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Ethnographic analyses of scientific practices using the

notion of care can elucidate what good science implies in

practice and how it is perhaps hindered. In a Dutch

chemistry lab, researchers cared for good science by

working towards socio-material collaboration. They were

responsible for each other, their materials, and their

chemistry work. They shared knowledge and skills to affect

the material world. And they were dependent on the

actions of their colleagues, technologies and chemicals.

Their work was exciting because of this socio-material

collaboration, but also frustrating when resistance of

materials or competition hindered their caring practices.

That is, good science as a collaborative and knowledge

sharing practice was hindered by current values about

good science which emphasise research excellence and

positive results, especially when chemicals did not

collaborate. This asks for an understanding of care and

good science that is not merely focussed on successful

research practices, but also on the hard (sometimes slow,

boring or frustrating) work that does not always feel ‘good’

or end ‘well’, but is still part of the research process.
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Science policy in the Netherlands and elsewhere has increasingly organised
science as if it were a training ground for excellent individual scientists. Such
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(Hicks, 2012; Butler and Spoelstra, 2014; Moore et al., 2017; Flink and Peter,
2018; Jong et al., 2022). Scientists follow individual tenure tracks, apply for indi-
vidual funding, win individual prizes, are evaluated for individual perform-
ances, and are reprimanded for individual mistakes (Roumbanis, 2019). In
the Netherlands, for example, research funding is mainly distributed through
personal grants for ‘talented, pioneering researchers’ (NWO talent program,
nd). Individual data, in terms of publications and citations, guide the processes
of governing science (Hicks et al., 2015). However, this focus on science as a
competition for individual excellence stands in contrast to science as a collec-
tive and collaborative practice. It is embedded in a specific interpretation of
what ‘good’ scientific practices are and may hinder collaborative work rather
than foster it (see, e.g. Davies and Horst, 2015; Ellemers, 2021; Pols et al., 2024).

In this paper we aim to find out what good (caring) research practices are
according to chemistry researchers who work in a Dutch chemistry lab. We do
this by observing their everyday practices and aspirations. How do they care for
good chemistry research, and in what ways are these caring practices perhaps hin-
dered? Analysing everyday practices in the lab as practices of care (Mol et al., 2010),
instead of, for example, actor-network dynamics (e.g. Callon, 1984), allows atten-
tiveness to the researchers’ efforts and their aspirations to conduct good science.
Analysing everyday lab practices as practices of care not only appreciates the
hard work of researchers, and the materials and technologies involved (instead
of distantly taking note of their actions); it also reveals that good caring research
practices are sometimes hindered by other notions of good science (see also Bren-
ninkmeijer, 2022). We show that good care in the chemistry lab is enacted as a
working towards socio-material collaboration. This notion of good science as a col-
laborative and knowledge sharing practice is hindered by the focus on good science
in terms of competition and individual research excellence (e.g. positive results and
papers), especially when chemicals do not collaborate.

Analytical perspectives

Analysing scientific practices in terms of care was inspired by the work of Anne-
marie Mol and Jeannette Pols, among others, who have empirically studied the
values involved in healthcare (Pols, 2004; 2015; Mol, 2008; Mol et al., 2010).
Healthcare and other practices, just as scientific practices do, embed different
values and tensions - notions of what is good and what is bad (Heuts and
Mol, 2013). Goods and bads exist not only in the ideas and actions of people
working in the field, but also in their materials and technologies. For example,
a doctor can rely on a thermometer to check if someone is in good or bad
health. Such socio-material interactions realise or reshape something: for
instance, an idea of temperature to establish illness or good health. We call
such interactions ‘caring’ when they are spurred by the attempt to realise some-
thing good, even if one might disagree with these attempts or their outcomes.
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In the edited volume Care in Practice (2010), Mol et al. empirically study a
variety of (health, technology and animal) care practices and translate these into
theory. In this work, they analyse what care comes to be, what values and ten-
sions are involved, and what notions of good are realised. In this way, they can
compare and contrast different ideas, choices, accountabilities, decisions,
actions etc. to make theoretical inferences and recommendations to inform
care practices, policy and management (Mol et al., 2010; Coopmans and McNa-
mara, 2020). For Mol et al., good care is a ‘persistent tinkering in a world full of
complex ambivalence and shifting tensions’ (2010, p. 14). Their approach is
hopeful (people do their best), but not idealistic (people may not get things
done as intended, or there may be unexpected eftects) (Coopmans and McNa-
mara, 2020). This practical or empirical understanding of care can also be called
empirical ethics: it does not judge what is good or what is care beforehand, but
follows the values of actors in the field (Pols, 2015; 2023). In this paper, we make
use of such an empirical ethics approach to find out what is good care in chem-
istry research, and where it is perhaps hindered.

Our approach builds on, but also differs from, other flows in care studies in
STS which have their roots in feminist and post-colonial studies. Care in these
traditions has been seen as embedded in power relations, which makes it impor-
tant to ask who (or what) cares for what (or whom). Caring can be a privilege,
but it can also be paternalistic, oppressive or excluding (Martin et al., 2015). Care
can be a paradox, for example because it centralises some forms of care (e.g. for
data or animals) and limits others (e.g. for context or consequences of outcomes)
(Lappé, 2018). It can feel ‘uncanny’, for instance because caring for lab animals
also constitutes a specific experimental model of these animals (Friese, 2013).
For researchers in these traditions, caring means to critically discuss (asymme-
trical) power relations and invisible labour. It is a form of critique and an ethico-
political orientation of STS researchers (Puig de la Bellacasa, 2011; 2017; Martin
et al., 2015; Coopmans and McNamara, 2020; Lindén and Lydahl, 2021).

Thinking with care encouraged an ‘affective turn’ in social studies of science
(Puig de la Bellacasa, 2011; Kerr and Garford, 2016). Many of these care studies
refer to the biography written by Evelyn Fox Keller who described the ‘intimate
knowledge” and ‘emotional investment’ of the geneticist Barbara McClintock
(Keller, 1984, p. 198). McClintock explained that her genetic work needed ‘a
feeling for the organism’, or a listening to ‘what the material has to say to
you’ (Keller, 1984, p. 198). Elaborating on this, Natasha Myers showed that
making molecular models required an ‘affective entanglement’ or ‘bodily
engagement’ between the researcher (‘s body) and her/his models and knowl-
edge (Myers, 2008, p. 169, 185; 2012). Other researchers have focussed on
the role of emotions in laboratory practices and their constitutive role in the
knowledge making process (Pickersgill, 2012; Fitzgerald, 2013). In these
studies (emotional and physical) affection was part of good science; it
showed a mutual or intimate affection between researchers and their research
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objects (e.g. Puig de la Bellacasa, 2011; Latimer and Miele, 2013; Latimer and
Lépez Gomez, 2019; Slaby et al., 2019).

Another form of caring for good science that will be discussed in this paper is
collaboration. Thagard (1997) discussed various forms of collaboration that
contribute to the development of scientific knowledge, among which are the
teacher-apprentice relationship, and the peer-similar relationship. The sym-
metric approach of actor-network theory (ANT) emphasises another form of
collaboration in science which is the acting together of humans and non-
humans (e.g. Callon, 1984; Latour, 2005). Lab work and other research prac-
tices, however, can also be stressful, frustrating and boring because of non-col-
laboration of co-researchers or research objects (e.g. Delamont and Atkinson,
2001; Miller, 2012). Moreover, while Keller wrote that ‘if one looked hard
enough and carefully enough, a single organism would reveal its secrets’
(1984, p. 180), the chemistry researchers in our fieldwork sometimes ended
up with molecules that just ‘won’t work’. And although mutual affection,
socio-material collaboration and positive results fit most understandings of
care and good science, resistance of materials is clearly part of the scientific
process (e.g. Pickering, 1995; Barad, 2007; Law, 2010).

Elaborating on ANT’s principle of symmetry, Pols (2015) urged researchers
not to define what is good and what is care beforehand, but to focus on what is
(good) care in practice (see also Mol et al., 2010; Lindén and Lydahl, 2021).
Hence, we try to avoid critique and pre-given ideas about what is good, in
order to explore how actors in the field work towards what they feel is good
science. That is, we do not specifically formulate care as embedded in power
relations or as an affective practice, but empirically establish what ‘goods’ are
at stake, and what tensions there are to work with. In the next sections, we
first describe our fieldwork and setting, and then focus on the various forms
of care that we encountered in our fieldwork. We describe the division of
labour, the lab routines, and the sharing of knowledge and skills as socio-
material collaborations. We also describe the frustration when colleagues or
materials do not collaborate, or when molecules are obstinate. We then show
how good care in terms of socio-material collaboration is hindered by other
notions of good, for example in terms of positive results and research excel-
lence. In our conclusion, we relate our (empirical) observations to the
various concepts of care that we discussed in this section, and focus on the situ-
ation that good care does not always lead to successful results.

Empirical analysis
Setting and division of labour

Between October 2018 and October 2019, Author JB did fieldwork amongst a
group of organic chemists and conducted semi-structured interviews with
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chemistry researchers from different research groups. Albert, a professor and
the head of the organic chemistry section at a university, supervised around
twenty PhD students, one postdoc, and ten bachelor’s or master’s students,
together with Nienke (assistant prof) and Mike (associate prof). (All names
are pseudonyms. See Appendix for more information about the fieldwork.)
They developed the lines of research (for example by writing grant proposals),
co-authored papers, met individually with their PhD students, and organised
weekly group meetings to provide feedback regarding the progress of the
PhD students; they did not, however, do experiments in the lab themselves.
The PhD students, instead, developed and maintained the routines to do the
practical work in three labs, which were called alpha, beta, and gamma. Mike
and Nienke sometimes entered one of the labs to see how the PhD students
were doing, but they doubted if this was appreciated. The lab was the students’
domain, and they reported on their activities in the individual and group meet-
ings. The supervisors sometimes also considered this to be a problem: as Mike
said, ‘You are always dependent on what your PhD students tell you’.

Although the supervisors did not work in the labs, they were responsible for
what happened there. This was especially noticeable in regard to safety. Mike
regularly checked all labs to see if they were clean and safe. He developed the
safety protocols and reprimanded PhD students when they did not follow
these properly. One of the PhD students was appointed as lab supervisor;
they checked the waste, materials, and machines, and gave safety trainings to
new students. The supervisors (Albert, Nienke, Mike) supervised the PhD stu-
dents, and the PhD students supervised the bachelor’s and master’s students.
This structure was based on a ‘master-apprentice’ relationship (Albert).

The observations for this paper mainly took place in the alpha lab: a lab with
six ‘fume hoods’ - ventilated enclosures that function as a sort of mini-labs for
one person — where five PhD students (Javier, Hank, Robert, Michael, Noah)
and one bachelor’s student (Steve) did their laboratory work. The alpha lab
was connected to the other labs, and the students walked in and out of the
labs to share materials or technologies, ask questions, or chat. All students
worked at their own fume hood, on their own project, but some of their projects
were related. They worked on shared or comparable topics, such as the syn-
thesis of a specific molecule, and some of their research lines had already
been running for years. The purpose of producing molecules was, ultimately,
to allow them to be used for medicines or other societal aims.

This brief description of the setting and division of labour in the labs shows
that chemistry lab work is based on collaboration and care (see also Thagard,
1997; Davies and Horst, 2015). The safety procedures, the sharing of materials,
the chatting, the supervision and master-apprentice system, and the inter-
related projects: these all indicate that chemists care about each other and
their materials. They are dependent on and responsible for each other and
their chemistry work; all with the purpose to produce good chemistry.
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Lab routines

JB’s introduction in the lab started with a guided tour by Javier, who showed her
the three labs and other rooms, a variety of technologies, computers, freezers,
and storage units full of chemicals (see Figure 1). He explained the use of
several machines and other facilities, such as the purpose of the different
tubes in the fume hood, the ventilation system, and the alarm system. It was
an enormous amount of information and, because they were walking through-
out the tour, JB took hardly any notes. She drew pictures instead: bottles with
chemicals, boxes, safety warnings, the air circulation system, fume hoods, waste
bins, flasks, computers, and some impressive machines. Afterwards, she jotted
just a few notes about Javier’s remarks. One of these was: ‘It is like cooking; it is
following a recipe.’

The metaphor of cooking appeared several times in the interviews and con-
versations with chemists. For example, we heard the following statements:
‘Actually, it is comparable to cooking. Some people here love cooking.’;
‘With a steak you know when it is ready, but here you don’t. I leave it for
half an hour.” The daily routine of cooking can be a form of care when it is
oriented towards doing something good: make a good meal, care for good
health, or facilitate a good social event. It includes several activities, such as
gathering up ingredients, cutting, stirring, watching a timer, observing
colours and smells, and cleaning up your materials. Indeed, all of these activities
were also observed in the chemistry lab. From our fieldnotes:

Figure 1. Lab room with fume hoods.
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Michael is cleaning flasks and dries them with the air from one of the tubes. Hank
works in his fume hood. He pours liquid in a small flask with on top a paper with
some powder. He uses a small spatula to stir the powder. Below his fume hood a
can of “main course soup” serves as a deposit for test tubes and syringes. The men
are chatting and laughing together. Michael walks around and swings a round-bot-
tomed flask in his hand while he is talking. Then he pours out the flask in the
waste bin. They talk about housekeeping tasks at home that they don’t like - doing
the dishes and the usefulness of the dishwasher. Michael leaves the waste bin open
and walks to the tap to clean his flask. It smells like ether. Hank starts a machine
that makes a loud sound. He continues pouring the liquid on the paper with
powder. Michael cleans his fume hood.

These fieldnotes show that doing chemistry indeed has some similarities with
cooking: the daily routines, the presence of smells and noise, and the
working side by side, but also the stirring, pouring, and cleaning, and the chat-
ting about cleaning. These all are activities that can also be found in the kitchen.
However, while the chemists are cleaning, chatting and stirring they are also
taking care of something that was not directly observable. From our fieldnotes:

Javier rinses some bottles. I ask: “are you cleaning?” Javier answers: “Yes, because I
have to wait for 30 minutes. But I have to stay here, because something can
happen. The needle can get stuck. If I go to the office, and 30 minutes later you
come back, and then nothing happened. So, you always have to stay in the lab
when you are doing a reaction. Just in case something happens” (see Figure 2).

This rationale - ’just in case something happens’ — shows that these lab routines
are not just daily routines but are caring activities that are necessary to produce

Figure 2. Javier's fume hood in which ‘something can happen’.
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good chemistry. For example, in a supervisory meeting with Javier, Albert said
about an experiment: ‘What surprises me is this: On the one hand the reaction
is too slow, and then it over escalates. ... [Next time] Do it in one working day.
Not overnight.” About this, Javier told A: “Tomorrow I will start early because I
have to check the reaction every hour. If I do it overnight, in the morning I will
have the wrong compound.” This shows that chemical processes require care
over time. If you don’t look after your chemicals in the way that suits them,
they can turn into an experiment gone wrong.

Lab routines are caring practices necessary to produce good science. Lab
workers have to care for the chemicals, materials, and technologies in the
lab, but it is also the other way around. If the ventilation does not function,
chemists cannot do their work. (‘This Saturday they will switch the venti-
lation off. So, you cannot work.”) If the freezer malfunctions, a substance
will not reach the right temperature (‘I need the machine to keep it
cold.’). And if the rotary evaporator (‘the most maltreated machine ever’)
does not work, the solvent in a sample will not evaporate. Other technol-
ogies try to warn or protect the scientists: fume hood doors start beeping
and descend after a few minutes without closing; alarm bells are tested auto-
matically every month; and emergency buttons, phones, showers, and other
safety measures are always on stand-by. This all shows that good care in
chemistry takes the form of a socio-material collaboration: researchers
care for themselves and their chemicals and technologies, for example by
cleaning, stirring, chatting; and the chemicals and technologies have
to care back, for example by functioning, warning or turning into a
good compound.

Sharing knowledge and skills

To develop the routines to make materials and chemicals collaborate, chemistry
researchers have to develop specific skills and expertise. According to Albert,
organic chemistry involves craftsmanship: ‘We have many handicrafts to
learn. You have to practice these, train [for] these. Till the certain moment
that you can do it well. And some will never learn it.” To practice chemistry
well, researchers have to learn lab skills from other researchers and practice
these. This also explains the clear division of labour between the PhDs and
the senior researchers. Some of the PhD students in the lab told JB that they
did not really like reading and writing; they preferred to work in the lab and
find out how things work. The professors, on the other hand, did not have
time for the hands-on, unpredictable manipulation of chemicals in the lab.
According to Marian, a professor in materials chemistry, the professors some-
times also lacked the experience and time to do good lab work. They need rep-
etition to ‘keep the feeling’ - an expression that closely resonates the ‘feeling for
the organism’ (Keller, 1984):
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Many things we do, you just have to do it very often. To keep the feeling for it, so to
speak. To make sure that it doesn’t become dangerous. In theory, I know how to do it,
but in practice, I think I don’t exercise enough to do it well. PhD students are better at
that. And that is a good division of tasks, I think.

Through the division of tasks, everybody practices the things they need to prac-
tice. Senior scholars pass on their knowledge to students via the teacher-
apprentice collaboration (Thagard, 1997). The students then take over the lab
work to care for the chemicals. In the lab, expertise was also shared. The
PhD students regularly consulted each other with questions, and occasionally
organised expert sessions where one of the students presented on a topic that
they were very good at or interested in. From our fieldnotes:

Michael explains something to Javier, and draws a molecule with a marker at the fume
hood door. ... Michael: “this is a beta, this is an alpha.” Javier: “So, this one is major?
According to the alcohol?” Michael: “I can give an expert session on this.”

Michael helps Javier by explaining something he is (apparently) very good at.
This sharing of knowledge and skills between peers is an important aspect of
the research process (Thagard, 1997).

It is also in this sharing of knowledge and expertise that we recognised the
(emotional and bodily) affection for the chemical world. Like Myers (2008;
2012), Puig de la Bellacasa (2011), and Fitzgerald (2013) have already
pointed out, chemistry researchers have to learn to affect the material world,
and they can only learn this when they are affected (emotionally involved) by
this material world themselves. This affection was also noticeable in the daily
research activities of the chemistry researchers. For instance, Javier sent a
plan for the week to his supervisors in which he regularly used exclamation
marks, as in this statement: ‘If everything works fine, I hope to have [X accom-
plished] before the weekend!” The PhD students often used exclamation marks
in their presentations, and talked about oxidations or other chemical reactions
as ‘cool.” In the group meetings, some students were so engaged with the pre-
sentations of their colleagues that they raised their hands as if they wanted to
touch the roof. Sometimes, they concentrated so deeply that they bent their
upper body almost flat on the table towards the speaker, or they seemed literally
thrilled with excitement and nervously moved their feet or other body parts, as
if something big was going to happen.

This affection, however, was not always a positive feeling. Albert explained in
an interview (see Pols et al., 2024):

Nothing is more beautiful than a PhD who comes running into the room saying, “I've
got it!!” That is really fan-tas-tic. It doesn’t happen every day, unfortunately. And the
other thing, which is not nice but you feel you are engaged, is when you speak with a
PhD who, for the seventh time, did not get a certain chemical reaction. It is not nice,
you feel bad, but it is really very interesting—how to say this, I'm looking for a good
word—you feel very engaged. That is what I find important in my work. The fact that
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you live through that research together, and it does not work, and dammit your col-
league in the US just did what you wanted to do! It feels bad. But it is meaningful. It is
thrilling, maybe that is the word.

Living through the research together is what makes this work meaningful to

Albert: it gives a feeling of engagement but it is not always nice, and can also
feel bad.

Collaboration and frustration

Also to JB, lab work did not always appear as particularly good (or nice) in itself.
When she asked the PhD students what they were doing, they often answered
her with phrases like: ‘T am not doing anything, I am just cleaning’ (or drying,
waiting, checking the reaction). Some actions, like double-checking reactions
that were already checked, were declared ‘super boring’ because of the rep-
etition. The routines of waiting and cleaning were also expressed with quotes
on the walls of the PhD office, such as: ‘Are you waiting for your reaction or
is your reaction waiting for you?” and ‘T don’t like cleaning. I just like my
stuff clean.” And when Javier asked Knut how he was doing, Knut answered:
‘Do-able, always do-able. Till the reaction works.... On the weekend, we
party; every Monday, we cry.” With this, they both laughed. What is important
here is that, although routines such as waiting and cleaning were sometimes (or
often) experienced as boring - and hence did not always express a passionate
relationship between the researcher and its research object — they were
clearly oriented towards a certain purpose: making the reaction work.

This became especially clear when socio-material collaborations did not go
very well. In the alpha lab, for example, some PhD students were annoyed
when one of their colleagues fell short in his cleaning:

Michael:  ‘Look at this, man!’ [Shows a glass to Javier.] ‘He doesn’t give a shit. He
just put a dirty one on the rack!” ...
Javier: ‘T was very pissed when he spoiled my reaction, last week.’

The PhD students shared materials, which meant that if someone did not clean
theirs well after use, this could spoil the other students’ experiments. They also
shared chemicals and other materials, which meant that these had to be stored
in the right place and in the right ways, and had to be reordered or fixed when
they were empty or broken. In the weekly group meetings, issues related to bad
cleaning, broken devices, or misuse of substances were often discussed.

This frustration about materials that were dirty, chemicals that were lost, or
machines that were broken, shows how dependent PhD students were upon
each other, as well as upon technologies, materials, and chemicals. Albert
explained it like this:

It is really a profession that keeps on haunting you. People work on it day and night.
And it creates a lot of frustration if something doesn’t work out. Some people start
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crying then, others clam up and become grumpy to their lab mates. As a supervisor,
you really have to pay attention to that. If someone’s reaction doesn’t progress, and a
machine is broken, then this person can suddenly become really angry at the one who
broke the machine. You cannot do that. That person did not break that machine on
purpose. It is perhaps clumsy, but you cannot become angry. You have to talk about
these things. That is also why we organize many team outings. Last week, we went
puzzling and climbing together. That is so important.

The working day and night, crying and anger about broken machines or not
progressing reactions, and the importance of talking and team outings - it all
shows that chemistry researchers care about their work and have to collaborate
with each other and their materials and chemicals. It also shows, however, that
collaborations do not always go smoothly. Talking and team outings may help
clear the atmosphere (and the collaboration) between the students, but it does
not solve all frustrations. Students still have to wait till the reaction is done to
see if they have succeeded. This waiting for success is very stressful, and the fact
that reactions often do not succeed feeds the frustration. Noah explained: “That
things do not succeed again and again - some people like that. But it can
happen that [someone] worked for nine months on this, and made twenty
different compounds, and when you test it, perhaps nothing works at all. I
can’t stand that.

This frustration was not only voiced in interviews and conversations; JB
could also see and feel this frustration in the lab. Michael was friendly and talka-
tive, telling her about his passion for research and describing what he was
doing, that is, until his reaction produced a turbid colour. Then he just said:
‘Pfttt ... fuck!l’, and stopped talking. When Noah gave a presentation in a
weekly research meeting, he said that his molecule ‘was flipping all over’ and
that he found this ‘very frustrating.” Other PhD students expressed their frus-
tration for example by calling a (specific) purification ‘a nightmare’ or by
making jokes in their lectures, saying things like: ‘So, if you hear a yelling
from the alpha lab: It is not pure [but mixed with other substances].” Javier
did not express his frustration in such a direct way, but JB observed that he
had some reasons to be frustrated:

JB: ‘Did you say that you already did this reaction?’
Javier:  Yes, already five times.” (laughs)
JB: ‘Five times?

Javier:  Yes. ... Sometimes, we just don’t know why it doesn’t work.’

The boredom, the frustration, and the team outings: these are all part of the
caring for good science. Making molecules is working towards a socio-material
collaboration: if one of the researchers, materials, technologies, or chemicals
does not collaborate, the reaction will not work. Together they are responsible
for safety, and they have to work together to achieve good chemistry.
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The obstinacy of the material world

So far, we showed that care in chemistry is not an individual practice, but a socio-
material collaboration oriented at producing specific goods: good compounds,
reactions that work, new molecules. There are situations, however, that all lab
routines, team outings and sharing of skills and expertise go well, but still the
material world is obstinate. Javier explained that sometimes they ‘don’t know’
why a reaction does not work. We quoted Noah earlier, who said that his mol-
ecule was ‘flipping all over.” This shows that there is another, less controllable,
set of actors in the collaborative practices of the organic chemistry scientists:
the molecules and chemicals. They have to cooperate too. JB was surprised to
observe that organic chemistry was full of questions and situations of not-
knowing. The meetings she attended contained many phrases like:

‘Who knows why they won’t work?’
‘For some reason, I got ...~
“That is kind of weird, right? No, in principle you don’t know if ...~

‘Here, we didn’t know the enzymes involved. It might be important, but we don’t
know.’

‘We can’t really get an idea of why this is.’
‘Don’t spend too much time. What it does, we don’t know.’

Stacey, one of the PhD students, explained the tinkering and trial-and-error
approach that comes with not-knowing what is going on as follows: ‘I tried
A, I tried B, and it was a mystery. I tried C, I tried D. So, it was more or less
random. ... It indeed ionized for unclear reasons.’

The purpose of chemistry lab work is to make molecules, which means that
the chemicals and molecules also have to collaborate. The lab researchers study
and try to describe the behaviour and characteristics of their chemicals. Robert,
for example, said in a presentation: “This is not a nice compound. It behaves
strangely.” Mona said about her work: “This is the most beautiful molecule of
my PhD, but it is useless.” These are among the many ways molecules are
characterised as actors that behave in their own way:

‘This compound is not super active.’

T guess it sticks and sits there forever.’

‘They don’t look enthusiastically crystallized.”
‘The carbonate is fantastic.’

‘(It is a) surprisingly nice compound.’

‘It is reasonably pure.’
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The chemistry researchers are striving to understand what their reactions do,
and they follow and support these processes by relating these to technologies,
materials, and literature. A lot of this work is tacit knowledge: knowledge
that can only be shared by doing it (Polanyi, 1962; Shapin, 1989). It can also
be seen as what Myers calls ‘body-work’, a form of labour that allows to literally
come to grips with, and make sense of, specific forms and functions (2008,
p. 166). Chemistry researchers may feel with their hands to learn how their
reactions progresses, as this quote from Albert illustrates: “You must have
seen it. You must have felt it: like, ‘Oh, it is getting warm now.” [makes a
gesture of touching a flask] ... What would happen if I made this reaction
ten times bigger? Well, I shouldn’t do that because then it would blow out of
the flask.’

The researchers learn to know their molecules by using their senses, which
means they must develop ways to communicate the smells and colours of
their reactions. During a presentation, one of the PhDs talked about the
colours of his reaction by using phrases like ‘grass yellow,” ‘colourless to yellow-
ish,” ‘colourless to somehow yellowish,” ‘brownish yellow,” ‘yellow mixture,” and
‘slightly yellow mixture.” The PhD students also shared pictures showing the
visible characteristics of their reactions and regularly discussed the smell of
their reactions. In a lecture, one of the PhD students said: ‘If you smell
popcorn, you know it is working,” whereupon the other students laughed and
one responded: T smell it a lot.

Smells and colours can indicate successful trials, or failed reactions or safety
issues. Senses and skills were sometimes more important than technological
measurement devices like thermometers or clocks. When JB asked Albert:
‘That is something you feel? You don’t measure it?’, he answered: You feel
it. Sure, you can also measure it, but ... Yes, the thermometer goes up now.
Ow, that becomes really hot. You know?” Something similar occurred in a pres-
entation by Sara, who told her audience: ‘[I have been] Waiting till the colour
changed and then....” Her supervisor Mike responded to this, saying: ‘Yes,
timing is also very important,” whereupon Sara answered: T didn’t look at
the time, but at the colour.” This intimate, embodied way of interacting with
reactions makes measurements superfluous. The researchers learn to feel or
sense what is happening, which makes for efficient and skilled practice in the
lab.

Timing sometimes seemed more related to senses and skills than to the clock.
When the PhD students told JB that they had to wait for thirty minutes, or five
minutes, or two hours, this mostly was a rough indication. From our fieldnotes:

I realize that the 5-10 minutes of Michael are half an hour, and that the hour of Javier
is also much longer. Then, Michael takes his bottle out of the rotary evaporator and
brings it to his fume hood. He fills some pipettes with liquid, and puts it back in the
machine. He walks back to clean his fume hood and explains to me: “I want that white
solid substance”. He walks to the rotary evaporator and blow dries the small bottle
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that is spinning around. He takes the other bottle out of the machine. There is a tiny
bit of white solid substance in there. He scrapes off the white coat; puts it in a measur-
ing glass, and adds some liquid with a pipette. He blow dries the bottle and taps the
glass with his fingers: “It would be nice if it dissolves, of course”. He blow dries it
again. “Shit, that’s a pity ... ”. He looks for another scraper; injects some liquid. He
looks tense now, somewhat irritated. He takes a smaller bottle. “Attempt number
2. It will dissolve, but not so fast”.

The fieldnote shows the socio-material collaboration between Michael and the
material world: it is a practice of tinkering, or bricolage (Latour and Woolgar,
1979; Knorr-Cetina, 1981; Pickering, 1995; Mol et al., 2010), of seeing and
sensing if and when a reaction will take place (e.g. Shapin, 1989; Myers,
2008). Chemists have to find out when their substance has evaporated or dis-
solved, when it has changed colour or started smelling. This process is often
not related to measurements, but depends on the skills (feelings and senses)
of the chemist as well as on the collaboration of the material world. The chemi-
cals, compounds, and molecules have to respond to the actions of the chemist,
for example by dissolving, showing pureness, and so on. This interdependency
shows that the scientists do not have control over their molecules and the way
they respond, even though they have many different caring techniques to try to
make them do what they want or seduce them to respond in a good way. In
other words, good (caring) chemistry research is working towards a smooth
socio-material collaboration, but it is not always obvious that the material
world indeed responds in the expected ways.

Good chemistry and its interruptions

So far, we have discussed how chemistry researchers care for their molecules by
trying to achieve certain useful and understandable reactions. The molecules
could also be seen as caring for the scientists by producing certain reactions.
Molecules can also be seen as contributing to more general goods, such as
finding remedies for cancer or developing better batteries. Chemistry research-
ers emphasise the social relevance of the chemical reactions or molecules in
their research proposals, presentations and papers. Their work has to achieve
something good on different levels. Lab and society, molecules and people,
these are all entangled in socio-material relationships. As Nienke explained
it: ‘[Chemistry] is thinking at a small level, in molecules and atoms. And
together you can rework these into something new. Something that has never
existed yet. Molecules are the basis of all kind of effects, [like] if you will get
ill or something. So they have an immediate impact.’

However, there are also situations in which molecules do not collaborate, or
seem to care back - in spite of the different forms of care that are part of the
daily lab work: the peer to peer and teacher-apprentice collaborations, the
socio-material lab routines, the emotional investment and body work, and



SCIENCE AS CULTURE (&) 73

the persistent tinkering practices. Sometimes the material world will just not
cooperate. Is this not good chemistry then? At the moment indeed it is not:
nothing good is produced. When chemicals do not do what is expected —
when they do not collaborate in desired ways - this is not turned into shareable
knowledge.

When JB asked Albert if it is a problem when a molecule cannot be made, he
answered: Yes, yes, yes. That is a huge problem. Because the beta sciences are
very focused on publishing results. ... This means that success is necessary.’
Here, ‘success’ means the creation of a molecule, not a demonstration that
the molecule could not be created. Nienke, who had a tenure-track position,
said:

When you have only negative results, actually you cannot sell that. So I am very
curious how many people have tried the same idea. ... When you have a result that
does not suit your hypothesis; it is completely different—but still, you have sacrificed
a couple of mice—nevertheless, you won’t write that down. Because it is not exciting
enough. Because it was negative. So, when someone else has the same idea ... you
need these mice again, huh?

Nienke makes molecules that are tested on mice, in order to see if they have the
effect that was hypothesised. Not all molecules have to be tested biologically, but
the sacrificed mice illustrate well that something was spoiled when knowledge
about non-results is not published. This waste - of both knowledge and mice -
is also what bothered Tessa, a postdoc who finally stopped doing research
because of an ‘unsuccessful’ project, that is, a project that did not deliver a posi-
tive result:

I have done a lot of animal experiments. And many of these experiments had results
that differed from what was expected—but still these animals are used. So, actually, it
should be published, to make sure that not someone else will use all those mice or rats.
But we are not that far yet. This, while actually ... it would also be a solution for other
researchers: What was done already? What do I not have to try? But also, for yourself,
that you can think: “Oh well, it is not for nothing.” Now it is just getting dusty, away
somewhere in a file.

Tessa’s work is getting dusty in a file somewhere because the results differed
from what was expected. So here we see that some notions of good science
(e.g. collaboration and knowledge sharing) are interrupted by others (e.g. posi-
tive results and fast publications). Albert had to make sure that his PhD stu-
dents publish in good journals; Nienke had to publish enough papers to get a
tenured position, and Tessa had to produce positive results about which she
could write articles to advance her academic career. The privileging of positive
findings sits in tension with the idea of science as a socio-material collaboration
in which researchers, molecules, and mice all take part. Looking again at this
collaboration, it would be collegial, animal friendly, conducive for knowledge
building, and hence caring for good science to publish negative findings as well.
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Publication pressure can also have a disruptive function on research in
another way. PhD students often have to repeat experiments described in
the literature, for example because making a substance is cheaper than
buying it, or because they need a compound that cannot be bought; but
repeating experiments in this way does not bring them any credit. Albert
doesn’t consider experiments that follow the literature to be research,
saying things like: “We are not doing research here. We are just repeating lit-
erature,” and ‘If there is literature available, you don’t want to do research on
it. This is KNOWN.’ In contrast to Albert’s confidence in the literature, the
students experienced it sometimes as a hindrance because papers do not
always ‘exactly show’ what to do; they are not always ‘that precise’ as to
what should be done in the lab. So, although literature is intended to contrib-
ute to the collaborative creation of knowledge, apparently not all papers are
specific enough to make knowledge easily reproduced in another lab. This
can be a result of the format of methods sections, slightly different experimen-
tal conditions, or even the sloppiness of the authors, which might be a result of
competition between labs.

Scientific collaboration and knowledge sharing can also be hindered by
competition between researchers or labs. Javier, for example, worried that
other PhD students might copy his work when he presented a conference
poster. A chemistry student from another lab told JB that the fear of being
‘scooped’ (i.e. another researcher publishes ‘your’ results first) can discourage
researchers from sharing their findings before they are published. Compe-
tition may also undermine teaching, as Sven, a professor in analytical chem-
istry, explained:

One of our postdocs just came back from the US. They are extremely efficient, they
barely ever have a student, they have money to do research, to do projects. They
are very well equipped, very high level staff, lots of pressure on performing. ... But
for us the learning component comes first. ... It slows us down, but I do think it is
important that we realize that we are a training institute.

Something comparable was also experienced by Nienke, who really cared about
her PhD students, but felt that she had to speed them up - because they publish
together - to reach her required number of publications:

I can stay right on top of them so that they will generate the most data, but actually I
want them to learn how to do it themselves. So that they will have become better
researchers after four years. ... But I lose this [attitude] too. My oldest PhD has
been working for two years now, so whereas, when I first started, [I was giving her]
some hints and, well, “Go and find out.” 'm quicker now [with her], like: “Did
you do this already? Did you do that?” That is a change.

She also felt that the publication pressure hindered her caring for good science,
when she was advised to publish before she felt she was actually finished with a
study:
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Now, it is only the making of the molecule that we try to publish. But actually, I
thought, it would be very nice to see if this molecule also works. So, to test it biologi-
cally. But ... because of this tenure deadline, I was advised to publish it already. For
me, that goes counter to the idea of [scientific] integrity.

These quotes show that competition and pressure to publish can undermine the
sharing of knowledge, whether in the form of teaching or good (elaborated)
publications.

In the lab, the focus on positive results in the form of reactions that ‘work’
was very noticeable. Positive results were not always seen as a result of individ-
ual skills, but sometimes of luck or other circumstances. During her lab obser-
vations, JB asked one of the PhD students, Mona, what she was making, and
Mona answered that she had found ‘a good structure’ for a molecule. JB
asked if this meant that her project had gone well, and Mona answered: ‘It is
not great, because time is an issue. Sometimes you have good luck, and some-
times you have bad luck.” This idea that luck plays a role in the chemistry lab
can also be concluded by recalling the PhD students’ stress and frustrations
quoted earlier. When a researcher is not lucky, failing to achieve positive
results within an expected timeframe (PhD programme, postdoc contract),
this can cost the researcher their scientific career. As Tessa, the former
postdoc quoted above, explained:

At a certain point, when the project doesn’t succeed and, after a year and a half, there
is no publication or none in the works, well, then, you have to be realistic: “What is the
sense of this?” So then I started to look around [... and to] apply [for other jobs]. You
cannot write new proposals on nothing.

Here we see that good science in terms of research excellence and publications
undermines collaborative work in chemistry. It values positive results over
sharing knowledge. It disregards the necessary collaboration of chemicals,
mice, materials, and colleagues. It slows down the creation of knowledge
because it discourages scholars from sharing findings and producing useable lit-
erature. Also, it puts those researchers dedicated to teaching, a building block of
the collaborative scientific enterprise, at a disadvantage. The demand to publish
positive results, and publish them fast, may cost some researchers their career.
This is not because they are not good researchers, teachers, or collaborators, but
because they face uncollaborative molecules that don’t act in publishable ways.

Conclusion

In this paper, we aimed to find out what care is in chemistry research and where
it is hindered. We showed that good care in chemistry was about collaboration,
between peers, between teachers and apprentices (Thagard, 1997), and between
researchers, technologies and materials (Callon, 1984). The safety procedures;
the sharing of materials, skills, and expertise; the chatting, outings, supervisory
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and novice-expert relations; the dependence on colleagues, materials, and tech-
nologies; and the interactions with chemicals: these all indicate that chemists do
not simply work by themselves. Organic chemistry was frustrating as well as
exciting because of these relationships among humans, materials, and mol-
ecules that can end up with reactions that ‘work’ in the lab, and with improve-
ments in science or society. We also showed that the caring practices in the lab
were sometimes hindered by the non-collaboration of materials (e.g. that do not
work) or co-researchers (e.g. who publish unclear papers, or do not clean well),
and that this reflects on the researchers, knowledge sharing and the mice. That
is, good science as a collaborative and knowledge sharing practice was hindered
by the focus on good science in terms of competition and individual research
excellence (e.g. the narrow pursuit of positive results and papers), especially
when chemicals did not collaborate.

In a comparison of two lab situations Kerr and Garforth (2016, p. 17) showed
how ‘thinking with care’ provided an alternative to the ‘narrow and externally
imposed models of research excellence’ by presenting science as a careful chor-
eography of affect in relation to materials, colleagues and others to produce scien-
tific results, subjects and workplaces. Indeed, we also recognised that good care in
chemistry is about affect in terms of bodily engagement (skills, smells, senses),
and emotional investment (frustration, excitement) (e.g. Myers, 2008; Fitzgerald,
2013). However, in our observations, a molecule still did not always ‘reveal its
secrets’ (Keller, 1984, p. 180); molecules were much more often talked about as
‘weird’. Especially when the material world was obstinate, good care was more
like a process of persistent tinkering (Mol et al., 2010) than of affective engage-
ment (Puig de la Bellacasa, 2011). This shows that good care in chemistry
research is more than (affectively) working towards socio-material collaboration;
it is also about research objects that resist and slow or boring practices like teach-
ing or cleaning (see e.g. Pickering, 1995; Law, 2010).

The different forms of care that we recognised in this paper (collaboration,
affective engagement, tinkering) can all be understood as embedded in power
relations (Puig de la Bellacasa, 2011; Martin et al., 2015). This is for example
expressed in the dependence and responsibility of the lab workers and super-
visors; the learning and sharing of skills and expertise; fulfilling (boring) rou-
tines; and the frustration regarding broken machines or dirty materials. As
long as these power relations were oriented at socio-material collaborations,
these can be seen as part of the caring for good chemistry. However, the
caring for good chemistry was interrupted when other power relations — that
of journals, funders and other research infrastructures - privileged positive
results and competition above knowledge sharing and collaboration. That is,
by empirically establishing what are the ‘goods’” at stake and the tensions to
work with in chemistry research, we learned that good care in terms of
socio-material collaborations was hindered by good science in terms of the dis-
course and drive towards individual research excellence and positive results. In
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our observations, care was not only an alternative way of thinking, but an actual
practice that was hindered by models of research excellence.

We think it could help understanding and working towards good science if
researchers, research facilitators, but also STS researchers paid more (empirical)
attention to science as a caring practice that is not always successful in terms of
positive, collaborative, results. If researchers, technologies and materials have
done whatever was planned, but still something (or someone) does not collab-
orate, this is valuable knowledge; the intended result cannot be achieved, or we
need other caring practices (e.g. more extensive teaching, better cleaning, better
elaborated papers) to make the collaboration work. Hence, we think that the
non-collaboration or resistance of (research) objects can actually be very inter-
esting in care studies and studies of good science. Moreover, acknowledging
research practices that are slow, annoying, repetitive or unsuccessful as part
of (caring for) good science will probably make the work less frustrating.
That is, we argue for an understanding of care and good science that is not
merely focussed on successful research practices, but also on the hard (some-
times slow, boring or frustrating) work that does not always feel ‘good’” or
end ‘well’, but is an inevitable part of the research process.
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Appendix: Fieldwork

The fieldwork for this paper was part of the research project: ‘Achieving good science. A
cross-disciplinary study’ in which Dr. Sonja Jerak-Zuiderent, Prof. Amade M’charek, and
the authors of this paper studied daily research practices in philosophy, mathematics, chem-
istry, anthropology, and medical science to find out how researchers achieve what they see as
good science (See https://www.vumc.nl/research/ethiek-recht-humaniora/onderzoek/
goede-wetenschap.htm). Formal ethical approval was waived by the ethics committee of
Amsterdam UMC. We follow the ABV ethical guidelines. See: https://antropologen.nl/
abv/ethical-guidelines/. All names in this paper are pseudonyms and personal information
is anonymized. Informed consent to participate in our study was obtained by email or
verbally.

Interviews (Approximately 1 hour. Originally in English, or quotes were translated)
Hans - Physical organic chemistry — Prof (winter 2016/2017)*
Sven - Analytical chemistry — Prof (winter 2016/2017)*
Nienke - Biological chemistry — Assistant Prof (Oct 2018)
Tessa — Biological chemistry — Postdoc (Nov 2018)
Albert - Organic chemistry — Prof (Jan 2019)
Marian - Materials chemistry — Prof (April 2019)
*With thanks to Sonja Jerak-Zuiderent for conducting the interview

Meetings with organic chemistry group

Progress meetings (11 research group meetings of approx. 2 hours), Oct 2018-April 2019
Supervision meetings (8 meetings of approx. 1 hour: Javier, Albert, Mike), Jan-Dec 2019
PhD defence (1 hour) — March 2019

Expert meeting (2.5 hours) - March 2019

Conference (1 day) - April 2019

Guest lecture by Nienke (1 hour) - May 2019

Lab observations

Oct 2018 (0.5 hour)
January 2019 (10 hours)
February 2019 (11 hours)


https://www.vumc.nl/research/ethiek-recht-humaniora/onderzoek/goede-wetenschap.htm
https://www.vumc.nl/research/ethiek-recht-humaniora/onderzoek/goede-wetenschap.htm
https://antropologen.nl/abv/ethical-guidelines/
https://antropologen.nl/abv/ethical-guidelines/
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