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From Intersubjectivity to Interinstrumentality. The Example of Surface Science. 

Abstract: My aim is to show how a strategy used in the experimental sciences, which I name “interinstrumentality”, can minimize the role of sociological factors when one tries to understand how the debates about the interpretation of  data come to an end. To defend this view, two examples are presented. The first is historical – the invention of the Scanning Tunneling Microscope (STM) – and the second is collected during an ethnographic study in a surface science laboratory. I would like to emphasize that interinstrumentality contributes to objectivity of the experimental results and constitutes a part of it as well as intersubjectivity. 






1. Introduction 

Among the methodological requirements to which all scientific work is submitted, one of the first is the objectivity of processes and results. But what is objectivity? And how should one use the notion in a meta-epistemological perspective? If one thinks along with Daston (1992) that the term is unclear, it is probably because it is an umbrella-term. Let us just say that “absolute objectivity” (Megill, 1994) is based on the belief that the reality could be described literally, weeding out most of the subjectivity’s effects. Such a definition  constitutes more a problem than a solution. If the aim of our study is to take into account the day-to-day practices of laboratory, perhaps it would be better to agree with Putnam when he writes (2003, 142):  “In scientific practice, the questions about objectivity do not concern metaphysics.” Thus, objectivity has to be conceived as a continuum. Putnam asserts:  “If we consider our statements as based on a continuum (…), the statements which eminently depends on our interests, on our points of view and on our idiosyncratic characteristics, are the subjective extremity of the continuum, whereas the statements become more objective and could pretend to be more true as they less rely on idiosyncratic points of view or on personal interests” (2003, 141).

 Usually, objectivity is related to intersubjectivity. Even if contemporary philosophers of science admit that intersubjectivity is hard to define, this notion permits to emphasize on the collective dimension of the scientific activity. To constitute intersubjectivity, a communication between subjects (ideally interchangeable subjects) is needed, their purpose is to get an assessment of their process and the evaluation of the results provided by each member. Such a definition underlines the fact that we have no more confidence in individual reason as a way to establish absolute truths. The scientific intelligence is now conceived as distributed. Besides, this definition of intersubjectivity has the advantage to avoid the a priori issued of the fundationalists positions (divine guarantee, first principles…). 

Even if this definition of objectivity presents many advantages, we have to keep its limits in mind. Indeed, the term “intersubjectivity” is not consensual: perception’s agreement in a phenomenological perspective; critical thinking of the researchers which allow them to eliminate false theories, and determine which of the remaining theories is the best available one; collective confidence attached to discipline’s standards. In all definitions, for philosophers as for sociologists or for historians of science, a central feature is the concordance of the individual points of view. And none could reasonably dispute such assertion: the subjects are, ultimately, the ones who assign the signification to data, and who decide how they will validate the knowledge as true and justified. But this assertion could be expressed more or less radically. We could consider that the construction of consensus in the scientific community may rely on determining factors such as psychological characteristics, know-how, tacit knowledge of scientists themselves.  This consensus could also rely on the social contexts in which those researches appeared. In that matter of case, the natural world’s phenomena, which are studied, play only a limited role in the elaboration of scientific knowledge. This is the point of view of cognitive relativism. In the rest of my paper, I will focus on a contemporary version of this cognitive relativism: the relativistic Sociology of Science lead by Harry M. Collins[footnoteRef:1]. This relativism is assumed as a fundamental injunction for the methodology of empirical studies. The methodology at work in this kind of sociology relies on observation of day-to-day practices as they occur in laboratory (either with an ethnographic approach or with historical studies).  According to this approach, such observations permit to produce a non reductivist description of the scientific work.  [1:  (Collins 1981a), (Collins 1981b), (Collins 1982), (Collins 1985), (Collins 1992), (Collins 2004), (Collins & Pinch 1993).] 


 My study also tries to pay attention to the day-to-day activities in scientific laboratory, but it gives results which contradict previous conclusions promoted by the relativistic sociology of science, as I will show it in the following pages. The attention given to the practices elicits strategies, which aim to strengthen the objectivity of experimental results and, by the way, refutes the fact that objectivity only relies on social consensus. Interinstrumentality is the name I give to the strategy described in this paper. 

In a first part, I specify briefly the thesis on which I opposite: Collins’ Empirical Programme of Relativism.  In a second part, I use an historical example - the invention of STM– to carry off my critic. This illustration permits to identify the role of interinstrumentality, when the validity of a new instrument is settled. In a third part, I will underline that such a strategy does not characterize only exceptional events (as the invention of a new scientific instrument). It could also appear in the day-to-day activities of surface science laboratory, as the second example, borrowed from my ethnographic studies[footnoteRef:2], will underline it. [2:  In order to constitute the corpus of observations necessary for my investigation, I was staying during several months in a laboratory:  the Group Surfaces/Interfaces (GSI) of the Institute of Physics and Chemistry of Materials of Strasbourg (IPCMS). Most of the studies conducted by the GSI are experimental and concern the structures and the properties of metallic materials. ] 


2. Collins’s Empirical Programme of Relativism 

Collins brings out the stages of an “Empirical Programme of Relativism” (EPOR), since his synthetic article of 1981. The stages of the programme (stages 1 and 2 of EPOR) aim: 
· to demonstrate that experimental data are submitted to a so-called “interpretative flexibility”;
· to clarify the processes which give an end to the debate between competing interpretations.

2.1. The Interpretative Flexibility of Data 

In Collins’ studies, the interpretative flexibility expresses the fact that the same empirical data, produced or collected during a research, could be differently interpreted.  Many factors, according to Collins, could explain such an ‘interpretative flexibility’. One of them is tacit knowledge, about which Collins stresses particularly in his work. For him, the scientific practice is not resumed by formal rules or heuristics. Tacit knowledge can never be fully articulated or translated into a set of rules[footnoteRef:3]. My reader might be surprised, but I agree on the Stage 1 of EPOR. Indeed, it focuses on a fundamental element of science, as it runs in the laboratory:  the contingency is irreducible in the day-to-day practices. [3:   In a more recent book, Collins proposes some new perspectives on tacit knowledge. These perspectives don’t change dramatically the fact that tacit knowledge remains a major source of interpretative flexibility in science (2010).] 


2.2. The End of Debates between Competitive Interpretations of Experimental Data

The Stage 2 of EPOR aims to offer an explanation about how the debates generated by the interpretative flexibility, introduced at the Stage 1, could be ended. In their empirical studies, the relativistic sociologists consider that the only factors which are relevant to conduct the debates to end are micro- and macro-social factors. Collins himself writes: “In each case (…), coherence and accumulation of experimental results are not enough to explain closure – reference to rhetoric, authority, institutional positions, and everything that comes under the « catchall » terms interests and power, is also required. (...) the consensual interpretation of day-to-day laboratory work is only possible within constraints coming from “outside that work’” (Collins 1982, 141-142).
If one accepts to consider this second stage of EPOR as relevant, one must agree with a particular vision of science concerning the role of intersubjectivity. Considering that intersubjectivity alone produces the content and the methods of science seems to be radical; but it is the conclusion when the constraints from the natural word are not considered as a decisive factor, whereas the mutual understanding of the subjects is essential. Collins (1981a, 3) is explicit about this point: “the approach ‘embraces an explicit relativism in which the natural world has a small or non-existent role in the construction of scientific knowledge”. And mutual understanding is characterized by him as follows: “(…) mutual understanding seems to be possible even when nothing real is the subject matter. The quality of a poem or a picture, the number of angels that could dance on the head of a pin, or the cut of the emperor’s new clothes can all be discussed without there being any lumps in the world that correspond to them.” (1992, 174).

So should we renounce to an ideal of objectivity as the relativistic sociologists do? Should we restrict to nothing the role accorded to phenomena in the constitution of scientific knowledge? I don’t think so. We have to consider the fact that the researchers, in their laboratories, are competent enough to be reflexive about their practices. Indeed they are aware of the interpretative flexibility due to their idiosyncratic features, their tacit knowledge, the problems inherent to technical devices, and the impossibility to identically reproduce an experiment. Moreover, they are daily confronted with situations including uncertainty. To reduce this intrinsic limitation of the data’s collect, the scientists develop strategies to increase the degree of objectivity of their results. One of their strategies could be called “interinstrumentality”.  Some authors proposed a quite similar point of view: Chang, 2001; Culp, 1995; Hacking 1983; Hudson, 1999; Nederbragt, 2003; Wimsatt, 1981. The fact to report to various different methods in order to confirm a hypothesis has several denominations:  ‘robustness’ for Wimsatt (1981) or Chang (1995), ‘triangulation’ for Star (1986), ‘independence of route’ for Hudson (1999), ‘multiple derivability’ for Nederbragt (2003). 
Three remarks in order to argue for the interest of my study. Firstly, it concerns the contemporaneous physics contrary to the previous which are about biology, except those of Chang. Secondly, the biologists evoked in these studies try to locate the same entities. In surface science, the approach is a little bit different. Most frequently, the aim is not to locate the same objects on the images produced by different microscopes: it is impossible because the samples are deteriorated by the microscope’s handling. For example, if a scientist uses a STM to observe cobalt atoms on a gold surface, the sample would be deteriorated. He will clean the gold substrate before evaporating cobalt. This new sample could be studied with a Transmission Electron Microscope (TEM) in order to confirm the presence of cobalt atoms. TEM allows to observe the atomic structure of a sample.  In surface science, using various instruments aims to make sure that the properties expected from the studied objects are real. Thirdly, none of these studies points particularly that the interinstrumentality is a daily approach. Finally, few authors have considered the role of interinstrumentality during the phases of invention and diffusion of a new instrument contrary to the present study.

For me, ‘interinstrumentality’ could be characterized as a consecutive use of various instruments based on different physical principles in order to realize an experimental study. Each instrument provides a specific kind of information about the object studied. The information can be chemical, topographic, magnetic, electronic... The robustness of the interpretation is based for the scientists on the concordance between them[footnoteRef:4]. [4:   For another study on ‘interinstrumentality’in astrophysics, see Allamel-Raffin and Gangloff, 2012. See also the other papers included in the same volume of the Boston Studies in Philosophy and History of Science. For a basic case of interinstrumentality, see Toumey, 2011.
] 


3. Interinstrumentality and the Acceptance of the Scanning Tunneling Microscope 

How could interinstrumentality play a role in the consensual agreement’s process about the reliability of the STM? Designed in 1981 by Gerd Binnig and Heinrich Rohrer, the STM awarded the Nobel Prize of Physics in 1986. This microscope opens the door to what we call now nanotechnologies: single atoms on a surface can be displayed in three dimensions. The STM is based on the concept of quantum tunneling. When a conducting tip is brought very near to the surface to be examined, a voltage difference applied between the two can allow electrons to tunnel through the vacuum between them.  This is the tunneling effect phenomenon in contradiction with the classical physics.  The stakes were high: was it possible to build a macroscopic device which did not perturb the quantum effect observed only in the infinitesimal world? At that time, most of the scientists considered such ambition as unattainable.
Focusing on the process which conducts to the invention of STM, a surprising complexity emerges. Initially, Binnig and Rohrer did not expect to build a new microscope. They had insufficient knowledge about microscopy and surface science.  At the request of their colleagues, whom studied insulating layers for electronic components, they researched a way to study finely the defaults of some materials. The original idea then was not to build a microscope but rather to perform spectroscopy locally on an area less than 100 Å in diameter. Only after many weeks, they realized that their probe could collect topographic information in addition to spectroscopic local information (Binnig & Rohrer 1986, 392). The STM was born.
In 1981, the first results were coldly received by the scientific community: in a private conversation, a researcher from the GSI told me: “These first images were literally incredible”. Some scientists went so far as to charge Binnig and Rohrer with fraud. “My personal opinion is, in that period, many scientists considered atom as a sacred object. It could never be handled. So an approach allowing to see and to handle atoms with such an accuracy was counterintuitive. The scientists did not want to consider such possibility. Indeed they refused to discuss it. It was like a taboo, like to talk about the devil.” (interview with Binnig and Rohrer, 2001)[footnoteRef:5]. The first submission of the paper about the tunneling effect in open air was rejected. The referees argued that the study of the samples should be done under ultra-high vacuum in order to eliminate any possible contamination. And even if this procedure would be used, the samples could be corrupted before their insert in the ultra-high vacuum enclosure. A second critic of the referees was the insufficiency of the theory used to explain data. In response, Binnig and Rohrer argued in order to obtain the agreement of their colleagues.  [5:  http://hrst.mit.edu/hrs/materials/private/Binnig&Rohrer_interview.htm.] 


The publications written since 1981 to 1985 reveal the different steps of this process. Besides scientific reports about their new data, each paper intended to respond to the detractors’ critics. My analysis reveals six strategies developed by Binnig and Rohrer: 
(1) To consolidate the theoretical foundations of the phenomenon; 
(2) To avoid all possible exogenous variables (vibrations’ reduction, vacuum’s improvement, better proceedings to prepare the samples…);
(3) To simplify the manipulation of the instrument, in order that other scientists could run the same experiment; 
(4) To show the interest of the instrument in some other scientific areas;
(5) To study simple and well-known surfaces.
(6) To resort to interinstrumentality, in other words, to collect data with other scientific devices such as X-ray diffraction, TEM, etc.

These six strategies could be found in their papers during this period:
· In Applied Physics Letters (1982), the authors argue that the sources of vibration are enough controlled to interfere anymore with the collected data (Strategy  2)
· In Physical Review Letters (1982), in order to convince their peers that the data collected with the STM were not the product of their imagination, they use a  common technique in Surface Science, the Low-energy electron diffraction  (LEED) (Strategy 6); 
· In Surface Science (1983), Binnig and Rohrer, who have technically simplified their instrument, try to convince the community of the surface science physicists of the STM’s interest for their own researches. To do that, they study materials commonly used in surface science such as gold and silicon. To convince that their results are not a fancy, they compare them with others produced with instruments which have acquired a reliability in the community (Strategies 4, 5 and 6); 
· In Surface Science Letters (1983), they use well-known materials and well-known instruments based on different physical principles  such as TEM and X-rays diffraction (Strategies 5 and 6);
· In 1984, they are more confident in their method. Indeed, other researchers give a consistent theoretical basis to STM. From then on, Binnig and Rohrer endeavour to make their observations easier to reproduce. In their publication of 1984, in Physica B, they stress that the main source of problems is constituted by the metallic tip of the STM. They try to solve it (Strategies 1 and 3); 
· Still in 1984, in Surface Science, they respond to a main critic: the risk of contamination during the sample’s handling. They study gold’s samples with different instruments (LEED and Auger spectroscopy of electrons - AES -), without any move of the samples. The same sample stays in the vacuum’s enclosure and is examined successively with each instrument. Such handling reduces drastically the possibilities of contamination (Strategies 2, 5 and 6);
· In Surface Science Letters (1985), they increase the images of the silicon 7 x 7, and above all they corroborate their results appealing to AES and to LEED (Strategies 5 and 6);
· The final paper is published in Scientific American, so the STM can be known by a large public. 
This brief historical background reveals the numerous trial-and-errors needed to pass from the first version of STM including a remarkable complexity to the easiest handling versions used today commonly in surface science laboratories. The numerous improvements made to the first version of STM result partially from the objections expressed by the scientific community to Binnig and Rohrer: to put the STM under ultra-vacuum enclosure in order to restrict the contaminations, to integrate in their plan other instruments already used in 1980s as LEED, AES, etc. The debt contracted with the detractors is essential: they urge the two researchers to justify their theoretical principles and to modify their instrument. Binnig and Rohrer had to convince their colleagues providing good arguments in order to get the agreement of their peers. Each paper analyzed previously replied to a category of objections. The force of Binnig and Rohrer is not only in their attempt to test the reproducibility of their own experiments, but in their quasi systematic use of instruments commonly ran by their detractors in order to support their own argumentation. The scientists relied on well-known instruments used in surface science (as LEED, AES, TEM …) to confront their own results to those of others.  This approach has two aims: to convince themselves of the reliability of their results and to convince their colleagues.
One could suppose that interinstrumentality is necessarily needed in such case, because of the controversial nature of the STM. But I want to underline the fact that interinstrumentality does not allow scientists to suppress all ambiguities and so to lead to absolute certainty, but it allows so “to decrease the risk of error” in their interpretation of the results. They increase the robustness of their conclusions.
When the process is achieved, has the STM a status which is once and for all justified? Could one use it as a black box? We answer both yes and no. The reliability of the results produced with a STM is no more discussed. A student could easily learn to run it. However, when the aim is to use the instrument in certain conditions such as high resolution, for example, it is very difficult to master the various parameters and it needs a close knowledge of the instrument in order to obtain satisfactory results. In that case, the STM could not be considered as a black box.

In their day-to-day activities, the physicists are aware of the numerous uncertainties linked to the use of instruments as the STM, uncertainties which involve interpretative flexibility of data. The samples being irrevocably damaged with each observation, the experiments are strictly speaking not reproducible. The problem of reproducibility links in such a case to the mastery of concrete operations. Indeed, to master the technical factors (such as the variable quality of the vacuum, the reduction of the mechanic or electronic disturbances, etc.) is extremely problematic. Moreover, the tacit knowledge plays a great role in this kind of experiment (some manual know-how is needed in the polishing of a sample of metallic materials, in the preparation of the tip of a STM, contaminations, etc.). All variables have to be considered and to be mastered. An image of good quality needs frequently weeks to months to be produced with a STM. The surface science researchers are aware of the eminently problematic nature of the reproducibility so as the interpretative flexibility of the collected data. However, contrary to Collins, who argues that social factors are decisive for the end of the controversies, we can consider that such role is devolved in particular to interinstrumentality.  Indeed the scientists are not confronted to endless controversies, because they can use strategies as interinstrumentality. In surface science, they use it quasi systematically in order to reduce the interpretative flexibility, even if, in a first stage, the experiment seems to run perfectly.

4. Interinstrumentality and Day-to-Day Research in Surface Science

The case developed briefly in this part is based on ethnographical observations in a surface science laboratory. I consider such case as representative from the daily practices in the laboratory. The young scientist described here aims to get carbon nanotubes. To produce these, he elaborates a sample in which he believes that he has made grow such nanotubes. To study them, he uses a scanning electron microscope (SEM) which gives morphological information about the sample. The scientist sees, in his own terms, “a forest of spaghetti”. He considers that this “forest” corresponds to the expected nanotubes. At that point of his research, all seems to be coherent with his expectations and the handling occurred during the sample’s preparation. A priori, nothing constraints him to confirm his first SEM observations. But the scientist has learned that one sort of information produced with only one instrument could not be enough. So he has to try to corroborate his first observations. That is why he chooses to study his sample with a TEM in order to reveal the carbon atomic structure and to obtain chemical precisions at the same time. After many work sessions with TEM, the researcher does not have the expected result: he observes on the images things which seem to be nanotubes’ traces but the chemical analysis of these does not reveal carbon.
[image: ]
Figure 1: Nanotubes’ traces or not? Micrograph performed with TEM.  G. Erhet GSI .

How can this surprising fact be explained?  Is it a problem of instrumental artifact? Or an artifact induced by the preparation of the sample? The two microscopes delivered conflicting informations. The physicist is now engaged in a laborious investigation in order to eliminate all the possible causes of artifacts. One has to precise that one major difficulty of such approach is the impossibility for the scientist to determine a priori if the incompatibility of the results between the two microscopes is due to a single artifact or by unfortunate conjunction of various artifacts. In order to succeed, one has to use an abductive reasoning (Peirce, 1903). This abductive stage is essential for two reasons: firstly, it is the creative side of a research’s work and secondly, nothing guarantees that a researcher always produces fruitful abductive hypotheses. We observe that a problem could be generated by a conjunction of various causes. Moreover, our observation of the activities in this surface science laboratory leads us to assert that the competence to formulate abductive hypotheses is variable from a researcher to another. This variation has direct effects on the quality of the researches, creating a degree of uncertainty.

Our scientist faced to a surprising phenomenon (the absence of nanotubes on the sample observed with TEM) should formulate hypotheses about its origin and corroborate them or not. In this case, hypotheses would be about the possible causes of artifacts: would the problem be linked to the preparation of the nanotubes? Would the microscopes or the computers used to produce data dysfunction? After a process of three months, the researcher finally finds that the preparation of nanotubes is the source of his problem. Contrary to his expectations, he did not produce carbon nanotubes, but another substance. In the case related here, the resort to interinstrumentality does not permit to confer to the first SEM images the status of proof. Consequently they could not be published and the study must run again including the constitution of new hypotheses.

Finally, we observe that an image produced by a microscope could never be considered by the scientists as a sufficient convincing proof. The scientists have to evaluate data with other instruments (TEM, STM, AES…) in order to produce other images and other results. Almost all of these instruments involve resorting to tacit knowledge and generate a part of interpretative flexibility. But what scientists are searching is the reliability of the information issued from the observations collected with the instruments. To obtain congruent information allows conferring a status of element of proof to such images instead of a status of simple and local coincidence. To resort to interinstrumentality is a way to reduce the uncertainty.  What the scientist aims to produce is a kind of Peircean cable constituted with many fibers (each fiber is, for example, an image). A cable is robust because it is made of many fibers and, unlike a chain, the solidity of which depends on its weakest link, the cable remains robust even if one or two of its fibers break. (Callebaut 1993, 57). This Peircean cable resorts to theoretical models, to intersubjectivity, and especially to interinstrumentality. When the Peircean cable is considered as enough consistent, i.e when the elements of proof are sufficiently matching and coherent among them to resist to objections, the scientists publish. However, a Peircean cable is always potentially subject to revision: new elements can be added, its composition can be criticized, it can be considered as insufficient or too partial. The texts of the referees are a particular and eloquent example of this last point. The referees stress frequently that the researchers assert such thesis relying on data insufficiently corroborated by other instruments.

5. Conclusion 
With the two case studies briefly evocated above, I try to show that it is possible to enrich our understanding of the concept of objectivity, and most particularly when it concerns the results obtained in natural sciences. Traditionally, its definition refers mainly to intersubjectivity. I propose to complete it with a set of strategies, and especially the one I  called interinstrumentality[footnoteRef:6]. What the interinstrumentality questions are the conclusions proposed by Collins. For me, social factors are not essential to end the controversies due to the interpretative flexibility. I could have two points of agreement with Collins: firstly, the choice of a strategy as interinstrumentality is based on a consensus among the scientists, and secondly the results produced with each instrument include social factors in a more or less large sense. But the convergence of results could not be reduced to social factors. For me, interinstrumentality increases the degree of reliability but cannot succeed to reach absolute reliability. It permits to conduct the investigation up to the point in which the hypotheses are considered as true “beyond all reasonable doubt”. So objectivity can no more be understood as a question of ‘all’ or ‘nothing’ but as a continuum according to Putnam (2003). Objectivity is a question of more or less.  [6:  Two objections to the pertinence of interinstrumentality could be discussed: it is not possible to use this strategy in some cases (1) because some areas of the scientific research do not dispose of various instrumental equipments and (2) some studies which include an instrumental dimension do not permit to use many instruments (lack of time or money…). The answers to these objections are mentioned by Allan Franklin, in particular in his article entitled “Experiment in Physics” published in 2009. When a scientist could run an experiment only with one instrument, he could develop other strategies:  experimental checks and calibration, using statistical arguments, etc.
 ] 
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