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The set of computer programs described i n  the present paper have been 
developed since the summer of 1984 in  support of a teacher outreach pro-  
gram administered by the Woodrow Wilson Foundation i n  Princeton, New 
Jersey, and the Quantitative Literacy project sponsored b y  the American 
Statistical Association/National Council of Teachers of Mathematics Joint 
Committee on the Curriculum in Statistics and Probability. In general, the 
statistical techniques supported b y  the Nightingale programs are the Ex- 
ploratory Data Analysis techniques which have appeared in  Explorina Data 
(Landwehr & Watkins, 1986). 

From inception, the Nightingale Programs have been designed to  support 
teachers who would br ing  statistics and EDA techniques into the class- 
room. The present wri ter has used the programs in  his own statistics class 
at  the high school level in  the United States and has supported other 
teachers' use i n  science and social studies classes. They have been field 
tested over the past two years b y  students and teachers, and myriad "per- 
fecting amendments" have been offered and taken advantage of. The pro-  
grams are now released for  general use in  Applesoft and Microsoft (IBM) 
BASIC source code, and they are absolutely public domain. 

Description o f  the  proqrams 

The current version (4.0) of the programs will: 

I .  plot up  to  four horizontal or  eight vertical box and whisker graphs; 

2 .  do Stem and Leaf plots, including back-to-back, with one, two, or  f ive 
lines per stem; 

3. draw scatterplots, and median fit and simple regression lines, allowing 
analysis of residuals; 

4. perform median smoothing on time series data; 

5. graph histograms; and 

6. calculate common statistics. 

I n  addition, programs for  f i le creation and simple editing capabilities allow 
the user to  use interesting data as it appears, rather then having to  de- 
pend on canned data sets. 
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Design o f  the programs - from t he Teacher's View 

A set of computer programs intended fo r  use i n  a classroom or  i n  classroom 
applications has only one client - the teacher. A set of programs which 
does not allow the teacher to  do something heretofore impossible or  at least 
make some task easier has no r ight fu l  claim to  a teacher's attention. The 
Nightingale Programs have several features which have been bu i l t  in  with 
teachers in  mind. Teachers are assumed t o  have no particular computer 
experience, and not a great deal of knowledge o r  experience with EDA 
techniques. Some typical teacher concerns will now be addressed. 

The f i r s t  concern is the wide variety of potential use. A teacher may want 
to  get graphs to  show the distr ibution of test scores, distr ibute data i n  
graphic form for class discussion, demonstrate graphs for  the class, have 
students input data, or  i n  a statistics class actually teach students t o  use 
the programs. Thus the software must be simple to  use fo r  the occasional 
user, as well as powerful enough t o  do relatively advanced techniques 
without a great deal of fuss. I n  addition, a teacher or student should be 
abie to  progress from simple data analysis to  more advanced data analysis 
without learning new or  different kinds of commands. A screen dump 
option should be availabie for  teachers who would like hard copy, and if 
different graphs are desired in  real time (that is, dur ing class while the 
students are easily bored by a blank screen) the graphs should be easily 
summoned from the disk in  small amounts of time. Also, the same set of 
data should be capable of display in  di f ferent formats without re-entry of 
data. For instance, a stem and leaf display and a box and whisker plot 
should not require two entries of the same data. 

The Nightingale Programs have been wri t ten and modified with all this i n  
mind. Prompts are intended to  be very similar, and they appear i n  frames 
which are as homogeneous as possible. The programs. are menu dr iven for  
ease of use. The menu items and the prompts are written in  plain English, 
devoid of computer or  statistical cant as much as possible. I n  addition a 
tutorial writ ten in  a conversational tone is supplied with the documenta- 
tion, so that a teacher could almost teach herself without a computer 
guru's help. 

A second concern is the range of acceptable data. If a teacher is going to  
b r ing  in  "real data" to  a course of study he will sooner or later encounter 
data that is fractional, negative, and/or ill-behaved in  other ways. The 
Nightingale programs have been designed and tested on increasingly patho- 
logical data i n  the past two years, and as a set of data pointed to  defi- 
ciencies in the generality of the data handling capability, the programs 
were rewritten. That is not to  say that  any or all fractious sets of data will 
be digested without a hiccup in  the programs - the potential user should 
regard the programs as reliably housebroken, bu t  not reliable enough to  
bet the family farm. 

A th i rd  major concern is graceful recovery from error.  The programs 
should be faul t  tolerant, especially since computer neophytes will frequent- 
ly be i n  the driver's seat - a teacher may, for  instance, have students do 
actual keystrokes dur ing a lecture. Having raised the specter of faul t  to l-  
erance, one is forced to  admit only relative success. During this writer's 
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stat is t ics classes, and over  a s igni f icant  number of teacher in-serv ice p r e -  
sentations around t h e  Un i ted  States, users were care fu l l y  monitored fo r  
problems. When common problems were detected steps were taken t o  min i -  
mize t h e  effects o f  e r ror ;  however, t h e  programs wi l l  no t  be  necessari ly 
to le rant  o f  w i l d  deviations f rom expectation. 

A d i s tu rb ing ly  common v iew among those who have never had t o  actual ly  
w r i t e  programs f o r  others is  t h a t  .computer programs should have 
omnipresence ( to  detect user  e r r o r s  everywhere), omniscience ( to  read t h e  
user's mind) and, o f  course, omnipotence ( to  cor rec t  t h e  user  e r ro rs ) .  
Among those who have actual ly w r i t t e n  programs for  others the re  is  a more 
reasonable view: user-fr iendl iness must  be  balanced against available 
memory, language limitations, reasonable execution time desires, hardware 
differences, prompt complexity, screen fo rmat t ing  capabil i ty, t r a n s p o r t -  
abi l i ty ,  etc:The Night ingale programs represent  an a t t e m  t o  balance a l l  
these competing values i n  a manner t h a t  seems t o  w o r k  v e r y  wel l  i n  a 
v a r i e t y  o f  situations w i th  a wide va r ie t y  o f  s tudents and teachers. 

Design o f  the Programs - T h e  Programmer's View 

T h e  Night ingale programs have been wr i t t en  w i t h  an eye toward  modifica- 
t i on  by others. The code is  modular, in te rna l ly  documented, and t r a n s -  
por ta t ion  should be re lat ive ly  easy. Peeks and pokes are a t  an absolute 
minimum, as well as any  techniques which seemed specif ic t o  a par t icu lar  
d i s k  operat ing system. The  Applesof t  vers ion is admittedly less t ractable 
t o  modification, due t o  a less capable DOS, a less capable BASIC dialect, 
less capable I/O, and f r a n k l y  a less capable programmer. T h e  present  
w r i t e r  learned much of what  he knows about Applesoft  by hammering o u t  
t h e  Night ingale programs, and t h e  code wi l l  be more s t i l ted  due t o  t h i s  
lack o f  experience w i th  Applesoft .  

Var iable names are descr ipt ive where possible (it is  obviously more pos- 
sible on t h e  Microsoft  version), and are consistent across programs. Algo- 
r i thms are  also consistent across programs. Suppose f o r  example t h a t  two  
d i f f e r e n t  scatterplots (say f o r  regression and QQ plots) could have been 
programmed d i f f e ren t l y  so t h a t  each was more ef f ic ient .  Rather than  have 
d i f f e ren t  methods for  generat ing points on a screen, t h e  same method 
would be used so t h a t  modification would be  easier due t o  a smaller number 
o f  d i s t i nc t  algorithms. 

The  programs use common files, and raw data f i les are formatted us ing  t h e  
Night ingale Data Protocol, discussed by Swi f t  (1985) and formulated at  t h e  
Woodrow Wilson National Fellowship Summer Ins t i t u te  i n  stat ist ics a t  Pr ince-  
t o n  in 1984. Temporary f i les are created by t h e  computer programs as 
needed and are g iven character is t ic  extensions f o r  easy housekeeping 
should a data d i sk  become c lu t te red t h r o u g h  use. I n  bo th  Applesof t  and 
Microsoft  versions a separate data d i sk  is required.  I n  t h e  Applesof t  v e r -  
sion, use on a single d r i v e  system is supported, b u t  t h e  programs near ly  
fill one d i sk  and d i sk  shu f f l i ng  is requ i red .  The  Night ingale Programs are  
t h e  p roduc t  o f  approximately 2000 hours o f  coding, ref in ing,  t es t i ng  and 
debugging.  Data is regu lar ly  f e d  i n to  t h e  programs f o r  t h e  present  
wr i ter 's  stat ist ics and other  mathematics classes; i n  addit ion, data is col -  
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lected f o r  teacher in-service presentations i n  social studies and science 
areas. A l l  anomolous results are checked and every  program is tested 
against textbook problems regularly, work ing f rom raw data. The  rate a t  
which the programs are modified has slowed significantly, and no changes 
i n  program format are now anticipated. Since code is not  being altered, the 
entrance of new bugs is halted and thus  the total number o f  undetected 
bugs should decrease monotonically. 

Transportabi l i ty  problems have been minor and few. The  programs func-  
t ion on Apple II e's and c's. Apple I 1  +'s are problematical only i n  t ha t  low- 
e r  case alpha characters are not  supported b y  the machine; code f o r  the  
Apple family does not  d i f fe r .  The Microsoft version has been successfully 
r u n  on Leading Edge, Zenith, and Tandy 1000's. Transportabi l i ty  problems 
f o r  the Microsoft version f rom IBM t o  the Tandy 1000 have been i n  the  area 
o f  graphics screen parameters. Leading Edge and Zenith have had no p rob-  
lems t o  date. 

Avai labi l i ty  of t h e  Proqrams 

The  Nightingale programs are available from: 

Chr is Olsen 
1750 34th Street S. E. 
Cedar Rapids, I A  52403 
USA 

The programs are publ ic  domain, and users are encouraged t o  share wi th  
others. Prospective users are asked t o  send $10.00 U.S. and specify 
whether the ApplesoWor Microsoft (I BM) versions (or both) are desired. 
The ten dollars covers the cost of  diskettes, documentation, postage and 
handling. If a photocopyable copy of  the  documentation is desired, please 
so specify. If an Apple 11+ version is desired, be sure t o  specify. 
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