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Abstract: In the Analytic Hierarchy Process (AHP) decision makers make pairwise
comparisons of alternatives and criteria. The AHP allows to make these pairwise
comparisons verbally or numerically. Althou'gh verbal statements are intuitively
attractive for preference elicitation, there is overwhelming evidence that people have
very different numerical interpretations of the{same verbal expressions. This study
explores the consequences of these differences for the quality of the AHP analysis.
The results of the laboratory study with 180j participants confirm that the I-to-9
conversion table as is often used in the AHP tends to -overestimate preferences.
Conceming the outcome of the AHP analysi;s the numerical mode shows slightly
better results (not significant). Given the preference of many people for the verbal
mode we conclude that if accuracy is not ofjthe highest importance, the ease and
comfort of verbal expressions may be worth the small loss in decision quality.
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Introduction

In the Analytic Hierarchy Process (Saaty, 1977, 1980) decisfion makers.express on a 1-9 scale the extent to which
they prefer one element (alternative or criterion) compared t:o the other. Based on these comparisons, the Analytic
Hierarchy Process (AHP) computes the importances of criteria, the weights of criterion levels, and finally the
preferences for aiternatives. The AHP allows decision makers to make the pairwise comparisons verbally or
numerically. In verbal comparisons decision makers select one phrase out of a list of nine phrases that best
represents their opinion (for example 'moderately preferred’ or ‘extremely preferred’). Numerical comparisons
measure directly the extent to which a decision maker prefex% alternative A to B (for example three times). .

From a theoretical point of view numerical judgements have a number of distinct advantages compared to verbal
judgements, Numerical judgements are more precise, they permit communication to be less ambiguous and they can
be used in calculations (Hamm, 1991). Yet, people frequently prefer to use verbal rather than numerical
expressions. Verbal statements are intuitively attractive fofr preference elicitation. Many people resist expressing
their opinions numerically, preferring instead to use nornumerical terms (Budescu and Wallsten, 1985). People
claim that they think in words, not numbers, and therefore better understand the meaning of words than of numbers.
Zimmer (1983), as cited in Timmermans (1994), has argued that it is more natural to think and talk about
uncertainty in verbal terms, and that people are more skilled in using the rules of language than in using the rules of
probability. Nonnumerical phrases are supposed to be more useful to express the actual vagueness of an opinion
than numbers (Budescu and Wallsten, 1985; see also Zwick, 1987). Timmermans (1994), for example, who studied
decision making by physicians, states that physicians are reluctant to use numbers because numbers might suggest
more precision than warranted by the available information.

Although the AHP allows decision makers to express preferences verbally or numerically, comparisons
expressed in numbers are required to compute the importances or weights. Therefore all verbal judgements are
converted into numbers. For example, if a decision maker indicates to prefer alternative A moderately to alternative
B, the AHP translates this verbal statement into the numerical score 3. This means that the AHP assumes that the
decision maker prefers alternative A three times as much as alternative B. It is doubtful whether the regular use of
the phrase 'moderately preferred' refers to this value. Besides, several studies have shown that verbal expressions
have different numerical meanings to different people (se¢ section 1 for an extensive discussion). The ability to use
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verbal expressions is one of the attractive features of the AHP from the practitioner’s point of view, but how does it
affect the outcome of the AHP analysis? In this paper we will explore the consequences of the conversion process as
proposed by Saaty (1980). The central research question is: does the mode of making pairwise comparisons,
verbally or numerically, influence the quality of the AHP analysis?

in Section 1 we will review studies that have compared verbal and numerical judgements. Because most studies
concentrated on the interpretation of probability phrases, we will also discuss the consequences of these findings for
the AHP. The mode of expressing judgements can affect the quality of the AHP analysis in several ways, for
example it can affect which alternative will be proposed or the ranking of the alternatives. For each of these aspects
an hypothesis has been formulated in section 2. We have tested the hypotheses in a laboratory study with 180
participants. The design of this experiment will be briefly described in section 3. Section 4 will provide an overview
of the results. The implications of our findings are discussed in the final section.

Numerical versus verbal judgements

In the AHP preference phrases as ‘moderately preferred’, ‘strongly preferred’, and ‘extremely preferred’ are
converted into numbers. The quality of this conversion is the topic of our paper. In this section we will provide an
overview of research in a related field, concerning probability phrases, and how these results relate to the AHP. The
numerical interpretation of probability phrases has been a fruitful area of research in the past three decades,
resulting in a rich literature. In many experiments researchers have tried to find out how people interpret terms as
‘likely’, ‘probable’, and ‘almost certain’. Brun and Feigen (1988) refer to the titles of three studies which serve as
indicators of the intruiging findings of these experiments: “How often is often? (Hakel, 1968), ‘How probable is
probable?” (Beyth-Marom, 1982), and ‘Sometimes frequently means seldom’ (Pepper and Prytulak, 1974). There is
overwhelming evidence that people considerably disagree on the numerical interpretation of most verbal
expressions. The numerical values subjects assign to the sane verbal expressions display large ranges (see also
Simpson, 1944, 1963; Stone and Johnson, 1959; Lichtenstein and Newman, 1967; Budescu and Wallsten, 1985;
Clarke et al,, 1992). Verbal expressions may be inadequate for effective communication because the sender of
information can have a different interpretation than the receiver. In a recent study, Timmermans (1994: 148)
reported that the interpretations of the term ‘very likely’ ranged from 30% to 99%. In the AHP the same 1-to-9
conversion table is used for all decision makers regardless how they interpret the phrases. To avoid the
interpretation problem decision makers'should be aware of the contents of the 1-to-9 conversion table. In making
Jjudgenients, they should realize that, for example, ‘moderately preferred’ implies the numerical score of three.
However, this would diminish the attractiveness of the verbal scale considerably. Decision makeérs might feel forced
to use a numerical scale labeled with verbal expressions instead of being able to use a verbal scale with their own
interpretations.

Because many studies consistently found a high between-subject variability of interpretations, research was
directed towards the factors influencing the variability. One potential factor is domain experience. Three studies in
the area of medical decision making report conflicting results. Nakao and+Axelrod (1983) found more consensus
among, physicians than among laypeople for the numerical meaning of verbal terms. However, Kong et al. (1986)
and Timmermans (1994) found no effect of domain experience. The AHP is used by decision makers with varying
experience. 'Due to the inclusive results of the referred studies, there is no reason to expect that the verbal or
numerical mode of the AHP is more suitable for one group of decision makers, e.g. more experienced decision
makers or less experienced decision makers.

A-second factor supposed to-influence the degree of variability in the interpretations is the order in which the
verbal expressions are presented. Hamm (1991) found a higher variability in the numerical values assigned to verbal
phrases when these phrases are presented in a random order. Clarke et al. (1992) report similar results. Hamm
(1991)also found that subjects faced with randomiy ordered lists of phrases are more likely to select phrases in the
second half of the list. In the AHP the verbal phrases are shown in an ordered list, therefore less variability in the
numerical interpretations is expected. The second effect, selecting phrases in the.second half of the list, is also
untikely in the AHP. Besides the use of an ordered list, the number of phrases in the AHP is nine (five different
levels and four intermediate levels), which is within the boundaries of the magical number seven plus or minus two
(Miller, 1956). Flamm (1991) used in his study a list of 19 phrases. :

A third factor that might influence the variability of the interpretations of verbal expressions is context. Does it
make any difference whether a verbal expression is presented as part of a larger text? Literature provides conflicting
clues. According to Mapes (1979) and Bryant and Norman (1983) the numerical interpretations of verbal terms
seem to depend on context. Surprisingly, Beyth-Marom (1982) found that judgements were more variable when an
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-expression appeared in context than when it was judged out of context. This finding was replicated in two of the

three experiments of Brun and Teigen (1988). However, Bass etal. (1974) and Timmermans (1994) found no effect
of context on the variability of interpretations. There seems to bé no straightforward relationship between variability
of interpretations and context, maybe because, as Budescu and[ Wallsten (1995) note, context is not a well-defined
unidimensional concept. According to Brun and Teigen (1988: 402) the interpretations of phrases are biased by
individual differences in opinion. They raise the question in; which context variability is increased rather than
decreased. Brun and Teigen conclude that variability of interpretations can be supposed to increase in contexts
involving controversial topics. In their extensive review of literature, Budescu and Wallsten (1995) distingnish six
situational variables that have been shown to affect the meanings of probability phrases: base rates, the number of
possible alternatives, outcome severity, outcome valence (whether the outcome is positively or negatively valued),
characteristics of available uncertainty vocabulary, and one’s role in a dialogue. In the AHP the context in which
verbal expressions are presented is constant and noncontroversial. The phrases are presented to the decision maker
in a standard context always containing two elements (two alternatives or two criteria). This means that most of the
situational variables mentioned above are expected not to inflience the outcomes of the AHP. However, the design
of an AHP analysis might not account for the effect of outcome severity, particularly important in medical decision-
making, and outcome valence. Both Mullet and Rivet (199-’1) and Cohen and Wallsten (1992) found that the
numerical interpretations of verbal expressions were higher when associated with a positive than with a negative
outcome. ]

People assign highly different values to the same phrases.! The between-subject variability of interpretations is
high, but how about the within-subject variability? In the AHP the conversion table is not used once only, but for
each set of pairwise comparisons of (sub)criteria or alternatives. Stability of the interpretations is therefore an
important assumption. Both Johnson (1973) and Beyth-Maror'n (1982) found that subjects were relatively consistent
in their assignment of numbers to phrases. Also, Budescu land Wallsten (1985) report that individuals have a
relatively stable rank ordering of phrases over time.

Based on this discussion we conclude that between-subject variability is the single most important factor
influencing the numerical interpretation of preference phrasés. Two factors that correlate with the variability are
order and context. Order can be left out because the AHP uses an ordered list of phrases. Important aspects of
context include outcome severity, outcome valence and whether the decision (or parts of it) is controversial. A
decision is controversial if it can have political consequences for the decision maker or can affect his or her image
or status with the organization, To avoid these possible effects, we have selected a noncontroversial decision for our
experiment. :

|
Hypotheses

|
The goal of the AHP is to improve the quality of the decision making process. Thus it is in itself not important if
one decision maker interprets for example ‘moderately preferred” as the numerical score 3 while another decision
maker interprets the same phrase as score 4. Crucial to the’AHP is: do differences in interpretations influence the
quality of the AHP analysis? Does the AHP only provide reliable results for decision makers who interpret the nine
phrases in the same way as the 1-9 conversion table does? |According to Poyhonen et al. (1996) the AHP leads to
erroneous results if a decision maker does not interpret thtlé verbal statements as weights ratios from one to nine.
However, it might be possible that, although each translation of a verbal judgement into a number contains an error,
the errors average out. A possible explanation is that similar conversion errors are made in each set of comparisons.
Then the final scores of the AHP analysis could still be acciirate, aithough less than perfect. This idea is reflected in
the wamning of Dyer and Forman (1991: 90) that verbal judgements may be used for one set of judgements and
numerical judgements for another, but that one should not mix the verbal and numerical modes for any set of
judgements. {

The AHP offers both modes, the verbal and the numeric:al mode. Therefore our basic hypothesis is that the mode
itself does not influence the quality of the AHP analysis, “tle have investigated this hypothesis in several ways. The
first category of analyses concentrate on the outcome of th? AHP. We have investigated the choice, the ranking, and
the preference scores as predicted by the AHP. Second, the intermediate results of the AHP analysis are
investigated. Hypotheses have been formulated regardingl- the importances of criteria, the range of the weights of
criterion levels, and the degree of linearity of the utility curves.

The first set of hypotheses refer to the outcome of the/AHP analysis. The AHP analysis ends with an advice of
which alternative the decision maker should select, this is the alternative with the highest preference score. The
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. numerical and the verbal mode should be equally able to predict which alternative the decision maker will select

from a given set of alternatives (Hauser and Koppelman, 1979; Elrod et al., 1992).

Hypothesis 1: The numerical and the verbal mode are equally able to predict which alternative a decision maker
will choose from a set of alternatives.

The AHP analysis produces a ranking of the alternatives considered. If both modes are able to provide a good
reflection of the preference structure of the decision maker, they both should be able to predict the ranking within a
set of alternatives (Schoemaker and Waid, 1982; Tscheulin, 1991).

Hypothesis 2: The numerical and the verbal mode are equally able to predict the ranking of a set of alternatives.

Hypothesis 2 tests the ranking of the altenatives and refers to the ordinal characteristics of the preference data only.
A more stringent test consists of the comparison of the actual and predicted preferences scores (Schoemaker and
Waid, 1982; Akaah and Korgaonkar, 1983). Both the numerical and the verbal mode should be able to predict the
scores assigned to alternatives by the decision maker.

Hypothesis 3: The numerical and the verbal mode arve equally able to predict the preferences (scores) for a set of
alternative.

The remaining hypotheses refer to the intermediate. results of the AHP analysis. These results consist of the
importances of the criteria and the weights of the criterion levels. Pairwise comparison of all criteria enables the
AHP to compute the importance of each criterion. These importances are not only necessary to compute the
preferences for alternatives, but are also used during the sensitivity analysis at the end of an AHP session.
Sensitivity analysis, which can be easily performed by means of an AHP software package (Buede, 1992), shows
the impact of changes in the importances on the preferences for alternatives. The smaller the impact of these
changes, the more confident the decision maker is expected to be in the outcome of the AHP analysis. Given the
significant role of the importances, the numerical and the verbal mode should produce similar importances.

Hypothesis 4: The numerical and the verbal mode are equally able to predict the importances of the criteria.

In the introduction of this paper we provided the example of a decisiont maker who prefers altemnative A moderately
to alternative B. The AHP interprets this verbal statement as the numerical score 3, implying that the decision maker
prefers alternative A three times as much as altemnative B. Given the meaning of the word ‘moderately’ in the regular
use of language, the score 3 is probably an overestimation of the difference as perceived by the decision maker. The
same applies to the other verbal judgements in the AHP. Pyhonen et al. (1996) found that the 1-to-9 scale
overestimates the ratios assigned to verbal expressions. Also alternatives to the 1-to-9 integer scale contain smaller
numbers for the values in the range between 1 to 9 (Ma and Zheng, 1991; Salo and H&mal4inen, 1993). Thus, in
comparison to the numerical mode, the verbal mode is expected to predict larger differences between criterion
levels. This implies a larger range between the weights of the most preferred criterion level and the least preferred
criterion level.

Hypothesis 5: The verbal mode predicts a larger range of the weights of the criterion levels than the numerical
mode.

The AHP enables decision makers to express non-linear utility of quantitive factors (like price or distance). Many
models in decision theory assume linear utility, but there has also been substantive research towards non-linear
decision models (see for example, Karmarker, 1978; Fishburn, 1988). Often it is assumed that non-linear utility
curves are more realistic. When in the AHP the weights of the criterion levels are considered as single points on the
utility curve, both the numerical and verbal mode can resuit in a non-linear utility curve. According to Dyer and
Forman (1991: 123) humans have a tendency to overlook the non-linearities in their utility when using numerical
comparisons. Therefore, they advocate to use verbal judgements for numerical data. Based on this line of reasoning,

it is more likely to find linear weights curves for criteria with an underlying numerical continuum in case of
numerical judgements,

Hypothesis 6: The numerical mode predicts weights curves for quantitive criteria with a higher degree of linearity
than the verbal mode.
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Research design

The hypotheses were tested in a laboratory study with 180 participants. The participants were students of the
University of Groningen. The decision task they had to complete was the selection of a room to rent. We
incorporated five criteria, rent, area, location, type of house, and facilities. The first two criteria are quantitative and
have four levels. The other three criteria are qualitative and have three levels (Table 1). The levels were selected
based on a survey to determine the acceptable levels. (See Huizingh and Vrolijk (1996) for a more extensive
description of the research design.)

Table 1: The selected criteria and the levels of these criteria.

Criterion  Level 1 Level 2 ‘ Level 3 Level 4
Rent Dfl 450 Dfi 375 ~ Df1300 Df1225
Area 10 m2 15 m2 20m2 25m2
Location centre in between near the university
Type small student house  large student house  student flats

(3 students) (6 students)
Facilities  garden balcony none

Each participant completed three tasks relevant for this study (the study is part of a larger research project). These
three tasks were (1) making the AHP pairwise comparisons, (2) comparing a small set of alternatives, and (3) rating
a large set of alternatives. To prevent order effects in which the completion of one task influences the results of
subsequent tasks, an activity that had nothing to do with the research project was inserted between each decision-
making task (a quiz concemning sports and culture in the City of Groningen).

1. AHP task. We used a variant of the absolute measurement approach (Saaty, 1986). In this variant the criterion
levels were described by means of absolute intensities (Huizingh and Vrolijk, 1996) instead of relative
intensities (as low, medium, and high). To complete the AHP task the participants first compared the levels of
each criterion pairwise and then similar judgements were made for the criteria. The participants were randomly
assigned to the numerical or the verbal mode of the AHP. Half of the participants made verbal judgements, the
others used numbers. A similar research design was used in Study-1 of Hamm (1991). We applied the same
conversion table as is implemented in the software package Expert Choice (Table 2).

Table 2: The conversion table to translate verbal preferences into numbers.

Verbal Judgement Numerical Judgement
Equally preferred

Equally to moderately
Moderately preferred

Moderately to strongly
Strongly preferred

Strongly to very strongly
Very strongly preferred

Very strongly to extremely
Extremely preferred

O 0 = OV R W N -
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. By means of the other two tasks preference scores of alternatives were collected which could be used to evaluate the
AHP predictions.

2. Comparing task. The participants divided 100 points among four alternatives. This task is similar to decision
tasks in practice and AHP applications as reported in literature. In these tasks decision makers simultaneously
compare a limited number of alternatives.

3. Rating task. The participants rated 25 rooms on a 0 - 100 scale. This task is relevant because the AHP and other

Multiple Criteria Decision-Making methods assume that decision makers have an implicit decision model. This
model enables decision makers to judge or score a number of alternatives independent of each other.

We will refer to these two tasks as the evaluation tasks. The room descriptions for both evaluation tasks were
generated by the orthoplan procedure in SPSS (SPSS, 1990). One of the authors developed a computer program to
support the data collection. 91 Participants completed the numerical mode of the AHP, and 89 the verbal mode. The
data of the AHP task were used to generate the predictions for the alternatives in both evaluation tasks (solution
method was the right eigenvector). The hypotheses were tested with these predictions.

Results

In the next sections we will discuss the results of the laboratory study with respect to the hypotheses.

1. Choice

Table 3 shows the number (and percentage) of cases in which the numerical and verbal mode of the AHP predict
the same choice as the decision maker made in the evaluation task. The number of correct predictions is not an
integer value because of ties, If two altematives were preferred most in an evaluation task and AHP computed the
highest preference for one of them, the value 0.5 was assigned, instead of 1 (Leigh et al., 1984). Consequently table
3 shows a conservative estimate of the predictive ability of both methods. For the rating task both methods show
almost equal results (49% and 51% correct predictions). For the comparing task the difference between both modes
is larger (53% versus 47%), but still not significant. This means that both evaluation tasks confirm the hypothesis
that the numerical and the verbal mode of the AHP are equally able to predict which alternative a decision maker
will choose from a set of alternatives.

Table 3: Number and percentage of correct choices predicted by the numerical mode (n = 91) and the verbal
mode (n = 89) (hypothesis 1; binominal test).

Choice Correct predictions Differences

N % % Z-score

(p-value) .

Rating task
- Numerical mode 4491 49.35 -1.69 0.227
~ Verbal mode 4543 51.04 (.82)
Comparing task
- Numerical mode 48.50 53.30 6.30 0.845
- Verbal mode 41.83 47.00 (.40)

2. Ranking of alternatives

The second hypothesis refers to the ability of the numerical and the verbal mode to predict the ranking of a set of
alternatives. Kendall's tau is used to measure the extent to which the ranking of the AHP resembles the ranking of
the validation task (Green et al., 1972; Timmermans, 1985; Tscheulin, 1991). The results are displayed in Table 4.

For the rating task the mean of the Kendall's taus of both groups is almost equal (numerical 0.47 and verbal 0.46),
resulting in a very large p-value of the Mann-Whitney test (this test was used because of the non-normatlity of the
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Kendail’s taus). The comparing task shows similar results, although the difference between the means of Kendall’s
taus for both methods is larger (numerical 0.48 and verbal 0.43). The numerical mode is slightly better than the
verbal mode in both cases, but the Mann-Whitney test indicates that the differences between the numerical and the
verbal mode are not significant. This means that we can accept the hypotheses that the numerical and the verbal
mode are equally able to predict the ranking of a set of alternatives.

Table 4: Rank order correlation coefficient of the numerical mode (n = 91) and the verbal mode (n = 89)
(hypothesis 2; Mann-Whitney test).

Rank order correlation Mean of Mann-Whitney test
Kendall’s Mean of U Z-score (p-

Correlation between Tau ranks value)

Rating task and

- Numerical mode A7 914 3970 -228

- Verbal mode .46 89.6 (.82)

Comparing task and

- Numerical mode 48 94.4 3696 -1.02

- Verbal mode 43 86.5 (31

3. Preferences for alternatives

The third hypothesis deals with the differences of the preference scores as predicted by both methods. The Pearson
correlation coefficient is used to measure the extent to which the calcuiated preférences resemble the assigned
preferences of the comparing and rating task (Akaah and Korgaonkar, 1983; Van der Lans and Heiser, 1992). The
results are displayed in Table 5. The means of the correlation.coefficients for both methods are almost equal for the
rating task (mumerical 0.63 and verbal 0.60). A similar result is found for the comparing task,’ the mean of the
correlation coefficients of the numerical mode is 0.60, and of the verbal mode 0.56. ). Again, the numerical mode is
slightly better than the. verbal-mode, but for, both tasks the Mann-Whitney test is not significant. Therefore, we

accept our hypothesis that the, numencal and the verbal mode are equally able to predlct the preference scores for a
set of alternatives.

Table 5 Pearson correlation coefficient of the numerical mode (n = 91) and the verbal mode (n = 89).(hypothesis 3;

Mann-Whitney test).
Pearson correlation Mean of Mann-Whitney test “
correlation Mean of U Z-score (p-
Correlation between coefficients ranks value)
Rating task and
- Numerical mode 63 ) 94.2 3712 ~966
- Verbal mode 60 86.7 (33)
Comparing task and
- Numerical mode .60 94.4 3863 -532 -
- Verbal mode . .56 86.5 (.59)

Aol : " . ]

4. Importance of criteria

According to the fourth hypothesis the numerical and the verbal mode should produce similar importances of the
criteria, This hypothesis has been tested for all five criteria (see Table 6). The first two columns contain the means
of the importances as computed by the numerical and the verbal mode. A two-tailed t-test was performed to test the
hypothesis of equal means. As the p-values in table 6 show, none of the differences is significant. In case of
criterion Rent the difference was almost significant (p = 0.06), the other criteria have much larger p-values. This
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- implies that, as hypothesized, the numerical and the verbal mode compute almost equal importances for ail five
criteria.

Table 6: The importance of criteria as computed by the numerical mode (n = 91) and the verbal modec(n = 89)
(hypothesis 4; t-test).

Criterion Mean of importances: Difference T-test
Numerical mode  Verbal mode in means t-value p-value
(two-tailed)

Rent 28 24 .040 1.93 06
Area 22 24 -014 -74 46
Location 21 21 -001 -.06 .96
Type 17 19 -.026 -1.25 21
Facilities 12 12 .001 .05 .96

5. Range of weights

The fifth hypothesis assumes a difference between the numerical and the verbal mode. We expect the verbal mode
to predict larger differences between criterion levels. For each criterion the difference has been computed between
the weight of the most preferred criterion level and the weight of the least preferred criterion level, Table 7 contains
the results of this analysis. For all five criteria the range of the verbal mode is larger than the range of the numerical
mode. A one-tailed t-test was performed to test the hypothesis that the means of the verbal ranges was significantly
different. As dlsglayed in the last column of table 7 all t-values are sxgmﬁcant (p < 0.05)Most of them are highly
significant (p <'0.000). This finding confirms our hypothesxs that the verbal pairwise comparisons were significantly
more exireme than ‘the numerical pairwise comparisons. “Ifi ‘other words: the AHP conversnon table tends to
overestunate the d1ﬂ'erences as perceived by decision makers. ' . aEn

* 3 ¢ PR
Table 7: The range of the wexghts of the most preferred criterion level and thé least preferred criterion ‘lével as
computed by the numerical mode (n =91) and the verbal mode (n = 89) (hypothesis 5; t-test).

Criterion Mean of range: Difference T-test

Numerical =~ Verbal mode in means t-value p-value

© mode - »i .  (one-tailed) .
Rent Sl 54 -037 2.12 - 018
Area 46 .54 -072 -4.70 .000 -
Location 50 59 -091 -4.80 000 -,
Type 53 .60 -.067 -3.78 <000
Facilities 52 .57 -.047 -2.46 008

6. Linearity of weights curve

The final hypothesis refers to the degree of linearity of the weights curve. Because it is much easier to attain a linear
weights curve when expressing judgements numerically, we expect that the weights curves for the numerical mode
are more linear. This hypothesis can be tested only for the quantitative criteria Rent and Area. Both criteria have
four levels. For each respondent a regression line was computed. In this analysis the criterion levels were the
independent variable and the weights the dependent variable. Next, the sum of squares of the residuals (SSR) was
computed for each respondent. Because of the non-normality of the squared and summed residuals, the Mann-
Whitney test was used. A one-tailed test was. performed to test the hypothesm that the means of the verbal SSR’s
was SIgmf' cantly larger than the means of the numerical SSR’s.“The resuifs are'displayed-in table'8: For both criteria
the means of the verbial SSR’s was significantly larger (p < 0.05). This implies that the weights curve was more
linear when the numerical mode had been used. This finding confirms our hypothesis.
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. Table 8: Degree of linearity measured as the sum of squares of the residuals (SSR) of the numerica! mode n=91)

and the verbal mode (n = 89) (hypothesis 6; Mann-Whitney test).

Mean of Mann-Whimey test
SSR Mean of 8] Z-score (one-tailed
ranks p-value)

Criterion Rent

- Numerical mode 0322 84.0 3455 -1.70
- Verbal mode 0421 97.2 (.04)
Criterion Area

- Numerical mode 0243 823 3306 2.13
- Verbal mode 0304 98.9 (.02)

Summary and Conclusions

In the Analytic Hierarchy Process (AHP) pairwise comparisons are made on a 1-9 scale. The nine levels can be
labeled with numbers (the numerical mode) or with preference phrases (the verbal mode). When the verbal mode is
used, 2 conversion table is applied to translate the verbal preferences into numbers. In the area of probability
phrases, many studies have shown that people assign very different numbers ‘to the same phrases. In this study we
have explored the consequences of different interpretations on the quality of the AHP analysis.

The first part of our analyses concentrated on the outcome of the AHP. We studied (1) the alternative proposed
by the AHP, (2) the ranking of the alternatives, and (3) the preference scores of the alternatives. In almost all cases
the numerical mode showed better resuits than the verbal mode, but none of the tests were significant. The same
conclusion was drawn for the importances of the five criteria in our experiment. We found small but insignificant
differences. However, two other intermediate results were significantly different. The range of weights between the
most preferred and the least preferred criterion level was significantly larger for the verbal mode. This applied for
all five criteria. We can conclude that, as expected, the conversion table of the AHP overestimatesthe preferences of
decision makers. For example, 'moderately preferred is assigned the score'3, for most decision makers it should be
a lower score. The second significant finding is related to the degree of linearity of the weights curve. For both
quantitative criteria-we found that this-curve tends to be more linear when the decision ‘makers used the numerical
mode.

Based on the results of our experiment, we concludesthat using the verbal mode. without knowing how people
interpret the preference phrases leads to a small loss of decision quality. This finding is consistent with other studies.
Budescu, Weinberg and Wallsten (1988) had subjects bid for two-outcome gambles. The gambles varied according
to domain (gain or loss) and mode.of probability presentation (numerical, verbal,’or graphical)! Subjects earned
significantly more money in the numerical (and graphical) mode than in the verbal one, but the difference was small
in each domain. Over all gambles with positive expected value (the gain gamies), subjects eaned only 1.23% less
money in the verbal condition than in the other two conditions combined. The losses were larger by only 4.65%.
Erev and Cohen (1990) found similar results. They asked four basketball experts to assess the probabilities of
upcoming basketball game events. The probabilities were expressed both il numbers and in phrases
Undergraduates used the-assessments for making gambling decisions. The average difference between the decision
makers' profits using the numerical and the verbal mode was in favor of the numerical mode but far from
significant. Given the well-known preference of people for verbal instead of numerical judgements {(Zimmer, 1983;
Budescu and Wallster, 1985; Zwick, 1987; Hamm, 1991), the optimal ‘solution would be to include a personal
conversion table for each decision maker. Although optimal, it may not be a practical solution. Therefore, if
accuracy is not very important, we can support the conclusion of Hamm (1991): in these situations the ease and
comfort of verbal expressions may be worth the small cost.

The results of the verbal mode of the AHP might be improved by using an alternative AHP conversion table.
Examples are the 9/9-t0-9/1 scale (Ma and Zheng, 1991) and the balanced scale (Salo and Himildinen, 1993).
Systematic research is needed on the quality of these and other scales that can be applied within AHP. These studies
should also pay attention to the context of the decision situation. For example, outcome severity and outcome
valence have found to affect the meanings of probability phrases. These findings directly address the validity of the
AHP assumption that a single conversion scale can be applied for all decision makers in all circumstances.
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