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Abstract
Background: The medical specialities chosen by doctors for their careers play an important part
in the workforce planning of health-care services. However, there is little theoretical understanding
of how different medical specialities are perceived or how choices are made, despite there being
much work in general on this topic in occupational psychology, which is influenced by Holland's
RIASEC (Realistic-Investigative-Artistic-Social-Enterprising-Conventional) typology of careers, and
Gottfredson's model of circumscription and compromise. In this study, we use three large-scale
cohorts of medical students to produce maps of medical careers.

Methods: Information on between 24 and 28 specialities was collected in three UK cohorts of
medical students (1981, 1986 and 1991 entry), in applicants (1981 and 1986 cohorts, N = 1135 and
2032) or entrants (1991 cohort, N = 2973) and in final-year students (N = 330, 376, and 1437).
Mapping used Individual Differences Scaling (INDSCAL) on sub-groups broken down by age and
sex. The method was validated in a population sample using a full range of careers, and
demonstrating that the RIASEC structure could be extracted.

Results: Medical specialities in each cohort, at application and in the final-year, were well
represented by a two-dimensional space. The representations showed a close similarity to
Holland's RIASEC typology, with the main orthogonal dimensions appearing similar to Prediger's
derived orthogonal dimensions of 'Things-People' and 'Data-Ideas'.

Conclusions: There are close parallels between Holland's general typology of careers, and the
structure we have found in medical careers. Medical specialities typical of Holland's six RIASEC
categories are Surgery (Realistic), Hospital Medicine (Investigative), Psychiatry (Artistic), Public
Health (Social), Administrative Medicine (Enterprising), and Laboratory Medicine (Conventional).
The homology between medical careers and RIASEC may mean that the map can be used as the
basis for understanding career choice, and for providing career counselling.

Background
Medical careers begin as undifferentiated, and postgradu-
ate training ends with most doctors specialised for a spe-

cific area of practice. Relatively little is known about the
transition from the medical student, who can be seen as a
relatively undifferentiated, totipotent 'stem doctor' [1,2],
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potentially capable of entering any speciality, through to
the final, fully-differentiated specialist who is almost
entirely restricted to one specialised area of medical work.
Although medical career specialisation has been subject to
a moderate amount of research (for reviews see e.g. [3,4]),
some of it going back over half a century (e.g. [5]), much
of that research has concentrated on the personal charac-
teristics of individuals choosing particular careers (e.g. [6-
8], on background factors in childhood influencing career
choice (e.g. [8-10]), on associations with particular per-
sonality types (e.g. [11]), on the careers of specific groups,
such as women doctors (e.g. [12]), on attitudes towards
specific specialities, such as psychiatry (e.g. [13,14]) or
anaesthetics (e.g. [15,16]), or has concentrated on the
basic statistics necessary for workforce planning (e.g.
[17,18]). There is, however, a lack of any broad theoretical
framework in which to place career choice and
specialisation.

UK medical education requires undergraduates to study a
wide range of medical specialities, and most students will
have sampled many of the broad areas of practice by the
time they qualify. As a result, it is often assumed that stu-
dents do not make their career choices until after they
have finished at medical school, remaining agnostic about
their final speciality choice until that time. However, not
only medical school entrants (e.g. [19]), but even medical
school applicants, a year or so earlier, at the typical age of
about seventeen, often have surprisingly strong prefer-
ences for, and particularly, against, some medical careers
(e.g. [20]). There is strong evidence, therefore, that career
choice can be determined during or even before medical
school ([21,22])). Thus, it makes sense to try and under-
stand those preferences, which probably underpin even-
tual career choice.

Much research into medical careers does not take into
account the broader research literature on non-medical
careers (see [23-25]), or on socio-psychological models of
the theoretical underpinnings of career choice (e.g. [26],
[27], [28,29]). Consequently, medical careers research
often fails to provide any broader theoretical framework
or conceptualisation within which the empirical findings
may be explained or which allow generalisations beyond
the immediate data collected in the study (although there
are exceptions, e.g. [30,31]).

The present study takes its origins in three separate sets of
theoretical approaches, each of which examines different
aspects of careers. None of these approaches, however,
concerns medical careers specifically. Neither are they
restricted to career choice in adulthood. Furthermore, at
least one of them is specifically developmental, emphasis-
ing the processes by which career choice occurs and
changes. The best place to begin this brief theoretical

review is with the work of Gottfredson [27], who identi-
fies the distinct processes of circumscription and compromise
in career choice.

Careers differ in their demands, requiring different
amounts of intellectual ability, manual skill, long-term
commitment, or willingness to work in particular envi-
ronments, and can be better suited to particular personal-
ities, aptitudes, and physical dispositions. Individuals
also differ, having different aptitudes, interests and abili-
ties. Career choice therefore involves people considering
the entire range of careers and then circumscribing those
which they regard as broadly acceptable, making their
eventual choices within that subset.

An important practical point highlighted by studies such
as Gottfredson's is that choices tend to be negative, mean-
ing that careers are rejected because they do not have
attributes which are consonant with the person making
the choice, rather than positively chosen for their special
suitability.

Once circumscription has taken place, a number of possi-
ble careers still remain. The second stage of choice is com-
promise. Because of various practical constraints, certain
careers are restricted in the number of people they can
accommodate or they are unsuitable in other terms, such
as their geographical location or the remuneration they
can provide. The eventual career chosen is one that 'satis-
fices,' [32] being realistically good, though not optimal.
The applications of this theory to medical careers are self-
evident and describe many of the problems facing medi-
cal students and junior doctors.

Implicit in Gottfredson's conceptualisation is the concept
of a map of careers. In her 1981 paper she provides an
example a two-dimensional representation of 129 occu-
pations which have been scored in terms of 'Prestige level'
(high vs low) and 'sextype rating' (masculine vs feminine).
When careers are mapped into this space, the process of
circumscription involves drawing an area within which
careers are acceptable to a person, being neither too mas-
culine nor too feminine, nor being too high in terms of
their prestige and hence effort required, nor too low, and
hence insufficiently rewarding. A primary concern of the
present study is the nature of the map underlying medical
careers, and on which circumscription eventually takes
place.

Perhaps the most influential study of the structure of
career preferences is that of Holland [26], an overview and
critical analysis of which can be found in the special issue
of the Journal of Vocational Behavior published in 2000
(e.g. [25]; see also [33] and [34]). Holland's theory sug-
gests that careers can be organised into six broad types,
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which can be represented around a hexagon (see figure 1),
and which are often known by the acronym RIASEC,
standing for Realistic, Investigative, Artistic, Social, Enter-
prising and Conventional. In Holland's original concep-
tualisation the specific orientation of the hexagon is
arbitrary to rotation, but subsequent analyses have sug-
gested that the hexagonal structure can be reduced to two
dimensions [35,36]. One dimension runs from Realistic
to Social, involving careers that are primarily Things-ori-
ented rather than People-oriented. The second orthogonal
dimension runs from midway between Enterprising and
Conventional to midway between Artistic and Investiga-
tive, and involves careers varying from those that are pri-
marily Data-oriented to those that are primarily Ideas-
oriented. Holland's RIASEC model provides an appropri-
ate two-dimensional space in which Gottfredson's cir-
cumscription model can apply [37].

Although Holland's work suggests how careers might be
mapped, and Gottfredson's work suggests how career
choices might take place within the space underlying
those careers, a missing link in the overall picture con-

cerns how individuals choose within the space. This is a
significant question because individuals are expected to
circumscribe in different ways according to their particular
personalities and abilities. Ackerman [28,29] has
described how intellectual ability and personality relate to
Holland's RIASEC model. Measures of intellectual ability
primarily correlate with interest in the Realistic, Investiga-
tive and Artistic careers, people with higher verbal abilities
preferring careers in Artistic and Investigative careers, and
people with higher spatial and mathematical abilities pre-
ferring Realistic and Investigative careers. In contrast,
measures of personality mainly correlate with the SEC
components of RIASEC. Ackerman uses the Big Five typol-
ogy of personality (see [38], [39]), and shows that Extra-
version primarily correlates with an interest in Social and
Enterprising careers, whereas Conscientiousness corre-
lates with an interest in Conventional and Enterprising
careers. The personality dimension of Openness to Expe-
rience is to some extent a hybrid between intellectual abil-
ity and personality, and tends to correlate positively with
Artistic, Investigative and Realistic careers, and negatively
with Conventional careers. This pattern is similar to that

The hexagon of Holland's RIASEC typology, along with the Things-People and Ideas-Data dimensions proposed by Prediger (1982)Figure 1
The hexagon of Holland's RIASEC typology, along with the Things-People and Ideas-Data dimensions proposed by Prediger 
(1982).
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which Zhang has reported in which the RIA cluster of
careers relates to a deep approach to learning [40,41],
whereas the SEC cluster relates to a strategic approach to
learning [42].

Between them, the models of Holland, Ackerman and
Gottfredson provide, respectively, a good conceptualisa-
tion of i) the structure of careers and career preferences, ii)
the correlations of careers with ability and personality,
and iii) the developmental processes by which career
choices are made. The question for medical education is
the extent to which these approaches are appropriate for
understanding medical career choice. If they are valid,
then that will allow the much broader research literature
from career choice in general to inform the more specific
area of medical career choice. Underpinning the models
of both Ackerman and Gottfredson is Holland's picture of
a relatively simple, two-dimensional career map, onto
which ability and personality can project, and on the basis
of which career choices can develop. We therefore have
two main objectives in this paper; firstly, to use data on
career preferences from three separate cohorts of medical
students, both at the time of application and in their final
year at medical school, in order to derive a map of medical
careers. And second, to assess the extent to which this spe-
cific map of medical careers is homologous to Holland's
more general map of a broad range of careers.

The data collected in our studies consist of ratings of
attractiveness of different medical careers on a five-point
scale, ranging from 'Definite intention to go into this'
through to 'Definite intention not to go into this'. How-
ever, our primary interest for the purpose of deriving a
map of careers is not in career preference, but rather in
career similarity. If a student has a preference for career A
and career B, but has no interest in career C and D, it fol-
lows that career A is probably relatively close to career B
on the map, and career C is relatively close to career D,
whereas careers A and B are likely to be more distant from
careers C and D. A matrix of similarities between all pos-
sible pairs of a large number of careers from a large
number of students then allows one to construct the
underlying map (just as, in a classic example, a knowledge
of the geographical closeness, or the drive-time, between
many pairs of towns in a country allows one to reconstruct
a map of the country [43,44]). The statistical technique is
known as multi-dimensional scaling (MDS).

Although conventional MDS can reconstruct the underly-
ing map showing the relations between a number of
objects, the map itself is arbitrary to rotation. Turning the
map through any angle does not change any of the dis-
tances between pairs of objects, and therefore the axes of
the map cannot be known – in the case of a geographical
map, there is no indication of the north-south and east-

west axes. The problem of the arbitrariness of dimensions
can be circumvented by means of a variant of MDS known
as INDSCAL (Individual Differences Scaling) [44,45].
This method analyses the similarity matrices either of
individual subjects or of groups of subjects who are likely
to differ, so that, for instance, one might have groups
based on sex and age, the presumption being that older
students may have different career preferences from their
younger peers, and female students may have different
preferences from their male peers. INDSCAL then allows
the assignment of axes, it being likely that the grouping
variables will mainly affect one rather than all of the
dimensions on which the map is represented. An example
in the case of geographical distance might be to examine
the time of travel between pairs of towns in winter and
summer. Inclement winter weather will increase the time
of travel in the more northerly towns, but the dimension
of east-west will have little impact on the measures. In this
paper, we use INDSCAL to construct our maps of medical
careers, so that the axes are identified and not arbitrary to
rotation.

Methods
Two different types of data have been used in the present
study. The bulk of the analysis looks at data collected dur-
ing studies of medical student selection and training, and
can be used to map medical careers. A subsidiary, but
important, analysis looks at a large convenience sample of
people of different ages who were taking part in a survey
about careers in general, and were asked about their inter-
est in a range of careers, of which only a few were medical.
These latter data allowed us both to calibrate specific med-
ical careers in the context of the general Holland typology,
and to validate the INDSCAL methodology for deriving a
map of careers.

Medical student data
The data were collected during three longitudinal studies
of medical student selection, the first of which began in
the autumn of 1980, looking at students who had applied
for entry to medical school in 1981 [46,47], the second
began in the autumn of 1985, studying applicants for
entry to medical school in 1986 [48,49], and the third
began in 1990, studying applicants for entry to medical
school in 1991 [50,51]. The 1981 and 1986 cohort studies
were restricted to students applying for entry to St. Mary's
Hospital Medical School in London, although since appli-
cants had each applied to five or six medical schools,
many students entered schools other than St. Mary's. The
1991 cohort study looked at applicants to five different
English medical schools, and because each applicant
applied to several schools, these applicants represented
70% of all applicants and entrants to UK medical schools
in that year. In each survey, applicants were sent question-
naires as soon as possible after UCCA, the central
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universities admission system, had received their applica-
tion and entered their names had been onto the computer
database. In general this was many weeks or even months
before applicants were asked to come for interview, or
were sent decisions on whether they had been accepted or
rejected. The data are therefore to a great extent properly
prospective.

For the present paper, the analysis of the 1981 and 1986
cohort data considers data on all applicants who replied
to our questionnaires, whereas the 1991 cohort, which
was very much larger, considers only those questionnaire
respondents who entered medical school (although we
will generally refer to this group as 'applicants' since that
reflects the time at which the questionnaire was com-
pleted). In additional file 1 we present separate informa-
tion for the entire 1991 cohort which shows that there are
unlikely to be response biasses, either due to differences
between accepted and rejected applicants, or due to not all
entrants responding to the final-year questionnaire.
Response rates in the 1981, 1986 and 1991 applicants sur-
veys were 85%, 93% and 93% [46,48,50].

Students who entered medical schools in 1981, 1986 or
1991 (or in a few cases due to deferred or repeated entry,
in 1982, 1987 or 1992) were followed up as final-year stu-
dents in 1986 (or 1987), in 1991 (or 1992) and 1996 (or
1997). Students still in medical school were identified
through their medical schools, and questionnaires sent to
those medical schools. Response rates were 65%, 50%,
and 56% in the follow-up of the 1981, 1986 and 1996
cohorts of students in their final year [49,51].

The questionnaires used in the study, both at application
and in the final year, were detailed, typically covering 16
sides of A4, and the results reported here concern only one
of the questions asked. Career preferences were assessed
by a question which used the rubric,

"Below is a detailed list of specialities in which a medical
career can be pursued. Please indicate your attitude
towards each speciality as a possible career. If you either
know nothing about a speciality, or have no opinions
about it at all, simply leave that answer blank".

A list of specialities followed, each of which was rated on
a five-point scale, for which the categories were, "Definite
intention to go into this", "Very attractive", "Moderately
attractive", "Not very attractive", and "Definite intention
not to go into this".

The list of specialities varied a little over the different sur-
veys, becoming slightly more extensive as the years
passed. The original list was based on the questionnaire
distributed as part of the Royal Commission on Medical

Education of 1968 [52] (The Todd Report). The question-
naire for 1981 applicants had 24 questions. The final-year
questionnaire for the 1981 applicants had 26 questions,
the two new categories being "Pre-clinical teaching" and
"Geriatric Medicine". The questionnaire for the 1986
applicants was the same as that for the 1981 applicants
except that it had 25 specialities, "Geriatric medicine"
having been added. The final-year questionnaire for the
1986 cohort had 27 questions, the 25 used for applicants,
with the addition of "Genito-Urinary Medicine" and
"Infectious Diseases". The applicant questionnaire for the
1991 cohort had the same 27 questions as did the final-
year questionnaire for the 1986 cohort. The final-year
questionnaire for the 1991 cohort was similar to that for
the applicants except that it had 28 questions, "Radiology/
Radiotherapy" having been split into two separate special-
ities. In the present study all of the questionnaires have
been used in the form in which they were originally
administered, the only omission being the speciality "Pre-
clinical teaching", which was used in one survey only and
is of little interest.

The general population sample
This questionnaire was completed by a sample of 1026
subjects, stratified by age using a median split (≥ 42; <42)
and by sex. It asked about the suitability of twenty-four
different careers for the person. Twenty careers were
derived, as far as possible, from Holland's RIASEC classi-
fication, with at least three in each of the six categories. In
addition there were four categories which were medical
(Anaesthetist, Hospital Doctor, Psychiatrist and Surgeon).
The rubric was,

"Below is a list of careers. Please indicate for each one how
much you think it might have been suitable for you as a
career".

Each career was rated on a five-point scale, ranging from
'Extremely suitable', through 'Very suitable' and 'Quite
suitable', to 'Not very suitable' and 'Completely unsuita-
ble'. The subjects were a convenience sample obtained
from amongst friends and relations by a first year lab class
at University College London, each student being respon-
sible for obtaining a group of twelve subjects, stratified by
age and sex.

Statistical analysis
INDSCAL analysis was carried out using the ALSCAL pro-
gram within SPSS 10.1. Data in each subset were broken
down into four groups by age and sex, age referring to
mature vs non-mature students in the medical student
samples (≤ 21; >21) and to subjects aged <42 or ≥ 42 in
the general population sample.
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The raw data, which were collected on a 5 point Likert
scale, were transformed into Euclideanbased dissimilari-
ties for all combinations of career pairs, using the
PROXIMITIES program in SPSS. Four different dissimilar-
ity matrices were produced (nonmature males, nonma-
ture females, mature males, and mature females), and
these matrices provided the basis for the INDSCAL analy-
sis that involved minimisation, in Euclidean space, of the
discrepancies between the career dissimilarities and the
corresponding interpoint distances on the map. The load-
ings of each career on the two extracted dimensions were
then plotted onto the figures to provide the maps.

The dimensionality of MDS/INDSCAL analyses can be
assessed, in a manner analogous to that used in factor
analysis in which eigenvalues are plotted against compo-
nents. In MDS one plots a measure of 'stress' (in effect, the
opposite of goodness-of-fit) against the number of
dimensions which have been extracted. If too few dimen-
sions have been extracted then the stress is high, the
model not accounting adequately for the richness of the
data. The optimal number of dimensions is typically indi-
cated by a sudden 'dog-leg' in the stress plot.

Results
We consider firstly the general population sample since it
both validates the method which we will subsequently
use for the medical student samples, and also helps cali-
brate the axes.

The general population sample
The questionnaire was completed by 1044 subjects,
49.2% of whom were male, and 46% aged over 42. Mul-
tidimensional scaling used the INDSCAL method, with
the four groups comprising older and younger males and
older and younger females. The stress plot indicated that
there were two major underlying dimensions in the data,
as Holland's typology would suggest (see also Prediger
[53,35]). The locations of the different careers are shown
in figure 2. There is good evidence for Holland's RIASEC
typology, and the letters R, I, A, S, E and C have been
placed on the graph to clarify interpretation. Pilot and
Engineer are typical of Realistic careers, Biologist of Inves-
tigative careers, Artist and Museum Curator of Artistic
careers, Social Worker, Counsellor and Teacher of Social
careers, Personnel Director and Lawyer of Enterprising
careers, and Accountant and Computer Programmer of
Conventional careers. For this non-medical group of sub-
jects, the four medical careers are all placed in the top half
of the figure, with surgeon and anaesthetist closest to
Investigative, and Psychiatrist closest to Social.

Of some importance, given the arbitrariness of the Hol-
land hexagon to rotation in conventional MDS, is that the
INDSCAL analysis clearly sets one axis as running from R

to S, with the other axis orthogonal to that, running from
I and A to C and E. These are similar to the Things-People
and Ideas-Data dimensions shown in figure 1.

The medical student samples
Sample sizes for the medical student studies were 1135,
2032 and 2973 for the students in the 1981, 1986 and
1991 cohorts (and these samples consisted of all applicants
in the 1981 and 1986 cohorts, and all entrants in the 1991
cohort), and were 330, 376 and 1437 for the final-year
students in the 1981, 1986 and 1991 cohort studies. The
INDSCAL analyses were restricted to those subjects for
whom complete career information was available; this
consisted of 538 applicants and 312 final-year students in
the 1981 cohort, 1118 applicants and 301 final-year stu-
dents in the 1986 cohort, and 1638 entrants and 1437
final-year students in the 1991 cohort. See additional file
1 for details of the breakdown of samples by sex and
maturity.

The dimensionality of the medical student samples was
assessed by carrying out a standard multi-dimensional
scaling analysis (i.e. MDS, not INDSCAL), separately for
the combined applicant data and the combined final-year
data from the three cohorts. The stress formula attempts
to quantify the discrepancies between the fitted distances
in the model and the observed dissimilarities among the
career ratings, with larger values indicating poorer fit. It is
obviously the case that the more dimensions are extracted,
the better the fit of the model and, hence, the lower the
stress value. However, it is also the case that a greater
number of dimensions complicates interpretation and
may lead to overfitted and unstable solutions. The stress
levels with 1,2,3,4,5, and 6 dimensions were .352, .174,
.112, .077, .059 and .048 for applicants, and .390, .174,
.112, .082, .064 and .052 for final-year students. For the
final-year students, it is clear that two dimensions are nec-
essary, and that there is little advantage of adding extra
dimensions. The applicant data are slightly less clear and
although there is still no doubt that at least two dimen-
sions are necessary there is a suggestion that a third
dimension may be of value. Subsequent scrutiny of mod-
els with three dimensions suggested that the third dimen-
sion was contributed almost entirely by one or two
specialities such as forensic medicine, which have a high
public and media profile, but which form only a small
proportion of medical personnel. It was, therefore, felt to
be safe to extract two dimensions, particularly since Hol-
land's typology provided an a priori expectation that there
would be two dimensions.

INDSCAL analyses
Separate analyses were carried out for the applicant and
final-year data in each of the three cohorts. In each case,
data were broken down into sub-groups according to sex
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(male-female) and age (mature at entry to medical school,
i.e. >21 yrs old; or typical post-school entry, at ≤ 21 years
old). INDSCAL analyses can clarify the underlying dimen-
sions within data as long as the sub-groups are likely to
vary along those dimensions. It should be noted that
many studies have found sex differences in medical career
interest (e.g. [54]), and younger students are also likely to

have different attitudes towards careers than their non-
mature counter-parts [55].

Figures 3,4 and 5 show the group plots of the different
specialities in applicants to medical school, and figures 6,
7 and 8 show the group plots for the specialities in final-
year medical students. In order to help interpret these

INDSCAL group space of the career preferences expressed by the general population sampleFigure 2
INDSCAL group space of the career preferences expressed by the general population sample. The locations of the labels R, I, 
A, S, E and C are approximate and are only for guidance and orientation. The four medical specialities are shown in blue so that 
they are more visible.
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plots, and for reasons which will become clearer later, we
have joined together the data points for Surgery, Hospital
Medicine, Psychiatry, Public Health, Administrative Med-
icine and Laboratory Medicine. For the applicants, it is
now clear that these specialities are arranged

approximately in the form of a hexagon, with Surgery at
the extreme left and Administrative Medicine at the bot-
tom right-hand corner. The pattern shown in the final-
year students is similar, Surgery still being at the left-hand
side, and Administrative Medicine at the bottom right.

The INDSCAL group space for the medical specialities for the applicants in the 1981 cohortFigure 3
The INDSCAL group space for the medical specialities for the applicants in the 1981 cohort. For abbreviations see the Abbre-
viations section.
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Although there are some minor differences between the
three cohorts, the broad picture is of overall similarity in
the structure of the maps.

The maps shown in figures 3 to 8 are, in INDSCAL termi-
nology, group spaces [44,45]. They are, however, com-
posed of several different sources, broken down by age

The INDSCAL group space for the medical specialities for the applicants in the 1986 cohortFigure 4
The INDSCAL group space for the medical specialities for the applicants in the 1986 cohort. For abbreviations see the Abbre-
viations section.
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and sex. Maps can also be produced of 'source space'
which shows how the groups differ in their relative
weighting of the two extracted dimensions. Figure 9
shows the source spaces for the applicant and final-year
student data in the three cohorts. The vertical axis

represents the relative importance of the Things-People
dimension, whereas the horizontal dimension shows the
importance of the Data-Ideas dimension. It should be
noted that these axes do not mean that, say, People are
more important than Things, but that the Things-People

The INDSCAL group space for the medical specialities for the entrants in the 1991 cohortFigure 5
The INDSCAL group space for the medical specialities for the entrants in the 1991 cohort. For abbreviations see the Abbrevi-
ations section.
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dimension is more differentiated than the Data-Ideas
dimension (just as, say, in a map of Italy or Chile, there is
far more north-south differentiation than east-west, as
they are long-thin countries). In each of the six analyses,
the male subjects put more emphasis on the Things-Peo-

ple dimension whereas the female subjects put more
emphasis upon the Data-Ideas dimension (and hence the
male subjects tend to be in the top left corner and the
female subjects in the bottom-right). In the 1981 cohort
there is also a suggestion that younger subjects put more

The INDSCAL group space for the medical specialities for the final-year medical students in the 1981 cohortFigure 6
The INDSCAL group space for the medical specialities for the final-year medical students in the 1981 cohort. For abbreviations 
see the Abbreviations section.
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emphasis on the Things-People dimension, and older
subjects on the Data-Ideas dimension for differentiating
careers, but the effect is smaller in the 1986 cohort, and
barely visible in the 1991 cohort, suggesting a possible
change in the way these groups perceive medical careers.

In interpreting these analyses it should be noted that
although the absolute size of the various groups was more
than adequate for the INDSCAL analyses, the group
weights for the mature candidates (male and female) in

The INDSCAL group space for the medical specialities for the final-year medical students in the 1986 cohortFigure 7
The INDSCAL group space for the medical specialities for the final-year medical students in the 1986 cohort. For abbreviations 
see the Abbreviations section.
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the 1981 and 1986 finalyear data were based on very
small samples, ranging between 5 and 17 participants,
and may, therefore, be somewhat unstable.

Discussion
The primary objectives of this study were to use the empir-
ical method of individual differences scaling to derive
maps of the underlying perceived structure of medical
career specialities, and to assess the extent to which those
maps are similar to those described by Holland in his

The INDSCAL group space for the medical specialities for the final-year medical students in the 1991 cohortFigure 8
The INDSCAL group space for the medical specialities for the final-year medical students in the 1991 cohort. For abbreviations 
see the Abbreviations section.
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hexagonal representation of the RIASEC groups of careers.
That this method is a valid way of deriving Holland's
structure in general is seen in figure 2, in which a broad
range of non-medical careers is assessed by non-medical
individuals, and the RIASEC structure is readily derived.
Of particular importance is that because the analysis used
INDSCAL, the dimensions are not arbitrary to rotation,
and that the R-S dimension (corresponding to the Things-
People dimension) and the IA-EC dimension (corre-
sponding to the Ideas-Data dimension) are the basic
underlying structure, as shown by Prediger [35,53]. The
"Things-People" dimension also bears a strong similarity
to the Technique orientation and People orientation
which has also been described in relation to medical spe-
cialities [56].

The general population sample also rated four medical
specialities, with Surgery and Anaesthetics at one extreme,
and Psychiatry at the other, and these medical specialities
differed principally along the R-S dimension. That Surgery
and Anaesthetics are more concerned with Things, and
Psychiatry is more concerned with People fits well with
the reduction of Holland's hexagon to the two dimen-

sions of Things-People and Ideas-Data. It is also worth
noting that all of the four medical specialities are seen by
the general public as being primarily concerned with Ideas
rather than with Data, as surely befits medical careers.

The MDS analyses demonstrate that the representation of
the various medical specialities by the medical student
samples can be captured within a two-dimensional space,
as Holland had suggested. The maps shown in figures 3 to
8 indicate that the structures are broadly similar across the
three cohorts, and that although there are some minor dif-
ferences between the applicants and the final-year stu-
dents, it is the case that overall the similarities are more
impressive than the differences. The crucial question
therefore concerns whether the medical student maps are
homologous to those of Holland's RIASEC typology. If
there is a homology, then one may ask what are the Real-
istic, Investigative, Artistic, Social, Enterprising and Con-
ventional specialities of medicine.

From scrutinising figures 3 to 8 we suggest that the
RIASEC structure of medicine is typified by the six proto-
typical specialities of Surgery, Hospital Medicine, Psychi-

INDSCAL source spaces for the applicants/entrants and final-year medical students in the 1981, 1986 and 1991 cohortsFigure 9
INDSCAL source spaces for the applicants/entrants and final-year medical students in the 1981, 1986 and 1991 cohorts. Square 
symbols are for male subjects and circles for female subjects. Solid symbols are for younger students, whereas hatched symbols 
are for mature students. To help visualisation, the solid arrows connect from younger males to younger females, whereas 
dashed arrows connect from mature males to mature females. See text for further details of interpretation.
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atry, Public Health, Administrative Medicine and
Laboratory Medicine. It should be emphasised that in
suggesting this we are not implying a direct comparability
in the posts, rather a formal similarity within the limits
imposed by being within the domain of medicine, as
opposed to that of careers in general.

Surgery – Realistic
Surgeons can be seen as the engineers of medicine, solving
problems at high levels of mechanical and technical pro-
ficiency, with an emphasis upon practical skills, crafts-
manship, and immediate and effective results.

Hospital Medicine – Investigative
The core of Hospital Medicine (Internal Medicine) is diag-
nosis, achieved by carrying out appropriate investigations.
Physicians typify the model of the 'scientist-practitioner',
investigating symptoms and signs and relating them to
the underlying pathophysiology of the patient.

Psychiatry – Artistic
Psychiatrists, and also General Practitioners, have a more
artistic approach to medicine, seeing, interpreting and
responding imaginatively to a range of medical, social,
ethical and other problems. The emphasis in many ways
is on the uniqueness of the patient, the ideas that they are
expressing, and the psycho-social theories and concepts
which are necessary for interpreting the individual.

Public Health – Social
Although most medicine is concerned with individual
patients, the remit of Public Health is primarily social in
the sense of applying medicine to society as a whole, treat-
ing the 'body politic'. It is noteworthy that in the maps,
Public Health is not only at the Social end, but also closer
to Data than to Ideas. Public Health manages social and
community health by the appropriate analysis of data.

Administrative medicine – Enterprising
The management of hospitals and health-care requires the
creative skills of the business executive, the lawyer and the
personnel director to achieve a smoothly running system.
People, both patients and carers, are at the heart of any
health-care system, and therefore administrative medicine
is at the People end of the dimension.

Laboratory Medicine – Conventional
The running of efficient systems in haematology, histopa-
thology or chemical pathology requires many of the
attributes shared with the accountant or the banker,
including the willingness to develop, implement and fol-
low standard procedures within a complex system. The
emphasis is inevitably upon the things that do the meas-
urements, and upon the data collected, rather than the
ideas or people behind the data and the technology.

The analyses in this paper suggest that in our groups of
students there is a broad similarity between preferences
for medical careers and the typology found by Holland in
careers in general, suggesting that the structures are
homologous. Although our study has been restricted to
medical students in the UK, our findings are likely to be
generalisable, given that the patterns are found in three
separate cohorts studied over a decade, and across medi-
cal school applicants and final-year students. Just as Hol-
land's typology is found in most studies of careers, over a
period of three decades and in many countries, despite a
wide range of changes in society, in education, and in the
nature of jobs and careers themselves, so we would predict
that our typology of medical careers will be robust to such
changes. To put it more strongly, we would predict that
despite enormous changes in every aspect of medicine
over two and a half millennia, just as Hippocrates recog-
nised that surgery is different in many ways from other
branches of medicine, and that not every doctor wishes or
is able to be a surgeon, so the same applies today and will
probably continue to apply as long as medicine is prac-
tised. That is likely to be so primarily, as Ackerman has
suggested, because Holland's typology is underpinned by
wide-ranging, broadly defined individual differences in
aptitude and personality [36] which are also likely to be
stable across time and cultures [57].

It may at first be felt that our approach to mapping careers
is fundamentally different to that of Gale and Grant
[58,59], who describe a questionnaire, the Sci-45, which
has twelve sub-scales and allows discrimination between
45 different medical specialities as possible careers. How-
ever, the purposes of that instrument and our analyses are
very different. Gale and Grant aimed at developing a prac-
tical instrument for counselling individuals, which would
allow a detailed differentiation between careers. In con-
trast, we aimed at investigating and mapping the broad
picture underlying careers. To use an analogy with geogra-
phy, our map is primarily a large-scale representation of a
region such as Britain, which lays out the main north-
south and east-west axes and defines the broad regions of
that map (Scotland, Wales, South of England, East
Anglia), as well as placing the main cities, which are anal-
ogous to the specific careers. Gale and Grant in contrast
are developing a method of differentiating between the
various cities, particularly when, as say in the West Mid-
lands conurbation, some cluster closely together within
the map. We therefore expect that underlying the Gale and
Grant questionnaire will be two broad dimensions equiv-
alent to those which we have described.

Abbreviations
INDSCAL Individual differences scaling

MDS Multidimensional scaling
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RIASEC Realistic-Investigative-Artistic-Social-Enterpris-
ing-Conventional

Speciality abbreviations in figures 3 to 8.

ADM Administrative Medicine

ANS Anaesthetics

ARM Armed Forces

BMS Basic Medical Sciences

DRM Dermatology

ENT Ear, Nose & Throat

FRN Forensic

GER Geriatrics

GPlrg GP Large Group practice

GPsml GP Small practice

GPsng GP Single handed

GUM Genito-urinary medicine

IND Industrial Medicine

INF Infectious diseases

LAB Laboratory (Haematology, Clinical Chemistry, etc.)

MED Internal Medicine

O&G Obstetrics & Gynaecology

O&T Orthopaedics & Trauma

OPH Ophthalmology

PED Paediatrics

PHM Pharmaceutical Medicine

PSY Psychiatry

PTH Pathology

PUB Public Health

RAD Radiology/ Radiotherapy

RDL Radiology

RDT Radiotherapy

RES Research

SRG Surgery
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Supplementary Material

i) Sample sizes.   Table S1 (below) shows the number of individuals in the various surveys
who had valid career preference data (although not all had answered all of the career
preference questions).  The numbers in the parentheses are the number of individuals who
had complete data on all of the careers, and whose data were used in the INDSCAL analyses.
These numbers vary between applicants/entrants and final-year students, and between
cohorts, because of differing student knowledge about some more unusual careers (which
varied between studies – see main text), and hence not all students felt able to make
judgements on all careers. 

Table S1: 

Non-mature applicants Mature applicants Total

Male Female Male Female

1981 cohort

Applicants 589 (276) 387 (172) 104 (56) 55 (34) 1135 (538)

Final-year students 162 (155) 143 (135) 20 (17) 5 (5) 330 (312)

1986 Cohort

Applicants 978 (573) 831 (447) 134 (76) 89 (52) 2032 (1118)

Final-year students 178 (139) 170 (137) 13 (10) 15 (15) 376 (301)

1991 Cohort

Entrants 1340 (733) 1424 (777) 117 (78) 92 (50) 2973 (1638)

Final-year students 564 (564) 750 (750) 70 (70) 53 (53) 1437 (1437)
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ii) Potential response bias.  Two possible forms of response bias need to be considered in
our analysis. Firstly, in the 1991 cohort we report the mapping analyses only on the entrants
to medical school, whereas in the rather smaller 1981 and 1986 cohorts we describe data on
applicants to medical school, some of whom will have been rejected.  Secondly, although our
response rates are uniformly high in the studies of applicants/entrants, averaging about 90%
across the three studies, they are somewhat lower in our studies of final-year students,
averaging about 55% across the studies. It is therefore possible that there are systematic
differences in career preferences between respondents and non-respondents in the final-year
surveys. We will consider these questions only in the 1991 cohort, since it is by far the
largest, and hence the results will be more informative. 

We assess response bias by considering data from the 1991 cohort (and it should be
noted that this refers to the entire dataset of applicants from the 1991 cohort, and not just the
entrants).  Bias due to differences between entrants (accepted applicants) and rejects can be
assessed by comparing career preferences at application in the two groups of students. Bias
due to differential response in the final-year students can be partly assessed by comparing
career preferences at application in entrants who did or did not respond to the final-year
questionnaire. 

Table S2 shows the mean preference for each of the careers in those accepted for
medical school and those who were rejected. There are 27 significance tests and hence an
appropriate alpha level after a Bonferroni correction is 0.05/27 or about 0.001.  Nine of the
careers show significant differences on that basis. However the absolute effect size is small,
the largest difference being in Medical Administration, where the scores differ by 1.78 - 1.62
= 0.16, which is one fifth of a scale point, a difference which is also equivalent to 0.20
standard deviations. Although the differences are of some interest, they are few and small in
terms of their absolute and relative size. Overall they are unlikely to be biassing the mapping
process described in the main paper. 

Table S3 compares the preferences at application of those individuals in the 1991
cohort study who did or did not respond to the final-year questionnaire. Once again there are
27 significance tests, and therefore a Bonferroni corrected level of 0.001 was used. None of
the probabilities reached that level, the lowest being 0.006. In this case too, the sample size is
large, and it can therefore be concluded that there is unlikely to be any bias in the final-year
samples due to differential non-response.
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Table S2: Interest in different medical careers in the 1991 cohort study for accepted and
rejected applicants to medical school. Scores are in the range from 1 (definite intention not to
go into the career) to 5 (Definite intention to go into the career). Differences in means were
assessed using Student’s t-statistic, which is shown in the final column, along with the
significance level (which is uncorrected – see text).

Mean, SD, N Not accepted at
medical school

Accepted at
medical school t,  P

Anaesthetics 2.43, .845, 2106 2.45,  .763,  2690 -1.113, .266
Radiology 2.22, .794, 2097 2.24, .751, 2672 -.954, .340

Ophthalmology 2.55, .883, 1839 2.55, .821, 2293 .047, .963
Dermatology 2.50, .863, 1996 2.46, .791, 2590 1.680, .093

Pathology 2.87, .979, 2062 2.74, .928, 2706 4.812, <.001
Ear, nose and throat surgery 2.90, .907, 2172 2.88, .830, 2753 .995, .320

Surgery 3.56, .980, 2239 3.45, .926, 2852 4.142, <.001
Traumatic and orthopaedic surgery 3.19, .929, 2020 3.18, .910, 2583 .192, .848

Medicine in hospital 3.65, .792, 2203 3.62, .707, 2818 1.291, .197
Obstetrics and Gynaecology 3.13, 1.017, 2129 3.10, .931, 2754 1.139, .255

Paediatrics 3.51, 1.000, 2124 3.48, .904, 2801 1.148, .251
Psychiatry 2.90, 1.116, 2171 2.91, 1.037, 2818 -.170, .865

General Practice (single-handed) 2.76, 1.102, 2237 2.63, 1.021, 2883 4.434, <.001
General Practice (small group) 3.08, 1.100, 2268 3.03, 1.057, 2893 1.498, .134

General Practice (Health centre) 2.95, 1.069, 2226 2.84, 1.019, 2862 3.606,  <.001
Basic medical sciences 2.44, .877, 2020 2.44, .867, 2574 .215, .829

Medical research 2.81, 1.105, 2242 2.69, 1.062, 2857 3.785, <.001
Laboratory medicine 2.40, 1.051, 2206 2.27, .971, 2820 4.247, <.001

Pharmaceutical medicine 2.09, .978, 2207 1.92, .881, 2804 6.425, <.001
Medical administration 1.78, .849, 2148 1.62, .743, 2790 6.768, <.001

Public health / Community medicine 2.33, .966, 2145 2.22, .892, 2740 3.982, <.001
Forensic medicine 2.88, 1.075, 2149 2.84, .997, 2790 1.321, .186
Industrial medicine 2.02, .909, 2079 1.96, .822, 2660 2.320, .020

Armed forces 2.08, 1.154, 2210 2.01, 1.111, 2817 2.284, .022
Infectious diseases 3.03, .863, 2141 2.96, .817, 2710 2.701, .007

Genito-urinary medicine 2.51, .845, 1996 2.51, .801, 2525 -.0534, .958

Geriatric medicine 2.35, .914, 2071 2.29, .864, 2741 2.209, .027
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Table S3: Interest in different medical careers at application  in the final-year students in the
1991 cohort study who did or did not return the final-year questionnaire. Scores are in the
range from 1 (definite intention not to go into the career) to 5 (Definite intention to go into
the career).  Differences in means were assessed using Student’s t-statistic, which is shown in
the final column, along with the significance level (which is uncorrected – see text).

Mean, SD, N
Did not return

final-year
questionnaire

Did return
 final- year

questionnaire
t,  P

Anaesthetics 2.48, .758, 445 2.45, .755, 1269 .759, .448
Radiology 2.22, .784, 440 2.24, .732, 1253 -.520, .603

Ophthalmology 2.59, .802, 376 2.52, .815, 1081 1.470,  .142
Dermatology 2.43, .813, 429 2.47, .786, 1238 -1.000, .317

Pathology 2.70, .938, 436 2.77, .908, 1286 -1.280, .201
Ear, nose and throat surgery 2.91, .852, 452 2.87, .831, 1291 .896, .370

Surgery 3.49, .916, 470 3.40, .917, 1329 1.901, .057
Traumatic and orthopaedic surgery 3.18, .897, 408 3.18, .901, 1234 -.114, .909

Medicine in hospital 3.65, .735, 463 3.61, .682, 1331 1.027, .305
Obstetrics and Gynaecology 3.11, .917, 439 3.12, .914, 1310 -.148, .882

Paediatrics 3.46, .947, 461 3.51, .871, 1322 -.960, .337
Psychiatry 2.88, 1.082, 461 2.90, 1.024, 1328 -.314, .753

General Practice (single-handed) 2.68, 1.046, 469 2.63, 1.011, 1355 .994, .320
General Practice (small group) 3.10, 1.059, 472 3.04, 1.065, 1358 .991, .322

General Practice (Health centre) 2.91, 1.041, 463 2.84, 1.011, 1345 1.220, .222
Basic medical sciences 2.36, .880, 428 2.43, .867, 1212 -1.395, .163

Medical research 2.72, 1.077, 466 2.65, 1.062, 1345 1.295, .196
Laboratory medicine 2.18, 1.009, 460 2.28, .958, 1326 -1.864, .062

Pharmaceutical medicine 1.94, .898, 457 1.91, .872, 1321 .682, .495
Medical administration 1.69, .736, 447 1.58, .722, 1321 2.750, .006

Public health / Community medicine 2.24, .883, 448 2.23, .898, 1292 .369, .712
Forensic medicine 2.86, .977, 453 2.86, .988, 1322 -.123, .902
Industrial medicine 1.95, .848, 438 1.95, .816, 1251 -.017, .986

Armed forces 2.03, 1.085, 463 1.99, 1.108, 1323 .537, .591
Infectious diseases 2.96, .836, 442 2.99, .788, 1274 -.657, .511

Genito-urinary medicine 2.50, .782, 406 2.53, .778, 1191 -.739, .460

Geriatric medicine 2.30, .882, 431 2.29, .842, 1309 .336, .737
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