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Abstract

Many universities are searching for ways to stréegt linkages between research, teaching and
learning. However, at universities intangible elentseof research practice, like scientific research
disposition, often remain implicit. Giving explicittention to these elements might improve both
university teaching as well as student learning. particular, understanding differences and
similarities of academics’ scientific research disgions can help to enhance links between resgarch
teaching and learning. The aim of present studioigxplore various aspects of scientific research
disposition of academics. This phenomenographidystoto academics' conceptions provides a full
qualitative variation of aspects of scientific raseh dispositions. Participants were 23 academics
from the departments of mathematics and naturames at Leiden University. Academics varied in
research experience, and represented the disciplimighin the departments. Six different aspects of
scientific research dispositions were categorisedtlie phenomenographic analysis of interview
transcripts; (1) inclination to know, (2) to shar) to be critical, (4) to achieve, (5) to undensd,
and (6) to be innovative. This categorisation retethe qualitative variety of all aspects within
scientific research dispositions of academics. Rgrants put different emphasis on aspects of their
scientific research disposition. The results o thtiudy provide academics with extra knowledge &bou
research practice and scientific research disposis. Profound understanding of scientific research
dispositions can be useful during university teaghof scientific research.

I ntroduction

Studies into scientific research practice have shthat the idea of a common single
scientific method is overly misleading. Many schislhave presented more broad-
minded pictures about the phenomenon of sciemgearch (cf. Bauer, 1992; Latour
& Woolgar, 1979; Rowbottom & Aiston, 2006). Genéyalthese studies were
undertaken to provide a better understanding @areh practice from the perspective
of researchers' personal experiences. Althoughensfic practices are highly
personal, these studies show that generalizabs cfetcommon categories can be
distinguished. Thesécategories of description(Marton, 1981, 1986) provide
understanding of what scientific research actualfyom the researchers' perspective.

A profound understanding of scientific researchcpca is necessary when teaching
students to undertake scientific research at usities. Throughout last decades the
call for strengthening linkages between reseaeathing and learning at universities,
has been answered by a large amount of studies ¥eotous countries (cf. USA:
Boyer, 1990; Boyer-Commission, 1994 and 1998; Adlistr Brew, 2006; UK:
Barnett, 2005; Griffiths, 2004; Healey, 2005; JaskiBlackman, Lindsay & Paton-
Saltzberg, 1998; Netherlands: Elsen, Visser-Wijnyeéan der Rijst & Van Driel,
2007). These studies present positive views onusiitimg student learning by
developing pedagogies and instructional approaaimesd at enhancing these links in
higher education institutions. Knowledge of sciéntiresearch practice and
understanding experiences of academics can beuhalpen looking for ways to link
research, teaching and learning.

Every researcher has a personal tendency to actspecific way when undertaking
scientific research. Some researchers, for examplght strongly focus on critically
investigating literature and observations from rthexperiment. Others, however,
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might tend more towards developing new innovatin&ruments or ideas. Although
common categories of these idiosyncratic scientifeesearch dispositions of
researchers provide understanding of research iggacthere is an absence of
systematic investigations into researchers' digposi. In many university courses
explicit attention is given to disciplinary knowlgel as well as to disciplinary research
skills. However, less attention is given to disgoss students need to become
proficient researchers. Furthermore, in every nesediscipline, like mathematics and
science, certain dispositions are preferred andeehl like the inclination to be
critical, to be curious or to be innovative. Altlgtuacademics have much experience
in research as well as in teaching, they rarelylieily express these preferred
inclinations to act. The idea underlying the preéstuady is that focusing on scientific
research dispositions might positively influenceivarsity teaching and student
learning in research intensive environments. Fagusiplicitly on which the aspects
of scientific research dispositions can providalehis with a more realistic picture of
scientific practice, guiding their own researchexgnces.

The aim of present study is first to identify fuariation of aspects of scientific

research disposition from the perspective of acackenand secondly, to describe
commonalities between their dispositions. Undeditandifferences and similarities

between preferred and valued tendencies to actbeamelpful when developing

pedagogies and approaches to enhance linkages dretiesearch, teaching and
learning, for example, by emphasizing what teacheed to focus on to encourage
students' understanding of scientific researchtimecThis study provides academics
with knowledge about the nature of scientific reskavaluable when stimulating

student research competence.

Background

It is almost trivial to note that every researchas tendencies to act when performing
scientific research, e.g. tendency to innovatesdek understanding, to share new
insights, new ideas. We label these idiosyncraiimlminations of tendencies to act as
'dispositions’. Thus a researchers' scientific aiete disposition is the idiosyncratic
mixture of tendencies to act, while performing stific research. Although scientific
research dispositions are idiosyncratic, similesitbetween aspects in researchers'
dispositions can be expected, similar to Martori98{, 1986)'categories of
description’ Although, each individual has its own personalncaptions of
phenomena, similar categories of description appeatifferent situations and for
different individuals (Akerlind, 2005). In presephenomenographic study the full
variation of aspects of researchers' scientifipai#ions is categorized.

In correspondence with psychological literaturebgklacin, Johnson & Zanna, 2005),
we refer to the changeable tendencies to act iensfic research practice as to
scientific research disposition of an individualthdugh dispositions are difficult to
change, individuals can put more emphasis on cedspects of a disposition above
others. To become proficient researchers, studeetsd to acquire disciplinary
research dispositions alongside disciplinary knogée and skills. Some of these
dispositions are highly valued, because they areepeed to be beneficial to the
process of knowledge development. For exampleinttigation to be critical to any
received information is perceived as a desiraldpatition by some scientists. Very
few references to tendencies to act in scientégearch are present in literature. De



Vos & Genseberger (2000) assume three aspectspdgition specific to scientific
research; inclination 'to know', 'to be critical','to share' knowledge.

Scientific research dispositions are part of aargtble connection between research
and teaching at universities. A study by Neumarnmngll that academics conceive
relations between research and teaching in threénci ways, i.e. (1) global
connection, (2) tangible connection, and (3) inialegconnection (Neumann, 1992).
The global connection describes the nexus at depatal level, and relates to
research activity at department, which can guidehimg activities in university
courses. The tangible and intangible connectionscri®e the relations on an
individual level. Neumann defined the intangiblengection between research and
teaching as related to issues concerning studeweaping an approach and attitude
towards knowledge development and research. WHike tangible connection
emphasizes the transmission of advanced knowleudieesults from recent research,
the intangible connection relates to more implielations between research, teaching
and learning.

Although, dispositions towards scientific reseaerie acquired by students during
their university study, there are relatively few ments during university courses

where students explicitly reflect on the naturesoientific knowledge development.

Through explicating scientific research dispossicaand scholarly approaches more
openly, students can be stimulated to acquire &spédispositions and students are
offered possibilities to create a realistic underding of scientific research process
and products.

M ethodology

To identify the full qualitative variation in asgsf scientific research disposition, a
phenomenographic approach was chosen. A semisteacinterview was designed
and administered among 23 academics, providing thgmmultiple opportunities to
raise matters they considered important, relatmgdientific research practice. To
reduce contextually selective representation ofetspof research dispositions by
participants, the interview questions were presemtdwo different contexts in which
academics work; research context and teaching xoriarticipants were affiliated
with the mathematics and science departments adelpeiUniversity, which is a
research university. Participants were selectedn frall disciplines within the
departments. All were engaged in research in aieaitar to their courses. Interviews
were transcribed verbatim and analyzed using agrghenographic approach, creating
categories. From the analysis of the interviewshwitcademics a descriptive
categorization schema of aspects of scientific ane$e disposition was constructed,
while staying as close as possible to the origidala. During the analysis of
differences and similarities between academicgnsific research dispositions were
studied.

Participants

Before selecting participants two issues were cmred. Firstly, the sample should
cover the variety of research traditions withinumat science and mathematics as
present in the department of Mathematics and NiaBai@nces at Leiden University.

Secondly, a variety of experience in research db agein teaching of participants

should be enclosed in the sample.



From each of the nine educational institutes ofdapartment three academics with
different academic positions, who were teachingeugchduate courses, were asked to
participate. During the time in which the interviewere held, a pedagogical course
for new university teachers took place. All elevarademics following this course
were also asked to participate. Finally, 41 facuftgmbers were sent an electronic
mail to ask for their cooperation. From the apphestacademics 31 responded from
which 23 (56%) were able to be interviewed durimg $elected period of time. Table
1 presents the academic positions of all 23 paeiuis at university.

Position Absolute Percentage
number

Full professor 6 26%

Associate professor 3 13%

Assistant professor 9 39%

Post-doctoral researcher 1 4%

Lecturer 4 17%
Total 23 100%

Table 1: Position at university of participants

The main reason for not participating was stayibgbad or no available time to be
interviewed. From the participants six (26%) weeenéle academics. All lecturers,
participating in this study, were PhD graduates.ewlsking questions about their
own scientific research dispositions, the lecturgese stimulated to reflect on their
previous research activities. Table 2 presents dtacational institutes of the
participants. All participated, or had participgtedresearch areas similar to the areas
in which they taught courses.

Educational institute within department of Absolute Percentage
Mathematics and natural sciences at Leiden number
University

17%
4%

Mathematics 4

Computer science 1

Physics 4 17%

Astronomy 5 22%

Chemistry 2 9%

Sustainable molecular science & technology 1 4%

Bio-pharmaceutical sciences 2 9%

Biology 2 9%

Life Science & technology 2 9%
Total 23 100%

Table 2: Educational institutes within department of Mathematics
and natural sciences at Leiden University of participants

Procedure

To do justice to the two different contexts in whiacademics work, the interview
guestions were divided into two parts related to@ thfferent contexts in which
academics work; teaching context and research xoritke first part of the interview
consisted of questions concerning the teachingezbrnd the second part consisted
of questions concerning the research context. Wheptrts of the interview were held
at two distinct moments in time. Interview quessionere designed to be flexible,
offering participants possibilities to raise magteéhey considered to be important.
Two pilot interviews were held, with an educatiomipert in the field of science



teaching and with an expert in the field of scienesearch. Both were not
participating in main study. After analysing theopiinterviews, questions were
adapted with respect to their comments.

The semi-structured interview consisted of two garhe interview questions of part
one can roughly be categorised into four sets estjons; (1) participants’ experience
in teaching, (2) perceived objectives of universtjucation, (3) scientific research
dispositions for student to acquire, and (4) stislelmehaviour related to scientific
research dispositions. Questions in part two carcdiegorised into three sets; (1)
participants’ experience in research, (2) acadénsicigntific research dispositions,
and (3) academics’ behaviour related to scientifisearch dispositions. Interviews
were held in two sessions of approx. 45 minutes rasgectively 35 minutes, with
intermediate time of approx. 2 days. All interviewsre transcribed verbatim and
were sent to participants for member check.

Interviews transcripts were analysed creating codkland categories. The aim of the
analysis was to capture full qualitative variatioh aspects of scientific research
dispositions conceptualised by academics in sciandemathematics.

Findings

Six qualitatively different aspects of scientifiesearch dispositions could be
distinguished from the data. Three of these aspeete also describe by De Vos &
Gensenberger (2000); inclination to know, to share] to be critical. Three aspects
of scientific research disposition, i.e. (a) inalilon to understand, (b) to do, and (c) to
be innovative, were additional to the aspects faariderature. All six aspects reflect
the qualitative variety in which academics concelfie scientific research
disposition.

Participants made a clear distinction between (kjination 'to know' and (2)
inclination 'to understand'. Understanding phenamen a fundamental level is
conceived differently, than initial curiosity of &wing facts or theories. Furthermore,
many academics consider the tendency to be inn@vat be creative, and to have an
open mind as important aspects of a dispositioa sfientific researcher. These were
categorized under (3) inclination 'to be innovdtivParticipants also consider
dedication and commitment towards scientific workstdp quite important to be
proficient within the scientific community. Thesespgcts of scientific research
disposition were categorized under (4) inclinatitm achieve'. Furthermore many
participants indicate that an (5) inclination 'te britical’, i.e. critical towards own
work and towards work of others, and an (6) indlora'to share' knowledge both are
highly valued in scientific communities. All six @ects reflect the qualitative variety
of academics' conceptualization of scientific reslealispositions.

The various participants put different emphasis tbair conception of the most
important aspects of scientific research dispasitdost participants conceived one
aspect to be central to scientific research disiposibut which aspect was central
varied among the participants. Two aspects, intbnato understand and to be
critical, were identified most often. The followirtgvo quotes illustrate how two
academics conceive different aspects to be centinal; fragments are coded as
inclination 'to understand' and 'to be criticaSpectively:



“Curiosity is a major motive, should be a major iwet Yes, the desire to
understand how something works and to experieneetithll when you
understand it, when you solved the issue.” (Astyspds 1; to understand)

“To be critical is most important. They [studentbave to weight all

information they receive, not only from literatutyt also the results from
their own experiments. [...] many things can be edab that, open attitude,
open towards other ideas and towards differentltes{...] but all is much

related to being critical.” (Physics 2; to be caal)

Some participants considered aspects of sciemgearch disposition of researcher
and scientific research disposition for studenbeosimilar. Others showed important
differences in their conception of scientific resdadisposition of researcher and
scientific research disposition for student to aequThe following two quotes
illustrate difference in conceptualisation of s¢ign research disposition of one
participant, respectively about scientific researdisposition for students and
scientific research disposition of researchers.

“That they [students] are passionate about a subfea certain extent, and
trying to understand issues by themselves throegding more information
about it. That is very important.” (Biology 1, strus)

“The ability to ask exiting new questions and teate new mental images,
originality is important. Some people are good ggskers, but they follow
standard procedures. Others are better, recogninegy areas of research.”
(Biology 1, researchers)

In the first quote the emphasis is put on studentbracing an intrinsic inclination to
understand the topic. For researchers, howeverptrticipant puts the emphasis on a
disposition to develop original questions and neaysvto answer these questions.
This difference also indicates that not all aspedtscientific research disposition
need to be acquired during undergraduate yearse s@pects, e.g. inclination to be
innovative, might be acquired in a later stage.

Discussion

The results of this study present a more diversgug about how academics
conceptualise scientific research disposition. Aspeof scientific research
disposition, which existed tacitly among academis, made accessible. Academics
rarely express which aspects of scientific reseatisposition they value in their
discipline. However these conceptions can be camwfly informative when
identifying how academics design and redesign tbeurses. Therefore a profound
understanding of scientific research disposition akso be used during professional
development of academics. Furthermore, the resufltshis study may provide
academics with extra knowledge about how to stiteutdudents' scientific research
disposition during their classes. Still, furthesearch is needed into scientific research
disposition and their relations to teaching andriew to assess the actual effect of
different teaching strategies to stimulate scientgsearch disposition for students.

Through the analysis of the interview transcripts,qualitatively different aspects of
scientific research disposition were distinguish€dese aspects were (i) inclination



'to know', (ii) 'to be critical', (iii) 'to shar&nowledge, (iv) 'to understand’, (v) 'to
achieve', and (vi) 'to be innovative'. Three ofsthaspectsnclination to 'know’, 'to be
critical’, and 'to share'were identified in literature about research dspons and
scientific attitudes (De Vos & Gensenberger, 2000)f were never based on
empirical study of research experiences of acadeniibree aspects&clination 'to
achieve' 'to understand'and'to be innovative'were additional to our understanding
of scientific research dispositions of academicsl gmovide new insights into
scientific practice.

Although knowledge about scientific research digpmss can support both university
teaching and student learning, academics rarelgateéxplicitly on preferred and

valued aspects of scientific research dispositiorthieir discipline (cf. Neumann,

1992). All aspects of academics’ scientific reskadltspositions, which exist tacitly

among academics, were made accessible in this.sTodyssess the effect of different
teaching strategies stimulating scientific reseaditpositions, further research is
needed into academics' classroom practice. Refsalts this study provide us with

new perspectives on academics’ practice.

Now that most academics accept the fact that sfiepractice is not based on a
single scientific method, a more advanced persgectin scientific practice is
becoming apparent. Every researcher, every acadeounstructs his of her
idiosyncratic scientific method from aspects whislork best for that particular
individual. We can communicate about our personansific methods because the
aspects are generalizable between different siusti Therefore, academics
explicating experiences of their research pradiogng university teaching can be of
great value to student learning in research intensnvironments.

CorrespondenceRoeland M. Van der Rijst, ICLON - Leiden UniveysiGraduate
School of Teaching, Wassenaarseweg 52, P.O. Bo%, 3$5-2300 RB, Leiden, the
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