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Abstract: “EDIFICE” is a project of the University of Orléans, France, which develops a 

science partnership between scientific research centers and High Schools. It offers cohorts of 

High School students immersion in scientific research centers under the supervision of PhD 

students. Our theoretical framework is founded on the teaching-learning situations 

(Lebeaume, 2000, 1999) associated with five characteristics of the social practices of 

reference (Martinand, 2003, 1986): 1) the study question, 2) the socio-technical practices, 3) 

the tools and equipment, 4) the symbolical systems, 5) the knowledge at stake and developed. 

Our qualitative study focuses on two examples of teaching styles in two different Physics 

labs. We are studying situations of learning experienced by High School students regarding 

the professional research practices of PhD students. Our diversified corpus consists of PhD 

students and High-School students semi-structured interviews, notes on the visits of the labs 

with the PhD students and the oral presentations of the students, as well as textual material 

such as slideshows created by the High School students and research articles written by the 

PhD students. The results highlight two drastically different teaching tutoring techniques. One 

of the PhD students, in the field of Materials Physics, offers a teaching on the Raman 

spectroscopy. She initiates the High School students using a genuine technique from her lab 

which is paramount in her own research, and her approach is directive. The other PhD 

student, in fluids mechanics, is eager to motivate the High School students. He does not make 

the students use the tools and machines he uses himself but guides them in motivating 

activities of modelization. 

Keywords: Scientific partnership; High School students; curriculum development; laboratory; 

secondary education 

 

INTRODUCTION 

Context of the study 

The University of Orléans, France, has set up an ambitious program in order to offer cohorts 

of High School students education through research immersion in scientific research centers 

under the supervision of PhD students. For a number of years, a loss of interest in science has 

been observed amongst young students in western societies, especially at the university levels, 

in physics and chemistry (Boilevin & Ravanis, 2007; Venturini, 2004); this device, entitled 

“EDIFICE” aims to contribute to increase the number of students enrolled in science courses 

from High School to PhD and to ensure their success in these courses. 

EDIFICE creates a network of High-School students, teachers, principals, research directors, 

university professors, and PhD students. All these protagonists of both the university and 

High School worlds usually do not cooperate although all of them have successively the 

responsibility of the same students. EDIFICE has the potential to generate links between these 

two worlds. Three High Schools in Orleans are involved in this project, namely Pothier, 

Benjamin Franklin, and Voltaire. The research centers involved are the laboratories of the 
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French National Center for Scientific Research (CNRS), the French Geological Survey 

(BRGM) and the University of Orléans. The project will span over eight years and we have 

carried on our research on the first part of the program, that is, the High School part (3 years 

from K 10 to K 12) until students graduate from High School. The following parts of the 

device are for undergraduate and graduate students. Since 2012, four cohorts of High School 

students, each consisting of approximately 90 students, have been involved in the project with 

75 PhD students. Each PhD student is in charge of two to six High School students thirty 

hours per year and during the three years of the PhD. It is an authentic immersion in scientific 

spots. K10 students are enrolled for 3 years. So, it is a three years immersion, from K 10 to 

K12. EDIFICE is part of the school curriculum for these students, and as such, the time spent 

with PhD students in the laboratories is part of their school schedule and is framed 

institutionally. This innovative project can be considered as a local reorganization of the 

curriculum which is, in France, historically centralized and decided by the Ministry for the 

whole country. EDIFICE opens the school sphere onto professional research and could set an 

example for similar projects. 

Different types of educational partnerships 

In Science Education, several types of partnerships have existed between schools and 

scientists. For example, the 1980’s saw the emergence of major scientific partnerships, 

especially in the United States, called student-scientist partnerships or SSP (Falloon & 

Trewern, 2012). In the 1990’s, several large student-scientist partnerships projects were 

framed, such as GLOBE, GREEN, Forest Watch or SPaRCE to collect data and to offer 

students an initiation to scientific research. Some of these SSP allow the collection of a large 

amount of data, spread over large geographic areas, through the network of schools and 

generally with the support of important state administrations (Lawless & Rock, 1998). Tinker 

(1997) lists four categories of scientific partnerships: 1) the projects led by scientists, 2) those, 

not directed, but rather guided by researchers, 3) those based on equipment and 4) other 

centered on students. 

In the first category, the scientist defines the research agenda and protocols. Students measure 

the temperature of the air, water and assess cloud cover (Means 1998). Other students, spread 

over many Pacific islands, measure precipitation (Lawless & Rock, 1998) or study the 

development of ice in various lakes of Alaska (Abbott & Swanson, 2006). 

In the guided projects, the scientist defines the research topic but the pupils are involved in 

the creation and the management of the study. For example, water quality measure protocols 

are published by the scientist and students are allowed to decide of the specific spots and the 

tests to perform their local study (Tinker, 1997). These two types of SSPs allow students to 

participate in a "real" research coordinated by a scientist who develops scientific knowledge 

for his own research (Lawless & Rock, 1998). The students explore their environment, using 

the protocol of measures and collect field data (Spencer, Huczek, & Muir, 1998). The scientist 

provides the institutional framework, the protocol of the measures assistance and the support 

to its implementation. But the students are simply applying protocols and do acquire only a 

partial representation of the research (Moss, Abrams, & Kull 1998). These SSP do not offer a 

Science Education with investigations, which would be more beneficial to students (Donahue 

et al., 1998). 

In measuring instruments-based projects, scientific equipment is placed in schools such as 

cosmic ray detectors (Shell, Snow & Claes, 2010) or some devices to measure the level of 

carbon dioxide (Dijkstra & Goedhart , 2011). 

The fourth model of SSP is more focused on students because the creation, the 

experimentation and the protocol are developed by the students themselves (For example 

Berenfeld, 1994; in Tinker, 1997). 
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Of these four categories, the model led by the researchers is the most valuable in terms of 

scientific research and the fourth type is the most ambitious in terms of education. The other 

two models have intermediate positions between these two extremes (Tinker, 1997). 

Gengarelly and Abrams (2008) studied “Partnership for Research Opportunities to Benefit 

Education” (PROBE) which was a K 12 program pairing science graduate students with 

secondary science teachers, in order to enhance inquiry-based instruction at school. However, 

the cooperation took place outside of a "real" spot of research. There seems to be a tension 

between on the one hand, making students develop their own inquiry and, on the other hand, 

involving them in real research. In one case, it is a technician participation in certain elements 

of a professional research; in the other case, it is a real inquiry but within a fictional scenario.  

Immersions in labs for High School students have existed since the 1950’s (Niemann, Miller 

& Davis, 2004; Cooley & Bassett, 1961). Sadler, Burgin, McKinney, & Ponjuan (2010) wrote 

a literature review about apprenticeship learning experiences wherein learners worked with 

expert mentors in authentic contexts: 15 research articles are identified for secondary students. 

Most of them were extra-curricular summer programs (for example Burgin, Sadler & Koroly, 

2012; Charney et al., 2007; McMiller et al., 2006; Bell et al., 2003; Richmond & Kurth, 

1999). Two were implemented during the school year (Hsu & Roth, 2010; Ritchie & Rigano, 

1996). These partnerships lasted between 2 and 12 weeks. An extra-curricular summer 

program was programmed for 3 consecutive summers in a Biochemistry and Molecular 

Biology lab with twenty High School students (Niemann et al., 2004). The human and 

temporal dimensions of EDIFICE device have no equivalent in the experiments described 

above, nor in those of the literature review of Sadler et al. (2010): the EDIFICE global project 

spans eight years from K 10 grade to PhD and, only on the first stage, more than five hundred 

students total will have been involved when the project is finished. 

Based on the literature, EDIFICE appears to be a unique project, but how is it effectively 

implemented? The EDIFICE device enables a real immersion in scientific spots, so it seems 

to have the potential to reconcile the two opposing categories, that is to say, to allow student 

participation in science in the making, in an inquiry approach. But, does the student 

immersion in labs guarantee this authentic science learning? How do the PhD students take 

care of the High School students in their science lab? In the literature, no mention is made of 

the teaching-learning situations experienced by High School students. PhD students have had 

no formal training and there is no written prescription for them. The only oral 

recommendation was: do not vulgarize and yet placing K 10 students in professional labs with 

unexperienced PhD students seems to be challenging. Their teaching may be custom-made 

according to their own beliefs, feelings and the constraints related to their own research topic, 

and their materials. In this context, one really wonders to which extent EDIFICE is offering 

High School students an experience near or similar to a real professional research. 

Theoretical framework 

To analyze teaching-learning situations experienced by students in labs and designed by PhD 

students, we used the learning-teaching prototypical situation (Lebeaume, 2000, 1999) which 

establishes a model for the training curriculum of the students, in order to appreciate its 

coherence with the educational aims of the PhD students as tutors, and also some 

characteristics of their professional own research. An internal coherence must be looked for 

between the educational aims, the scientific moments experienced by the High School 

students and the Social Practices of Reference (what we call the pratiques sociales de 

références). 

To characterize more precisely tensions between scientific moments experienced by the High 

School students and social practices of reference, situations have been studied through the 

five following characteristics: 1) the study question 2) the socio-technical practices 3) the 

tools and equipment 4) the symbolical systems 5) the knowledge at stake and the developed 
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knowledge (Martinand, 2003, 1986). The study questions are the research questions of the 

doctoral thesis, socio-technical practices are the different activities PhD students carry out in 

their research practice. The tools and equipment correspond to the different materials they 

use. These tools include the specific software. Symbolic systems are different types of 

graphical representations that allow, for example, that of the data obtained. The knowledge at 

stake is based on the scientific themes in which the research is anchored. The product 

knowledge gathers those possibly developed by the doctoral research. 

A third area added, in our theoretical framework, is the nature of the education approach 

compared to the inquiry-based learning.  

The following diagram represents tensions between the aim of the PhD student as a tutor, the 

characteristics of the activities for the High School students with the educational approach, 

and the social practices of reference. 

 

Figure 1. The prototypical learning-teaching situation framework according to 

Lebeaume (2000, 1999) with the five characteristics of the social practices of reference 

according to Martinand (2003, 1986) and the nature of the educational approach. 

Research questions 

A major element of interest for us is to appreciate the coherence between the three poles: 1) 

the practices of the PhD students in their usual research, 2) the scientific times experienced by 

the students and 3) the PhD student's educational aim. 

Our research questions are: 

1) What are the characteristics of the scientific times experienced by students? What are the 

characteristics of the professional PhD student research? What are their educational aims? 

2) What is the coherence inside this prototypical learning-teaching situation framework? 

METHOD AND PRESENTATION OF THE CORPUS 

We are focusing on the learning-teaching prototypical situations through the use of data 

collected for two groups (each group is composed of a PhD student who is assigned a team of 

High School students) in the field of physics because they showed two contrasted tutoring 

practices. This study was led during the first year of the EDIFICE implementation and also 

the first year of the three years in the lab planned for the High School students. 

The first PhD student, Olga, is Russian and, in France, she is carrying on research in a 

materials physics lab. She has already taught private lessons to High School students in 

mathematics and physics in Russia and in France. Her EDIFICE group includes three High 

School students. 
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The second PhD student, Kevin, is also a physicist and he carries on research in fluids 

mechanics, in a laboratory whose themes cover combustion in engines, energy and 

aerodynamics. He comes from the area of Orléans and graduated from his Master Degree in 

fluids mechanics at the University of Orsay (France). His research objective relates to the use 

of air-blowing systems in the food industry. He has already taught courses to young 

applicants at the aeronautics initiation certificate. His group includes two High School 

students. 

Our corpus for these two cases includes semi-structured interviews of PhD students. We 

developed an interview guide based on the characteristics listed in the theoretical framework 

and we conducted the interviews so that each PhD student could explain their research and 

how they conducted their High School students. We also had the opportunity to interview one 

of Olga's High School students and, in the case of Kevin, a second meeting was an 

opportunity to return to the elements which remained vague when we first met him. Each PhD 

student showed us around his/her laboratory and showed the facilities and specific equipment 

to his/her research and that could possibly be used with students. These moments have 

allowed us to extend interviews. We observed students communicate about their practices and 

experiences in laboratories at the EDIFICE congress from slideshows that we also gathered 

for this research. Finally, each PhD student wrote at least one research paper for a conference 

that is integrated into our corpus. For each group, we hold at least 5 elements whose origin 

comes either from PhD student themselves or High School students. 

The semi-structured interviews were coded, by the same researcher who also met the 

protagonists and collected the entire corpus, with a framework for analysis including the 

characteristics listed in the theoretical framework. The set of diversified items of the corpus 

allow us to strengthen analyzes, or to clarify.  

RESULTS 

Social Practices of Reference 

Olga wants to develop a methodology that would enable the processing of massive data 

obtained by Raman spectroscopy and imaging. She’s using a Raman spectroscope (figure 2) 

to scrutinize carbonaceous nanomaterial or depleted uranium ceramic to make the data 

processing, with tools such as multivariate analyzes and mathematical matrices. In her 

conference research paper, several symbolical systems are some graphs with Raman spectra. 

The knowledge at stake is cross-disciplinary with Physics, light scattering, mathematics and 

statistics fields. 

  

Figure 2. The Raman Spectroscope with the computer interface 

Kevin’s research deals with the food industry. He wants to keep consumer products in a non-

polluted and cold atmosphere, while preserving the staff from a cold air which is responsible 

for the development of musculoskeletal disorders. He wants to prevent air turbulence. His 

study question could be formulated this way: How to minimize eddies at the interface of two 
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types of air flows with a plasma generator? So, the scientist uses wind tunnels, two juxtaposed 

and independent ventilation circuits. He controls a plasma generator and visualizes, with the 

particle image velocimetry technics, the plasma influence on the air turbulence at the interface 

of the two air flows. In his conference research paper, graphs represent different physics 

parameters like the Reynolds tension, the Strouhal frequency, the longitudinal evolution of the 

thickness of the layer of mixture. The knowledge concern fluids mechanics field and plasmas.  

 

Figure 3. Picture of the wind tunnel (the test area, what is called "zone d'essai", is three 

meters long and 1 meter square) 

Scientific Moments and Educational Aim 

With Olga, High School students prepared samples before analyzing with the Raman 

spectroscope. The scientific mentor let them use materials that have relatively simple spectra 

and they could characterize the structure of several materials. The study question could be 

formulated like: How to distinguish different materials by analyzing the spectra obtained by 

Raman spectroscopy? The knowledge at stake is about the nature of light, frequency notion, 

wavelength, correspondence between wavelength and color of light, atoms, they learnt how to 

distinguish materials by the position of the spectrum in the graph. Olga’s educational 

approach is directive. 

Kevin suggested students to model a whirl in water. So the young students performed a whirl 

model in water with simple equipment: a jar, water, a magnetic stirrer, a wood particle and a 

camera. They also filmed a video of the water whirl from which they could measure distances 

and made speed calculations. There is no specific additional knowledge needed to the K 10 

grade and the educational approach could be free, close to an inquiry. 

Olga’s educational aim is the use of Raman spectroscope because it is the central machine 

used in her research. She builds all her teaching-tutoring meetings with the High School 

students around this tool which is not used in any classroom in France. This machine is 

genuine but it remains complex for the students, who need to master its functioning and 

envision the spectrum of possibilities to explore, prior to making a problematic by 

themselves, and build a potential research question (“Oui c’était un peu compliqué quand 

même, le niveau était un peu plus élevé de ce qu’on voyait au lycée déjà j’ai eu un peu de mal 

au début [sic]”; excerpt from a High School student interview). The symbolical 

representations are also complex for a K 10 level student who, before understanding the gross 

results generated by the spectroscope, must understand notions on the wave theory of light. 

Kevin, the other PhD student, does not make his students use the tools and machines he uses 

himself. He said he had tried to make them manipulate in their own research because his main 

concern is their motivation so he left questioning, hypothesizing, and the overall process up to 
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the students he guided. His aim is to motivate the students. It is coherent with the higher level 

of independence of the High School students who build their own process in order to model 

one aspect of the PhD student’s research. Nevertheless, they divert from the use of authentic 

machines used in laboratories and prefer more simple devices. The questioning and 

knowledge at stake are far from what he genuinely researches. 

DISCUSSION AND CONCLUSION 

This qualitative study highlights two drastically different teaching tutoring techniques, 

observed on two PhD students, in relation with their educational aim, in the field of Physics. 

In the case of Olga, during the scientific moments experienced by students, the study 

question, the tasks or activities, graphs and knowledge were coherent with the social practices 

of reference. However, the students' approach was closer to an assistant process than a 

researcher process, because they applied instructions and had a smaller role in the conduct of 

the research. On the contrary, in the case of Kevin, K 10 students were involved in the 

research inquiry but it was far from the reference, if we want to focus on the five 

characteristics listed above. In one case, the conduction of the research seems to be genuine, 

although, in the other case, it is about the characteristics of the social practices of reference. 

From a general point of view, being in a real professional scientific environment and 

supervised by a scientist mentor is not a sufficient condition to make students learn sciences 

authentically. 

With Olga, materials, knowledge was challenging for K 10 students. At the beginning, it was 

hard for High School students to keep motivation but, if we do not consider the educational 

approach, their experience was genuine, near the professional research. With Kevin, students 

could easily understand and they built their own inquiry but they were far from the original 

PhD research. When the students’ experience is near the reference, the tutoring becomes 

directive, it is difficult for students to build their own inquiry, while when the students' 

experience is far from the PhD original research, the tutoring can be freer. Finally, we think 

that the study of these two cases shows a tension between two poles: first, offering students 

teaching-learning situations near the reference and, secondly, keeping and improving the 

learners’ motivation and understanding through inquiry. 

Our research shows that PhD students made choices in accordance with their educational aim. 

This choice is, on the one hand, required to steer scientific moments, but, on the other hand, 

reduces the possibilities. Thus, we think that there are some confines which appear because, 

for example, introducing K 10 students to sophisticated machines implies knowing how to use 

the machine, and it implies learning about technical notions. How could High School students 

develop an original K 10 level research as in a real scientific research, without knowing what 

it is possible to do in the lab? At the beginning of the first year immersion in labs, an initiation 

period is necessary and we think that it is a delicate period, because being exposed to this 

genuine world could be considered difficult by High School students. PhD students must be 

very careful to find the best way to keep young students understanding and motivated by 

sciences when they bring young students to discover the lab for the first time. 

This result of our research is the starting point of a conception of new and ambitious 

curriculums with a desire to open scientific research laboratories and we believe that there is 

an exciting challenge to elaborate curricula with immersions in labs and to show sciences in 

the making. It is a necessity to compromise between the two poles and being solicitous over 

the essential fine balance to be able to offer High School students scientific experiences which 

are coherent with the social practices of the professional research while maintaining and 

favoring motivation and understanding of learners within rich scientific inquiries. 
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