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Abstract — A method for quantifying qualitative decision trees is presented and ap-
plied within a program evaluation setting. The approach combines Likert type scales
with decision trees and develops a mathematical curve based on the associated set of
means and standard deviations. Depending upon where the respondent’s resuit plots,
one of six different decision conditions are suggested.

Résumé — On présente dans cet article une méthode pour quantifier des arbres de
décisions qualitatifs et on 1'applique dans le cadre d’un programme d’évaluation.
L’approche combine des échelles du genre Likert avec des arbres de décisions, et crée
une courbe mathématique fondée sur I’ensemble des moyennes et des déviations
standards qui lui sont reliées. Selon I’endroit ou se situe le résultat des répondants,
on suggére I’emploi d’une condition de décisions parmi six conditions différentes.

QUALITATIVE DECISION TREES (and related decision algorithms)
are frequently found in management literature. The term qualitative decision
tree is used to define decision trees for which branching at decision nodes is
determined by multi-criteria. They are constructed to describe, explain,
predict, and teach many management concepts, including behavioral models.
For example, they have been developed to structure leadership and decision
style models (Field, 1979; Roskin, 1975; Stuart-Kotze & Roskin, 1983; Vroom
& Yetton, 1973), compose groups for judgmental decision-making (Stumpf,
Zand & Freedman, 1979), design meaningful learning situations in manage-
ment (Randolph & Posner, 1979), diagnose organizational problems (Harvey
& Brown, 1982), develop hybrid planning methods (Nutt, 1982), plot
managerial work styles (Margerison, 1983), model predecision support sys-
tems (Wedley & Field, 1984), and improve the effectiveness of education
methods (Landa, 1974).
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Decision analysis, however, is more commonly perceived to involve quan-
titative decision trees. According to Lindley (1986), effectiveness of
performance in this arena requires:

1. astructuring of the problem in terms of acts, events and consequen-
ces, often in the form of a decision tree,

2. assessment of probabilities for the events,

3. assessment of utilities for the consequences, and

4. calculations of the expected utility for each action, and subsequent
selection of that act of highest value.

Qualitative decision trees, on the other hand, traditionally operate on the
basis of a series of diagnostic questions to which the respondent answers with
asimple yes or no. The result is that each decision point, like a switch in a rail-
way system, directs the user along a different track or path until the final
destination is reached. On the analogy of scheduling a rail trip most efficient-
ly, respondents may not be completely certain about the best path to
follow—about whether they believe the answer to each decision point is a
categorical yes or no. Yet they will be forced to decide, as no range of opinion
is allowed.

If "forced choice" is a problem when the respondent is an individual, it is
compounded when other types of decision processes such as delphi, nominal,
and interactive are involved (Murningham, 1981; Van de Ven, 1974). One has
only to listen to the kind of conversations that occur when groups are decision-
making to fully understand the dilemma: "I'd say it’s 60/40 on that one," or
"Well, it’s a grey area;" "I'll give you a definite maybe!" or "There are a range
of options;" "Well, yes and no," or "It’s not black and white."

INTEGRATING RANGE OF OPINION

Qualitative decision trees can be quantified to allow the introduction of a
range of opinion. Not only will the procedure then generate more powerful
answers, technically speaking, but it will not force respondents to make
diametrically opposed decisions, generating less of the "anticipatory regret”
discussed by Janis (1972).

The procedure integrates scaling methods with decision trees. To illustrate
the concept, we will draw an example (discussed in greater detail later in this
paper) from the realm of program evaluation. The problem investigated con-
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cerned the evaluation of a government-funded program to make the "severely
disadvantaged" employable or job ready.

As discussed earlier, qualitative decision trees normally require a respon-
dent to make binary type decisions along a series of successive points.
However, rather than introducing a series of yes or no criteria at each decision
node along a decision tree, one can integrate a Likert type scale within the usuai
procedure. As an example, we will discuss a scale running from strongly dis-
agree (1), paralleling a no choice, to strongly agree (5), paralleling a yes
response. In this manner, respondents are not forced to use the yes or no alter-
natives, which they may feel are far too limited and not really reflective of their
opinion. Instead, a full range of responses are possible.

THE APPROACH

One of the diagnostic questions in the Program Evaluation Decision Tree

(see Figure 3), used later in this paper to apply the new approach, illustrates
the procedure.

Question:

Is the program providing Life Skills training for the participants that is
transferable "between" career clusters?

Strongly Strongly
Disagree Agree
1 2 3 4 5
NO YES

To answer the question using the proposed technique, a number of in-
dividuals knowledgeable about the program design would be asked to rate it
using the scale provided. (Bear in mind this is but one of a series of decision
tree questions.)

The Mean

Once opinions have been canvassed, they must be analyzed. The easiest
method is to take the mean or average of opinion. A no would be assessed for
each score below the scale midpoint (3 for the scale being used), and a yes
would result for each score above the midpoint. The decision tree pathways
would be so defined. This is an improvement over the traditional procedure,
but only marginally and only in some circumstances.
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What if the mean of opinion is in the 3 range? This would suggest that
respondents didn’t feel strongly about a question or that they felt some uncer-
tainty. This leads 1o a midscale response category of maybe.

Strongly Strongly
Disagree Agree

1 2 3 4 5
NO MAYBE YES

Within this category, uncertainty probably suggests that a particular
decision pathway cannot be validly chosen, without more analysis. On the

other hand, at the scale extremes, we are likely to feel more confident about
which branch to take.

The Standard Deviation

The standard deviation of responses can be calculated to engender con-
fidence in the implications of mean scores. Standard deviation measures
variability of opinion; its increases signal less and less agreement, which should
motivate the evaluator to seek more information from the data sources, or to
better use the available information to clarify opinion. The mean and the stand-
ard deviation can be combined into a matrix (see Figure 1) to further improve
power of analysis and to increase decision-making confidence. A matrix

Figure 1

Decision Matrix Incorporating the Mean and Standard Deviation of
Respondent Opinion

DECISION MATRIX
1
WEAK WEAK
NO YES
INCREASING
STANDARD
DEVIATION

STRONG STRONG
NO YES

INCREASING MEAN
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provides an easy although limited way of interpreting strength of opinion, but
it must be realized that means and associated standard deviations are not inde-
pendent, as Figure 2 illustrates.

The clearest decisions occur when the extremes of the scale are chosen
(high or low mean scores), indicating strong agreement or disagreement, and
when the standard deviation is iow, indicating consensus of opinion about the
question. Given these conditions, four different decision regions can be
described (see Figure 1):

1. Quadrant A: A large standard deviation and a small mean leads to a

weak no decision.

2. Quadrant B: A large standard deviation and a large mean leads to a

weak yes decision.

3. Quadrant C: A low standard deviation and a large mean leads to a

strong yes decision.

4. Quadrant D: A small standard deviation and a small mean leads to a

strong no decision.

The decision matrix is a useful way to interpret the application of scales to
decision trees; however, it does not adequately handle situations where results
lead to what will be called strong maybe, or no consensus situations. A more
comprehensive measurement tool is needed.

The Response Envelope

In this section we discuss a method to guide in circumstances not effec-
tively covered by the decision matrix. The discussion will be restricted to
situations where respondent opinion is measured through the use of scales. In
these situations, the application of scales to decision nodes limits the possible
set of points defined by the mean and the standard deviation. The boundary of
this set, which we will call the envelope function, allows for reinterpretation of
the decision matrix to avoid the previously discussed limitations. We can
derive the function (see Appendix), which can be used to graphically represent
the boundary of all possible responses.

Working under the curve of the Response Envelope (see Figure 2), we can
define six subsets so that when results plot within them certain action is defined.
The divisions on the graph of the response set have been chosen with the fol-
lowing rationale. The vertical axis was divided at half the maximum variance.
If the variance was large, it was assumed that agreement was lacking and that
attention was required. The horizontal axis was divided into five equal regions.
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The extreme regions are obviously zones of agreement while the central area
reflects a lack of consensus. The following Y & N decisions are thus inferred:

YY: indicates a STRONG YES Y &N: indicates NO CONSENSUS
Y: indicatesa WEAK YES N: indicates a WEAK NO

7. indicates a STRONG MAYBE NN: indicates a STRONG NO
Figure 2

Graph of the Response Set
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The subsets are at present arbitrarily defined by dividing the Likert scale
(X-axis) into five equal parts and dividing the scaled standard deviation (Y-
axis) into two parts. The value of .7 (Y-axis) was chosen because it corresponds
to the midpoint of the variance range which, from preliminary empirical inves-
tigation of the distribution of respondent scores, appeared more appropriate
than the midpoint of the standard deviation range.

Breaking up the set in this manner provides more information by highlight-
ing the difference between opinions which are comparatively similar (low
standard deviation) but in the uncertainty range (mean between -.2 and +.2)
and those which are comparatively dissimilar (standard deviations beyond .7).

Results of decision nodes that plot into the strong maybe (7) and no con-
sensus (Y&N) regions under the curve reflect sufficient ambiguity to require
further investigation and the introduction of one of two clarification strategies
before moving to other questions:

1. The Enriched Data Imperative: When the results plot to the strong
maybe (?) region of the curve, it is likely that better information is re-
quired. This is probable since there is consensus but it is of a "definite
maybe" nature; hence uncertainty prevails (Alter, 1980: Argyris, 1977,
Roskin & Redlack, 1983).

2. The Improved Leadership Imperative: When the results plot to the no
consensus (Y&N) region of the curve, it is likely that the introduction
of leadership or more effective use of present leadership is required.
Thisis probable since there is alack of agreement in this region (Maier,
1964; Roskin, 1983; Sashkin, 1982).

It could be argued that results which plot to these two areas of the Response
Envelope require a combination of the two strategies discussed, but as yet there
is nothing to warrant this approach.

APPLICATION: A PROGRAM EVALUATION EXAMPLE

The Canadian Federal Government has programs under the jurisdiction of
the Canada Employment and Immigration Commission (CEIC) to fund
projects of benefit to those (the target group) who are defined as "severely dis-
advantaged." Within this category are individuals "who, for reasons including
lack of education, training, job experience, mental/physical disabilities or func-
tional illiteracy, are unable to compete in the labour market." The category
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includes youths, native groups, women, the disabled, legal offenders, function-
al illiterates, and drug and/or alcohol abusers.

The specific objective of programs under Job Corps, a division of CEIC,
is to make certain target groups more "job ready or employable"” through inter-
vention in the marketplace on the supply side. Furthermore, Job Corps supports
projects that improve the employment opportunity of participants in a gencral
way (life skills) rather than a specific sense (specialized skills). Therefore, the
particular process in which candidates are involved is but one facet of a mul-
tifaceted goal.

THE PROJECT MODEL: AN EVALUATION

A not-for-profit community organization received funding under Job
Corps to develop a day-care training facility. Their goals were to choose an
appropriate sample from the target group (trainees) and to educate them both
to become effective day-care workers (specialized skills) and to develop
abilities (life skills) that could help them gain meaningful employment within
other job clusters. (Job clusters consist of jobs which require the same or
similar skills and knowledge.)

The pedagogical design included classroom lectures, projects, a
demonstration playgroup for skill-building, and supervised field work (on-the-
job training) amounting to fifty percent of the program. Trainees received a
salary from the Government, in licu of other social service benefits, while
taking the forty-five week program.

The problems associated with analyzing the benefit/cost of social action
programs have been outlined in the literature along a number of dimensions,
including the fallacy of rationality in isolation (Glass & Ellert, 1980), the
problem of goal attainment scaling (Kieresuk & Lund, 1976), the recurrent
concern about reductionism (Tripodi, Fellin, & Epstein, 1978), the im-
measurable importance of unmeasurables and the frequent insignificance of
measurables (Isaac & Michael, 1971), and the nihilistic view of human ser-
vices (Weiss, 1972).

More recent studies (e.g., Beach & Bames, 1983) have reinforced the value
of using simple Likert type scales, and Fulton (1986) developed a decision pro-
cedure using five consecutive choices to reinforce the use of sequential decision
models.

The importance of program evaluation as a management tool has been
stressed by Veney and Kalueny (1984) but tcmpered by Connor’s (1984)
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disappointing findings that low utilization of results is a frequent outcome. Per-
haps the use of so-called scientific methods, argued as a first step by Rutman
(1984) and illustrated in this paper, will increase motivation to apply findings.
The organizational development process, which spans both the public and
private sectors, may be an effective catalyst to overcoming barriers to
management’s harnessing of evaluation findings (Fotter, 1987).

Certainly, the inherent difficulty of program evaluation should not dissuade
us from attempting measurement. To fail in our endeavors, is, in one sense, to
support those who argue that "if you can’t measure it—it can’t matter!"

One method of evaluating such programs is to develop a decision tree using
aseries of "key questions” deemed to be germane to effectiveness. These ques-
tions are then scaled, as discussed earlier in the paper, and facilitate the
determination of benefit/cost analysis as well as providing some preliminary
diagnosis of problem areas.

In the project being used as an example, the key program evaluation ques-
tions were grouped under three distinct categories:

1. Job Readiness Factors: those relating to (a) Provision of Life Skills
and to (b) Provision of Specialized Skills,

2. JobMarket Factor: those relating to (c) Community Needs, and

3. Administration Factors: those relating to (d) Responsibility and to (e)
Altematives.

The factors under category (1) have been discussed. The factor under (2),
Community Needs, related to Job Corps’ desire to fund projects that are seen
to be in the "public interest.” Finally, the factors under (3), Responsibility and
Alternatives, are concerned with the efficacy of management and with whether
there are better options already in place within the community. Each of the
factors was the basis for structured questionnaire statements that used a 5-point
Likert type response scale. The questions were administered to appropriate
respondents, and the results were applied to a decision tree. In this instance,
the respondents deemed appropriate were day-care center operators, parents,
community service workers, government administrators at both the provincial
and federal levels, and the program evaluator. The key program evaluation
questions were:



26

The Canadian Journal of Program Evaluation

1. Is the program providing life skills training for the participant which
are transferable "between" career clusters?
2. Is the program providing specialized skills training for the participant
which are valuable "within" career clusters?
3. Does the community require the type of graduate being trained?
4. Is the program being administered in a responsible manner?
5. Are other, more beneficial altemnatives available?
Table 1
Declision Table
Decision Questions
1. 2. 3. 4 5.
L S ] R A
| P O E L
F E M S T
E C M P E
| U o] R
S A N N N
K L | S A
I T | T
L S Y B i
L K } \
S I L E
L |
L T
S Y
Answers Path # Decision
347 364 422 333 166 Al [ADOPT]
Y Y Y Y [ E— > 1 ADOPT
Y Y Y Y e —— 2 ABORT
Y Y Y N > 3 ADAPT
Y Y N > 4 ADAPT
Y N Y > 5 ADAPT
Y N N > 6 ABORT
N Y 9 7 ADAPT
N N > 8 ABORT
Note: To follow the correct pathway, assume that a NO response along the 5-point
scale used in this research is determined by those scores running between
1.00 and 2.99, while a YES runs from 3.01 t0 5.00. Scores of 3.00 require more
information.
Using the results to follow appropriate decision paths results in three pos-
sible outcomes:

1.

Adopt the program (for programs already in place this would mean
continuing them as planned or making minor modifications),



L.a Revue canadienne d’evaluation de programme 27

2. Adapt the program to eliminate major shortcomings, or
3. Abort the program because of its fundamental weaknesses.

The program evaluation decision tree is illustrated in Figure 3.

Table 1 presents all pathways (1-8) based on mean scores only, as il-
lustrated in Figure 3. The pathway chosen in this evaluation using this
approach (see [1] in Table 1) is based on an interpretation of the evaluation
questionnaire results using means only (see the Answers section of Table 1,
and their derivation in Table 2), and leads to the Adopt decision. This choice
is the outcome of applying the decision results outlined in the Note to Table 1,
to each decision node (key question) in the Program Evaluation Decision Tree
(see Figure 3). In other words, Question 1 =3.47, which is > 3.00 = Y; Ques-
tion 2 = 3.64, which is > 3.00 = Y; Question 3 =4.22, whichis > 3.00=Y,;
Question 4 = 3.33, which is > 3.00 = Y; Question 5 = 1.66, which is < 3.00 =
N.

A Non-Traditional Interpretation of the Evaluation Results

Using a graph of the response set (see Figure 2) enables a much "richer”
interpretation of the data and provides the decision maker with better informa-
tion which, as mentioned, can help in the diagnosis of problem areas. Each
decision node (key question) serves as a basis to direct the investigator toward
meaningful interpretation.

The program evaluation results for the illustrated case (means and stand-
ard deviations), along with their intercepts (node decisions for Questions 1, 2,
3,4, and 5), are presented in Table 2 and plotted in Figure 2. The node decision
results can then be applied to the Program Evaluation Decision Tree (see Figure
3) to determine appropriate pathways. In the illustrated example (see Table 2),
decision confidence broke down at question 4 since the results plotted to no
consensus region (Y&N) of the response set graph. This reflected respondent
uncertainty concermning whether the project was administered responsibly.
Consequently, further investigation of the situation was required before
remaining pathways could be confidently decided. Inother words, the validity
of the decision tree became suspect at node 4.

For this reason, the authors reviewed the program evaluation question-
naires and developed a number of new questions relating to node 4. It turned
out that there was some concern among respondents about the initial cost of
the project, as opposed to whether the funds, once obtained, were administered
responsibly. The final application of the procedure led to Path { 1], Adopt, with
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Figure 3

Program Evaluation Decision Tree
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Table 2
Analysis of Questionnaire Resuits
_ Node

Questions Stakeholders N X SD Decision
1. Lite Skills Employers 10 3.47 1.27 Y
2. Special Skills Emplovers 10 3.64 1.15 Y
3. Community Needs Board 25 4.22 1.30 YY
4. Responsibility Government

Representatives 15 3.33 1.67 Y&N
5. Alternatives Community Leaders 18 1.67 0.87 NN

Note: Recall that a single Y or N indicates a weak yes or no and YY or NN indicates

a strong yes or no. A single ? indicates a strong maybe, while a Y&N reflects
no consensus at all,

the provision that the project co-ordinator attempt some modifications to the
program in an attempt to decrease future costs.

The development of modified or new questions when nodes are deemed
to reflect unacceptable uncertainty may raise the issue of whether such be-
haviour could introduce bias. In other words, will the rewrite direct the
decision towards some predetermined outcome? The essential question is:
what might cventuate without clarification? One must assume that evaluators
are deemed acceptable prior to engagement; otherwise, results could be biased
at many different points.

IMPLICATIONS FOR FUTURE RESEARCH

Although this paper provides a new method of using decision trees within
program evaluation and makes some suggestions as to the significance of its
application, more work is required to determine:

1. when further information is required to make a confident choice at
decision tree nodes;

2. when more effective use of the data already available is required (i.e.,
improved leadership);

3. at what point (response region) the choice of a decision tree branch is
unwarranted (for example, what is the significance of a weak versus
strong condition?);

4. whether different problem types and/or groups require different con-
fidence levels when decision making; and

5. what the appropriate subset boundarics for different conditions are.
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These questions indicate the difficulty in assessing confidence levels in
decision making. Perhaps more importantly, however, is the fact that decisions
are often made on the basis of "assumed" consensus. Moreover, there are few
techniques other than mean scores when instrumentation is involved, and fuzzy
group procedures when they are not, that allow for the synergy of strengths as-
sociated with the previous approaches.

Clearly, program evaluation is both an art and a science. The methodol-
ogy presented allows for a shift somewhat toward the latter.
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APPENDIX
Envelope Function for Likert Scales

The two quantities which are of interest to us are the mean, [, and the stand-
ard deviation, 6. When wc have a Likert Scale, the range of both L and o are
restricted. The range of | is obviously restricted to 1 to s where s is the max-
imum scale value. The range of ¢ is from ¢ to om(p), where om(l) is the
maximum value of ¢ for a given value of L.

We will refer to om(l) as the envelope function.

To derive om(t) we will consider the general case of an s-point scale with
n values. The maximum variation occurs when the responscs arc at the ex-
tremes—cither 1 or s.

If all the values are 1 or all are s, then Gm(1) = ¢ and om(s) = ¢, since there
are no other ways to have a mean of 1 or s. As the number of respondents
choosing either extremes changes, Gm(}L) also changes.

For the case in which i choose 1 and n-i choose s, we have
W =1l/n{ix1+@-i)xs)

=s+(1-s)x 1/n. e8]

We will first evaluate the variance, v, then determine the standard devia-
tion.

W) =[x (-2 + () x (s-p)*)n

= (15 (1-iln)(ifn). @
These are the p and v for a particular value of i. What we wantisvasa
function of i, not of i. Rearranging (1), we have

iln = (s-W)/(s-1). 3
Substituting (3) into (2) gives:

v = (1-5) (1]l
(s-1) s-1
= (1-1)(s-).
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To obtain a more general expression, we can scale v(j) to the range of ¢
to 1 by dividing by the maximum value of v(p). This occurs when

dv =¢
dp

=(s+1)- 20
orp =(s+1)/2, v=(s-1)%/4.

As well as rescaling v(pL) to ¢ to 1, it is convenient to rescale | to the range
-1101,i.e,

X =[n-s+121G-D)R)

v(x) = v(s-Y4
= [+ 12 + (-1)x/2 - 1] [s - (s+ )72 - -Dx/2}(s-1) /4
= (1+x)(1-x).

which is independent of both n and s. The standard deviation is the square root
of the variance, and hence the envelope function is

om(x) = {(1-x)(1+x)} 2.





