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Abstract

Radiographers work with image production in medical imaging, a professional
field that is undergoing rapid technical development. There is a need to understand
how students in radiography education learn within this evolving practice. The aim
of this paper is to investigate how radiography students learn professional knowl-
edge in practice during clinical placements. Data collection was through qualitative
design using observations and individual interviews. The theoretical framework for
the study was a practice-orientated approach. Three themes describing the learning
in practice of radiography students emerged as the final result. 1) Attuning to prac-
tice: Learning through listening and observing showed how students reconstruct
prior knowledge into practical knowing and learn the situated practice. 2) Embodied
knowing: Learning through acting in practice illustrated how students reconstructed
prior embodied knowledge through their own acting in practice. 3) Dealing with the
unexpected: Learning from breakdowns explains how students learn in situations in
which unexpected things happen with materiality or relations. On these occasions,
relationships with other people were important for developing the students’ knowing
about the relationship between materiality, actions and people practicing radiogra-
phy. This study it gives insight into radiography students’ learning during clinical
placement, which can be useful for planning curricula, as well as clinical learning in
radiography education.
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Introduction

This study investigates how students training to become radiographers learn at their
clinical workplace. In this paper, workplace learning is understood as both indi-
vidual and collective learning processes in interactions with the culture in practice
(Cacciattolo, 2015). Individual learning depends on the learner’s own motivation
and personal conditions for learning, and collective learning refers to culture and
organisational factors that influence learning in workplaces (Billet, 2009; Billet &
Smith, 2006; Billett, 2008a, 2008b). Studies about workplace learning for students
in health care are primarily conducted in the largest groups of students in health care
— i.e., medical and nursing students. Typically, these studies focus on the organisa-
tion and culture in the workplaces where clinical placement takes place (Yardley
et al., 2012; Hagg-Martinell et al., 2014; Attenborough et al., 2019). These stud-
ies also emphasise relationships and interactions with other professionals, particu-
larly supervisors, as well as personal experiences such as interactions with patients,
patient treatment outcomes, feelings about different occasions (Yardley et al., 2012;
Héagg-Martinell et al., 2014). To our knowledge, no studies have investigated how
materiality such as technology affects workplace learning of students in health care.

This study is about learning during clinical placement of students in training
for becoming radiographers. The professional scope of radiographers in Europe,
where this study was conducted is described as a dual responsibility for patient
care and handling technology during image production and radiotherapy treat-
ment (EFRSa, 2011; EFRSb, 2018). Previous research on radiographers’ pro-
fessional practice illustrate that their professional work compromises caring for
patients, handling technology and collaborative work with other professionals
in the healthcare sector (Ahonen, 2009; Andersson et al., 2008, 2012a, 2012b).
Responsibility for usage of radiation and radiation protection are a part of their
professional responsibilities (Ahonen, 2009). Lundvall et al. (2015) illustrate that
technology improvement has altered radiographers’ professional tasks to being
more steered by the technique in use and also taking more responsibility for
patient safety for undergo different examinations in medical imaging.

This study was conducted in Sweden where radiographers’ professional scope
covers medical imaging (Hogskoleforordningen 1993:100). The field of medi-
cal imaging has changed rapidly in recent decades with the introduction of new
technology, which has altered the practice of radiographers and other related pro-
fessions. The development of techniques includes technological improvements
to already-existing modalities of image production. There are also introduction
of combinations of different imaging techniques, for example, a combination of
Computed Tomography (CT) and Positron Emission Tomography (PET) in one
modality of image production (Bentourkia, 2012; Comaniciu et al., 2016). For all
modalities in medical imaging, the methods used for image production are con-
stantly developing, which engenders the need to understand how students make
sense of this area of professional work as a learning practice. The question of
how professional programmes in radiography should be designed and delivered
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in order to best prepare students for entering this professional arena has been
debated (Cowling, 2013).

Holmstrom & Ahonen (2016) has described in a review article previous research
about radiography students’ professional learning. These authors show that the focus
has mainly been about radiography students’ experiences and evaluations of differ-
ent teaching methods during the theoretical parts of the curriculum. Studies focus-
ing on the learning outcomes of radiography students from their study programmes
are rare. Holmstrom & Ahonen (2016) argue that research on students’ learning
outcomes is needed in order to improve radiography education. Furthermore, the
review illustrated that the majority of available research studies were quantitative,
using various questionnaires that were originally designed for other professions and
other contexts. The authors argue that in order to gain in-depth knowledge of how to
improve radiography education, there is a need for qualitative studies that focus on
radiography students’ learning in their professional practice and context (Holmstrom
& Ahonen, 2016).

Previous Studies

Former studies on radiography students’ learning have focused on how learned the-
oretical knowledge in form of values and ethics (Mc Inerney & Lees, 2018) and
patient/practitioner interactions was used in practice. Such a focus could be seen as
a traditional view of the learning of professional knowledge as the acquisition of
theoretical knowledge that is then to be transferred and applied to work within a pro-
fessional practice (Hager & Hodkinson, 2011). How students go about reconstruct-
ing their theoretical knowledge into practical knowledge is not thematised from this
perspective. Some research, for example, Higgins et al. (2013), (2017), has shown
how theoretical knowledge about technology is used in experimenting and in discus-
sions among groups of student peers. In these studies (Higgins et al., 2013, 2017),
learning professional knowledge appears to be the construction and reconstruction
of knowledge, either as individual cognitive processes or as processes whereby pro-
fessionals learn together and within their milieu (Hager & Hodkinson, 2011). How-
ever, in these studies, the findings indicating that the students had difficulties in
demonstrating their knowledge in practice together with professionals could not be
explained (Higgins et al., 2013, 2017). Being a part of a team in practice was seen as
important for learning in practice (Portainer Mifsud et al., 2015; Hyde, 2015). The
students’ learning was negatively affected if they had to change between different
clinical placements and meet different supervisors. The students stated that, under
such circumstances, they did not get to know the staff and had no sense of belonging
to the practice (Hyde, 2015). The students’ experiences demonstrated that they did
not learn in practice whether they could only observe how the radiographers worked
without engaging in practical aspects on their own (Portainer Mifsud et al. (2015).
This can be understood from a participation perspective on professional learning.
From this perspective, professional learning takes place in social situations: Firstly,
from legitimate peripheral participation as a newcomer and then moving into full
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participation (Hager & Hodkinson, 2011; Lave & Wenger, 1991). These studies
(Portainer Mifsud et al., 2015; Hyde, 2015) identified relational aspects of learn-
ing, although how the learning was enacted amongst and amid technology-enhanced
practice was not explained.

The cited research gives an illustration of how radiography students’ learning is,
as Gherardi (2000, 2009, 2015) describes it, situated within a practice that com-
prises a complex world of relations between actions, people and materiality. This
paper will investigate students’ learning during clinical placements with the per-
spective of clinical placements as a way of “becoming professional” through partici-
pation, intertwined with their forthcoming professional practice.

Therefore, the aim of this paper is to investigate how radiography students learn
professional knowledge in practice during clinical placements.

Theoretical Framework of the Study

Learning to become a professional radiographer incorporates learning about both
technology and relational aspects. In professional educations clinical placements
are important because it is learning immersed with people (socio) and things (mate-
rial) of the coming profession. Thus, a practice theory perspective was chosen as a
theoretical framework for data collection and analysis because it takes into account
both socio- and material aspects (Schatzki, 2012). From this perspective, knowledge
about how to act in practice is semantically, physically and relationally connected
and learned through participating in practice (Kemmis, 2005, 2009, 2012). Gherardi
(2000, 2009, 2015) theorises professional practice as being socially and culturally
formed. Material objects in the practice, for example, equipment, instruments and
other artefacts used during work, are a part of each specific practice. In the practice,
actions are performed, and language is used for performing the actions within the
practice. Practical actions are undertaken in specific orders, which are formed by
the habitus of the practitioners. This can be understood as practice-as-work, which
develops a logical structure for continuing the practice. Practice-as-language refers
to how language is used for both explaining what is going on and for building rela-
tionships between the people in the practice. Finally, practice-as-morality is about
authority and politics between the people in the practice (Gherardi, 2000). Know-
ing (knowledge) in practice mean knowing how to act in a complex world of rela-
tions between actions, people and materiality (Gherardi, 2000, 2009, 2015). Acting
is being able to perform both the practical doings and use the language in a spe-
cific practice. Knowing is learned through negotiation about the meaning of differ-
ent words, actions, situations and material objects. Practical knowing is developed
through the senses and is learned through bodily experiences. These actions have
to be repeated several times before the knowing is “set in the body” as a sense of
how to perform the actions (Gherardi, 2000). Knowing in a practice is also the abil-
ity to use the specific language of the practice. This language is learned through
participating in the language game and building relationship with others in the prac-
tice (Gherardi, 2000). A knowing person does not think about how to perform these
actions, for example, how the material objects in the practice are used, because they
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have developed a sense in their bodies about how to perform the required practical
doings and sayings in the practice. It may sometimes be the case that something
unexpected occurs that breaks down their feeling about the performance of known
actions. The person then has to reflect on prior knowledge and what has happened
and change their actions in accordance with the new situation (Gherardi, 2000). The
practitioners do not merely perform the required tasks in the practice. Their activi-
ties also include emotional, normative and aesthetic values derived from the visions
about how the practice should be performed (Gherardi, 2015). Learning how to
become a professional has been described as incorporating learning theory, practi-
cal skills and morality within a specific professional practice (Hager & Hodkinson,
2011; Gherardi, 2000, 2015). The metaphor “becoming a professional” can be used
for understanding both the gaining of theoretical knowledge and the processes of
professional learning in practice (Hager & Hodkinson, 2011). “Becoming a profes-
sional” sees professional learning as arising from both participation in a practice
and through the individual learner’s construction and reconstruction of knowledge.
Thus, Hager and Hodkinson (2011) argue that professional learning comprises a
relational aspect as well as an individual aspect (Hager & Hodkinson, 2011). The
individual learning part also includes the development of a professional identity and
habitus in a practice (Hager & Hodkinson, 2011).

Method
Design

The project was conducted using a qualitative design that employed observations
and individual interviews as the means of data collection. A practice theory perspec-
tive about professional knowing in practice (Gherardi, 2000, 2009, 2015) was used
as a theoretical framework. Firstly, a case study was conducted employing observa-
tions and informal interviews to obtain empirical data from a radiological depart-
ment as an example of a professional practice in which students are clinically placed.
Professional knowing in practice, as described by Gherardi (2000, 2009, 2015), was
used for formulating the aim and focus of the data collection in this case study. Sec-
ondly, an interview study was conducted comprising individual interviews with radi-
ography students. The interview guide was constructed from the data analysis of the
case study and guided by the chosen theory of knowing in practice (Gherardi, 2000,
2009, 2015). Finally, the data from the case study and the interview study were ana-
lysed through an iterative process that moved back and forth between the empirical
data and theory (Srivastava & Hopwood, 2009).
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The Case Study
Sampling and Data Collection

The case study was conducted in a middle-sized radiological ward in the Southern
part of Sweden. Data were collected by the first author (LL) through observations
and informal interviews. One student, in the final year of their radiography educa-
tion in Sweden, participated in the case study alongside radiographers, nurses and
other professionals working in the actual radiological department. The student per-
formed conventional radiological examinations. The total time for data collection
was five hours distributed across four sessions. The focus of the observations was
the student’s actions in practice, and the use of language and negotiations about dif-
ferent situations, words and materiality in the practice. In the informal interviews,
LL asked about situations that had recently been observed and how the students had
learned from these situations. Field-notes were taken directly after each observation
session. The field-notes were organised chronologically and included descriptions
of the settings, the persons who participated in the observations and a description of
each observation. Data from the informal interviews were written up in chronologi-
cal order together with the observations from the field-notes.

Data Analysis

The field-notes and informal interviews from the observations were re-read sev-
eral times to gain a sense of the data. According to Gherardi (2000, 2009, 2015),
knowing in practice is learned through negotiations about the meanings of differ-
ent words, actions, situations and material things. Thus, the occasions when the
students were negotiating about the meanings of different words, actions, situations
and material things were identified in the data. These findings from the case study
guided the construction of the interview guide for the subsequent interview study.

The Interview Study

Sampling and Data Collection

Data were collected through individual interviews with students in their final year
of radiography education in Sweden. A total of 111 radiography students from five
universities in Sweden received an email containing information about the study.
10 students gave their consent to participate: six after receiving the first email and
four after receiving a reminder. The 10 interviewees, eight women and two men,
were studying at four different universities. Their median age was 30 years, range
22-44 years.

All interviews were conducted via Skype. The total interview time was 5 h and
8 min, median time 29 min (range 20—42 min). The interviewees chose the time for
the interview. Oral information was given before the interview started. In the “small
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talk” directly after the interviews, the interviewees were asked about their experi-
ence of the interview. All the interviewees stated that it been a positive experience.
They had chosen to participate in the study because they thought that clinical place-
ment was an important part of their education.

The interview guide included four questions, which were open in nature. The
questions were (suggestions for probing questions in italics) as follows:

When you were on clinical placement, what did you get to do that you hadn’t experi-
enced in the theoretical part of your education?

Can you tell me about a situation where you got to act as a radiographer. What did
you do with the patient? Why? What did you do with the equipment? Was it some-
thing that was particularly important? Did the referral have any significance on
what you did? Why? What did you do with the images? Why?

How do you act when you don’t know what to do? In connection with caring for
the patient? In connection with settings in the equipment? In connection with image
production? In connection with assessing image quality? How did you know that you
had done it correctly? Why was it difficult?

What helped you to learn during your clinical placement?

Analysis of Data from the Case Study and the Interview Study

The analysis of data was influenced by theoretical thematic analysis (Braun & Clarke,
2006). The data consisted of two different data sets, the case study and the individual
interviews. An iterative process for analysing qualitative data was used throughout the
analysis process. This involved moving back and forth between the empirical data and
theory (Srivastava & Hopwood, 2009.

Firstly, in accordance to Braun and Clarke (2006) initial coding of data was per-
formed. Initial coding of the dataset from the case study was performed before con-
struction of the interview-guide. Occasions of events when the student negotiated about
meaning of different words, actions, situations and material things were identified
in data from the case study. The data in the individual interviews were initial coded
through identifying learning events in the data relating to the three different dimensions
of professional knowing in practice described by Gherardi (2000): practice-as-work,
practice-as- language and practice-as-morality, and were sorted into positive and nega-
tive learning experiences in each dimension.

Secondly, in the data set of the individual interviews the codes about positive and
negative learning events, were gathered together in potential themes using the ques-
tion: “What is the data telling me about how the students learn professional knowing in
practice?”. The potential themes were reviewed together with former identified events
of negotiation about the meanings of different words, actions, situations and mate-
rial aspects in the data set from the case study. Three different themes were identified:
learning through a) listening and observation, b) acting and c) at breakdown of for-
mer knowledge. These themes were analysed by using the theoretical framework of the
study (Hager & Hodkinson, 2011; Gherardi, 2000, 2009, 2015.
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Thirdly, the themes were defined and named by using the theoretical framework of
the study (Hager & Hodkinson, 2011; Gherardi, 2000, 2009, 2015) in order to illustrate
how the radiography students learn professional knowledge in practice.

Ethical Considerations

The study was conducted in accordance with the Helsinki Declaration and was
approved by the Regional Ethics Committee in Linkoping (Dnr 2017/197-31). Writ-
ten information about the case study was sent to the head of the radiological depart-
ment in which the observations were to be conducted, who gave their consent for
the study and informed the employees in the department. The student and the main
supervisor received both written and oral information before the data collection
started. All interviewees in the interview study received both written and oral infor-
mation before the data collection started.

Findings
Attuning to Practice: Learning Through Listening and Observing

The students emphasised the importance of being able to understand the unique
material arrangements and practices of each clinical placement. In order to be able
to participate in practice, listening and observing were important initial learning
strategies in relation to material objects. This meant seeing physical aspects in the
clinical context that they had learned about in their theoretical studies, for example,
different types of radiological equipment. They also observed how the radiographers
used this specific radiological equipment in the actual clinical placement, how the
protocols in the radiological equipment were set and the method descriptions for
image production at each clinical placement.

Specific words and terminology, particularly in protocols or in in the radiological
equipment, were easier to understand when the students listened to how the profes-
sional language was used during practical work. These findings highlight the theo-
retical standpoint that practices are formed and enacted differently depending on the
materiality of each specific practice (Gherardi, 2015). During their theoretical stud-
ies, the students learned about the materiality that they might encounter in practice.
Observing and listening reconstructed their theoretical knowledge into knowing in
practice as they saw how the materiality was organised and how it was used within
each specific practice.

In the interviews, the students described how they observed the way in which the
radiographers performed their practical work on image production. During their the-
oretical studies they had learned the relevant theories related to radiographers’ work,
for example, anatomy, radiation protection, patient care, etc. However, the way
in which radiographers perform their work in practice, i.e. the work process, was
unfamiliar to the students at each new modality of image production. The sequence
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and order of the practical actions performed by the radiographer appeared to be an
important focus for the observations, as indicated by the quote below.

I think that you have to do, I always like that if I come on the first day to a
place then it’s always at the beginning that I want to see how they do it here. I
look and see how they do it and then you see, of course, that many people do
it the same way and others do it in different ways so then you try to find, okay,
but what do you think should work for me. (Interview 9).

If the students did not have the opportunity to see how the practice was performed
before they acted, it resulted in them asking many questions about which actions
should be performed, and in which order.

Learning through listening also refers to how the radiographers communicated
with patients. The students stated that the ways of communicating with patients
differed between different clinical placements, and that their own communication
needed to be adjusted accordingly. After observing how the radiographers/supervi-
sors established relationship and communicated with patients, the students initially
imitated them but after a while started using their own words and expressions. The
students described how they interpreted their theoretical knowledge about car-
ing and communication gleaned from theories about nursing practice by using the
parts that they found useful in the radiographers’ practice. They could usually tell
the outcomes of their actions by the reactions of the patients. They listened to what
the patients said and noted whether or not the patients looked confident. They also
received verbal or written comments about their communication skills from their
supervisors on a daily or weekly basis, although these seldom referred directly to
specific situations with patients.

Much of the literature is directed towards, thus the literature that is directed
towards radiographers, so it’s more with the image production with the posi-
tioning but the literature that is available otherwise about the caring part is
more directed towards nurses in some ways, so it feels as though you learn
more about the caring part as a radiographer at the clinic. (Interview 4).

How they establish contact with the patient or so, it has to be rather fast, like
in mammography, you have seven minutes for such things. So I think there are
still some differences there if you perform an x-ray examination on someone
who has a broken wrist or someone who thinks they have breast cancer. Then
you have to be a bit more careful about what you say to people sometimes
because people could interpret what you say rather harshly. They worry about
it more if they think they have breast cancer or if they think they have a bro-
ken wrist. So I think it’s rather important and I usually do that on my clinical
placement if I’ve not been there before. I want to hear what they say. (Inter-
view 6).

These findings show that the students learned what Gherardi (2000) refers
to as practice-as-work, both as practical actions and as the habitus of the practi-
tioners through the strategies of first observing and understanding the logic
before acting in practice. The findings also show that learning through listening,
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Practice-as-language, was important in relation to materiality before the students
acted on their own. The students translated their theoretical knowledge about the
nursing of caring and communication into practice as language relevant to radiog-
raphers’ practice. The students learned about practice-as-language (Gherardi, 2000)
related to patients through their own acting and participation in practice.

Embodied Knowing: Learning Through Acting in Practice

The students learned some practical skills related to image production from their
theoretical studies by simulating image production with each other. By palpat-
ing each other’s bodies, they had learned about how different anatomical struc-
tures feel and where these were located in the body. They explained that they knew
this through their senses. These findings illustrate the embodied nature of profes-
sional knowing in practice (Gherardi, 2000). In the interviews, this was described
as important for being able to perform image production. They had also learned
in theoretical terms how to position a patient correctly before image production in
training sessions that were conducted prior to their clinical placement. However, no
image was exposed during these training sessions, which meant that the students had
not seen the results of their practical actions. When they started performing image
production in practice with patients, the students realised the difficulties regarding
palpating and positioning the body of an unknown person compared to doing such
actions with a student they knew, or a friend. From their theoretical studies, they
were able to recognise some of the anatomical structures on the images. However,
seeing the images during their clinical placement improved their knowledge of how
to perform the necessary practical actions with patients before image production.
The students learned this by viewing the images in relation to their own practical
actions and the bodies they were visualising. Initially, the supervisors scaffolded the
students’ observations in order to help them discover different anatomical structures
and pathology on the images. Viewing the images together with a supervisor was
important for learning how to interpret the results of their practical actions.

Us students practise image production on each other. We were a rather large
group and then we should try. We have an x-ray tube and a detector. We cen-
tre and we learn how the patient should be placed. For example, whether we
should take an x-ray of an ankle. We have learned how we can find the joint
that we should centre for image production, the different anatomical parts. The
names of the parts in Latin were also included. However we should know this.
(Interview 10).

The student said that the simulation was performed at university before the
clinical placement. The students then practise settings for image production on
each other. What restricts the learning in these training sessions is that the stu-
dents can never see the image in relation to the settings for image production
that they had chosen. The feedback from the image during clinical placement
facilitates learning.

(Informal interview during the case study, extract from the field-notes)
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Performance of an X-ray of a wrist and hand with question at issue in the
referral request is skeletal injury. The supervisor and the student discussed the
content of the referral. The student asked: “How much of the hand should be
in the images?” The supervisor said: “In the referral it says that it’s only on the
lateral part of the hand that the patient feels pain so because of that it’s enough
to examine that part.” The student started performing image production herself
and the supervisor remained outside the examination room. The student was
not satisfied with the projection of the rotated hand. She discussed this with
her supervisor when the image came up on the screen on the modality. The
supervisor advised that the hand could be less rotated and suggested that the
projection should be re-done. The student did so and the new image was dis-
cussed. The supervisor thought it was good, then pointed and indicated what
had been visualised better on the new image.

(Field-notes from the case study)

The interviews showed that the practical performance of image production is a
process in which things, bodily actions and learning are tightly intertwined. The stu-
dents learned the necessary actions through what they sense in their own bodies as
they performed the examinations. These sensations were about how different ana-
tomical structures felt when palpating the patients’ bodies with their hands and how
it felt when placing an intravenous peripheral catheter, as well as the sense of touch-
ing the technical equipment when preparing for image production. Knowledge of
these actions became embodied by repeating the work process several times.

You remember it a different way if you repeat an examination 20 times
compared to twice. You remember it and you establish a routine for it and
later, when you start working you feel more secure about what you’re doing.
(Interview 5).

I then have to learn through this motor that I have to click here, I have to
press here and I have to turn here. (Interview 2)

The interviews and observations indicate that the students’ previous practi-
cal knowledge was reconstructed by using their senses during repeated actions in
practice. Negotiations with other actors in practice are also important for devel-
oping knowledge of materiality. Feeling and sensing materiality during actions
and relations with others facilitate the development of knowledge in practice.

Kinsella (2015) has suggested that recognising the role of the body in knowl-
edge production in practice goes beyond focusing on the individual practitioner in
the clarification of how the performance of a practice is constituted by the rela-
tional nature of material arrangements and professional bodies (Kinsella, 2015).
Practice as morality, i.e. the ways in which authority and politics are enacted in
practice, influence the students’ learning. If supervisors allowed the students to
act and perform the examinations on their own, with support when needed, this
enabled the embodiment of knowing through repeated actions.

To perform the examination totally independently, I believe in more inde-
pendence for the student to perform the moments compared to only sitting
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and watching or that you have to constantly be with a supervisor or a radiog-
rapher during the training program. Maybe this is good at the beginning of
semester one and two, but from semesters three and four it’s all about follow
the syllabus and try to be independent when you perform these moments
independently. When you perform the examination independently you learn
more and it will become easier to feel that you are soon complete as staff
and you can act as well as or better than them. (Interview 8§).

Then we work as a team, colleague to colleague, instead of student and super-
visor in the examination room as though you had really completed your train-
ing. Then I think I’ve noticed that it’s easier to learn and actually dare. (Inter-
view 9).

Dealing with the Unexpected: Learning from Breakdowns

Gherardi (2000) explains that a knowing person does not have to think about their
actions because they are accustomed to how to act in practice. When something
unexpected occurs, it breaks down this familiar sense of how to act and the person
has to reflect on former knowledge or experiences in order to know how to change
their actions in accordance with the new situation.

In the process of image production, the produced images sometimes did not gen-
erate the expected results. This might be because the patient’s anatomy/pathology
was unusual or because of injuries. It might also be due to technical artefacts on the
images. If the patient’s anatomy differed from the normal expectations or pathology
and the findings/injuries resulted in difficulties achieving the correct visualisation,
the students had to interpret the images by using their prior theoretical knowledge of
anatomy and pathology. By studying the patient’s body and the images, the students
tried to remain in charge of the activities and, together with their supervisor, adjust
the method used for image production to the actual patient’s anatomy or medical
status. When it was a totally unknown situation for the student, the new and unusual
actions were performed by the supervisor and the students returned to listening and
observing. The supervisor explained what they were doing and why these specific
actions were used in relation to the actual patient. The supervisor’s explanations
could refer to actions of a technical nature, for example, changing the parameters in
the protocols, as well as adjusting the position of the patient before image produc-
tion. When a similar situation subsequently occurred, the students remembered and
tried to perform these actions on their own.

That it’s not possible to do, yes, but these projections in the ordinary way or
what shall I say, but you must do it, you must turn the patient a little, a little
bit more, or you must angle the x-ray tube a bit more or in that way I usually
discuss it a lot with the supervisor. (Interview 4).

The radiographer who worked in that examination room on that day was sup-
posed to help me and he maybe gave me some tips that I hadn’t thought about,
about placing the patient on a chair, asking the patient to perform a different
movement that made it possible to visualise the joint. (Interview 10).
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After the image production, the supervisor and the student studied the images
together. The lateral projection was a little too lightly exposed and greyish.
The supervisor suggested that it should be a slightly reduced image field with
increased exposure. The supervisor changed the exposure parameters in the
modality; the student asked what she thought about it but did not receive an
answer. Then both of them went in and decreased the image size together,
and the supervisor slightly changed the positioning of one of the patient’s
legs. After the exposure of the image, they studied the new image together
and compared it with the previous image. The supervisor said: “This image
is much better in exposure and it is not that greyish, either. It turned out like
this because we reduced the image size in and changed the positioning of the
patient’s leg and I also changed the exposure parameters.

(Extract from the field-notes)

These findings show that a breakdown of prior knowledge occurred if material-
ity did not appear as expected from the performed actions. Then the actors had to
interpret the content of the unexpected materiality in terms of previous knowledge.
The actor(s) then performed other actions and interpreted the “new”” materiality. The
students learned through breakdowns whether the practice was organised in ways
that made it possible to negotiate with other actors about the actions in relation to
the involved materiality.

Breakdowns could also happen when learning about practice as language, in rela-
tion to communication with patients. Sometimes patients became distressed due to
anxiety, pain or grief. When the students did not know how to handle the complex-
ity of such situations, a similar way of resolving the situation was used as with the
material arrangements. The students stepped down from being in charge and let the
supervisor take charge instead. The students then listened to what was being said
and observed how the supervisor acted to reassure the patient. Having a mutual dis-
cussion afterwards supported the students’ knowledge of how to handle similar situ-
ations later.

There were many occasions when the patients were very scared and many of
them broke down in front of us when we were supposed to perform the exami-
nation. I believe that for many students it can be difficult, particularly during
your training, to really know how to handle such situations, particularly if you
are in a new clinical placement that you don’t know much about. Then there
were some occasions when the patient just stood and totally broke down and
you felt that you didn’t really know how to respond. So then I let the supervisor
take over the complete examination and I later discussed with them how they
would think and act on occasions when they [the patients] are so distressed.
(Interview 4)

These findings show that breakdowns could occur if the situations were too
complex for the students to handle on their own. Seeing, listening and negotiating
with other actors in practice about the event supported the students’ knowledge in
practice.
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Discussion

The aim of this study was to investigate how radiography students learn professional
knowledge in practice during clinical placements.

To summarise the main findings of this study, they illustrate how radiography
students learn professional knowledge in practice by alternating between listening
to and observing the actions of the radiographers in the practice, and their own act-
ing in practice. The students must have opportunities to alternate between observ-
ing/listening and acting on their own when learning during clinical placement. This
shows that culture, organisation and relationships between the students and other
practitioners are important for the learning processes (Yardley et al., 2012; Higg-
Martinell et al., 2014; Attenborough et al., 2019).

The most important aspects of establishing knowledge in practice in relation to mate-
riality and professional language appears to be the students’ own performance of practi-
cal actions, using professional language in relation to other practitioners and patients.
Observing and listening appear to be important before they act on their own in order to
understand the professional relationships to the material arrangements for each specific
practice. This can be seen as mimetic learning, which is described as an important form
of learning in practice to enable working in a specific place (Billet, 2014).

Learning through their own acting means developing embodied knowledge, i.e.
how to use professional language and how to relate to materiality, to patients and
to other professionals in practice. The findings of studies by Higgins et al. (2013,
2017) showed that radiography students found previous theoretical knowledge about
technology in the curriculum to be useful in practice. However, these studies did
not explain how the students reconstruct prior knowledge into knowing in practice.
The findings of this study articulates this comes about through both observing the
materiality in practice and by the students’ own enacting of the materiality in prac-
tice. How practice-as-morality is in each workplace are of importance for students’
development of embodied knowledge. Their learning processes are influenced by if
they are allowed to act by their own or not.

Knowledge of materiality in radiography practice means learning about how the
technical materiality of the practice needs to be arranged differently in order to adapt
the technical devices on different patients’ bodies to achieve the requested visualisa-
tion of the images. Knowledge of materiality also involves the relationship between
how the parameters in the radiological equipment are set in relation to the visual-
ised body. When learning this, relationship with other practitioners, for example,
the supervisors were important for the development of professional knowledge in
practice. This shows connection in between materiality in practice and the socio
part. These findings also show similarities between previous studies (Yardley et al.,
2012; Hagg-Martinell et al., 2014) about the importance of the relationship with
other people in practice for development of professional knowledge during clinical
placements.

The students also used observation and listening when breakdowns occurred,
such as unexpected things happening when they were practicing. On these occa-
sions, they learned new ways of acting through observing and listening to how
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other practitioners performed the necessary actions. These occasions — in this study
described as “breakdown of former knowledge” — share similarities with trans-
formative learning (Mezirow, 2009). The findings in our study show occasions of
learning both task-orientated and communicative skills. On both types of occasions
it resulted in unexpected and unfamiliar results from the students’ activities. In order
to resolve these dilemmas, other activities had to be chosen instead. In transforma-
tive learning this is identified as taking new perspectives through critical reflection
on and assessment of how to identify another solution (Mezirow, 2009). In our find-
ings, the students were not able to carry out these processes independently. Instead,
they observed to the supervisors’ actions, which can be seen as a form of mimetic
learning (Billet, 2014). If the student and supervisor had a discussion afterwards,
our findings regarded these occasions as being important for the student’s learning.
Viewing this from the theory of transformative learning, this is learning based on
critical reflection on and assessment of new solutions for resolving the problem. In
breakdowns during communications with patients, a similar process occurred. The
learning processes that took place in the discussion with others in practice after-
wards can be seen as essential informal learning processes (Cacciattolo, 2015). It
also shows the relational and interactional parts of learning in workplaces.

The findings of our study add to previous research on how the establishment of
knowing in practice in radiography is linked to materiality and to the development
of embodied and relational knowledge. Studies by Portainer Mifsud et al. (2015) and
Hyde (2015) show that relational aspects are important for radiography students’
learning in practice but provide only sparse empirical data about how they learn
these skills. Our findings show the importance of relationship to other professionals
in practice for the establishment of knowing in practice, i.e. practice-as-morality, for
the development of professional knowing.

Reviewing these findings from a socio-material perspective, embodied learning
is not enough for learning about materiality during clinical placement for becoming
a professional radiographer. When materiality becomes too complex, the students
need the socio-part of practice in forms of discussion and explanations from others
in practice for developing knowing in practice.

This study combined field studies at one site with individual interviews with radi-
ography students at different universities. This design provided the opportunity to
develop an interview guide that was found to be relevant and useful for the pur-
poses of the study. Out of 111 invited interviewees, 10 agreed to participate in the
study. One reminder was submitted and a second reminder could have resulted in
additional participants who would have been of benefit to the amount of data. This
smaller amount of data could affect the transferability of the findings. The partici-
pants in the interview study stated that they were specifically interested in the clini-
cal aspects of their educational programmes, which also meant that they had rich
narratives to share that strengthen the credibility of the study. A field study of a
radiological department and spending more time on fieldwork could have been an
alternative design for this study and may have enriched the findings.

Practice theory was chosen as theoretical framework for investigating how radiog-
raphy students learn professional knowledge in practice, in relation to both material
and social aspects. Gherardi’s (2000) state that knowing in practice is learned through
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negotiation about the meaning of different words, actions, situations and material
objects. This guided us in the case study to recognize the students’ activities related
to learning the different dimensions of professional practice, i.e. practice-as-work,
practice-as-language and practice-as-morality (Gherardi, 2000). Another alternative
for the case study could have been to not use a theoretical framework in order to be
more open-minded about the empirical findings in the case study. However, combin-
ing two sets of data collection was beneficial to verifying the findings in the different
data sources. Practice theory was useful for identifying actions and negotiations about
the meaning of material objects, actions, language and situations. However, in order to
illustrate the findings of how former knowledge was used when learning professional
knowledge in practice — both embodied and theoretical — the metaphor “Becoming a
professional” (Hager & Hodkinson, 2011) was found useful for illustrating these learn-
ing processes in practice. This can be seen as a limitation in using practice theory. The
activities in practice became visible but not the students’ processes of reconstruction
of former knowledge into knowing in practice. This study may add new knowledge to
workplace learning about the role of materiality for learning in practice.

Practical Implications

This study it gives insight into radiography students’ learning during clinical place-
ment, which can be useful for planning curricula, as well as clinical learning in radi-
ography education.

Future Studies

How radiography students encounter and learn about ethical aspect during clinical
placements is sparsely investigated. This topic is useful for educational and profes-
sional purposes.

The role of materiality for learning processes in workplace learning could be fur-
ther investigated.
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