
APPENDIXES 



APPENDIX A 

HOSPITAL INVENTORY MANAGEMENT SURVEYS 

Reference was made in chapter four to surveys 

undertaken by this writer. Detailed evaluations of the 

results have been published: Crowe (1973,1976). This 

appendix shows results of bivariate and multivariate 

studies performed upon the data. 

Questionnaires were despatched to Canadian and 

American medium and large size hospitals: a copy of the 

1975 version is included. The objective was to obtain an 

indication of the extent to which modern inventory and 

supplies management is utilised by hospitals. 

Table 59 shows results of the 1972 survey, and 

table 61 gives a similar presentation for the 1975 study. 

In order to discover how general hospital values 

are associated with inventories, a multiple regression 

analysis programme was run; results are shown in tables 

60 and 62 for the two years. 
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MODERN INVENTORY MANAGEMENT 

IN HOSPITALS 

1975 

***************************** 

1. Name and Location of Hospital 

2. Bedsize: 

3. Average $ value of inventory 
of stores items: 

4. Approximate number of stores 
items maintained: 

5. What is your "holding costs" 
estimate (stores overheads, 
depreciation, interest etc. ) 

% of annual average 
inventory 

6. How much does it cost to 
place an order? 

7. When considering a reorder, 
do you: 

Reorder at a regular interval 

Use a two-bin system 

Decide by experience 

Base it upon 'normal usage' 
plus safety stocks 

Use a calculated reorder point 

B. How do you determine the 
quantity to order? 

Your estimate of likely usage 

EOQ, using a computer 

EOQ, by tables, manually or 
by nomograph 

Request by major using 
department 

Standard call-forward 
quantity (contract) 
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Dataphone or other direct 

system 

Other 

9. Do you have access to a 
computer for inventory 

control? 

To print stock status reports 

To calculate EOQ 

To calculate discounts 

To prepare orders and other 
documents 

Other 

10. Is any statistical calculation 
used to assist in estimating 
future requirements: 

No specific techniques used 

Simple average of past usage 

Moving average 

Exponential Smoothing 

Box Jenkins 

Other 

11. If you use Exponential 
Smoothing: 

Is single smoothing used 

Trend adjustment 

Seasonal adjustment 

Fully adaptive, including 
tracking signals 

Other 
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NOTES TO TABLE 59 

1. Expenses $000: 

2. Admn: 

3. Stocks $ and Items: 

4. Holding Costs: 

5. US: 

6. FOREC: 

7. EOQ: 

8. ROP: 

9. STA: 

total 1971 budgetary expenditure 

number of admissions 1971 

reported inventory value, for the 
given number of items held 

Percentage holding costs. Zero 

represents an unanswered question. 

1 indicates that an analysis by 

value is produced. 

1 indicates a method used for 
forecasting: 

by purchasing manager's 
experience 

user dept. estimation 
based on normal usage & safety 

stocks 
use of statistical techniques 
other methods 

How is order quantity determined? 
Code 

EOQ via slide rule or 
nomograph 1 

EOQ via computer programme 2 

PM or stores mgr. estimation 3 
Major user dept. estimation 4 

Std. release qty. contract 5 

Dataphone 6 

Other 7 

More than one method 8 

Not entered on form 9 

1 

minimum 2 

Regular review period 3 

ROP formula 4 

Other 5 

More than one 6 

To place a reorder: 
Low shelf stock 
Stock cards approach 

Statistical methods for demand: 
Simple averaging 1 
Trend adjustment 2 

Seasonal adjustment & trend 3 

Method of moving average 4 

Exponential smoothing 
Other 6 

Not entered 0 
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10. EXP: If exponentially weighted: 
Single smoothing 1 
Trend 2 
Seasonal 3 
Adaptive with tracking signal 4 
Other 5 
Not entered 0,6 

The analysis was based upon the dependent variable '$value 

of stocks held', termed VARB. Variables were added in a 

hierarchial manner from VARD through to VARE, the choice 

of sequence being made subjectively. The F values suggest 

that only the VARD variable has significant impact on the 

value of stocks held; this is in no way surprising. A 

bivariate analysis carried out confirmed that of all 

pairings with VARB, value of stocks were most highly 

associated. 

Research was attempted to discover whether any 

relationship could be identified between admissions, and 

subsequent demand for food, medical, surgical and other 

supplies. Hospital record;, did not permit the tracing of 

patients at all stages of their stay; it was not feasible 

to determine the requirements of even routine, uncompli- 

cated cases. 

Table 60 

MULTIPLE REGRESSION ANALYSIS 

1972 SURVEY 

Variable R2 BF 

VARB $ Value, stock items 

VARD Stock items held . 3284 . 4134 32.083 
VARC Annual budget . 3939 . 0208 0.638 
VARA Rated bed allocation . 3976 . 2458 0.117 
VARE Inpatient Admissions . 4104 3.8795 1.282 
Constant -90.8105 
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NOTES TO TABLE 61 

1. EOQ: How is order quantity determined? 
EOQ via slide rule or nomograph: 1 
EOQ via computer programme 2 
PM or stores mgr. estimation 3 
Major user dept. estimation 4 
Std. release qty. contract 5 
Dataphone 6 
Other 7 
More than one method 8 

2. ROP: To place a reorder 
Low shelf stock 1 
Normal usage & safety stock 2 
Regular review period 3 
ROP formula 4 
Other 5 

3. STA: If use statistical methods for demand fore- 
casting: 

Simple averaging 1 
Box-Jenkins method 2 
Seasonal adjustment & trend 3 
Method of moving average 4 
Exponential smoothing 5 
Other 6 
Not entered 7 

Results shown in table 62 are derived from a small 

sample of 29 hospitals, compared with 64 in the 1972 

survey. At every stage of the procedure of introducing 

new variables, the F values were much smaller. Limited 

conclusions can be drawn, since the hospitals differed, 

though broadly from the same population. There is some 

evidence that stores holdings in 1975 were more influenced 

by budgetary considerations than in 1972. If this were 

true, the implications for improved inventory management 

would be substantial and important. 



Table 62 

MULTIPLE REGRESSION ANALYSIS 

1975 SURVEY 

Variable BF R 

VARB $ Value, stock items 

VARD Stock items held . 0768 . 5854 . 3493 

VARC Annual budget . 3000 . 0976 . 6300 

VARA Rated bed allocation . 3393 -2.9321 -. 2770 
VARE Inpatient Admissions . 3400 1.0908 . 

0380 

Constant 694.1309 

A bivariate analysis performed on the 1975 data 

involved all possible pairs of variables. Two pairs were 

shown to have relationships of significance - bed rating 

and value of budget (as in 1972), and annual budget and 

stocks held. 

Inventory investment is a function of the numerous 

complex demands of diverse sectors of the hospital, subject 

only to overall budgetary restraints. It seems unlikely 

that close examination of individual variable behaviour 

would be profitablE! as an aid to demand forecasting. 



APPENDIX B 

PROBABILITY DISTRIBUTION IDENTIFICATION: 

GOODNESS OF FIT 

In chapter five, methods of testing demand data 

for goodness of fit were described, and the computer 

programme GOF prepared by Phillips (1972) was used. This 

allows the experimenter to test any series of data for 

possible fit with one of several probability distributions. 

The programme is included in this appendix, 

together with examples of output. The first uses forecast- 

ing errors arising from use of the SIMPAVE programme with 

item six, face tissues data. Two tests were run using the 

null hypothesis for normal and exponential distributions. 

Kolmogorov-Smirnov statistics were 0.0484 and 11.8206 

respectively, the former supporting the null hypothesis 

and the latter causing rejection of the appropriate hypoth- 

esis. A test for biased measures of normality using sample 

moments (skewness and kurtosis) also supported the normal 

distribution hypothesis, as did the computed chi-square 

value. 

The second series of output, item 43 Gypsona band- 

ages, consists of Cramer-von Mises tests for exponential 

and normal distributions, and a Kolmogorov-Smirnov test 

for lognormal distribution. Use of tables of critical 

values suggests that the underlying probability may be 
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lognormal. 

The GOF programme is easy to use, and if suffi- 

cient evidence were found from sample data to identify 

distributions for individual or groups of items, added 

accuracy would be gained when preparing forecasts of 

demand. 
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APPENDIX C 

SIMPLE FORECASTING METHODS 

Simple methods are described in chapter six. 

Three programmes are included in this appendix, and three 

items compared: Table 63. 

Table 63 

SIMPLE FORECASTING METHODS 

THREE ITEMS OUTPUT 

OVERALL M. A. D. 

Item SIMPAVE LASTAVE LINFOR MOVAVE M'TREND 

6 664.0 
43 4.1 

2129 34.2 

353.0 324.0 256.0 230.0* 
4.0 3.2 2.7 2.4* 

35.3 22.6* 28.1 23.1 

R. M. S. E. 

6 705.0 436.0 414.0 304.0 284.0* 
43 4.6 5.6 3.9 3.1* 3.1* 

2129 38.7 44.4 29.5* 31.1 29.5* 

A. C. S. E. 

6 458.0 14.2 21.9 23.9 20.9 
43 1.9 0.0* 0.1 3.1 3.1 

2129 12.6 0.1* 0.4 31.1 29.5 

Experience would indicate which measurement of error would 

be the most informative. Results of the small sample 

indicate that moving average forecasting has advantages 

over other simple methods in terms of small errors. Average 

Cumulative Signed Error method shows that LASTAVE and 

LINFOR produce the smallest overall errors, but in prac- 

tice do not control the width of the swings around the 

zero error. 
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APPENDIX D 

BOX-JENKINS UNIVARIATE METHODS 

In chapter seven Box-Jenkins procedures are 

described. This appendix contains the two computer pro- 

grammes: APCORR which computes and plots autocorrelation 

and partial correlation coefficients; and TYMPAC, to esti- 

mate parameters in a multiplicative, autoregressive inte- 

grated moving-average time series model. Examples of 

twelve month ahead forecasting, with error evaluations are 

given. 

It is not known whether these methods have been 

adopted by individual hospitals. It is considered neces- 

sary to include the univariate Box-Jenkins method in this 

thesis, since the writer is attempting to recommend an 

advanced computer-based system, and Box-Jenkins is sophis- 

ticated and efficient when used by experts. 

Following the programme APCORR, one example is 

given of output for item 2129. Several runs must be made, 

with a variety of changes to lags, data points to be used 

etc. before the nature of the model can be chosen. Output 

consists of correlation and partial correlation using 30 

lags and 54 data points, with one seasonal differencing 

over twelve periods. 

Following the programme TYMPAC, two runs of item 

2129 are included il this appendix, to show the effect of 
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small parameter changes. The user is instructed to choose 

'the best possible parameters, to speed convergence' but 

specification requires skill and experience. The first 

run was made with parameters 9, = . 01 and 02 = . 07, and 

eight iterations were needed until the change in each para- 

meter became less than the limit specified (here, 
. 004). 

The second run used -. 10 and . 60 and iterations ceased 

after six runs. 

Forecasts and error evaluations included in this 

section show sums of signed errors of 331 and 421 respec- 

tively; these being the lowest attained during several 

experiments. Newbold (1975) remarked: "the freedom of 

choice afforded by the Box-Jenkins approach leaves the user 

free to make a bad choice and hence to produce forecasts 

of unnecessarily low quality. " 

Figures XLVII and XLVIII show actual data, calcu- 

lated function values and twelve months forecasts, for 

both runs of the item. The superior tracking ability is 

obvious in figure XLVII. 
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APPENDIX E 

EVALUATION OF FORECASTING PERFORMANCE 

In chapter eight several methods of forecasting 

using exponential smoothing are described. Choice of an 

appropriate smoothing constant is discussed, with examples 

based on a test by Chow (1965). The programme developed 

by the writer is included in this appendix: CHOWTEST, with 

selected output. 

The programme BRUFICH combines the requirements of 

an actual inventory management system (with certain 

routines removed) with experimental sub-programmes to 

examine the performance of a range of exponentially 

smoothed forecasting methods. These are described in 

chapter eight: single smoothing; trend adjustments and 

double smoothing; tracking signal methods; seasonal fore- 

casting and lead time forecasting. Beginning at statement 

13721, the programme consists of economic order quantity, 

discount, reorder point, ABC classification and other 

inventory management routines. 

Brief description of the major routines is given 

in chapter four. Simplicity is maintained without sacri- 

fice of efficiency or management control. 

Programme COMPARE is included in this appendix, 

with selected output. Each forecast is accompanied by 

extrapolation for several periods ahead of the latest 
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data; input of demand was limited so that comparison with 

actual outcome is possible. For item six, face tissues, 

actual demands for the six periods 57 to 62 were: 2476, 

3032,2756,2176,2482 and 2090 units. Forecasts for the 

62nd month were: 

Regression: 3117 

Moving Average: 3095 

Single Smoothing: 2441 (Alpha = 0.30) 

Double Smoothing: 2316 

Triple Smoothing: 2840 (Alpha = 0.10) 

Winters Seasonal: 3607 

Mean actual value: 2502 

indicating the wide dispersion of some methods from the 

outcome. 

This appendix contains examples of output from the 

most commonly recommended exponential smoothing methods. 

Computer requirements and especially needs of data storage, 

are reduced compared with moving average methods; whether 

management will be impressed by the results of any statist- 

ical forecasting methods compared with presently used 

subjective predictions, is doubtful. 

The programme RESTRAIN is described in chapter 

nine; it is included with selected output in this section 

of the appendix. Codes indicate each period whether the 

signed error from the specific forecasting method is 

within the predetermined number of standard errors. To be 

an effective control, action would be taken when the 

situation warranted it. In this simulation, no attempt 

was made to do this. 

The final programme is INVENT. Its three sections 
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are described and illustrated in chapter 9; this appendix 

includes the programme and output for face tissues demand. 

It is intended that the systems analyst could easily 

determine the effect upon the economic order quantity, 

reorder level or any of the major costs, of a variety of 

other components. In particular, management specification 

of high service levels result in certain safety stock 

reactions, the nature of which may easily be seen in the 

output. The result of different methods of forecasting, 

and the outcomes in terms of E. O. Q. and reorder levels, is 

also plain. 

The programmes included in these appendixes are 

all experimental, but once management has decided upon 

the main components, they would each contribute to the 

entire system: BRUFICH. This is a simple, yet powerful 

inventory management system for hospital purposes. 
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