False Alarms in Auditing Seasonal Cash Flows June,  2000

Dr. Dennis Ridley, Operations Research & Statistics Professor. dridley@scri.fsu.edu

 ABSTRACT

     This case is based on real data and simulated characters. It teaches the state of the art in model based diagnostic audit evaluation.  It  changes the way this type of problem is viewed. Anhueser-Bush Corporation is a large producer of recreational beverages. Business is conducted on an international level, involving many subsidiaries operating in many business segments. Traditional audit practice has been generating false signals. The case shows how to improve on past efforts by using the  "Moving Window Spectral Method (MWS)" [1] to create separate common cause and special cause time charts. The result is accurate signals of unusual activities. The MWS method is the only method that will perform  this  analysis automatically.

CASE

     The accounting meeting at Anhueser-Bush Corporation was convened to review the audit control procedures. One of the procedures in place is statistical process review. In that procedure, financial accounting numbers are plotted on a time chart. The chart is marked with 2 sigma upper and lower control limits. If any numbers fall outside the 2 sigma limits, the auditors conduct an investigation into the cause for the unusual activity. Ever since its inception, the cash flow audit process has been a problem.

     Willie (controller) looked puzzled as he explained the problem as follows. “There have been numerous false positives, when a cash flow audit initiated an investigation into unusual activities, and the investigation revealed nothing further.” “Also,” he continued, “it appears that there are about as many false negatives, since the external auditors have at other times identified cash flow irregularities even when there are is no warning from the statistical system.”

     “That’s what I have been telling you,” interjected Kenneth (auditor), “statistical analysis is just a guessing game. There are so many variables, how do we ever know if we are looking at the right ones anyway. Did you guys honestly believe that this system could really work? Just hire some more auditors to help me. We'll find all the problems, you’ll see.” Willie reassured Kenneth. “I understand your frustration Kenneth, but all of your experience is associated with cash flows. We have many other financial accounting numbers for which the statistical charts are fairly reliable, and while not perfect, they have improved the quality of our audit process significantly. I have to admit that we have much to learn about cash flow time series. To help you understand the potential value of the statistical charts I am reassigning you to review the audits of other financial accounting numbers. This meeting will reconvene in two weeks to discuss this matter further. In the mean time I urge the rest of you to give this matter serious thought. We need to find an answer.”

     The next accounting meeting was convened two weeks later, right on time, except Kenneth was missing. “O.K., lets get started,” said Willie, “we can’t wait for Kenneth. The purpose of this meeting is auditing and statistical charts, and we know that he is agnostic on that subject anyway. Well guys, what do we have.” “You were right Willie,” said Jim (consultant), it is as you said, we have a problem with cash flows, and it is causing us to lose valuable time and therefore money.” “We are following all of the same practices as we do in all the other financial accounting numbers,” said Peter (personnel director). “Oh,” interrupted Willie, “let me introduce Peter, our personnel director. We can’t rule out the possibility that the cash flow auditors require additional training. Furthermore the only place to train them is right where they are working now. They are doing exactly what we ask them to do and most of them have prior experience on other financial accounting numbers which had fewer problems.” “Good point,” said Jennifer (external auditor). “However, I am running out of excuses for not making additional disclosures, so you need to try something different, anything different!”

“Well maybe you won’t have to try just anything, maybe management can try following its own rules for a change,” Kenneth bursted into the room. “You’re late,” said Willie, “and once again, I am not hiring any new auditors until I am sure that that will solve the problem! “Who said anything about hiring?” replied Kenneth. “I reviewed the other processes as you ordered, and things are worse than I thought. It’s a wonder that any of the statistical charts work at all.” “What do you mean?” asked Jon (president & ceo). “I designed the charting equipment myself.”  “Yeah, what exactly do you mean?” “Calm down, the problem is not equipment” explained Kenneth, “the assumption has always been that we are plotting independent observations for each of the various financial accounting numbers. In fact, that is management policy. Yet in every case that I observed, the charts show that the data being plotted are obviously correlated, cash flows being the worst of the bunch.” “He’s right,” said Willie. “But that is the way the data is. We can’t change that.”

     “Wait just a minute. Maybe, just maybe we can.” Willie was beaming. “There is this guy, a professor, I believe his name is Layth. He published a production management paper that addressed this issue in statistical process control. He recommended that two charts be used. One chart should contain only the random independent part of the data, the other should contain only the correlated part of the data.” “That’s right,” said Jim. “There is also that other professor. His name is Dennis. He invented a statistical procedure to identify and separate out the two components. It is called the Moving Window Spectral Method (MWS), and is particularly effective when there are several periodic cycles, in addition to trend and randomness, in the data.” “Actually,” remarked Jon, “the MWS method is the basis for the computer program FOURCAST, which we have been using for sales time series analysis and forecasting. We can simply use FOURCAST to identify the correlation structure of the cash flow data. Better yet, FOURCAST  will even create the two charts (special cause and common cause), referred to by Layth. The antithetic time series bias reduction feature is also applicable.”

     “Well done guys,” Willie was relieved. “We will dedicate a personal computer to this task, and simply feed the cash flow numbers  into  FOURCAST.   We  can  then  examine  the  charts

produced by FOURCAST, and make our audit control decisions based on that. O.K. lets do it!”

                                    DATA

File name: BUD.DAT.                                  

51,39, 4,1.591, 12 

06,15,1979,236.057

09,15,1979,245.337

12,15,1979,273.272

03,15,1980,110.111

06,15,1980,395.256

09,15,1980,341.902

12,15,1980,331.580

03,15,1981,221.700

06,15,1981,482.500

09,15,1981,464.100

12,15,1981,430.500

03,15,1982,325.900

06,15,1982,584.900

09,15,1982,560.200

12,15,1982,554.400

03,15,1983,478.100

06,15,1983,783.600

09,15,1983,738.300

12,15,1983,720.700

03,15,1984,661.300

06,15,1984,864.999

09,15,1984,936.401

12,15,1984,790.103

03,15,1985,942.900

06,15,1985,1107.700

09,15,1985,1123.599

12,15,1985,1053.400

03,15,1986,1123.601

06,15,1986,1274.700

09,15,1986,1397.200

12,15,1986,1185.496

03,15,1987,1322.500

06,15,1987,1356.200

09,15,1987,1453.600

12,15,1987,1338.000

03,15,1988,1420.000

06,15,1988,1584.800

09,15,1988,1380.500

12,15,1988,1433.896

03,15,1989,1371.200

06,15,1989,1548.000

09,15,1989,1607.400

12,15,1989,1586.900

03,15,1990,1522.200

06,15,1990,1749.500

09,15,1990,1848.700

12,15,1990,1811.400

03,15,1991,1478.196

06,15,1991,1851.800

09,15,1991,1986.700

12,15,1991,1713.800

Notes on Input Data
BUD - quarterly cash flow

Question

Develop a model (software is provided [1] based on theory in [2]) that fits the above data (provided on the internet [3]). Management is interested in identifying and understanding the correlation and random structures of cash flow. How can management incorporate this model as an audit quality control tool. Incorporate the concepts discussed in [4].  

Key Steps

Data, Plot, Transform, Model, Inverse Transform, Residuals, Fitted values [5][6][7].

Key Related Ideas

Transformation[5][6][7], Spectrum, Cycles, Frequency[2], Time Series, Trend, Regression, Historical, Parameters, Statistical inference, 3 sigma limits, Upper control limit, Lower control limit,  Statistical process control, Special cause chart, Common cause chart, t-test[1][2], F-test[1], Decomposition, Analysis of Variance (ANOVA)[8,9], Stationary,  Mean, Variance,  Probability distribution, Mean absolute percentage error, Frequency response, Impulse response, Moving window[10], Antithetic time series analysis[11,12].  

APPENDIX
Courses & Levels

This case is suitable for senior undergraduate courses in accounting and finance and graduate courses in accounting, finance and financial mathematics.

Scope

Anhueser-Bush Corporation's activities includes research, design and the production of various recreational beverage products. Audit control is an integral part of their financial accounting operation. They have in place, a system for collecting data on the various financial accounting numbers and storing that data in their computers. This data is examined by various means to determine progress as it relates to financial management.

 Anhueser-Bush wants to explore new methodologies designed to improve their audit process in a cost effective way. The case is intended to show that the way to improve on past efforts is to decompose the process data into random independent and correlated components, and analyze each component  separately. The case incorporates the state of the art "Moving Window Spectral Method (MWS)." It is the only method that will perform this analysis automatically. This approach may be classified as a frequency domain method. The computer program FOURCAST [1] carries out this procedure, so that neither the instructor nor the student is required to do any programming. The program and the data are provided on the internet. No keyboard data entry is required. The student may therefore focus on problem definition, and on applying the method to the data.

Discussion Question and Answers

The question that was  asked in the case presentation is open ended. As a senior undergraduate student, there are several concepts wherein you may apply your statistical training. In doing so it is unlikely that all facets of the Moving Window Spectral Methodology will be utilized. The case will however provide useful exposure to the methodology, particularly the important concepts of decomposition, random independence and correlated structures.

As a graduate student you are expected to answer the question in great depth, with thoughtfulness and specificity. This includes hypothesis testing (e.g. statistical & other inference)  regarding  the characteristics of the data, potential models, analysis of variance, and  parameter estimates. Use is to be made of the frequency domain, as well as the time domain characteristics of the data.

The Moving Window-Spectral Model
Let Y(t), t=1,2,.....,n represent a time series.  In order to estimate a forecasting model, a moving window of length T is defined in the time domain (1). The moving window is used to generate sequences of observations in the time domain, each sequence containing an observation  of length T on the input and output processes and for each frequency in the frequency domain (2) as follows [1][2].

The general  discrete time domain AR(T) model relating the model variables is given by

                                         N    T
       
            Yi(t) =(    (  Yj(t-k) Bij(k)+Ei(t)                            (1)

                                       j=1  k=1

where N = the number of variables in the model 

Bij(k)  =  system parameter,  coefficient  of  Yj in equation i,  lagged k time periods.

Ei(t) = the unobservable error term in the ith equation.

 i = 1,2,3,...,N.     t=T+1,T+2,...,n.

Transforming the time domain model to the frequency domain yields

                                       n

                        Ymi(w)= (   Ym-1,j(w) Bij(w)+Emij(w)                         (2)

                                      j=1 

for  m=2,3,..,n-T+1

and where the frequency   -((w((
where Y(w) is the frequency domain counter part of Y(t) and B(w) is the spectral density function of the impulse response function B(t).
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