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A mathematician goes to hospital
T.M. Mills

How can a university mathematician con-
tribute to university-community engage-
ment? In this paper, the author de-
scribes recent experience in seeking to con-
tribute to university-community interac-
tion as an academic who teaches mathe-
matics and statistics. Particular empha-
sis is given to how this experience con-
tributes to course development and teach-
ing elementary courses to undergraduate
students in Business. Furthermore, key
success factors that govern the interaction
between a university and its community
are suggested.
Key words: teaching, business, mathe-
matics, statistics, community engagement,
health care.
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1 Introduction

The city of Bendigo is the location of the
largest regional campus of La Trobe Uni-
versity. Over recent years, La Trobe Uni-
versity, Bendigo has fostered and stimulated
interaction between the University and re-
gional Victoria. While it is easy to imagine
how academics in some disciplines (such as
economics, history, or various professions)
could contribute to community-university
interaction, it is more difficult to imagine
how those in theoretical disciplines (such
as mathematics) can be so involved. As
a mathematician at La Trobe University,
Bendigo, I have chosen to make a contri-
bution to health care in the region. Since
1998, I have been trying to blend my skills as
an academic mathematician with the needs
of Bendigo Health Care Group (BHCG). In
this paper, I will describe the projects at
BHCG in which I am involved, and their im-
pact on my work in undergraduate teaching,
course development, and research. Also,
I will mention some challenges associated

with community engagement and key fac-
tors that have led to my experience being
both exciting and rewarding.

2 A national perspective

Before describing how a mathematician can
become involved in health care issues, I wish
to highlight two ideas that have influenced
me in this venture.

“The AVCC believes that the promotion
of effective teaching should be a matter of
highest priority for each university and that
each institution needs to develop a coherent
set of policies and practices which demon-
strate that the institution values above all
else the education of its students and the
contributions that academic staff make to
the enhancement of student learning” [3].

These words were not written by some
lone champion of university teaching: they
have been extracted from a paper by
the Australian Vice-Chancellors’ Commit-
tee. In particular, we should note the belief
that the university should value the educa-
tion of its students “above all else”. These
strong words from the leaders of the nation’s
universities have encouraged me in seeking
more effective ways to contribute to the ed-
ucation of our students.

The second influence at a national level is
the Australian government. The following
statement is from the Minister responsible
for universities in the federal government.

“Regional initiatives recognise the signif-
icant role of universities, particularly those
in regional areas, in the economic and social
lives of their communities” [15, p. 39].

The Minister is making the point that
contemporary universities should interact
with their communities. On one hand, uni-
versities provide wonderful intellectual re-
sources from which local communities can
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benefit. On the other hand, local communi-
ties and enterprises offer academics inspir-
ing questions that can lead to innovations
in teaching and research. Central Victoria
is a region in which academics at La Trobe,
Bendigo can explore fascinating questions
in a local context and with global implica-
tions. Because these questions are on my
door-step, they have an immediacy that I
find attractive.

It is true that we contribute to our local
community through our teaching: we offer
courses to citizens and assist them in their
careers. Also, universities add to the econ-
omy of their local community in so far as
we spend our money locally. We are now
being invited to consider ways in which we
can use our research skills to contribute to
our community.

This aspect of engagement does not come
easily to academics in the 21st century. We
tend to think internationally. We collabo-
rate with colleagues in other countries; we
strive to have our work published in in-
ternational journals; we attend conferences
around the world — the more exotic loca-
tion the better. However, an international
reputation does not lead to a local reputa-
tion. A few mathematicians in other parts of
the world may be familiar with my work, but
the local high school mathematics teacher
may not know I exist!

Thus, the two factors that have shaped
this work, are the central importance of the
education of our students, and, the impor-
tance of a regional university’s contribution
to the local community.

3 The setting

Bendigo Health Care Group (BHCG) is
the major provider of health care facili-
ties in central Victoria. It provides ser-
vices for acute care, mental health, and re-
habilitation and aged care. The Collabora-
tive Health Education and Research Centre
(CHERC) is a department in BHCG that is
devoted to education and research activities.
CHERC has about 15–20 staff most of whom

have a background in nursing and now de-
vote their time to the teaching and research
in CHERC. In 1998, I was offered the po-
sition as Honorary Senior Research Fellow
at CHERC. These positions are offered to
senior people, usually academics, who have
skills that complement the skills in CHERC.
La Trobe University approved this involve-
ment and I try to spend half a day each week
at CHERC. During the second half of 2000,
I took study leave and spent the entire pe-
riod at CHERC working on projects of mu-
tual interest.

The aim of this paper is to describe
how this involvement with BHCG has con-
tributed to my work in teaching and re-
search at La Trobe University. Also, I will
attempt to extract some general principles
that influence the success of community-
university interaction.

4 Sample size

The first project at CHERC in which I be-
came involved required an estimate of sam-
ple size for a study of patient satisfaction.
I will say more about the assessment of pa-
tient satisfaction in the next section: here
I will focus on the question of estimating
sample size.

One of the most frequently asked ques-
tions that researchers put to statisticians is:
How large should my sample be? If the
study has a complex design, this question
can be difficult to answer. However, in this
particular case, the exercise was simple.

Patients would be invited to answer the
question: Overall, how would you rate the
care that you received as a patient of this
hospital? with possible answers being on a
Likert scale:
1 (= very good), 2 (= good), 3 (= fair), 4

(= poor) or 5 (= very poor).
The question posed to me was “How large

should the sample be to estimate the mean
rating?”.

This is a simple question and most ele-
mentary statistics books provide the answer
to this question. To find a 95% confidence
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interval of length 2m for the average rating,
you require a sample of size

n ≥
(

1.96σ

m

)2

where σ is the standard deviation of ratings.
In this situation it may be sensible to choose
m = 0.25 say; this will give us an interval of
length at most 0.5.

What is σ? One might be prepared to
take a stab at estimating the average rating
on a scale of 1 to 5; but what would be the
standard deviation of these ratings? Text
books offer various answers to this question.

De Veaux and Velleman [5, p. 442] sug-
gest that one could conduct a pilot survey to
try out the questionnaire and use the results
of the pilot study to estimate σ. However,
this approach provides only an estimate of
σ. It also leads to the question: What should
be the sample size in the pilot study?

Mendenhall et al. [11, p. 320] provide
an answer that goes like this. Suppose that
the variable we are measuring has a normal
distribution. Then we would expect about
95% of the observations to lie in a range of
length 4σ. So estimate the range that would
contain almost all the values you expect and
divide it by 4. (Using a similar line of argu-
ment, Weiers [19, p. 333] suggests that you
divide the range by 6.) These methods also
give only a rough and ready estimate of σ.
In the case of a sample survey such as the
assessment of patient satisfaction, the vari-
able being measured takes only the values
1, 2, 3, 4, 5 and definitely does not have a
normal distribution.

Freund [6, pp. 269–270, Example 11.3]
suggests that σ could be estimated from pre-
vious studies; Burns and Bush [4, p. 381]
state that “we have to rely on some prior
knowledge about the population”. However,
this method also leads to rough and ready
estimates. Anyway, in the patient satisfac-
tion study, we had not carried out such a
study in BHCG before and so there was no
previous study of direct relevance.

Some exercises in text books simply tell
students to assume that σ has some spec-
ified value. (See, for example, Freund [6,
p. 276, Exercise 11.8] (2004, p. 276, Ex-
ercise 11.8), Johnson and Kuby [9, p. 230,
Exercise 8.30].)

So, overall, texts do not offer satisfying
answers to this important question.

Now there is a simple answer that is guar-
anteed to be correct for the Likert scale set-
ting. The responses of the patients would
be most variable if 50% of them answered
“1” to the above question and 50% of them
answered “5”. In this case, the standard
deviation is 2. Since this is the worst case
scenario (that is, the scenario with the most
variability), we can be certain that, in gen-
eral, σ ≤ 2. If we choose m = 0.25 then we
obtain from the above formula n ≥ 246 and
this is not a huge number of patients for a
hospital to survey. [13]

The argument in the previous paragraph
is mathematically simple and works partic-
ularly well in developing a sampling plan for
survey. It is surprising then that it is men-
tioned rarely in text books. So far, I have
found it in only Gnedenko [7, p. 188, Exer-
cise 9] which is not an elementary text book,
and Aaker et al. [1, pp. 410–411] which is a
text on marketing research rather than sta-
tistics. I incorporate this useful detail in my
lectures on statistics. It is remarkable that
it takes so long for relevant developments to
penetrate undergraduate text books. Any-
way, this small example is one instance of
how my involvement with BHCG led me to
reconsider a point that arises in teaching
statistics in the university.

A mathematician may wonder about
what happens if we make additional as-
sumptions about the distribution of the vari-
able being measured. Can we have better es-
timates of σ that would lead to smaller sam-
ple sizes? This question lies in the study of
mathematical inequalities. As usual, when
one scratches the surface of the literature,
one uncovers a wealth of material, and the
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paper chase is on; see Seaman and Odell
[16].

5 Estimating proportions

A standard problem in courses on elemen-
tary statistics is to test a hypothesis about
some proportion p associated with a popu-
lation. We want to test the null hypothesis
H0 : p = p0 against an appropriate alterna-
tive hypothesis.

The standard approach outlined by ele-
mentary text books requires that certain as-
sumptions be met. For example, the sample
size n must be suitably large; we also re-
quire both np and n(1−p) to be larger than
some minimum value: Johnson and Kuby [9,
p. 387] and Freund [6, p. 333] recommend 5
as the minimum value; De Veaux and Velle-
man [5, p. 349] and Moore [14, p. 435] rec-
ommend 10 as the minimum value. (Fortu-
nately, students tend to buy only one text
book!) In essence, these are saying that n
must be large and p cannot be too close to
either 0 or 1. All this depends on the central
limit theorem – a topic that is too advanced
to explain fully to most undergraduate stu-
dents in a first course in applied statistics.
So presenting this idea, without adequate
explanation, is not satisfying for the teacher
or the student.

My work at BHCG led me to a situation
in which one doctor was doing some research
on a particular rare medical condition. In
this problem p represents the proportion of
people in the community with this condi-
tion. Since the condition is rare it is difficult
to find many people with this condition and
hence to get n to be large; furthermore p
is small. On reflection, one can easily imag-
ine that this situation often arises in medical
statistics.

It is not difficult to deal with this problem
especially these days where packages such as
Excel calculate binomial probabilities ex-
actly. One can control both the size and
the power of the test exactly. This made
me wonder why we teach students about
the complicated approximation referred to

above at all. After all, its main use is to cal-
culate only an approximation to an answer
that we can calculate exactly with Excel,
and the explanation is complicated with un-
necessary and inexplicable rules of thumb.

This experience at BHCG has made me
reconsider many approximations that are
encountered in elementary statistics courses.

6 Assessing patient satisfaction

Hospitals are keenly interested in assessing
the levels of satisfaction among patients.
Clearly patients do not want to be in hos-
pital in the way that a customer wants to
be in a theatre or resort. Furthermore, pa-
tients are unwell (except for maternity pa-
tients) and not in a mood for assessing their
own level of satisfaction. The literature on
patient satisfaction is enormous but we will
mention only a few publications. The book
by Strasser and Davis [17] is a practical,
readable account of key aspects of the sub-
ject.

In 1997, the Victorian Department of Hu-
man Services conducted a state wide as-
sessment of satisfaction of patients in pub-
lic hospitals. In response to this exercise,
BHCG decided to develop its own in-house
procedures so that it could monitor patients’
attitudes, CHERC was asked to develop
the process and I became involved in the
project. Some results are reported in [12].

This experience has made me aware of
the role of assessment of satisfaction in qual-
ity management. So I have often incorpo-
rated this field of study as the context for
exercises in my classes. Here is an assign-
ment question from my notes on Statistical
Methods as presented in our off-shore pro-
gram.

A bank employs a management consult-
ing firm to carry out, each year, a survey
of its customers in order to measure cus-
tomer satisfaction. Each year, the company
selects a random sample of n = 100 cus-
tomers and asks each customer: Are you sat-
isfied with the service provided by the bank?.
In the 1997 survey, 65% of the customers
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said “Yes”; the rest said “No”. In the 1998
survey, 70% of the customers surveyed said
“Yes”; the rest said “No”. Is this evidence
sufficient to conclude that customer satis-
faction has improved?

Thus my experience with the analysis of
health care data influences the contexts of
many problems that I set for students.

Furthermore, the experience with the
analysis of patient satisfaction data made
me aware of the potential applications of
multivariate analysis in quality manage-
ment. Time and time again, I have seen
studies that are based on the analysis of
data obtained from questionnaires and the
final reports consist of pages and pages of
histograms that show the distributions of
responses for each item on the survey in-
strument. Multivariate analysis of the data
is often absent. Hence, in a recent revision
of the Bachelor of Business program at La
Trobe University, we introduced a statistics
major that includes Multivariate Analysis as
a compulsory final year subject; in turn, this
contributed to the need for Business stu-
dents in the majoring in Statistics to study
Linear Algebra. Hence, my experience with
the analysis of patient satisfaction data at
Bendigo Health Care Group contributed to
these curriculum developments.

7 Elementary statistics in Busi-
ness courses

In this section I will give another example
that illustrates how my experience at BHCG
has altered my view on course development.

In working with colleagues at BHCG, I
have often met professionals who have a de-
gree in some area and have successfully com-
pleted a standard first level statistics sub-
ject during their university studies. Even
though their present job may involve some
quantitative aspects, it certainly does not
involve inferential statistics. I now wonder
if it is appropriate to make inferential statis-
tics the centerpiece of any compulsory first
year statistics subject in a business degree
as is the practice in many universities.

I reckon that this material is never used
by many accounting graduates who work in
small practices, banks or government de-
partments. I wonder whether Business grad-
uates with majors in areas such as human re-
source management, international business,
tourism and hospitality or information sys-
tems are likely to make any use of infer-
ential statistics. To be sure, Business stu-
dents who plan to major in disciplines such
as marketing or economics or go on to post-
graduate studies may need to know about
t-tests, p-values and the like; but is it neces-
sary to subject all Business students to this
in their first year?

Now I do accept that business disciplines
are far more quantitative than they have
been in the past, and it is reasonable to in-
sist that all first year Business students un-
dertake a suitable subject in mathematics
or statistics. So, let me suggest a suitable
compulsory first year statistics subject for
Business program in an Australian univer-
sity.

The name of the subject could be Aus-
tralian Statistics. In this subject students
would encounter key statistical measures of
Australian society. Demographic, economic,
industrial, and social measures would be
considered. They would learn about def-
initions of statistics and their limitations,
sources of data, data collection methods,
time series, trends and index numbers. A
special feature could be discussion of re-
gional statistics and community profiles. Al-
though the subject would be focused on
Australian statistics, international compar-
isons may be included. The subject would
lead naturally into discussion of descriptive
statistics, statistical distributions, sampling
and hypothesis testing. (Although infer-
ential statistics would not be the core of
the subject.) Australian Statistics would
assist students to develop a fresh perspec-
tive on the nation and its people – a sta-
tistical perspective. I imagine that Busi-
ness students would find their experience
in this subject useful in many subjects in
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their degree because it would provide them
with some knowledge of Australian data on
which they could base arguments. Interna-
tional students studying in Australia would
also learn something about the country as
an integral part of their studies.

8 Modelling patient flow

Understanding how patients flow through
a hospital is an important topic in quality
management in health care. There are many
ways in which mathematics is being used
to improve our understanding of congestion
in hospitals. One can used techniques such
a simulation, advanced methods in statis-
tics and operations research. For a recent
exposition of a variety of mathematical ap-
proaches, see [8]. Currently, I am involved
with a team of colleagues who are investigat-
ing how these approaches can be applied to
BHCG. We are interested in applying math-
ematics to improve our understanding of the
ways in which patients flow through the sys-
tem at BHCG. Progress was reported in [10].
There is a direct link between this research
investigation and certain topics in the sub-
ject Pharmacy Mathematics; both employ
compartment modelling. This example il-
lustrates how a question at BHCG leads to a
mathematical research project which in turn
is connected to topics involved in teaching.

9 General aspects of community
engagement

I find the work with BHCG exhilarating.
When I tackle a problem at BHCG, I con-
sider any approach that could be useful –
irrespective of whether or not I know much
about the approach itself. I tend to be more
prepared to seek ideas outside my own com-
fort zone that I would have previously. (Can
neural networks or support-vector machines
help me with patient satisfaction studies?)
To cope with the risks associated with going
beyond one’s own expertise, I readily call on
help from experts in a wide variety of fields
to assist. Colleagues from other disciplines
are keen to participate, and, it does help to

increase the web of connections between the
university and the community.

The success of community-university in-
teraction is based on partnerships. I have
been fortunate that La Trobe University and
BHCG allow me to move easily between the
two institutions. This cooperative, indeed
encouraging, spirit is one key to the suc-
cess of such interactions. Thus, an academic
who is interested in being involved in such
work needs to identify a suitable partner and
get the support of both the university and
the partner. Perhaps much of this could be
achieved through personal contacts.

On the other hand, being involved with
an organisation off-campus makes demands
on one’s time. I believe that it important
for me to spend time at BHCG on a reg-
ular basis; I think better about health is-
sues while I am there. Hence I endeavour
to spend half a day a week at BHCG. Of-
ten, people alert me to interesting problems
simply because I happen to be there. How-
ever, my involvement in two organisations
complicates my timetable. Fortunately, the
cooperative spirit between the two organi-
sations plays a role in facilitating the work.

When one changes direction in an aca-
demic career, there is a delay in one’s pub-
lication rate; an enlightened university will
appreciate this fact. Also, one should be
aware that, although this sort of commu-
nity involvement can enhance an academic’s
work in teaching and research, it could easily
develop into providing routine advice that
would not contribute much to an academic
vocation; by the same token, the involve-
ment could also lead to a new vocation!

10 Conclusions

In this paper I have described how my ex-
perience from being involved with Bendigo
Health Care Group has contributed to my
work as an academic mathematician. By
discussing particular health care projects, I
have outlined how they influence the way I
think about teaching, and the way in which
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this experience prompts new ideas in teach-
ing and research. Perhaps this assists stu-
dents to develop a “realization that the sta-
tistical skills they are learning can be used
to help people” [18, p. 143]. It is very sat-
isfying to be able to relate ideas that crop
up in class to direct experience with a local,
highly respected organisation in our commu-
nity.

Thus, the experience also assists me to
“close the loop” between teaching and re-
search. It is pleasing to be able to show un-
dergraduate students where research work
fits in with their education.

This leads me to the general conclusion
that academics in any discipline could be in-
volved in this sort of work if they choose. If
I, with a background in theoretical math-
ematics, can enjoy it, then scholars from
other disciplines could too! However, this
work is not everybody’s cup of tea and, I
believe in the old-fashioned idea that aca-
demics do their best work when they have
the maximum amount of freedom to define
their own involvement in teaching and re-
search.

Minister Nelson asserts that “more en-
couragement should be given [to universi-
ties] for building partnerships with other

institutions, businesses, research agencies
and communities.” [2, p. vi] By focussing
my efforts on projects that are of inter-
est to BHCG in particular, I hope to con-
tribute to strengthening links between two
prominent organisations in Bendigo, namely
Bendigo Health Care Group and La Trobe
University. Building such networks between
universities and organisations will be more
successful if academics assist their vice-
chancellors in this effort.

Finally, universities have to work hard at
making a contribution locally just as they
do to make a contribution internationally.
One might say that these two directions are
orthogonal. In this paper, I have tried to
show that our discipline can assist in these
efforts.
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