, 2016, 2019). Participating 
students said that they appreciated the autonomy and practical aspects, and enjoyed the experiences. 
The students showed developments in thinking scientifically and around the nature of science, where 
science often became seen as something that could be interesting, enjoyable, student-led, collaborative, 
creative, challenging, and a way to understand how things work within the world (Forbes & Skamp, 
2019). The experiences of thinking and working scientifically, and aspects such as collaborative work-
ing and learning from each other, were broadly considered to help develop students’ scientific identities 
and include them within a scientific community of practice. Some students felt that they were doing 
authentic (‘real’) science, in contrast to some of their earlier or other experiences of science at school, 
which had not involved an emphasis on working scientifically and/or specific activities within working 
scientifically, such as collecting and analysing data (Forbes & Skamp, 2019).

CREST Awards

CREST Awards are intended to give young people (aged 5–19) in the UK the opportunity to explore 
real STEM (science, technology, engineering, and mathematics) projects, providing the experience of 
‘being a scientist’ (British Science Association, 2018). The scheme has been running since the 1980s and 
some 30,000 Awards are given each year. They exist at three levels (Bronze, Silver, and Gold), reflecting 
the necessary time commitment and level of independence and originality expected. The Awards are 
presented as offering the potential for participants to experience the process of engaging in a project, 
and developing investigation, problem-solving, and communication skills. They are also presented as 
something that can contribute to further awards (such as Duke of Edinburgh Awards) and/or competition 
entries (such as The Big Bang Competition). CREST Gold Awards can be used to enhance applications 
to university and employment. At Gold level, arranging for a STEM professional in a field related to 
the student’s work to act as a mentor is recommended, though not formally required. CREST Awards 
are assessed by teachers and/or assessors from industry or academia, depending on the Award level.

Classes of secondary school students in Scotland undertaking CREST Awards projects appeared to 
show some benefits around motivational and studying strategies, but less clearly than would be ideal 
(Moote, 2019; Moote et al, 2013). Students undertaking CREST Silver Awards between 2010 and 2013 
gained better qualifications at age 16 and were more likely to study science subjects for 16–19-year-
olds than other comparable students (matched on prior attainment and certain personal characteristics), 
although the students may have differed on unmeasured aspects, such as attitudes and motivations 
towards science and studying (Stock Jones et al., 2016). A subsequent randomised controlled trial found 
that year 9 students (aged 13–14) undertaking CREST Silver Awards and other comparable students 
ultimately showed similar science test scores, attitudes towards school work, confidence in undertak-
ing various aspects of life (not covering school work), attitudes towards science careers (inaccurately 
referred to as self-efficacy), and aspirations towards science careers (Husain et al., 2019). Nevertheless, 
teachers and students perceived benefits, including students acquiring transferable skills such as time 
management, problem-solving, and team working, and that science topics were made more interesting 
and relevant for students (Husain et al., 2019). Overall, it remains difficult to form any definitive con-
clusions about impacts, given the diverse scope of CREST Awards but limited research. For example, 
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whether and/or how CREST Awards projects are independent of or integrated with curricula areas may 
determine the extent of (curricula-based) knowledge gains.

Nuffield Research Placements

Nuffield Research Placements involve students in the UK undertaking STEM research placements 
during the summer between years 12 and 13, and presenting their findings at a celebration event 
(Nuffield Foundation, 2020). The scheme has been running since 1996 and a little over 1000 students 
participate each year. The programme is variously framed as an opportunity for students to undertake 
real research and develop scientific and other skills, and an initiative to enhance access/inclusion and 
assist the progression of students into STEM studies at university (Cilauro & Paull, 2019; Nuffield 
Foundation, 2020).

The application process is competitive, and requires a personal statement where students explain their 
interest in completing the placement. Students need to be studying at least one STEM subject in year 12, 
be in full-time education at a state school (i.e. not a private school that requires fees), and have reached a 
certain academic level at year 11. The scheme historically aimed to support and prioritise students from 
disadvantaged backgrounds, and is now only available for students from disadvantaged backgrounds 
based on family income, living or having lived in care, and/or being the first person in their immediate 
family who will study in higher education (Nuffield Foundation, 2020).

There have been indications that students who undertake Nuffield Research Placements are, on 
average, more likely to enrol on STEM subjects at top (Russell Group) UK universities and complete 
a higher number of STEM qualifications for 16–19-year-olds than other students (Cilauro & Paull, 
2019). Nevertheless, it remains difficult to isolate independent impacts of the placements, given that 
(for example) students commence their 16–19 education prior to the placements.

Following their Nuffield Research Placements, students have reported increased understanding of 
what STEM researchers do in their daily work and unchanging (already high) enjoyment of STEM and 
interest in STEM job opportunities (Bowes et al., 2017; Cilauro & Paull, 2019). Wider benefits have 
been attributed to the placement, including skills in writing reports, working independently, confidence 
in their own abilities in general, and team working (Bowes et al., 2017). Students also often report that 
they feel they have contributed to an authentic research study in an area of STEM in which they are 
interested (Bowes et al., 2021).

Institute for Research in Schools Projects

The Institute for Research in Schools (IRIS) started in 2016 and has about 1000 or more participating 
students in the UK annually. It facilitates students to undertake a range of investigative research projects 
from a varied portfolio of options. For example, these projects have included CERN@School (Whyntie, 
2016; Whyntie et al., 2015, 2016), where students have been found to have positive experiences, develop-
ing research and data analysis skills, and developing wider skills such as collaboration and communica-
tion (Hatfield et al., 2019; Parker et al., 2019). Teachers who have facilitated projects for their students 
(Rushton & Reiss, 2019) report that the experiences produced personal and wider benefits around:

•	 Appreciating the freedom to teach and engage in the research projects;
•	 Connecting or reconnecting with science and research, including interest and enthusiasm (in science 

as well as teaching it) and with a role as a scientist, including being able to share past experiences 
or work as a scientist with students;
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•	 Collaborating with students and scientists, researchers, and others in different and/or new ways via 
doing research (including facilitating students and providing support);

•	 Professional and skills development (refreshing/revitalising teaching and interest), including rec-
ognition by colleagues/others (strengthening recognition as a teacher/scientist, as having skills, as 
someone who provides opportunities/support for students).

The teachers felt that their students developed a range of specific and transferable benefits, including 
around research, communication, teamwork, planning, leadership, interest and enthusiasm, confidence, 
and awareness of the realities of science and science careers. Some benefits could follow and/or be 
enhanced by the topics that the students were studying, such as interest and enthusiasm linking with 
personal and wider/real-life relevance, for example, for topics like biodiversity (Rushton & Reiss, 2019).

Students in England who completed IRIS projects and presented their findings at conferences reported 
that the experiences were beneficial through developing skills (including communication, confidence, 
and managing anxiety); gaining awareness, knowledge, and understanding of the processes of research 
and careers in research; collaboration and sharing with students and teachers; developing networks and 
contacts; and doing something that may benefit their university applications (Rushton et al., 2019). 
Presenting and disseminating findings at conferences were considered to be inspirational and validat-
ing (including experiencing the impressive scientific and historical context of the conference venue), 
although also challenging, given limited time, competing demands, anxiety and nervousness, and uncer-
tainty about how to engage with others and undertake networking (Rushton et al., 2019).

University

Although our principal interest is in investigative research projects in science at school, it is worth 
briefly surveying the literature on such projects at university level. This is because while such projects 
are rare at school level, normally resulting from special initiatives, there is a long tradition in a number 
of countries of investigative research projects in science being undertaken at university level, alongside 
other types of practical work.

Unsurprisingly, university science students typically report having little to no prior experience 
with authentic research, although they may have had laboratory or fieldwork experience on their pre- 
university courses (Cartrette & Melroe-Lehrman, 2012; John & Creighton, 2011). University students 
still perceive non-investigative-based laboratory work as meaningful experiences of scientific labora-
tory work, even if these might be less authentic experiences of (some aspects of) scientific research 
(Goodwin et al., 2021; Rowland et al., 2016).

Research experiences for university science students are often framed around providing students with 
authentic experiences of scientific research, with more explicit foci towards developing research skills 
and practices, developing conceptual understanding, conveying the nature of science, and fostering sci-
ence identities (Linn et al., 2015). Considered in review across numerous studies, research experiences 
for university science students have often (but not necessarily always) resulted in benefits, including to 
research skills and practices and confidence in applying them, enhanced understanding of the reality of 
scientific research and careers, and higher likelihood of persisting or progressing within science educa-
tion and/or careers (Linn et al., 2015).

For example, in one study, university students of science in England reported having no experience of 
‘real’ research before undertaking a summer research placement programme (John & Creighton, 2011). 
After the programme, the majority of students agreed that they had discovered that they liked research 
and that they had gained an understanding of the everyday realities of research. Most of the students 
reported that their placement confirmed or increased their intentions towards postgraduate study and 
research careers (John & Creighton, 2011).
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Implications and Future Directions

Investigative research projects in science have the potential for various benefits, given the findings from 
wider research into inquiry-based learning (Furtak et al., 2012; Savelsbergh et al., 2016; Schroeder et al., 
2007), context-based learning (Bennett et al., 2007; Schroeder et al., 2007), and project-based learning 
(Chen & Yang, 2019). However, the potential for benefits involves broad generalisations, where inquiry-
based learning (for example) covers a diverse range of approaches that may or may not be similar to those 
encountered within investigative research projects. Furthermore, we do not see investigative research 
projects as a universal panacea. It is, for example, unrealistic to expect that students can simultaneously 
learn scientific knowledge, learn about scientific practice, and engage skillfully and appropriately in 
aspects of scientific practice. Indeed, careful scaffolding from teachers is likely to be required for any, 
let alone all, of these benefits to result.

We are conscious that enabling students to undertake investigative research projects in science places 
particular burdens on teachers. Anecdotal evidence suggests that if teachers themselves have had a 
university education in which they undertook one or more such projects themselves (e.g. because they 
undertook a research masters or doctorate in science), they are more likely both to be enthused about 
the benefits of this way of working and to be able to help their students undertake research. It would be 
good to have this hypothesis investigated rigorously and, more importantly, to have data on effective 
professional development for teachers to help their students undertake investigative research projects in 
science. It is known that school teachers of science can benefit from undertaking small-scale research 
projects as professional development (e.g. Bevins et al., 2011; Koomen et al., 2014), but such studies 
do not seem rigorously to have followed individual teachers through into their subsequent day-to-day 
work with their students to determine the long-term consequences for the students.

Benefits accruing from investigative research projects are likely to be enhanced if there is an align-
ment between the form of the assessment and the intended outcomes of the investigative research project 
(cf. Molefe, 2011). The first author recalls how advanced level biology projects (for 16–18-year-olds) 
were assessed in England by one of the Examination Boards back in the 1980s. At the end of the course, 
each student who had submitted such a project had a 15-min viva with an external examiner. The mark 
scheme rewarded not only the sorts of things that any advanced level biology mark scheme would credit 
(use of literature, appropriate research design, care in data collection, thorough analysis, etc.) but origi-
nality too. There was therefore an emphasis on novel research. Indeed, occasionally students published 
sole- or co-authored accounts of their work in biology or biology education journals.

We mentioned above Driver’s (1983) caution about the extent to which it is realistic to envisage high 
school students undertaking investigative research projects that have more than superficial resemblance 
to those undertaken by actual scientists. Nevertheless, as the above review indicates, there is a strong 
strand within school science education of advocating the benefits of students designing and undertak-
ing open-ended research projects (cf. Albone et al., 1995). Roth (1995) argued that for school science 
to be authentic, students need to:

(1) learn in contexts constituted in part by ill-defined problems; (2) experience uncertainties and 
ambiguities and the social nature of scientific work and knowledge; (3) learning is predicated on, 
and driven by, their current knowledge state; (4) experience themselves as parts of communities 
of inquiry in which knowledge, practices, resources and discourse are shared; (5) in these com-
munities, members can draw on the expertise of more knowledgeable others whether they are 
peers, advisors or teachers. (p. 1)
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Investigative research projects in science allow learners to learn about science by doing science, 
and therefore might help foster science identities. Science identities can involve someone recognising 
themselves and also being recognised by others as being a science person, and also with having various 
experiences, knowledge, and skills that are valued and recognised within the wider fields of science.

However, the evidence base, as indicated above and in the systematic review of practical independent 
research projects in high school science undertaken by Bennett et al. (2018), is still not robust. We need 
research studies that make explicit the putative benefits of investigative research projects in science, 
that have adequate control groups, and that look at the long-term consequences of such projects not only 
by collecting delayed data from participants (whether by surveys or interviews) but by following them 
longitudinally to see whether such projects make any difference to their subsequent education and career 
destinations. We also know very little about the significance of students’ home circumstances for their 
enthusiasm and capacity to undertake investigative research projects in science, though it seems likely 
that students with high science capital (DeWitt et al., 2016) are more likely to receive familial support 
in undertaking such projects (cf. Lissitsa & Chachashvili‐Bolotin, 2019).

We also need studies that consider more carefully what it is to engage in scientific practices. It is 
notable that the existing literature on investigative research projects for students in science makes no 
use of the literature on ethnographic studies of scientists at work—neither the foundational texts (e.g. 
Latour & Woolgar, 1979; Knorr-Cetina, 1983) nor more recent studies (e.g. Silvast et al., 2020). Too 
often there is a tendency for investigative research projects for students in science to ignore the reasons 
why scientists work in particular areas and to assume that once a written report of the research has been 
authored, the work is done. There can also be a somewhat simplistic belief that the sine qua non of an 
investigative research project is experimental science. Keen as we are on experimental science, there is 
more to being a scientist than undertaking experiments. For example, computer simulations (Winsberg, 
2019) and other approaches that take advantage of advances in digital technologies are of increasing 
importance to the work of many scientists. It would be good to see such approaches reflected in more 
school student investigative projects (cf. Staacks et al., 2018).

More generally, greater authenticity would be likely to result if the following three issues were 
explicitly considered with students:

1.	 How should the particular focus of the research be identified? Students should be helped to realise 
that virtually all scientific research requires substantial funding. It may not be enough, therefore, for 
students to identify the focus for their work on the grounds of personal interest alone if they wish 
to understand how science is undertaken in reality. Here, such activities as participating in well-
designed citizen science projects that still enable student autonomy (e.g. Curtis, 2018) can help.

2.	 Students should be encouraged, once their written report has been completed, to present it at a 
conference (as happens, for instance, with many IRIS projects) and to write it up for publication. 
Writing for publication is more feasible now that publication can be via blogs or on the internet, 
compared to the days when the only possible outlets were hard-copy journals or monographs.

3.	 What change in the world does the research wish to effect? Much student research in science seems 
implicitly to presume that science is neutral. The reality—back to funding again—is that most sci-
entific research is undertaken with specific ends in mind (for instance, the development of medical 
treatments, the location of valuable mineral ores, the manufacture of new products for which desire 
can also be manufactured). It is not, of course, that we are calling for students unquestioningly to 
adopt the same values as those of professional scientists. Rather, we would encourage students to 
be enabled to reflect on such ends and values.
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