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Dutch textbooks about statistics and data analgsisecondary school level are filled up with smabn-realistic
examples. In this way students get the wrong ingioesthat data handling is in fact nothing morentapplying some
standard recipe. They are not confronted with dgomrstsuch as “Do the data make sense?”, “Whatstitati model
seems applicable and for what reason?”, “Do youlmeere data for making sound conclusions?”, andwhio you
deal with large data sets?”. This lack of focushomv to manipulate data meaningfully, using ICT $pdlecomes a
serious handicap for students when they explore ided research project.

Statistical reasoning and thinking are crucial widata are incomplete. The handling of so-calledsceed
observations is one of the main issues in sunawmalysis. We investigated whether this extraculaictopic provides a
nice opportunity for students to apply their cutremowledge of statistics to a real world problemd & get acquainted
with a modern, much used statistical applicatid®ie created learning materials in which studentstrapswith their
own models for handling clinical data in a hosp#faldy. The students make use of a spreadshegiapndo compute
survival probabilities so that they can avoid labos tabular work and can concentrate on model togetion and
model documentation. In this paper we shall presemtlearning materials that have been tested antioe, and we

shall discuss our classroom experiences from @a@areh perspective.

| ntroduction

Probability and statistics was introduced in the Dutch mathenatresulum in the late seventies.
It was then seen as a good illustration of how mathematiappbed in practice and it was also
considered as a good preparation for students in economic and socmdesci®lowadays,
probability and statistics is a topic taught in all of the faxed subject combinations from which a
student must choose one at senior level. Initially students carriechante experiments and ran
simulations, but gradually these didactical instruments disappdeaved the textbooks and
exploring data by students in the classroom vanished [1]. Situatiessnped in current textbooks,
strongly suggest that the way of handling data, drawing asiocis and predicting, are quite rigid
as well as widely accepted. Textbook authors mostly avoid situatioae students have to draw
their own conclusions, based on reasonable assumptions of how to harth¢athBesides, most
contexts do not suggest a strong connection to the real world. In #gmrgevelopment of
algorithmic-procedural skills is overemphasized in probability aatisics education and little
attention is paid to modelling and interpretive skills. Since #s Dutch curriculum reform in
1999, the required use of ICT in the form of a spreadsheet progranamri@icalculator, the
increasing interest of educational researchers in matheinadasoning and in mathematical

thinking, and the fact that Dutch students must build up an examinatidfolio of small



investigation tasks and a research or design project may mavitading simulations and statistical
computations. More attention may be given to the process of mathematical ngpadedlito solving
more realistic problems. With Internet, students can collect flata public databases in the
context of their practical investigation work.

In this paper we shall discuss a practical investigationitaskich students compute survival
probabilities for patients treated after a cardiac arrest.dBit@ set comes from a clinical trial of
patients. It consists of censored observations, which means that soneedata are not available
during the whole period of the trial. Interpreting such data and dgawonclusions involves
assumptions on censoring. We let the students investigate variousgioiie® and invite them to
come up with alternatives. They use a spreadsheet programadsukating tool so that they can
focus on statistical reasoning, i.e., on making sense of sfakigtformation and on interpreting
results, instead of on filling out tables. We hope that statisticaking, which involves
understanding of why and how statistical investigations are condaatkdhe “big ideas” that
underlie statistical investigations, becomes an attainable learréhgngbis way.

The students’ investigation task has been developed in our educati@aathegrogramme that
examines the possible contribution of ICT and real life contexteeaealization of challenging
mathematical investigation tasks for students. This work fits imetfoem view that probability and
statistics education should be organized around critical inquiry ridthermastery of algorithmic-
procedural skills and that activity-based instruction is an efeetiay to let students get personal
experiences [2,3]. We hope to present a stimulating example io@stigation task that on the
one hand is understandable for students who are not confident about thbéematscal
competence, and that on the other hand is challenging for these staddntgves them an

impression of how statistics is applied nowadays.

The Learning Materials

The learning materials have been designed for students who d@ripenultimate year of pre-
university education (age 16-17 yr.) and have knowledge in statistics, bexpeoience with
survival analysis. Our main objectives are to let students

» work meaningfully with real data coming from a clinical trial on et after a cardiac arrest;
» experience that statistical work is more than applying some cookbook recipe;

» look upon a statistical problem from various points of view and comment on methods;

» develop their own statistical models, explain their choices, and draw conclusions;

» learn and practise skills with respect to data manipulation in the spreadsheatnpExgel.

The learning materials [4] consist of an adaptation of aftert a continuing education course for

mathematics teachers [5] to a lesson text at student leveluppiementary materials. Although it



looks similar to an ordinary mathematics textbook chapter, the rdfidactivities fulfil the
characteristics of open-ended tasks that stimulate studentskacthically and require from them
explanation of the chosen strategy(ies) at each step. There is scanoslohguestion with a single
correct answer. The problem activity is based on a real sittdtion in order to capture students’
interest and to make it relevant and convincing to the students. Udentt’ text consists of the
following four parts:

1. The problem descriptionStudents are briefly introduced to survival analysis and censored
observations in the context of a clinical trial of patientstégafter a myocardial infarction.
Censoring means that because of external causes it is not ptsgjetehe desired information
during the whole time of research from all the patients. Rstance, while studying survival
time after cardiac arrest, some patients might die from anothese or stop their participation
to the clinical trial. In such instances it is not clear whato with this patient information. The

students work during most of the investigation task with the data shown below:

Starting point is a clinical trial of 146 patierafter cardiac arrest. These 146 patients were kapk of
during the next 10 yearss far asthiswaspossible. The table below lists the data known about theepéi
A B C D E F
year since | alive at number cumulativg  number of cunwdatumber
entry into | beginning| dying during number of| censoretspes | of persons
the stud |of the yea |the yea death during the ye¢ |[censore
1 146 27 27 3 3
2 116 18 45 10 13
3 88 21 66 10 23
4 57 9 75 3 26
5 45 1 76 3 29
6 41 2 78 11 40
7 28 3 81 5 45
8 20 1 82 8 53
9 11 2 84 1 54
10 8 2 86 6 60
Column E: the number of patients whose situatioa m@longer kept track of from that year on, i.e.,
the number of censored individuals.

Table 1 (from the students’ text): Data from aiclith trial on myocardial infarction.

2. Examples from ‘familiar’ statisticsWe use the classical gambler’s ruin example of throwing a
coin repeatedly until ‘heads’ comes up to let students recalyttensatic method of computing
probabilities of events through a tree structure of chances aatlitteen practise the statistical
terminology and notation. The students apply survival analysis technmties gambler’s ruin
example and to some invented data of a clinical trial in wherts@ring of observations does
not yet play a role. Students who feel not confident about thesadgneet skills are invited to
practise first with a supplementary tutorial note on working with Excel.

3. Handling survival data with censoring; simple ways to estimate surpiradabilities.The data

of the clinical trial with censored observations prevent the ustantlard methods of statistical



summarization and inference already known to the students. The eopabtem in this part
of the learning material is to estimate the five year sahprobability of a patient on the basis
of the given survival data. The students are confronted with three rather naive puiets: of
(P) “Eliminate all individuals who are censored and use the remaining ‘compléte’ da
(Q)“Eliminate all persons who are censored in the first 5 years and use theingnaita.”
(R)“Consider all persons who are censored in the first 5 years dasaarand count them as
such, i.e., treat them as if they did not die from heart disease”.
The estimated probability of surviving the first 5 years afeatment of the heart failure would
range from overly pessimistic to overly optimistic using the alutata set and the above points
of view (11.6%, 35%, and 48%, respectively). Since these survival proleshalie so different,
the importance of refining the points of view becomes quite obviotisetstudents. They are
explicitly asked to reflect on the given points of view, to tryarmulate better alternatives, and
to calculate the survival probabilities of all methods under considerauestions run like
“Which of the two points of view is most credible and on what grounds®’ “Using the
tabular data, decide which point of view is taken here. How do you get to your conclusions?
4. The life-table or actuarial methodhis section gives a more refined technique for computing

survival times used by professionals. Depending on how one looks at the censored dath, one wi

still obtain different survival probabilities, but the differences smaller than before. The two
points of view on censoring in the actuarial method presented in the learning Inaa¢eria

(A) “Anyone censored in a year is immediately censored at the beginning gpééndt

(B) “Anyone censored in a year is censored at the end of that year.”

Once more, the students are explicitly asked to reflect on theis¢s of view, to try to

formulate an alternative, and to substantiate their own point of view.

The Classroom Experiment

The experiment took place in a class of 18 students with the falijplearner profile: They had
chosen the fixed subject combination “Culture and Society”, which mepghem for a university
study in the humanities. They were not confident about their mattoainatimpetencies. While
teachers of disciplines with a social and cultural context wemng pleased with the engagement of
the students in their lessons, the mathematics teacher had twitthealpassive attitude. We know
this because the first author of this paper is the mathematichdr of this class. The practical
assignment was not part of the students’ examination portfolio, Wwasiggraded as a regular test in
the semester. The students had to report about their work on the kthsis Bikcel sheets and they
had to hand in a diskette with their computer results. Although thangeoutcomes were assessed
with respect to statistical literacy, reasoning, and thinkihg, main criteria for grading the



students’ work were: “Did they give a clear account of what tre) done in their analysis and
why?” and “Did they express a clear statement of their pahtgew with respect to handling
censored observations and of the conclusions drawn?”. These critegacovemunicated at the
beginning of the classroom experiment. The students worked in pattsde weeks; the estimated
workload was 8 hours. Work took place mainly on the computers in the ndikiroentre during
the regular mathematics lessons (of 45 minutes) with the auth@ssestants. The students could
also work independently at this location during school hours or at homehd&ge this cooperative,
student-centred, non-intimidating setting hoping that this would enhance studdattstical
reasoning and thinking.

In our research experiment we were interested in the following issues:
* What do students think of the subject, the learning material, and the use of real data?
* Do the learning material and the chosen instructional setting enable stiadents

() understand the “big ideas” in survival analysis;

(i) work meaningfully with statistical data, including formulating their odewss;

(iif) acquire the skills and practice to use a spreadsheet program effectivel
The tools used to get answers to these questions were classroonatoirs® audio and video

recordings (also of computer work), a questionnaire, and the reports of the students.

Findings

From the questionnaire and conversations with students we learn#tethaery much appreciated
the use of a spreadsheet program. They felt that they had acqooddskjlls in working with
Excel during the tasks. This seemed valuable to them becausthdluegt it useful for work in
other disciplines as well. We were also quite pleased withalkeethat the computer environment
had in this experiment, but for other reasons than the students: we tf@mtnid provoked the
students to work in an active way and to talk extensively and thoughahdut the statistical and
computational problems involved within their team, with the teacher, athdother groups of
students. Significantly, their discussion was almost exclusivelthertasks, a phenomenon the
teacher had hardly seen before during the regular paper-and-pencil work astgrean.

One example may give an impression of the classroom situatiotharsfudents’ attitude. In
one exercise, the students had plotted survival chances of patiaiist the number of years after
treatment. This was not a straight line and they were askduatgye the data in such way that a
linear graph would appear. Much to our surprise we noticed that stadgnts were unable to
perform this seemingly simple task. First of all, they did not tstded the question and secondly
they did not consider a trial and error approach as a valid maticelhmethod. Probably, the

concept of linearity and the connection between a straight line emalséant increase diagram had



been discussed too quickly for these students in the past and hatheevetone in an active way.
In pencil-and-paper work, our students would have been confirmed in thefrthat they are not

good in mathematics, and they would probably have stopped trying totselpeoblem. In the lab

setting however, suggesting that some students experiment withuthBers in a column was
simply enough to get them produce a desired graph (and to let thenm ifgllow students about
such an approach).

But of course we were not satisfied with this outcome-centppdoach only; we wanted an
explanation and this was still not an easy task for most of the students. Fontlnadhe relate the
numbers in one column of the data sheet with those in another columm fanchtilate an explicit
dependency. With some effort most of them succeeded, mainlydsetize spreadsheet program
allowed them to work with formulas in an active way, which is lessidating than the usual way
of working with formulas on paper. The most important difference dxtvepreadsheet and pencil-
and-paper work is that the variables in a spreadsheet program kdavecd name. Instead, the role
of variables is played by cells. The cell itself correspondthé concept of variable whereas the
content of the cell corresponds to the current value of the variabtabining variables into new
values, i.e., creating formulas is done by pointing to the cells camgaihe values needed. This
technique is called the ‘gestural description of mathematicalulash [6]. In other words, the
spreadsheet program emphasizes the process character mukafore., the use of a mathematical
formula as a way to describe a process of computing a rasyiéenicil-and-paper work however,
the students’ success in dealing with formulas depends to adatget on how far they have
succeeded in learning to look at formulas as mathematicalt®bjéicis known that this shift in
focus from process to object character of formulas and functiaifficalt for many students [7].
Certainly this holds for our students whose algebraic thinking mskvend full of alternative
conceptions. The computer results revealed that they had somebumes dood solutions to the
exercises, but that they had not been able to express their answers in termslagform

The active students’ attitude had substantial impact on the quoélibeir results. We might
have overlooked this if we had only read their reports because the studetgrstanding of the
subject was better than their written reports suggested. Listemiting conversations amongst the
students and discussing the answers with them brought this to theesWfacthink that the
guestion whether the learning materials and instructional settialgled students to understand the
‘big ideas’ in survival analysis can be answered by “yeb& main grounds for this conclusion are
that some students were able to come up with such alternative pbwiew on censoring which
they could only have achieved because they really had a good iddaibthey were doing, felt

confident enough to come up with original ideas, and knew what survival analysisisudll a



Let us have a look at the solutions students gave for the final prablhich they were asked
to compare the actuarial method described in section 3.2 with methatibafsee in section 3.1
and to reflect upon two points of view of censoring in the actuarigiode These points of view
were (A) “censoring at the end of the year”, with fornsfa= d(t)/ (9, and (B) “censoring right
at the beginning of the year”, with formwig) = d(9)/(n() - w )) . Heren(t) denotes the number of
patients at the beginning of yeastill participating in the studyd(t)is the number of patients
dying that yearw(t) is the number of persons censored during that wewis(t) is the probability
to die during that year of the study.

Two examples of students’ good reasoning, but vaeskimentation from a mathematical point
of view are: “We prefer section 3.2, we think itbetter to see survival chances per year, and you
also use more data that you would censor in 3ahd “You could say that the values of section 3.2
are better than those in 3.1. The reason is tlegbdimts of view in 3.2 are more clear and logioal
the first place. Secondly, the points of view (A)d&aB) are derived from viewpoint (Q). In these
points of view, the data censored in the year akgracted and not, like in point of view (P), that
none of the censored data are taken into account.”

The students also had to formulate a better ernmtdiate point of view and to express this both
in everyday words and in a formula. One team wadblento give a formula related with their point
of view. Because of unavoidable interaction betwesams, the solution chosen by half of the

teams was represented by the fornsgtp= d(t)/(n(9-0.5W(1)), which is a quite complicated

formula for students at this level. In fact, onklyeoteam could give this formula in Excel without
bracketing errors; the other teams described ivands and actions, and seemingly entered the
numerical values one by one in their sheet. On tegplained their choice as follows: “Point of

view (C) must be exactly in the middle, so we take formulas= d/(n—0,5w). This formula
means that censored data are subtracted midyeassuene that in the middle of the year censored

data are halfway.” Two teams came up with the fdas{t)=(d(t)/n(9+ dd/(r{I- w})/2,

which was easier to use in Excel and was also reasianderstand as lying between the given
points of view. One team came up with a really ioag idea: they decided to use the average
number of censored persons per year, and this gevdraing six persons for the given data set,

proposed the formula(t) = d(t)/(n(9)—6). Their explanation was: “We think that this is ettbr

solution because it balances between the two erBeof not including some things at all or
counting very accurately.” This kind of statisticeasoning exceeded all expectations that we had

beforehand.



Conclusions

In summary, we are very pleased with the work demand performance of the students in the
classroom experiment. We have never seen them gaged in their work. The students were
interested in the topic of survival analysis. Alllgh the tasks were very different from the textbook
exercises that they usually do, they were ableetorgsults. They also enjoyed working with the
spreadsheet program because they thought it ugsdad for future work) and they could avoid
number-crunching. The learning material and theruetional setting let the students overcome
their math anxiety, in particular their fear of nggiformulas and their lack of confidence in their
own answers to mathematical questions. They couglcligs problems with fellow students or the
teacher in a non-intimidating setting. The mentatkade that the students cannot overcome when
they work with formulas on paper turned out to Ibsesmt when they work with formulas in a
spreadsheet program. They were also able to make ¢hvn choices for handling censored
observations, to explain the methods they had ehdasecompute survival probabilities, and to
draw conclusions from the computations. They wess Isuccessful in expressing their results

algebraically. We may say that they perform bdttan they reveal in their written reports.
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