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A MODEL OF THE
TRUST INVESTMENT PROCESS

Geoffrey P. E. Clarkson

The object of this study is the investment of trust funds held by banks
in the United States—funds that currently amount to nearly $60 billions.
The purpose of our model is to simulate the process employed in the in-
vestment of trust funds in common stocks. When making a decision a trust
officer in a bank is confronted with a large assortment of information.
Information abounds on the operation of firms and the market valuation
of their stocks, and published reports make predictions about the future
state of the general economy and stock market. When an investor acts in
an agency or fiduciary capacity, legal restrictions and the desires of his
client must also be considered. These factors, when evaluated and com-
bined into an investment program, ultimately result in a decision to buy
specific quantities of particular stocks and bonds. Thus, an investor choos-
ing a portfolio is processing information: he sorts the useful from the
irrelevant, and decides which parts of the total information flow are most
important.

The investment process is a problem in decision-making under uncer-
tainty. Our model, written as a computer program, simulates the proce-
dures used in choosing investment policies for particular accounts, in
evaluating the alternatives presented by the market, and in selecting the
required portfolios. The analysis is based on the operations at a medium-
sized national bank 1 and the decision-maker of our model is the trust
mvestment officer.2 We require our simulation model to select portfolios

The trust assets of this bank are approximately equal to the average for all na-tional banks.
It should be noted that our model reflects the behavior of one investor and hence
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using the same information that is available to the trust officer at the time
his decisions are made.

Postulates andData for the Model

Since our model is a theory of individual decision-making behavior, the
method of analysis is based on the theory of human problem-solving
(Newell, Shaw, and Simon, 1958a). In keeping with the postulates of this
theory, the main postulates for the analysis of the investment decision
process are that there exist:

1. A memory that contains lists of industries each of which has a list
of companies associated with it. The memory also contains information
associated with the general economy, industries, and individual companies. 3

2. Search and selection procedures that perform the task of searching
the lists of information stored in memory, selecting those bits that have
the required attributes, regrouping the selected items of information into
new lists, and performing algebraic operations when necessary. These
procedures function in a manner similar to a clerk who prepares lists of
stocks suitable for current investment by scanning a master list.

3. A set of rules or criteria that guide the decision-making process by
stipulating when and how each decision process is to be used. The set of
rules constitutes the structure of the decision processes for an individual
investor. It might be compared to the "rules of thumb" of the traditional
"expert," but there is an important difference—namely, the set of rules
must be defined unambiguously.

In common with other problem-solving programs, the processes are
used iteratively and recursively. Lists of industries and companies are
searched for particular attributes; sublists are created, searched and di-
vided again. For example, to obtain a high growth portfolio, the list of
companies stored in memory is searched to obtain securities with the de-
sired characteristics. Additional criteria are employed to narrow (or ex-
pand) this list. Further search and testing against desired criteria yields
the specific selection of stocks to buy.

Like the investor it simulates, the program stores the final result (list)

may not describe the general case. The implications of this study for more general
theories of investment are discussed in Clarkson (1962), chap. 8.

s Investors categorize companies by industry. Not all investors may associate iden-
tical companies with a given industry, but the process of classification by industry
remains invariant as the primary basis for listing companies in the memory. The
information associated with each company also varies among investors, but each may

be represented as having a list of attributes with their values stored in memory, e.g-
growth rate, dividendrate, price earnings ratio, expectedearnings, expected yield, etc-
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for future use. If the same problem reoccurs, the entire process need not
be repeated. The list may be judgedby present criteria, accepted, adapted
to meet new conditions, or completely rejected. In the latter event the
program would renew search and selection activity until a new list had
been formed.

To define a model of trust investment behavior within this general
framework we require the basic rules (operations) used in making a deci-
sion to purchase particular securities. To obtain these data, trust depart-
ments of several local banks are studied by interviewing departmental
officers and by observing behavior at committee meetings called to review
past and future decisions. Attention was then focused on an investment
officer who was chiefly responsible for all decisions relevant to the choice
of portfolios within a particular bank. The history of several accounts were
examined and naive behavioral models were constructed to help uncover
these decision processes that appeared to be invariant among accounts.

In an attempt to confirm or refute these hypotheses, the trust officer
was asked to permit "protocols" to be made of his decision processes.4
These protocols recorded the trust officer's decision processes for accounts
that arose in the course of his work. The decisions made during those
Problem sessions determined the particular securities that were purchased
for those accounts.

Close inspection of the protocols revealed that many of the decisions
Pertaining to the formulation of expectations, and the evaluation of indus-
tries, companies and stocks were made before the selection of a particular
Portfolio began. In an attempt to discover how these prior decisions were
made a new approach was taken. The trust officer was asked to read arti-
cles from financial journals and analysts' reports, to which he subscribed,
and comment on the ideas, forecasts, facts, etc., presented in the articles.Protocols of these thought processes were more successful in that they
revealed many of the decision processes subsumed in the earlier transcripts

On the basis of these data and analytic techniques, a model was con
structed. The model considers the problem of investing' the funds of new
accounts in common stocks. It does not directly consider the problem of
allocating the funds among bonds, preferreds, and common stocks. The
trust investment model is stated in terms of a computer model and is pre-
sented in the nextsection.5

*A "protocol" is a transcript of the verbalized thought and actions of a subjectwhen the subject has been instructed to think or problem-solve aloud. Thus, the
ranscript is a record of the subject's thought processes while engaged in making avision. Since a protocol is a detailed description of what a person does it avoidss°me of the problems inherent in interviewand questionnaire techniques that ask thesubject to state his reasons for behaving as he does. For further discussion seeNewell,

Shaw,

Simon (1958a).
The program is written in Information Processing Language V (Newell, 1961*0.
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The trust investment process can be divided into three parts: (a) the
analysis and selection of a list of stocks suitable for current investment—
the "A" List, (b) the formulation of an investment policy, and (c) the
selection of a portfolio. Each of these sections can be also broken down
into a number of subsections (seeFig. 1 ) .

The process of selecting a current list of stocks [step (a)] entails an
analysis of individual companies as well as an appreciation of the factors
affecting their respective industries and the economy as a whole. The
problem of formulating an investment policy [step (b)] involves a process
that translates the information on the beneficiary or client into an invest-
ment goal that will yield the desired combination of income and/or appre-
ciation. This process requires the trust investor to consider such things as
the effect of taxes on the stream of income generated by the portfolio as
well as the stability of that stream. The actual selection of a portfolio
[step (c)] follows directly from steps (a) and (b). While the selection

Figure 1. Structure of decision process.
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procedure contains rules on diversification and on how to determine the
size of participations, the essence of the process lies in carrying the prior
analysis to its logical conclusion.

In presenting this model of trust investment behavior, we shall follow
the outline of the process given in Fig. 1 so that each subsection as well
as the interrelations can stand by themselves for critical appraisal.

Having outlined the investment process and the method of analysis used
in constructing the model, the only question that needs to be examined
before proceeding with a description of the model is the effect of the
organization and the fiduciary relation on the trust investment process. 6

Since banks are responsible for all investments made in their name,
elaborate procedures are set up to review and approve all investment de-
cisions. 7 Also, the necessity of being able to justify their investment deci-
sions in a court of law has led trust investors to create a set of criteria with
which to judge the quality of any given portfolio or investment. For all
practical purposes these criteria can be reduced essentially to one maxim:
A security is of investment quality // and only if it is being bought or isbeing held by other leading trust institutions.8 Clearly, this maxim is cir-
cular in nature and if strictly true would preclude change. However, the
smaller the bank the truer the maxim, which implies that innovations must
come from the larger banks acting by themselves or in small groups. If
innovations do not occur very frequently, the maxim then asserts that the
general list of stocks that are considered suitable for trust investment will
remain fairly stable over time. The addition of a further observation,
namely, that trust investors eschew taking losses, i.e., selling stocks whose
Prices have fallen below the purchase price, allows an even stronger pre-
diction to be made. The basic list of stocks—the "B" List—that are con-sidered to be suitable for trust investment by a particular bank will remainfairly stable over time, any changes being in the form of additions. Thus,tor any given trust investor, the basic list of stocks from which he canchoose is given to him by the historical record. At any particular point intime an investor selects stocks from a subset of his basic list. This subset

As we are principally concerned with the investment of trust funds for individualaccounts, the important constraints are those that are imposed on the investor by theranking institution and the fiduciary relation with the client.
"All investments of trust funds shall be made, retained or disposed of only with*c approval of the Trust Committee. . . . The Trust Committee shall, at least onceduring each period of twelve months, review all the assets held in or for eachfiduciary account to determine their safety and current value and the advisability ofretaining or disposing of them." Excerpt from the Trust Manual of a National Bank.It is interesting to note that this Trust Committee is appointed by the Board of

"Sectors and is composed of the President, the Vice-President in charge of invest-ments, the Vice-President in charge of trusts, and other officials.
By a simple substitution of words this maxim can roughly be applied to the com-position of portfolios, i.e. the ratio of common stock to bonds and preferred stocks.
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is a proper subset of the "B" List and is defined by a concept of relative
valuation. As expectations, prices, yields, and other metrics change with
time, so does the content of this subset which is called the "A" List.

Hence, institutional constraints reduce the problem of determining the
list of stocks from which, at a given point in time, an investor actually
chooses—the "A" List—to one of "stocks" and "flows." Since the "stocks"
change slowly with time the model assumes them to be given and takes as
part of its goal the analysis and prediction of the "flows."

1. Selection of the CurrentList of Stocks—The "A" List
In this section we shall present the data and the mechanisms that the
model uses to evaluate and select the stocks for the "A" List. Unlike the
model's processes for steps (b) and (c), the mechanisms described in this
section are not intended to be a reproduction of the analytic procedures
used by the trust officer each time he selects a new portfolio. To reproduce

Figure 2. Selecting the "A" List,
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only those procedures would require us to ignore all the data on each
company that he has collected and processed in preceding years. To take
the historical data into account, the model must employ a set of mecha-
nisms that generate the same sorts of measures and comparative data that
the trust officer actually employs when he is selecting a portfolio. Clearly,
the trust investor (unlike the model) does not evaluate all companies at
one time. But, our object is to use that set of mechanisms that yield the
right kind of data and measures of performance. Thus, the processes de-
scribed in this section should not be viewed as a complete simulation of
what the trust officer does prior to each portfolio selection, but rather as
an approximation of the processes he has used over the years in order to
build up a set of measures by which the performance of a company can
be judged. Our success in this respect will be tested later on.

In order to describe the processes that are involved in the selection of
the "A" List it is necessary, at first, to treat some of the mechanisms as
though they were independent of each other. While this is not in fact the
case, the ways in which they are interrelated will be discussed after thedata processing mechanisms have been described. To facilitate this ex-
plication a flow chart of the selection procedure is presented in Fig. 2.

IA. PROCESSING THE RAW INFORMATION
Although the information used to derive the current list of stocks is classi-
fied into three main categories, e.g., general economy, industry, and com-
pany, the processes by which the information is handled are roughly the
same. Differences occur in the content of the information processed andthe manner in which interrelations are formed, but the basic structure ofthe sorting and evaluating processes remains the same.

For each category there is a set of attributes that correspond to the im-
portant variables in that category. For example, for all companies the set
of attributes consists of sales, earnings, cash flow per share, profit margin,
working capital, price earnings ratio, dividend payout ratio, dividends pershare, dividend yield, and prices. The values of these attributes are their
numerical values, and these are determined by the information which is
ted into the model. Since the values will reflect the changes that occur ineconomy, industry and company variables those that change frequently are
readily distinguished from those that do not. Those that change infre-
quently with time reflect the general trend of the economy, industry, or
company, while the others indicate those attributes that are more sensitive
to short-run fluctuations. The mechanisms that derive these values are the
same in all cases, and it is to theseprocesses that attention is now directed.
lAI. Determination of Attributes and Their Values. All information, ex-
cept that dealing with economy or industry forecasts, is fed into the modelm numerical form. These data consist of the historical values of each
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attribute in the system for the last ten years.9 The data are entered in the
form of lists, and from these basic lists the model generates, for each
attribute, three additional lists. The first of these lists contains the mean
of the ten historical values. The second contains a set of nine values which
record the rate of increase (or decrease) of each value in the historical
record over the value immediately proceeding it. The third of these lists
contains the average rate of change of the values for the entire ten year
period. For each attribute, then, the model contains the four following lists
of information:

(i) Current Value. This list contains the last ten annual values of each
attribute arranged chronologically so that the most recent is at the head
of the list.

(ii) Ten-year Average. Each time a new value is added to (i) a new
average of the ten values is placed on this list. Thus, this list contains a

ten yearmoving average of the values in (i).
(iii) Recent Changes. This list contains the rate of increase (or de-

crease) of each value in the Current Value List over the value immediately
below it. Thus, if the values of the Current Value List are called xit where
i = 1, 2, . . . , 10, then the Recent Change List will have nine entries
whose values will equal:

?i where i = 1, 2, . . . , 9
Xi+.i

(iv) Average Rate of Change. This list contains the average rate of
change of the values on list (i) for the entire ten year period. Like list (ii)>
this is revised every time there is a new entryon the Current Value List.

Hence, the basic information which is given to the model is processed so
that it is expressed in terms of rates of change and/or ratios which are
directly comparable throughout the system.
7/42. The Formation of Expectations. Information on forecasts is fed into
the model in two different forms. Forecasts for economy and industry

attributes are converted for input into a three-valued scale "above,'
"below," or "equal to." The entry is based on the published predictions
that the value for a given attribute is going to rise, fall, or stay the same
over the next interval of time. Numerical data is not used in an attempt
to avoid the chaos of averaging the array of forecasts found in financial
literature.

For the analysis of company performance, however, numerical forecasts
' The attributes themselves are taken as given. They were derived by an analysis of

trust investors' decision processes and by observing which variables are considered
important by investment services.

The data for economy and industry attributes was taken from Moody's Industrials,
Review of Current Business, and Statistical Abstracts, while data for company at-
tributes was taken from the Value Line Investment Survey.
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are needed, and in a further effort to avoid conflicting opinions all fore-
casts for company attributes are taken from the Value Line Investment
Survey.

All forecast attributes have the current forecasts as their only value.
Previous forecasts are not kept and the model takes each forecast at face
value without making any attempt to judge its "goodness" or "record of
success." This procedure may not be too realistic as it ignores the effects
of personal preferences on perception. But, the model is not equipped to
handle "second guessing" and other judgmental modifications and the
information is assumed to be reliable. Before discussing the role of expec-
tations in our model, it is necessary to mention some further behavioral
characteristics of trust investors.

By and large, trust investment is long-term investment. As previously
noted, trust investors do not engage in trading stocks for their clients, but
look to the long-term growth of the economy and the market to justify
their investments. This is not to say that they remain aloof from daily,
monthly, or yearly fluctuations, but rather that their emphasis is on the
analysis of industries and their respective companies. Their basic belief
is that the market will eventually recognize a company's "true value."
Hence, in general, trust investors analyze companies and not the market.

Clearly changes in the market do affect investor behavior, but the effects
are more in keeping with a feedback mechanism than one where the in-
vestor acts on the basis of his own market forecasts. Thus, attributes con-
taining forecasted information are included in this model, but they receive
different amounts of attention depending on whether the attributes belong
to the economy, industries, or specific companies. Since the content of the
Expectation Lists varies as well as the form, these lists are described in
turn.

(i) Economy and Industry Expectation Lists. For each attribute in
both of these categories the Expectation Lists contain two entries. The
first is the forecasted value for that attribute converted into the input form
of "above," "below," or "equal to." The second is the first value on the
Recent Change List—namely, the rate of change of that attribute for last
year—converted into the same three-valued scale.10 Hence Economy and
Industry Expectation Lists contain pairs of "aboves," "belows," or "equals
to" which under two possible sets of conditions will form a pattern of only
"aboves" or "belows."

(ii) Company ExpectationLists. Expectation Lists exist for five of the
ten company attributes.11 These Expectation Lists contain one or two en-
tries all of which are in numerical form. These entries are derived from

10 In this case the three-valued scale is recording whether the rate of change forthis attribute last year was positive, negative or zero.
"The five attributes which have forecasted values are: sales, earnings per share,

cash flow per share, profit margin, and dividendsper share.



356 SIMULATION OF COGNITIVE PROCESSES

the twelve-month and three- to five-year forecasts recorded in the model
for these attributes. The first entry is on all Expectation Lists and is ob-
tained by converting the twelve-month forecast into an expected rate of
change. The second entry exists only for sales and earnings per share
Expectation Lists and is obtained by converting the three- to five-year
forecast into an expected average rate of change.

18. EVALUATING THE DATA

Logically this section should contain all the procedures of evaluation used
in this model. However, in order to simplify the problem of describing
the actual mechanisms, the processes of evaluation have been divided into
two parts. Those that pertain to the information within each major cate-
gory, i.e., economy, industry, and company, are examined here; those that
involve the interrelations between these sections are discussed in Sec. lc.

The model evaluates the data by creating two main lists: the Relative
Performance List, and the Relative Value List. As these processes are
described in some detail it is worth pausing for a moment to make a list
of the information already gathered for each attribute of each company:

(i) A list of the last ten values of the attribute
(ii) The mean of these ten values
(iii) A list of the rates of change of these values
(iv) The mean of theserates of change
(v) For relevant attributes an Expectation List that contains the ex-

pected rate of change for the coming year and, in the case of the sales and
the earnings per share attributes, the expected average rate of change for
the next threeto five years

Attention has been drawn to this information as the processes of evalua-
tion use these data as inputs.
181. The Relative Performance List. In order to determine the rela-
tive performance of each company within its given industry a list is made
for each of the basic lists for each attribute of the mean for that attri-
bute for each company. Hence, for each attribute there is now a list of
means each of which belongs to a particular company within a given indus-
try. The average of this list of means is taken so that we now have a dis-
tribution of means for a given attribute, plus the mean of that distri-
bution. The deviation of each mean from the distribution mean is calculated
as a percentage deviation and is then converted into the three-valued scale
"above," "below," or "equal to." These per cent deviations from the dis-
tribution mean are recorded on the Relative Performance List of each
attribute.

To classify this process further let an represent the class of all company
attribute means where:
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(i) The mean value over the last ten years as well as whether this
mean is "above," "below," or "equal to" the mean for this attribute for
the other companies in this industry.

(ii) The mean rate of growth over the last ten years as well as whether
this mean is "above," "below," or "equal to" the population mean for
this attribute.

(iii) The expected rate of growth over the coming twelve months
as well as whether this expected rate of growth is "above," "below," or
"equal to" the mean of the population of expected rates of growth.

(iv) The mean, expected rate of growth over the next three to five
years as well as whether this mean rate of growth is "above," "below," or
"equal to" the mean of the population of mean, expected rates of growth.

182. The Relative Value List. Having described the procedures that
determine the Relative Performance of each company within its industry,
we will now examine the set of processes that determine the Relative
Value of each company's stock.

As noted above each company has an attribute that records a three- to
five-year forecast of its earnings per share. Although this is only an es-
timate, the figure is assumed to be reliable and is used, for each company
to form a price earnings ratio of the forecasted earnings. As the model
already contains the values for the current price earnings ratio and the
historical mean of the prices earnings multiple for that company, the
entries for the Relative Value List are as follows: The first consists of
the difference between the mean price earnings ratio and the price earnings
ratio of the forecasted earnings. This difference is taken as a per cent
of the mean and is recorded as "above," "below," or "equal to" the
historical mean. The second entry consists of the difference between the
historical mean and the current price earnings ratio. As before, this dif-
ference is taken as a per cent of the historical mean and is recorded as
"above," "below," or "equal to." To clarify this process, let:

P = current market price
E = expected earnings per share for the current year

E* = forecasted earnings per share three to five years from now
P/E* = ten year average of price earnings ratio

Then for each company the calculations are as follows, the results of
each being recorded as "above," "below," or "equal to."

,„ (P/E) - (P/E*)
(i) jj^
(n) JJ^
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The Relative Value List contains these results, plus their value on the
three point scale in the order that they are produced. Thus, for each
company the Relative Value List is a pair of "aboves," "belows," or
"equals to" which under two possible conditions will form a pattern of
only A "aboves" or "belows."

IC. THE INTERRELATIONS

Up to now we have described the mechanisms which process the data as
though they were independent of each other. While this is true to a cer-
tain extent, these mechanisms are related by the processes that select the
stocks suitable for current investment. In order to present these interre-
lations in as orderly fashion as possible, we will first examine the processes
that select the "A" List under simplified conditions. By relaxing these
conditions we will be able to examine the complexities as they occur.

To facilitate the exposition it is necessary to assign names to the
two values which appear on the Relative Value List. Hence, if we let:

we can, in the future, refer to the values of x and y of the Relative
Value List.
ICI. Selecting the "A" List. For simplicity, we shall first assume that
all Economy and Industry Expectation Lists have both of their values
reading "above." For such a condition to hold, the economy would have
to be in the middle of a roaring boom. But ignoring this implication for a
moment, we can now examine the basic operations of the selection mech-
anism which is composed of two parts:

(i) The Scanner. This mechanism examines each Economy and In-
dustry Expectation List in turn and notes the values of adjacent pairs. In
this case all adjacent pairs have the same value, i.e., "above." Hence,
having completed its search and finding such perfect accord the Scanner
halts and the Selector takes over.

(ii) The Selector. Under such ideal conditions the selection process
consists of searching through the Relative Value Lists of all companies
and placing on the "A" List those companies whose Relative Values are
recorded as:

(x) = "above," or "equal to"
(y) = "above," "equal to," or "below"

IC2. Relaxing the Conditions—A. Throughout this discussion it must
be remembered that information is fed into the various categories, i.e.,
economy, industry, and company, at different intervals of time. Although
these intervals may be chosen to suit any particular set of requirements,

pp, p P
* = E~E* and y = E~E
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we have assumed the following time lags: Information on economy and
industry attributes is fed in quarterly while company attributes are
adjusted monthly.

Given these time differentials we will now examine the effects of
adding new information, to the respective categories, in the order in
which they are assumed to occur.

(i) After a change in prices or earnings per share the information is
processed as per Sees. 1a and 1b above, and new values are placed on
the Relative Value List. The Scanner then proceeds to check the Economy
and Industry Expectation Lists and finding them unchanged initiates the
selection procedure. The Selector examines the "A" List first and removes
from it any companies whose entries on their Relative Lists have changed
to:

The Selector then proceeds to the remaining list of companies and
places on the "A" List all companies whose entries on their Relative
Value List now record:

(x) = "above" or "equal to"

(ii) At the end of each quarter, new information is entered into the
model on economy and industry attributes and, when relevant, on company
attributes as well. Whenever new information is fed in it is processedimmedi-
ately, as per Sees. 1a and Ib, and the attention of the Scanner is directed to-
ward that category which received the new information. When more than
one categoryreceives new information, the Scanner always goes to the most
general category first, e.g., economy or industry, and then proceeds down
through the categories noticing and recording changes as it goes. At this
point changes in the Economy and Industry Expectation Lists are trans-
lated into one of two values, "hold" or "delete hold." These values are
placed on the Relative Value List. Companies which were previously
on the "A" List are not taken off the list. They are left there until the new
information on the companies themselves decides the issue of whether they
should stay on the list or not.
IC3. Relaxing the Conditions—B. In order to examine all the operations
of the Scanner and the Selector, changes in the forecasted values of the
Economy and Industry Expectation Lists will be divided into three cate-
gories :

(i) Forecasted Value Falls below Recent Change Value. As noted
earlier, the function of the Scanner is to examine the Economy and
Industry Expectation Lists of all the attributes that have received new
information. In this case let us assume that information has been entered

(x) = "below"
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Iinto the model which forecasts a leveling off in capital spending, while
at the same time the most recent change in this index is still rising.
Given this change the Scanner will first proceed to the capital spending
Expectation List. Noticing that the other economic Expectation Lists
are unchanged the Scanner will descend a level and create a list of the
capital intensive industries. The Scanner then examines the changes that
have occurred in the Industry Expectation Lists. Since the forecasts for
some of these industries will also have fallen or leveled off, the list of af-
fected industries is reduced to that set whose forecasts have been lowered. 13

The Selector then takes over and scans the list created by the Scanner
and searches the "A" List for companies belonging to those industries. All
such companies are subjected to the following test:

(a) Mark all companies "hold" which have entry (x) on the Relative
Value List recorded as "equal to."

If the forecasts for the other economic attributes fall, the Scanner
searches all industry Expectation Lists for corresponding changes, makes
a list of those industries whose forecasted values have fallen and pre-
sents this list to the Selector which applies the same set of tests as before.

(ii) Recent Change Value Falls Below Forecasted Value. In this case
the functions of the Scanner and Selector are essentially the same as in
(i) except that the Selector applies one extratest.

If economic indices have turned down the performance of some in-
dustries and companies will also have turned down. This means that
basic changes in company evaluations may be taking place at the same
time. However, since these changes are completed first the function of the
Scanner is still to create a list of the affected industries, and of the Se-
lector to apply the following tests to those companies on the "A" List
which belong to the affected industries.

(a) Mark all companies "hold" which have entry (x) on the Relative
Value List recorded as "equal to."

(/?) Mark all companies "hold" which have entry (y) on the Relative
Value List recorded as "below."

(iii) Forecasted Values and Recent Change Values Both Turn Down.
Under these conditions, although the Scanner performs in the same man-
ner, a change occurs in the tests applied by the

Selector,

instead of testing
the companies presented to it by the Scanner on the basis of the tests
given above, the Selector makes the following more rigorous tests:

"The assumption here is that the forecasts for total capital spending cannot
change without a corresponding change in one or all of the capital intensive indus-
tries. The only exception to this rule is the Construction Industry which is also
included on the list of industries to be examined if there is a fall in the expected
ievel of capital spending.
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(y) Remove all companies from the "A" List which have entry (x)
on theRelative Value List recorded as "equal to."

(B) Mark all companies "hold" which have entry (y) on the Relative
Value List recorded as "below."

Clearly, the three categories of forecast changes are not mutually
exclusive and at any given point in time one would not expect to find
the model in one particular category but rather in some combination of
the three. This situation in no way changes the functions of the Scanner
and Selector; it merely requires them to take each category in turn and
perform the required operations sequentially.

When forecast and recent change values are moving up, instead of
down as described above, the testing procedures of the Selector are
reversed. Instead of marking companies with "hold" and removing them
from the "A" List, a "hold" is replaced by a "delete hold" and companies
are restored to the "A"List.

The Formulation of an Investment Policy

By and large, trust investors formulate investment policies for two
types of funds: (1) large trust funds, e.g., Common Trust Funds (ex-
cluding Pension and similar types of funds, and (2) individual trust
accounts.

As we are primarily interested in the investment decisions pertaining
to the latter set of accounts, the model does not consider the problem
of investing the funds of Common Trust Funds. The decision on whether
to invest an account in a Fund or not, however, is relevant to the de-
cision process. Although the rules governing this process are not ex-
plicitly included in the model—that is, the model is only concerned with
investing the funds of individual accounts—a brief discussion of these
rules is included here.

2A. COMMON TRUST FUNDS

As the cost of management per dollar invested is much lower in Common
Trust Funds than in individual accounts, banks prefer to invest small ac-
counts in their funds. In order to persuade clients to participate in these
funds, banks are forced to make the funds' goals explicit. In practice these
funds have goals which range from an emphasis on capital appreciation
to stability of principal with emphasis on current income.

As the legal restriction governing the investment of Common Trust
Funds have ben discussed elsewhere (Clarkson, 1962), the rules outlined
here pertain only to the decision on whether to invest the assets of in-
dividual accounts in one of thesefunds.
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A

(a) All "legal"14 trusts are eligible for investment in a Common Trust
Fund. Accounts which are not legal trusts and/or whose beneficiaries have
waived legal requirements are not so invested.

(b) All legal trusts that have assets of less than X dollars are
automatically placed in a Common Trust Fund. 15

(c) Legal trusts greater than X dollars may or may not be placed
in a Common Trust Fund. As noted before, no account may participate
for more than $100,000. Thus, in the range between X dollars and
$100,000 the decision will be determined by the degree of correspondence
between the goals of the account and the expected results of the Common
Trust Fund.

28. INDIVIDUAL TRUST ACCOUNTS
In order to determine a client's goal, the investment officer has two main
sources of information: an administrative officer's interview with the
client, and the written record. The former provides the investor with some
subjective impressions of the client and the latter with a copy of the legal
instrument (often a will) setting up the trust. In most cases this document
contains information about the beneficiary, the investment powers of the
bank, what is to be done with the principal, the desired amount of income,
etc. The instrument also contains information about the beneficiary's age,
marital status, number and age of dependents, place of legal residence,
income-tax bracket, and status and age of future beneficiaries if any.

Armed with this data, the investment officer must now decide on
an investment policy for the account. This policy must lie somewhere
along the continuum between the extremes of growth and income and the
process that determines it is as follows :

"'"Legal investment* statutes fall into two general categories: (1) those that re-
strict all or part of the investments to specific investments or specific classes of in-
vestments, and (2) those that limit investment in non-legal securities to a given per-
centage of the account or fund. The statutory limitations on investment in non-legal
securities range from 30 percent to 50 percent of the market value (in one state,
inventory value) of the fund." Survey of Common Trust Funds, 1959, Federal Re-
serve Bulletin, May, 1960, p. 480.

Pennsylvania belongs in the first category and "legal" stocks are defined by law
(Act No. 340, 1951) as those securities which, if preferred stocks have paid divi-
dends for sixteen years and which, if common stocks have had positive earnings andhave paid dividends in twelve out of the last sixteen years. A list of securities meet-■ng these requirements is prepared by the Pennsylvania Bankers Association. (Corpo-
rate Securities Considered Legal Investments for Trust Funds in the State of Penn-
sylvania, Trust Division, Pennsylvania Bankers Association,

October,

1960).
Many people when setting up the trust relation specifically waive these investment

restrictions. Thus, "legal" refers to situations in which the investment officer must
comply with these investment restrictions.

15To protect this Bank's anonymity, the precise dollar figures are not revealed.
Nationally, the average Common Trust Fund participation is approximately $23,000.
Federal Reserve Bulletin, May, 1960, p. 481.
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(1) The Scanner. Information on the client is fed into the model
in the form of a list which contains the following attributes: (i) The
desired amount of growth, (ii) The desired amount of income, (iii)
Whether current income is sufficient for the client's needs, (iv) The de-
sired amountof stability of income and principal, (v) Income-tax bracket,
(vi) Client's profession, (vii) Client's place of legal residence, (viii)
Whether trust is revocable or not, and (ix) Whether trust is legal or not.
The function of the Scanner is to proceed through the first six of these at-
tributes testing for the value of each in turn. 16 The tests consist of classi-
fying the values of attributes (i), (ii), (iv), (v), and (vi) on the basis
of whether they are below a median value or not. The criteria for these
tests are given to the model in advance and the Scanner converts the
values of the attribute into a two-valued seale—"Low," or "Not Low"—-
which correspond to being below or not below the particular criterion.
Attributes (iii) and (vii) are scaled on a "Yes," "No" basis.

The results of these tests are placed on a list so that for each client
there is a particular pattern of test answers. Thus for a client in the legal
profession, who is a resident of Pennsylvania and has a large current in-
come, a high tax bracket, and desires to build an estate to provide for
his retirement, the pattern generated by the Scanner would read: (i)

"~ Low," (ii) "Low," (iii) "Yes," (iv) "Low," (v) "~ Low," (vi)

"~ Low," (vii) "Yes."
(2) The Selector. The function of the Selector is to take the list

generated by the Scanner and convert it into the appropriate investment
policy. Clearly, the number of possible combinations of growth and in-
come is large. But, in practice they can be characterized in the following
manner: 17

(i) Growth Account. In these accounts assets are expected to ap-
preciate at an average rate of 10% per year over a ten-year
period. Income is not stressed and fluctuations in principal are
tolerated.

(ii) Growth and Income Account. Here assets are expected to ap-
preciate at 5-6% per year, while dividend yield should approach
2-3% per year,

(iii) Income and Growth. In this type of account assets are only
expected to appreciate at 3-4% per year. The desired dividend
yield is 3-4% per year and the stability of the income stream is
stressed.

(iv) Income Account. Here the size and stability of the income
streams are stressed with the expected dividend yield being

16 Attributes (viii) and (ix) are used by the portfolio-selection process.

" It should be noted that the figures used here are in no way fixed and will in fact
varywith changing market conditions.
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Figure 3. Selector for investment policy.

4-6% per year. In this type of account growth (capital appre-
ciation) is not stressed.

The Selector chooses an investment policy for a particular client by
aPplying a set of tests to the pattern of answers given to the Selector by the
Scanner. The flow chart for this procedure is given in Fig. 3, and essen-
tially consists of applying different sets of tests depending on the type of
Pattern derived by the Scanner. Thus, the Selector chooses the appropriate
'nvestment policy by correctly identifying the pattern of answers that is
Presented to it.

TheSelection of a Portfolio
To facilitate the explanation of the selection procedures it is worth-

while interrupting the discussion for a moment to outline the information
that is on hand prior to choosing a set of stocks for a particular portfolio.

(a) A list of stocks, the "A" List, which contains those stocks that
are judged to be suitable for current investment. These stocks are cate-
gorizedby industry.
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(b) For each company on the "A" List there is a Relative Value List,
a set of Relative Performance Lists, as well as historical, current, and
forecasted information on sales, earnings, dividend yield, and other attri-
butes.

(c) A list of information on the client for whom this portfolio is to
be selected. This list includes the information discussed in the second
section as well as an attribute that records the sum of money which is to
be invested in common stocks.

(d) An investment policy that was chosen for this client as outlined
above.

Given this information, the selection of a portfolio is essentially a
process of mapping the set of industries and companies in (a) onto the
investment policy in (d). This process yields a subset of industries and
their respective companies that is reduced to a particular set of stocks
for a portfolio by the addition of the information in (b) and (c), and the
application of a set of tests based on this information. The actual processes
governing this selection procedure are as follows :

3A. SELECTION OF INDUSTRIES APPROPRIATE TO THE
INVESTMENT POLICY

Despite the large overlap between the characteristics of various indus-
tries, the investment officer associates a set of industries with each goal.
As this association depends on the characteristics of the goal as well
as the general characteristics of the companies within each industry,
the particular set of industries associated with a given goal may include
some of the industries which are associated with other goals. For example,
some industries contain companies which vary only slightly in their in-
dividual characteristics, e.g., banks, or utilities, while others, like oils,
are more heterogeneous and appear on several lists. As the investment of-
ficer's classification of an industry's characteristics change very slowly
with time, no attempt was made to determine how these attitudes and as-
sociations were developed. Instead, these lists were derived by direct
questioning and examination of the investment officer's behavior. The
model, then, takes these lists as given and by searching through the "A
List derives, for each goal, a list of those industries and companies that
are on the "A" List. Thus, for each goal there is now a list of industries
whose companies are both currently acceptable as well as suited to the
investment performance desired from theportfolio.

38. SELECTION OF COMPANIES

Once the list of industries has been generated, the companies on this
list are selected for participation by the application of still another Scanner-
Selector mechanism.
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IIn this case the Scanner and the Selector have two separate functions.
The first is to check the list of information on the client and see if the
trust is a legal trust and/or whether the client is a resident of Pennsyl-
vania [attributes (ix) and (vii)]. If either or both are the case the Se-
lector applies one or both of the following two tests:

(i) If the trust is a true fiduciary relation all the companies on the
given list that do not have legal status in Pennsylvania are rejected.

(ii) If the client is a resident of Pennsylvania, all the companies that
are subject to property tax in Pennsylvania are rejected.
Having eliminated all companies that do not meet the only two absolute
criteria the model then takes the remaining list of companies and applies
to it the set of tests that are associated with each investment policy.

The Scanner performs the task of ordering the companies in each
mdustry on the basis of the dominant attribute of the investment policy.
For example, if an Income Portfolio was being selected the Scanner
would rank order the companies in each industry on the basis of yield.
The Selector takes the first company from the industry that is at the head
°f this list and applies a set of tests to it.

The tests consist of a series of binary decisions on the performance
and expectations of important attributes. As the importance of partic-
ular attributes depends on the investment policy that is being applied,
the series of tests varies with each investment goal.

The set of tests is qualitative in nature and is applied, in turn, to the
companies within each industry. Unless the value of some attribute isvery much out of line with what it should be, the Selector will accept the
nrst company that is processed. If for some reason the first company does
not pass the tests, the Selector moves on to the second company and re-
Peats the process. If no company from that industry is able to pass through
the set of tests, the Selector moves on to the next industry. If after process-
lng all the industries funds remain to be invested, the Selector returns tothe first industry from which no selection was made and recommences
Processing. This time processing begins at that test that immediately pro-
ceeds the spot where the Selector stopped on the first run through. Ass°on as a company is selected the Scanner and Selector move on to the
""ext industry.

To further clarify this process, consider the set of tests which theSelector applies in order to choose growth portfolios (see Fig. 4). Ascan be seen from the flow chart, the tests are grouped in hierarchies.
Thus, if Company A passes Test 3 it will go directly to Test 5. But, if it
°oes not pass Test 5, it must pass Tests 6, 7, and 8, before it can be ac-
cepted back into the mainstream of tests. If no company from a particular
mdustry succeeds in being accepted, and the Selector returns to it in order
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T( = Mean growth in price (past) 2 20%
T3 = Mean growth in earnings per share (past)
T4 = Mean growth in sales (past)
T5 = Forecasted growth in earnings per share (Iyr)
T6 = Forecasted growth in sales (Iyr)
T7 = Mean growth in cash flow per share (past)
T8 = Mean growth in profit margin (past)
T9 = / on Relative Value List
T,0 = P/E*<lP/E) by 10%
Tll = Forecasted dividend > 0
Ti2= Forecasted dividend =0
T,3 = Price > 10%below high

B = "Below" A = "Above" A= Accept

"B = "Not below" ~A = "Notabove" A= Reject

Figure 4. Growth-portfolio discriminationnet.

to recommence testing, then this testing would occur in the following way-
If company A was first rejected at Test 6, the Selector would now begin
testing at Test 7. In this particular case, testing might continue until a com-
pany was selected. However, as each Discrimination Net has a test that an
participations must meet, it is entirely possible for the model to reject
all companies within a given industry.

3C. DIVERSIFICATION

Diversification is achieved by insisting that all accounts participate in at
least five industries, and that participation in stocks be limited, in general,
to one per industry. When the portfolio includes bonds and preferred
stocks, each $10,000 invested in bonds or preferreds is taken to be equiva'
lent to a participation in one industry. Hence, for an account of $50,000
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I
with $20,000 invested in government bonds, the model would require
that the remaining funds be invested in at least three industries.18

3D. SIZE OF PARTICIPATION

The number of shares to be purchased of each company that is selected for
participation is determined by the "Share Selector." The essence of this
process is givenby the following rules:

(1) The total funds to be invested in common stocks are divided by
the number of participations desired. 19 This produces the average number
of dollars to be invested in each company.

(2) To determine the number of shares to be purchased, the average
number of dollars to be invested in each company is divided by the price
of the particular company's stock. This figure is always rounded to the
nearest multiple of five, and whenever the funds available for each par-
ticipation permit it, round lots, e.g., 100 shares, are purchased.

Clearly, this selection process can only continue as long as there are
funds remaining for investment. When the funds have been used up, the
selection process stops, and the stocks that have been chosen become
the required portfolio.

Testing the Model

In order to test the model's ability to reproduce the behavior of the
trust investor—i.e., to simulate the trust investment process—the model
Was required to select portfolios for a particular set of actual trust ac-
counts. In particular, stock-exchange and other data were fed into the
computer to cover the first and third quarters of 1960. The running pro-
gram was then presented with data on four of the bank's new clients,
for whom the trust investor had selected portfolios during the same two
quarters, and the program was required to generate its portfolios for these
accounts. The portfolios are presented in Figs. 5 and 6, along with the
selections made by the trust officer for the same accounts. The generated
Portfolios were then compared with other portfolios generated by various
random and naive models. The results of these tests indicate that the trust

18 As can be seen from the above, the investment officer's "rule of thumb" seeks
'o spread risk by diversification. But as Markowitz has shown (H. Markowitz,Port-
folio

Selection,

p. 109, New York, 1959) when the returns on securities are corre-
lated, this may not be accomplished if the amount invested for the client is relatively
small.

" For accounts of $50,000 or less the usual number of participations is

five,

each
'10,000 of bonds and preferreds counting as one. For accounts greater than $50,000
the minimum number is usually five as approximately $10,000 is invested in each
Participation.
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Simulation of Account 1, 1/8/60
Growth Account

Funds available for investment: $22,000
The program selected: The Trust Officer selected:

60 General AmericanTransportation
50 Dow Chemical

30 Corning Glass
50 Dow Chemical
10 1.8.M.10 1.8.M.

60 Merck and Company 50 Merck and Company
50 Owens Corning Fiberglass45 Owens Corning Fiberglass

Simulation of Account 2, 6/10/60
Income and Growth Account

Funds available for investment: $37,500
The program selected:

100 American Can Co.
100 Continental Insurance
100 Equitable Gas Co.
100 DuquesneLight Co.
100Libbey Owens Ford
100 International Harvester
100 Philadelphia Electric
100 Phillips Petroleum
100 Socony Mobil

The Trust Officer selected:
100 American Can Co.
100 Continental Insurance
100 Equitable Gas Co.
100 General Public Utilities
100 Libbey Owens Ford
50 National Lead

100 PhiladelphiaElectric
100 Phillips Petroleum
100 Socony Mobil

Figure 5. Comparison of portfolios selected by the model and by a trust
Accounts 1 and 2.

officer

Simulation of Account S, 7/8/60
Income and Growth Account

Funds available for investment: $31,000
The program selected: The Trust Officer selected:

100 American Can Co.
100 Continental Insurance
100Duquesne Light
100Equitable Gas
100 Pennsylvania Power and Light
100 International Harvester
100 Libbey Owens Ford
100 Socony Mobil Oil

100 American Can Co.
100 Continental Insurance
100 Duquesne Light
100 Equitable Gas
100 General Public Utilities
100 InternationalHarvester
100Libbey Owens Ford
100 Socony Mobil Oil

Simulation of Account 4, 8/26/60
IncomeAccount

Funds availablefor investment: $28,000

The program selected:
100 American Can Co.
100 Continental Insurance
100 Duquesne Light
100 Equitable Gas
100 Pennsylvania Power and Light
100 International Harvester
100 Phillips Petroleum

The Trust Officer selected:
100 American Can Co.
100 Continental Insurance
100Duquesne Light
100Equitable Gas
100 GeneralPublic Utilities
100 International Harvester
100Phillips Petroleum

officerFigure 6. Comparison of portfolios selected by the model and by a trust
Accounts 3 and 4.
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IIinvestment program selected a greater proportion of correct securities
than did any one of the alternative models.

To obtain additional confirmation, the testing process was carried one
step further—that is, the processes by which the portfolios are generated
were submitted to empirical test. The test consisted of comparing the
stream of output of the trust investment model to the recorded decision
behavior of the trust investor. This test was applied to several of the
mechanisms incorporated in the model. While it is not possible to state
that all the processes were unequivocally confirmed, the evidence strongly
supports the hypothesis that the model's mechanisms capture a considerable
Portion of the trust investment process.


