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An item response theory and factor analytic examination of two
prominent maximizing tendency scales
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Abstract

The current study examines the construct validity of the Maximization Scale (MS; Schwartz et al., 2002) and the
Maximization Tendency Scale (MTS; Diab et al., 2008) as well as the nomological net of the maximizing construct.
We find that both scales of maximizing suffer psychometrically, especially in their proposed dimensionality. Using
confirmatory factor analysis and item response theory (IRT) we identify and remove three problematic items from the
MTS and six problematic items from the MS. Additionally, we find that the MS appears to be measuring difficulty and
restlessness with the search for the best alternative, whereas the MTS is more focused on the search for the best option,
regardless of choice difficulty. We then examined these revised scales in relation to other psychological constructs in
the nomological net for maximizing and found that maximizers may not be unhappy but are generally distressed in the
decision-making context. Finally, we suggest that future maximizng research use revised form of the MTS that seems to
us to be most consistent with the original concept of maximizing/satisficing.
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1 Introduction

The conceptualization and measurement of the maximiz-
ing construct has received considerable attention in the
last ten years (Schwartz et al., 2002; Nenkov et al., 2008;
Diab, et al., 2008; Lai, 2010; Rim, et al., 2011). Tra-
ditional economic models of choice theorized that indi-
viduals pursue a maximization goal in decision-making
contexts. However, in an evaluation of the existing
data and economic models Simon (1956) stated, “Evi-
dently, organisms adapt well enough to ‘satisfice’; they
do not, in general, ‘optimize’ .” Building on this re-
search, Schwartz et al. attempted to define the psycho-
logical effects of maximizing for those who pursue max-
imizing goals. Specifically, they theorized that in envi-
ronments with a lot of choice, individuals with a maxi-
mizing goal would likely be unhappy and regret their de-
cisions. Schwartz et al. developed a 13-item measure of
maximization (Maximization Scale; MS) and found that
scores from the MS correlated positively with depression,
perfectionism, and regret and correlated negatively with
happiness, life satisfaction, optimism, and self-esteem.

Since the development of this scale, there has been
considerable debate about the validity of the measure
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and the development of alternative measures. Diab et al.
(2008) developed a new maximization scale (Maximiz-
ing Tendency Scale; MTS) and found that the MTS did
not correlate with constructs such as depression, life sat-
isfaction, and neuroticism. However, their scale did cor-
relate positively with regret. Nenkov et al. (2008) modi-
fied the MS and created a 6-item scale that was found to
have better psychometric characteristics than the original
13-item scale. Lai (2010) also developed a new scale of
maximizing and found that it correlated positively with
optimism and need for cognition, but the correlation be-
tween her measure of maximizing and regret was incon-
sistent across samples. Finally, Rim et al. (2011) exam-
ined both the MS and MTS using item response theory
(IRT) and found that both scales had weakness in mea-
suring the maximizing construct. They also found that
the MTS was not unidimensional as proposed by Diab et
al. (2008). However, Rim et al. did not discuss remov-
ing problematic items. The purpose of the current study
is to examine both the MS and MTS using exploratory
and confirmatory factor analysis, and then use polyto-
mous IRT to resolve the problems found in the scales. In
addition, we test whether these solutions can answer the
question of whether maximizers are happy or unhappy.

1.1 Construct validity of maximizing

Schwartz and colleagues (2002) have changed the per-
spective of the maximizing and satisficing constructs
by departing from both economic models description of
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maximizing choice strategy (von Neumann & Morgen-
stein, 1944), and Simon’s (1955; 1956) view that all de-
cision makers would satisfice in order to adapt to their
environment. Schwartz et al.’s revised perspective is
that both maximizing and satisficing represent choice-
behavior tendencies performed by decision makers de-
pending on their standing on the maximizing construct.
In addition, Schwartz et al. (2002) focused on the de-
gree to which maximizing is associated with regretting
decisions. They proposed that satisficers and maximizers
differ in their sensitivity to regret because of differences
in investment and goals in the decision making process.
For maximizers, the potential for regret can increase as a
consequence of two factors. The first is the potential for
failing to find the best option after spending much time
and effort in searching for the very best alternative. The
second is the potential for failing to choose the very best
option in spite of the amount of available choice in the
market place. Therefore internalizing the failure as re-
flecting the decision makers’ inability to optimally make
a decision would yield great dissatisfaction. On the other
hand, satisficers have the goal of finding a good enough
alternative that has crossed the decision maker threshold,
consequently, the time and effort spent by satisficers dur-
ing the choice process is much more modest. Thus, sat-
isficers are likely to experience less dissatisfaction, not
only because their investment is modest, but also because
their goal does not elicit unrealistic expectations.

Schwartz and colleagues performed a series of corre-
lational studies to provide evidence for the differentiation
of these two groups (maximizers and satisficers), not only
with reference to the choice tendency, but also in relation
to a variety of other psychological constructs. The other
dimensions in the nomological net of maximizing were
subjective happiness, which assesses dispositional happi-
ness (Lyubomirsky & Lepper, 1999); depression (Beck
& Beck, 1972); life orientation, which assesses dispo-
sitional optimism (Scheier & Carver, 1985); satisfaction
with life (Diener, et al., 1985); dispositional neuroticism
(John, et al., 1991); self-oriented perfectionism (Hewitt
& Flett, 1990; 1991); and self-esteem (Rosenberg, 1965).

Findings for the validity of the MS, based on the re-
lationships between maximizing and the aforementioned
constructs in the nomological net showed that maximiz-
ers experience less satisfaction, happiness, optimism, and
self-esteem than satisficers. In addition to that, maximiz-
ers were found to experience more regret, depression, and
tendency towards perfectionism than satisficers. No gen-
der difference was found in four out of the seven samples,
and in the other three samples, males were more likely
than females to be maximizers. Schwartz et al. argued to
have demonstrated support for the satisficing/maximizing
construct, but some of the psychometric results of the MS
were not strong.

These less than optimal psychometric results have
motivated researchers to re-evaluate the scale measur-
ing the maximizing/satisficing construct. A particular
re-evaluation of the MS and its psychometric proper-
ties came from Diab and colleagues (Diab et al., 2008).
More specifically, Diab et al. have indicated that there
are psychometric and conceptual irregularities with the
MS. First, they indicated that the MS falls short of com-
monly accepted psychometric standards. Second, they
suggested that there was not a clear connection between
the theory of maximizing and satisficing and the MS. As
reported by Diab et al. (2008), even though the theoret-
ical basis for the original maximizing scale is Simon’s
(1955) definition of maximizing representing the opti-
mization goal, many of the items that compose the MS
seem to diverge from this definition. For instance, items
such as having “difficulty writing letters to friends” and
“preference for ranking things like movies” do not seem
to fit conceptually with an optimizing goal definition.
Third, Diab and colleagues argued that the Schwartz et
al. (2002) conclusion that the tendency to maximize was
correlated with being less happy was a reflection of how
the construct was measured, and not a reflection of the
construct itself.

Diab et al. (2008) addressed the above criticisms by
developing the MTS. This scale was expected to better
represent and measure the constructs of maximizing and
satisficing. The MTS has three items from the original
MS and six new items that tap into the definition of maxi-
mization as an “optimization goal”. Furthermore, Diab et
al. examined the correlation between MTS and measures
of indecisiveness, avoidance, regret, neuroticism, and life
(dis)satisfaction. Results showed clear differences be-
tween the original MS and the new MTS. First, they
found that the MTS demonstrated substantially greater
internal consistency reliability than the MS (MS α = .58;
and MTS α = .80). As predicted, the MTS was largely un-
related to maladaptive personality and decision-making
constructs. More specifically, MTS did not correlate with
indecisiveness, avoidance, neuroticism, and life (dis) sat-
isfaction, except regret. Although, the correlation be-
tween tendency to maximize and regret was lower for the
MTS (r = .27) than observed for the original MS (r = .45).
In sum, Diab and colleagues presented a different version
of maximizing that revealed better psychometric proper-
ties, and brought to the literature new findings. However,
the two most important distinctions between both scales
are theoretical. First, Schwartz et al. (2002) regard the
construct as multidimensional, involving multiple goals
and aspects of the decision maker, and Diab et al. (2008),
on the other hand, view the maximizing construct as a
unidimensional measure that reflects the goal of finding
the very best. Second, the findings for the validity of the
MS suggested that the construct of maximizing is associ-
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ated with unhappiness, however, the MTS was not related
to unhappiness or other maladaptive measures, except re-
gret.

It is interesting that the MS and the MTS, which os-
tensibly measure the same construct, produce different
results regarding the relationships between maximizing
and the other constructs in the proposed nomological net.
Although the work thus far has been focused on improv-
ing the measurement of the maximizing construct, ques-
tions still remain as to our conceptual understanding of
the construct itself. Given the diverging results from the
previous work, it may be plausible that maximizing and
satisficing are separate constructs rather than polar ends
of a single construct continuum. We will focus on better
understanding of the maximizing and satisficing perspec-
tive through both MS and MTS.

For Schwartz et al. an important difference between
maximizing and satisficing is in the choice goal. They
even suggested that, “a satisficer often moves in the di-
rection of maximizing without ever having it as a delib-
erate goal” (Schwartz et al., 2002, p. 1178). Therefore,
satisficers could be maximizers, as measured in terms of
effort, time, or even aspiration level, but they differ from
maximizers in the sense that they do not have the goal
of optimizing (i.e., finding the very best option). If that
is the case, the psychometric measure developed to as-
sess the distinction between these two groups of people
should focus on the goal of optimization. Examining the
MS, the questions do not seem to be associated with the
goal of optimization. In fact, most of the questions seem
to tap into the difficulty of finding the best choice (e.g.,
“I treat relationships like clothing, I expect to try a lot on
before I get the perfect fit” see also questions 7, 8, and
10). Some items also appear to be addressing restless-
ness towards one’s current choice or state (e.g., “I often
fantasize about living in ways that are quite different from
my actual life”; “No matter how satisfied I am with my
job, it’s only right for me to be on the lookout for better
opportunities” see also questions 1 and 2).

It has been shown in the literature that unhappiness
is associated with restlessness (Levenson & Neuringer,
1971; Arens, 1982). Considering that, it should not be a
surprise that the MS is positively associated with life dis-
satisfaction. The question now would be why unhappi-
ness or restlessness would necessarily be associated with
people who have the choice goal of finding the best op-
tion? One answer provided by Schwartz (2004) indi-
cates that there are too many alternatives available for
people to choose from, which leads to feelings of anx-
iety and frustration. This process has been labeled as
choice overload, which is operationalized in studies of
choice by increasing the the number of options to choose
from. On the other hand, there is controversy in the liter-
ature on the existence of choice overload. Some studies

have found evidence for it,whereas other studies have not
found such evidence (Scheibehenne, et al., 2010). In fact,
Scheibehenne et al. presented a meta-analytic review of
choice overload and found little evidence for such an ef-
fect. The absence of choice overload raises problems for
the previous question on the association among unhappi-
ness, restlessness, and maximizing tendencies to remain
unanswered, but also inquiries on the association between
the MS and the concept of optimization as a goal.

Doubts about the association between maximizing and
dissatisfaction became even more evident after Diab et
al.’s (2008) findings that the construct of maximizing was
not associated with life dissatisfaction. Therefore, we be-
lieve the association between MS and life dissatisfaction
is probably due to the difficulty and restlessness incorpo-
rated in all the questions of the scale. What would then
explain the lack of association between the MTS and life
dissatisfaction? Examining the MTS questions, we can
make some inferences. First, none of the items addresses
difficulty with the choice or restlessness. By restlessness,
we mean the constant search for something better, even if
one is supposedly happy with one’s choice. Second, most
of the questions focus on the idea of optimizing and not
settling. As a result, we believe that the MTS measures
an individual’s tendency to search for the best option and
is silent on the issue of choice difficulty. It could be
that individuals who score high on the MTS enjoy com-
plex thinking and therefore do not find optimization to
be stressful. In conclusion, we believe it is reasonable
to think that MS measures frustration with decision diffi-
culty and restlessness when searching for the best option
whereas MTS just measures the individuals’ tendency to
search for the best option.

1.2 Development and refinement of the
maximizing scales

Basing their definition of a maximizer from Simon’s con-
ceptualization of the term, Schwartz et al. (2002) began
the creation of a measuring instrument for the constructs
of maximization and regret. Beginning with a 42-item
questionnaire, the number of items was soon reduced to
22 based on item reliability and face validity. Schwartz
et al. conducted a principal components analysis (PCA)
with the goal of establishing a scale where all the items
would load on to a single component. However, the
analysis produced a three component model with 4-items
that had low item-total correlations that were then elim-
inated. This realization lead to the construction of the
13-item scale that Schwartz and colleagues divided into
three components that they felt could accurately measure
the characteristics of maximizers. These components are
choice difficulty, difficulty with large numbers of options,
and high standards.
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Nenkov et al. (2008) conducted an analysis of the re-
liability, factor structure, and validity of the Schwartz et
al. MS and created a short form of the scale. Following
the original analysis, they found that several of the items
qualified for removal, as they scored low based on com-
monly accepted psychometric standards. Nenkov et al.
also questioned the factor structure of the original scale.
They performed a confirmatory factor analysis (CFA) on
three newly developed factors, alternative search, deci-
sion difficulty, and high standards and found that some
items loaded on to more than a single factor and thus did
not support the proposed model. They also found that
six of the items had factor loadings below .50. Nenkov
et al. concluded that, despite the scale having sufficient
internal consistency and construct validity, it is not unidi-
mensional. However, they did not report the correlation
between the factors. They performed a second analysis
to identify problematic items in the maximization scale
and to develop a short form of it. Items were evaluated
based on “external, internal and judgmental criteria” (p.
376). For the creation of a short scale, items were selected
based on their assortment into the three dimensions. Re-
sults showed that the 6-item scale fit the proposed model
significantly better while retaining good levels of relia-
bility and nomological validity. Similar to the original
13-item scale, they found negative relationships between
the new short scale of maximizing and life satisfaction,
happiness,and found a positive relationship with regret.
Thus, it appears, even with the 6-item scale, that those
who are high on maximizing may be happy and regret
their choices more than those who are low.

As stated previously, Diab et al. (2008) felt that the
maximization scale was lacking in its reliability and va-
lidity. Diab et al. constrained the development of the
MTS to searching for an optimal alternative. Specifi-
cally items were generated based on this definition, “I
am uncomfortable making decisions before I know all
of my options.” In addition, they stated that their scale
was unidimensional, which they theorize is an important
characteristic of measuring maximizing. Results of their
analysis found that the MTS had considerably higher lev-
els of internal consistency and did not correlate with life
satisfaction, avoidance, neuroticism, and indecisiveness.
However, their scale did correlate positively with regret.
However, in their study the MS exhibited similar rela-
tionships found in previous studies. Therefore, it is pos-
sible as we stated that MTS and MS are not measuring
the same construct.

Rim et al. (2011) reevaluated the MTS and MS, but
differed from previous papers evaluating the scales by
performing IRT analysis. Before performing IRT, they
examined the factor structure of both scales using Ex-
ploratory Factor Analysis (EFA) and CFA. Results of the
EFA indicated that a three-factor model fit the data well

for the maximization scale. Results of the CFA indicate
that a three-factor solution fits the data the best; however,
their CFA revealed that two of the factors (decision dif-
ficulty and high standards) are likely not measuring the
same underlying construct.

Diab et al. (2008) claimed that the MTS is unidimen-
sional. Results of the EFA indicated that a three-factor
model fit the data the best; however, there was evidence
of overfactoring, which occurs when the major factor is
estimated, but addtional factors are poorly estimated. Re-
sults from the CFA indicated that a three-factor model fit
the data the best, but that the factor loadings were not in-
terpretable and thus they concluded that the factor struc-
ture is unspecifiable.

Rim et al. (2011) applied IRT analysis to the MTS and
MS, specifically using the graded response model (GRM;
Samejima, 1969). The results of their analyses indicated
that many of the items did not provide adequate discrim-
inability. Specifically they set a standard of item discrim-
inability and found that only four items between both of
the scales met or exceeded this standard. In addition, they
claimed that the current maximizing scales might in fact
be measuring satisficing rather than maximizing.

1.3 Current study

In addition to addressing the construct validity of the both
the MTS and MS we also wanted to address the psycho-
metric properties of the scales. In the current study, we
extend the work done by Rim et al. (2011) by using EFA,
CFA, and IRT to revise the scales on the basis of their
dimensionality and item information parameters. We do
this for three reasons. First, by reducing the number of
items in both scales we are seeking to reduce the number
of factors in both scales. Specifically, by removing items
that contain little or no information from the MTS we pre-
dict that the scale will better fit a one-factor solution. Sec-
ond, by removing items that contain little information the
new revised scales will be a more parsimonious scale of
the maximizing construct. Although, removing any item
from a scale, even bad items, reduces the overall informa-
tion of the scale, the goal of this analysis is to produce the
most parsimonious scale. Third, reducing the number of
items in both these scales has practical value because both
these scales can be given in experiments easily, where the
experimental data can help resolve differences between
these scales. Finally, we preserved the original response
scale structure of the MTS and MS in our study as 5-
category and 7-category (respectively) response scales to
maintain consistency with their original forms.

We will first subject both the MTS and MS to an (EFA)
and a (CFA) to determine their dimensionality in our sam-
ple. We will then use item response theory (IRT) to ex-
amine the information that each item contributes to the

http://journal.sjdm.org


Judgment and Decision Making, Vol. 7, No. 5, September 2012 An examination of two maximizing tendency scales 648

maximizing construct. Low information items will be re-
moved from each scale in an effort to improve the overall
reliability and construct validity of the measures. Finally,
we will examine the MTS and MS and their revised ver-
sions in comparison to constructs commonly found in the
maximizing literature.

2 Method

2.1 Samples
Participants were undergraduate students from a large
Midwestern U.S. university (N = 751) and a large North-
eastern university (N = 234) in the United States. No de-
mographic information was collected. Participants with
missing data on either the MS or MTS were removed
from the data, leaving a total sample size of 948 indi-
viduals. The samples were randomly divided in half for
the EFA and CFA models (N = 474 each). The IRT and
correlation analyses used the combined sample of 948 in-
dividuals.

2.2 Measures
Maximizing Tendency Scale (MTS). The MTS (Diab et
al., 2008) is composed of nine items that are designed
to measure an individual’s tendency toward making opti-
mal decisions. The items are rated on a 5-point response
scale with options ranging from strongly disagree (1) to
strongly agree (5). Higher scores indicate a greater ten-
dency toward maximizing. The reliability of the MTS in
our full (combined) sample was α = .78.

Maximization Scale (MS). Like the MTS, the MS
(Schwartz et al., 2002) is composed of thirteen items that
are designed to measure an individual’s tendency toward
making optimal decisions. The items are rated on a 7-
point response scale with response options ranging from
completely disagree (1) to completely agree (7). Higher
scores indicate a greater tendency toward maximizing.
The reliability of the MS in our full (combined) sample
was α = .71.

Indecisiveness. The indecisiveness scale (Frost &
Shows, 1993) is composed of 15 items that are designed
to measure compulsive indecisiveness. The items are
rated on a 5-point response scale with options ranging
from strongly disagree (1) to strongly agree (5). Higher
scores indicate greater levels of indecisiveness. The reli-
ability of the indecisiveness scale in our full (combined)
sample was α = .84.

Avoidant Decision Making. The avoidant decision
making measure (Scott & Bruce, 1995) is composed of
five items that are designed to measure the extent to
which an individual puts off making an important deci-
sion. The items are rated on a 5-point Likert–Type re-

sponse scale with options ranging from strongly disagree
(1) to strongly agree (5). Higher scores indicate greater
levels of avoidance. The reliability of the avoidant deci-
sion making measure in our full (combined) sample was
α = .90.

Regret. The Schwartz Regret Scale (Schwartz et al.,
2002) is composed of five items that are designed to mea-
sure regret following a decision. The items are rated
on a 7-point response scale with options ranging from
completely disagree (1) to completely agree (7). Higher
scores indicate greater levels of post–decision regret. The
reliability of the regret scale in our full (combined) sam-
ple was α = .65.

Neuroticism. The Goldberg Neuroticism Scale (Gold-
berg et al., 2006) is composed of 20 items presented
as short statements that would describe an individual as
generally depressed, moody, doubt–filled, etc. Partici-
pants are asked to respond to each statement using a 5-
point response scale ranging from strongly disagree (1) to
strongly agree (5). Higher scores indicate greater levels
of neuroticism. The reliability of the neuroticism scale in
our full (combined) sample was α = .93.

Life Satisfaction. The Satisfaction With Life Scale (Di-
ener et al., 1985) is composed of five items that are de-
signed to measure the extent to which an individual is
satisfied with with the current conditions in his or her
life. The items are rated on a 5-point response scale with
options ranging from strongly disagree (1) to strongly
agree (5). Higher scores indicate higher levels of satis-
faction. The reliability of the life satisfaction scale in our
full (combined) sample was α = .85.

Depression. The Center for Epidemiological Stud-
ies Depression Scale (Cole et al., 2004) is composed of
20 items that are designed to measure depression-related
feelings that an individual has been having in the past
week. Responses based on frequency of the feelings and
are categorized into five options that are scored from zero
to four. Higher scores indicate more depression-related
feelings. The reliability of the depression scale in our full
(combined) sample was α = .93.

Subjective Happiness. The subjective happiness scale
(Lyubomirsky & Lepper, 1997) is composed of four items
designed to measure a general (dispositional) level of
happiness. The items are rated on a 7-point response
scale with response options tailored to each item. Higher
scores indicate a greater levels of happiness. The relia-
bility of the subjective happiness scale in our full (com-
bined) sample was α = .82.

Optimism. The Optimism Scale (Scheier et al., 1994)
is composed of six items designed to measure general
feelings of optimism for future events. The items are
rated on a 5-point Likert–Type response scale with op-
tions ranging from strongly disagree (1) to strongly agree
(5). Higher scores indicate greater levels of optimism.
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The reliability of the optimism scale in our full (com-
bined) sample was α = .80.

Need for Cognition. The Need for Cognition Scale
(Cacioppo et al., 1984) is composed of 18 items that are
designed to measure the extent to which individuals enjoy
engaging in effortful cognitive tasks. The items are rated
on a 5-point response scale with options ranging from ex-
tremely uncharacteristic of you (not at all like you) (1) to
extremely characteristic of you (very much like you) (5).
Higher scores indicate greater enjoyment with cognitive
tasks. The reliability of the need for cognition scale in
our full (combined) sample was α = .86.

2.3 Analyses
To test the dimensionality of the MS and MTS, we em-
ployed an ordinal exploratory factor analysis followed
by an ordinal confirmatory factor analysis using LIS-
REL v8.8 (Jöreskog & Sörbom, 2006). IRT analyses
were performed using MULTILOG (Thissen, 1991). The
IRT analysis was done using Samejima’s graded response
model (GRM; Samejima, 1969; 1996). The GRM is an
IRT model designed to assess constructs measured with
scales using multiple ordered categories, or polytomous
response scales (e.g., Likert-type scales), and is an exten-
sion of the two-parameter logistic model for binary re-
sponse items.

Using the GRM, an individual’s likelihood of respond-
ing in a particular response category is derived using a
two-step process which first identifies category bound-
ary functions for j − 1 response categories for each item.
These functions are derived using Equation 1 (adapted
from Embretson & Reise, 2000).

Pix(θ) =
e[ai(θ−bij)]

1 + e[ai(θ−bij)]
(1)

In Equation 1, Pix(θ) is the probability that an indi-
vidual with a trait (construct) level θ will respond pos-
itively at the boundary of category j for item i where
x = j = 1 . . . mi. Theta (θ) represents the individual’s
trait (construct) level, ai represents the item discrimina-
tion or slope, and bij represents the category location or
difficulty parameter with respect to the trait continuum.
Importantly, the values of bij should be successive inte-
gers reflecting increased difficulty in progressing through
the response options in well-functioning items.

In the second step of the GRM, the probability of re-
sponding in a particular category is determined using cat-
egory response functions, which are derived by subtract-
ing Pix(θ) from the following category. This process
is illustrated in Equation 2 (adapted from Embretson &
Reise, 2000).

Pix(θ) = Pix(θ)− Pi(x+1)(θ) (2)

Table 1: Ordinal exploratory factor analysis (EFA) of the
Maximization Scale (N = 474).

Item-factor loadings
Single factor Three factor

solution solution

Item Factor 1 Factor 2 Factor 3

1 −.971 .743 −.021 −.017
2 −.588 .760 −.095 −.053
3 .960 .312 .096 −.125
4 .816 .367 .054 .244
5 −.955 .298 .142 .052
6 .799 .414 .028 −.105
7 .639 −.080 .764 −.001
8 .997 .026 .652 −.050
9 .401 .092 .669 −.072
10 −.071 −.073 .576 −.050
11 .992 −.041 .137 .547
12 .704 .301 .066 .416
13 −.984 −.071 −.159 .950

The first category is determined by subtracting Pi1θ from
1.0, and the last category is equal to Pim(θ).

3 Results

3.1 Factor analysis of the MS

To test the dimensionality of the MS, we used our EFA
sample (N = 474) and employed an ordinal EFA followed
by an ordinal CFA using LISREL v8.8 (Jöreskog & Sör-
bom, 2006). We generated three separate exploratory fac-
tor analyses (one, two, and three factor solutions) to un-
derstand how the individual items loaded on the respec-
tive factors. A promax (oblique) rotation was employed
in the three factor analyses. The single factor solution
suggested that several items loaded inversely on the fac-
tor and at least one item did not load at all. The two-factor
solution resulted in over-factoring and insufficient factor
loadings for several items making the solution uninter-
pretable. Based on these results, the two-factor solution
was not regarded as acceptable and was not included in
the subsequent confirmatory factor analyses. The three-
factor solution produced an interpretable factor structure,
however several items had very low factor loadings. Fac-
tor loadings are presented in Table 1.
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Table 2: Ordinal confirmatory factor analysis for the Maximization Scale (MS) (N = 474).

Scale Factors χ2 df RMSEA (90% C.I.) AGFI CFI
MS One 226.45*** 65 .072 (.062–.083) .945 .640
MS Three 150.80*** 62 .055 (.044–.066) .970 .800
MS (Nenkov) Three 61.92*** 24 .058 (.040–.076) .970 .880
MS (Revised) Three 19.14 17 .016 (.000–.046) .990 .990
*** p<.001

Table 3: Ordinal exploratory factor analysis of the Maxi-
mizing Tendency Scale (N = 474).

Item-factor loadings
Single factor Two factor

solution solution
Item Factor 1 Factor 2
1 .689 .218 .624
2 .861 .765 .160
3 .826 .756 .116
4 .878 .695 .287
5 .853 .682 .303
6 .884 .981 −.139
7 .504 −.027 .757
8 .560 −.166 .982
9 .780 .950 −.273

We followed the exploratory factor analysis with an or-
dinal confirmatory factor analysis with a separate, hold-
out sample. Due to the nature of the response scales
used in the MTS (categorical, Likert-type response op-
tions), we used weighted least squares (WLS) approxi-
mation and polychoric correlations with the asymptotic
covariance matrix as the weight matrix in the models. To
evaluate model fit, we used the root mean square error of
approximation (RMSEA) and its 90% confidence interval
as an absolute fit index, and the adjusted goodness-of-fit
index (AGFI) and comparative fit index (CFI) as incre-
mental indices. The following index combinations and
cut-off values were used: An RMSEA value < .08 and
both AGFI and CFI values > 0.95.

Neither the single-factor model nor three-factor model
that included all of the original items fit the data well on
all four measures of fit (see Table 2). The Nenkov et al.
(2008) three-factor short scale fit the data well. How-
ever, it is not recommended to apply IRT analysis to fac-

tors with only two items, which is what comprises the
Nenkov short scale. Therefore, given that the three-factor
model replicates the original characterization of the data
by Schwartz et al. (2002) and fit the data well using RM-
SEA and AGFI, we investigated the individual perfor-
mance of the items within each factor as a unidimensional
construct using a polytomous IRT model.

3.2 Factor analysis of the MTS
To test the dimensionality of the MTS, we employed an
ordinal exploratory factor analysis followed by an or-
dinal confirmatory factor analysis using LISREL v8.8
(Jöreskog & Sörbom, 2006). We generated three sep-
arate exploratory factor analyses (one, two, and three
factor solutions) to understand how the individual items
loaded on the respective factors. A promax rotation (non-
orthogonal) was employed in the two and three factor
analyses. The single factor solution suggested that all
of the items loaded reasonably well on a single factor.
However, items 1, 7, and 8 had the lowest factor loadings
(relatively). In the two-factor solution, items 1, 7, and 8
clearly loaded on a second factor. Finally, the three-factor
solution resulted in over-factoring and insufficient factor
loadings for several items. Based on these results, the
three-factor solution was not regarded as acceptable and
was not included in the subsequent confirmatory factor
analyses. Factor loadings are presented in Table 3.

We followed the exploratory factor analysis with an or-
dinal confirmatory factor analysis with a separate, hold-
out sample. Using the same model fit criteria specified
for the MS, we first tested the single-factor model and
found that it had moderate fit for the data (see Table
4). All fit indices were in the proposed range except for
the CFI. Next, we tested the two-factor model based on
the exploratory factor analysis results and found nearly
identical results. Although there was a drop in the over-
all model chi- square value, this drop was not sufficient
to suggest that the two-factor model was a better fitting
model for the MTS. Based on these results, we can con-
clude (with some reservation) that the MTS fits a uni-
dimensional model. Next, we used a polytomous IRT
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Table 4: Ordinal confirmatory factor analysis for the Maximizing Tendency Scale (MTS) (N = 474)

Scale Factors χ2 df RMSEA (90% C.I.) AGFI CFI

MTS One 100.04** 27 .076 (.060–.092) .97 .91
MTS Two 92.48** 26 .074 (.058–.090) .97 .91
MTS (Revised) One 30.91** 9 .072 (.045–.100) .98 .96

** p<.001

model to investigate the performance of the individual
items in the MTS.

3.3 IRT analysis of MS and MTS

We applied IRT to the MS and MTS to examine the
amount of information that is contained in each item and
then use this information along with the item discrimi-
nation (a parameter) to suggest removing certain items
if they contain little information and have low item dis-
crimination. Item discrimination is an inverse function
of item information, which in IRT models is a measure
of reliability (Embretson & Reise, 2000). Importantly,
total information is an incremental additive function in
which each item contributes to the overall reliability of
the scale. Currently there is no set standard for what
level of item discrimination is good enough to be con-
sidered a good item, nor is there a standard for what is
an adequate level of information that an item must con-
tain. We believe that both the item information and item
discrimination need to be taken into account when de-
termining which items should be removed from a scale.
For the current study, the criterion we used to remove an
item was that the item information curve for an item had
to be relatively flat, be below 0.50 on item information
and have an a parameter below 1.50. Because there is
no standard in the literature when using IRT to remove
items, researchers should clearly state the criteria they
used to determine which items could be removed from
a scale. Zickar et al. (2002) recommend that items with
a parameters above 1.0 should be retained and Hafsteins-
son, Donovan, and Breland (2007) recommend that for
shorter scales the threshold should be increased to 2.0.

Using our IRT sample (N = 948) we fit each factor of
the MS and then fit the MTS as a unidimensional con-
struct using the GRM. Table 5 contains the item param-
eters for the MS and MTS. Figure 1 contains the item
information curves for each item in the MS and Figure 2
contains the item information curves for each item in the
MTS. Examination of the item parameters and informa-
tion curves reveals that a number of items can be removed
from both of these scales according to the criteria we set.

Specifically, items 1, 7, and 8 can be removed from the
MTS and items 3, 4, 5, 6, 10, 12 can be removed from
the MS. As can be clearly shown from Figure 1 and 2
these items contain little information and are flat across
all possible levels of the maximizing construct. Plateau-
shaped information curves are not necessarily bad as this
would indicate that the item is discriminating across a
wide range of the latent trait. However, in the case of
the items we removed these are not plateaued but rather
completely flat lines relative to the other items indicat-
ing that no incremental information is being provided by
these items.

Nenkov et al. (2008) revised the original 13-item
Schwartz et al. (2002) scale and reduced the scale down
to 6-items. There are some differences between the items
they kept and the items that we kept from our IRT anal-
ysis. Their 6-item scale contains three factors and con-
sists of Alternative Search (items 2, 4) Decision Diffi-
culty (items 7, 9) and High Standards (items 11, 12). We
are confident in the items we recommended for removal
because IRT provides the researcher with item level anal-
ysis about the information that a certain item contains in
regards to an underlying construct. Now that we have
suggested removing items from these scales, we reexam-
ine the factor structure of these scales and then we will
examine the correlations between the original scales and
our revised scales with a number of other constructs that
have been shown to be related to maximizing in the past.

3.4 Factor analysis of the revised MS

Given the results of our exploratory factor analysis and
the IRT analysis, we revised the MS to a three-factor,
eight-item structure by removing items that loaded in-
sufficiently on their respective factors and demonstrated
low information functions (see Table 3). We conducted
a CFA (using our CFA data set), on this revised structure
and found that it met all of our criteria for model fit (see
Table 1). Further, the reduction in the overall model chi-
square statistic from the previous models suggests that
our revised scale (Revised MS Short) is a more parsimo-
nious version of the MS. We then tested a three-factor
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Figure 1: Item information curves for the Maximization Scale

model based off Nenkov et al. factor structure with Factor
1 (Alternative Search) containing items 1 and 2; Factor 2
(Decision Difficulty) containing items 7, 8, 9; and Factor
3 (High Standards) containing items 11 and 13. The new
revised scale is presented in Table 6.

3.5 Factor analysis of the revised MTS
Given the results of our CFA and the IRT analysis, we re-
vised the MTS to a six-item structure by removing items
1, 7 and 8 (see Table 4). We conducted a CFA (again us-
ing our CFA sample) test on this revised structure and
found that it met all of our criteria for model fit as a
unidimensional model (see ’). Further, the reduction in
the overall model chi-square statistic from the previous
models suggests that our revised scale is a more parsi-
monious, unidimensional version of the MTS. The new
revised scale is presented in Table 6.

3.6 Correlation analysis
The revised MS and MTS scales, and the original MS,
MS Short (Nenkov et al. 2008) and MTS were subjected
to correlation analysis with various other psychological
constructs often linked to maximizing including: indeci-
siveness, avoidance, regret, neuroticism, life satisfaction,

depression, happiness, optimism and need for cognition.
Table 7 provides descriptive statistics, correlations and
reliabilities for the various psychological constructs. It
should be noted that with such a large sample size small
correlations would be significant.

Following Rim et al. (2011) and Nenkov et al. (2008)
when using the MS Short we examined each factor sep-
arately. The reliabilities for the factors in the MS Short
were all low. Although the reliabilities for the factors in
the Revised MS Short were also low they were higher
than the original MS Short. In regards to the MTS, our
revised scale (.79) has slightly higher reliability than the
original MTS (.78). Thus, it appears that removing low
information items did not negatively affect the reliability
of the scale.

Similar to previous research (Schwartz et al., 2002;
Nenkov et al., 2008) the original 13-item MS signifi-
cantly correlates positively with indecisiveness, avoid-
ance, regret, neuroticism, and depression. The MS also
significantly correlates negatively with happiness and op-
timism, but is unrelated to life satisfaction.

The Nenkov et al. (2008) MS was examined by each
factor separately. The alternative search factor (Nenkov
et al. (2008) MS-A) significantly correlated positively
with indecisiveness, avoidance, and regret. However it
was unrelated to neuroticism, life satisfaction, depres-
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Figure 2: Item information curves for the Maximizing Tendency Scale

sion, happiness, optimism, and need for cognition. The
decision difficulty factor (Nenkov et al. (2008) MS-D)
correlated positively with indecisiveness, avoidance, re-
gret, neuroticism, and depression. This factor also signif-
icantly correlated negatively with life satisfaction, happi-
ness, optimism, and need for cognition. The high stan-
dards factor (Nenkov et al. (2008) MS-H) significantly
correlated positively with regret, life satisfaction, happi-
ness, optimism, and need for cognition. The high stan-
dards factor was significantly negatively correlated to in-
decisiveness, neuroticism, and depression. These results
are in the opposite direction compared to the other two
factors.

The Revised MS was also examined by each factor
separately. The revised alternative search factor (Re-
vised MS-A) significantly correlated positively with inde-
cisiveness, avoidance, regret, and neuroticism. The only
significant negative correlation was with need for cog-
nition. It was unrelated to life satisfaction, depression,
happiness, and optimism. The revised decision difficulty
factor (Revised MS-D) correlated positively with indeci-
siveness, avoidance, regret, neuroticism, and depression.
This factor also significantly correlated negatively with
life satisfaction, happiness, optimism, and need for cog-
nition. The revised high standards factor (Revised MS-
H) significantly correlated positively with life satisfac-
tion, happiness, optimism, and need for cognition. The
high standards factor was significantly negatively corre-

lated to indecisiveness, avoidance, neuroticism, and de-
pression. The factor was also unrelated to regret. Similar
to the Nenkov et al. (2008) MS-H these results are in the
opposite direction compared to the other two factors. In
addition, in almost every instance the correlations were
stronger for the Revised MS-H than for the Nenkov et al.
(2008) MS-H.

The original MTS and our revised MTS are negatively
related to indecisiveness, avoidance, neuroticism, and de-
pression. They are both positively related to life satisfac-
tion, happiness, optimism and need for cognition. The
original MTS is significantly related to regret, which Diab
et al. (2008) also found. However, our revised scale is un-
related to regret.

4 Discussion

The purpose of the current study was two-fold: to address
the construct validity of the maximizing construct, and
to address the psychometric properties of the two promi-
nent scales in hopes of clarifying conflicting findings. In
regards to the construct validity of the maximizing con-
struct, we conclude that the MS and MTS are measuring
two distinct constructs. Specifically, the MS appears to be
measuring difficulty and restlessness with the search for
the best alternative, whereas the MTS is more focused on
the search for the best option, regardless of choice dif-
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Table 5: IRT Item parameters for the Maximizing Tendency Scale (MTS) and the Maximization Scale (MS)

Scale Factor Item a b1 b2 b3 b4 b5 b6

MS 1

1 1.12 −4.04 −2.86 −1.79 1.08
2 1.74 −3.29 −1.67 −0.68 1.10
3 1.44 −3.92 −2.13 −0.05 1.93
4 1.99 −3.26 −1.68 −0.81 0.96
5 1.73 −3.43 −0.87 0.32 2.08
6 1.92 −2.87 −0.53 0.45 1.99
7 0.59 −6.77 −3.10 −1.64 2.48
8 0.75 −6.68 −3.36 −1.69 2.15
9 1.35 −3.10 −0.44 0.82 2.54

MTS

1

1 1.98 −2.35 −1.37 −0.94 −0.56 0.13 1.28
2 2.13 −2.53 −1.42 −0.99 −0.64 −0.07 0.97
3 0.61 −3.54 −1.29 −0.35 0.93 2.63 4.88
4 0.94 −4.47 −2.83 −1.84 −0.99 0.62 2.49
5 0.73 −5.32 −3.36 −2.43 −1.03 0.57 2.55
6 0.67 −4.03 −1.95 −1.03 0.30 1.80 3.82

2

7 1.57 −2.54 −1.26 −0.62 −0.05 0.94 1.99
8 1.53 −2.01 −0.82 −0.22 0.30 0.98 2.15
9 1.72 −2.05 −0.63 −0.08 0.52 1.30 2.43
10 1.01 −1.98 −0.57 0.11 0.76 1.78 2.90

3
11 1.33 −3.55 −1.78 −0.66 0.27 1.30 2.72
12 0.78 −6.52 −3.85 −2.54 −1.33 0.59 3.34
13 2.18 −3.83 −2.28 −1.59 −0.79 0.12 1.27

Notes. a = item discrimination parameter; bj = response category difficulty parameter

ficulty. However, the high standards factor of the MS
appears to be measuring a different construct than the
other two factors. Indeed, the correlation between the
high standards factor and the other two factors are quite
low and in the case of the revised high standards factor
it is unrelated to the decision difficulty factor. Whether
using the original or the revised Short MS the alternative
search and decision difficulty factors are negatively cor-
related with need for cognition, whereas the two versions
of the MTS and the high standards factor from the MS
are positively related to need for cognition. Thus, it is
possible that if one enjoys complex thinking and does not
find the search process stressful then maximizing will not
have the negative consequences predicted by Schwartz et
al. (2002). Finally, we believe that the MTS (and the Re-
vised MTS) are more in line with Simon’s (1955; 1956)
definition of maximization as an optimization goal.

In regards to the psychometric properties of the MTS

and MS, both these scales suffer a number of shortcom-
ings. However, contrary to Rim et al. (2011), the MTS
was found to be unidimensional. In addition, removing
three items resulted in a better overall fit. Therefore, fu-
ture research should use the revised MTS. Although the
MS provided good fit in regards to RMSEA, using other
metrics the fit was poor. In regards to the IRT analysis,
both scales did not fare well. Using our criterion for re-
moval of items, we proposed that three items be removed
from the MTS and that six items be removed from the
MS. The proposed items contained little information in
regards to the underlying construct and were low on item
discrimination. Once these items were removed, the fac-
tor structure of both scales fared better. Using CFA, a
three-factor model fit the data well for the MS and all the
items had high factor loadings. Using CFA, the Revised
MTS resulted in a single factor and a better overall fit
than the original MTS. Nenkov et al. (2008) proposed an
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Table 6: Revised Maximizing Tendency Scale (MTS) and Maximization Scale (MS) item-factor structures

Revised MS Item Factor

1 When I watch TV, I channel surf, often scanning through the available options even
while attempting to watch one program.

1

2 When I am in the car listening to the radio, I often check other stations to see if some-
thing better is playing, even if I am relatively satisfied with what I’m listening to.

1

7 I often find it difficult to shop for a gift for a friend. 2
8 When shopping, I have a hard time finding clothing that I really love. 2
9 Renting videos is really difficult. I’m always struggling to pick the best one. 2

10 I find that writing is very difficult, even if it’s just writing a letter to a friend, because it’s
so hard to word things just right. I often do several drafts of even simple things.

2

11 No matter what I do, I have the highest standards for myself. 3
13 Whenever I’m faced with a choice, I try to imagine what all the other possibilities are,

even ones that aren’t present at the time.
3

Revised MTS
2 I don’t like having to settle for good enough. 1
3 I am a maximizer. 1
4 No matter what I do, I have the highest standards for myself. 1
5 I will wait for the best option, no matter how long it takes. 1
6 I never settle for second best. 1
9 I never settle. 1

alternative 6-item MS to the original 13-item MS, which
contains many of the same items that are in our revised
scale. However, we believe that our revised 7-item MS
better represents the construct of maximizing as defined
by Schwartz et al. psychometrically because we were able
to use IRT to perform item level analysis. Therefore, we
were able to get rid of items that contained little informa-
tion in regards to the construct of maximizing.

Schwartz et al. (2002) indicated that maximizers are
generally unhappy. However, this appears to be true only
when using the original 13-item scale. When using our
revised MS, it appears that maximizers are not unhappy;
however, maximization is still positively related to inde-
cisiveness, avoidance, and regret. Thus, it appears that
maximizing as measured by the MS is not related to life
satisfaction or happiness, but rather the restlessness of
maximizing. However, our Revised MTS is unidimen-
sional, correlates positively with well-being, and is unre-
lated with regret. Thus, it appears that these two scales
are not measuring the same construct.

Turner, Rim, Betz, and Nygren (2012) have recently
proposed a new maximizing scale that consists of three
factors (i.e., satisficing, decision difficulty, and alter-
native search) called the Maximization Inventory (MI).

Turner et al. showed that the MI is superior psychomet-
rically to the MS. The MI does not correlate highly with
the MS and the MTS. In regards to the decision difficulty
factor and the MTS the correlation is essentially zero. A
great benefit of the MI is that one of the factors consists
of items that measure satisficing. We believe this is an
important advancement in the maximizing literature. The
data do not support the assumption that maximizing and
satisficing are on opposite ends of a continuum and there-
fore developing a satisficing measures is extremely im-
portant. Because their paper was published after our data
collection we are unable to compare their scale with our
revised scales quantitatively and therefore will focus on
more qualitative issues.

First as a practical matter, the two factors in Turner
et al. (2012) scale measuring maximizing uses 24-items,
whereas the Revised MTS is only 6-items and the Revised
Short MS is only 7-items. Although, there are tradeoffs
between parsimony and construct deficiency, we believe
the Revised MTS is not construct deficient for the con-
struct it is stated to measure. Specifically, Diab et al.
(2010) state that their scale is meant to measure the goal
of optimization and we believe that it does measure that
construct sufficiently and is a very parsimonious scale.
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Table 7: Descriptive statistics, correlations, and reliabilities (N=948)

Nenkov Revised Revised

Variable M SD α MS MS-A MS-D MS-H MS-A MS-D MS-H MTS MTS

Schwartz (MS) 4.41 .77 .71
Nenkov MS-A 4.96 1.28 .40 .66**
Nenkov MS-D 4.00 1.40 .57 .63** .19**
Nenkov MS-H 4.57 1.07 .31 .53** .34** .09**
Revised MS-A 4.94 1.50 .65 .63** .76** .22** .26**
Revised MS-D 3.86 1.24 .66 .71** .21** .85** .11** .21**
Revised MS-H 4.68 1.16 .59 .38** .24** −.03 .75** .17** −.03
Diab (MTS) 3.56 .55 .78 .31** .21** .00 .58** .17** .00 .64**
Revised MTS 3.40 .65 .79 .28** .17** .02 .54** .13** .00 .69** .94**
Indecisiveness 2.89 .57 .85 .30** .09** .48** −.09** .12** .51** −.28** −.19** −.23**
Avoid 2.98 .90 .90 .30** .11** .41** −.06 .13** .43** −.19** −.16** −.16**
Regret 4.00 .96 .65 .35** .17** .29** .16** .21** .30** −.03 .09** .03
Neuroticism 2.69 .68 .93 .21** .05 .30** −.07* .07* .36** −.27** −.18** −.21**
Life Sat 3.41 .76 .85 −.05 .02 −.16** .19** .02 −.22** .34** .30** .29**
Depression 13.27 10.93 .93 .15** .01 .21** −.07* .03 .25** −.21** −.12** −.12**
Happiness 5.23 1.12 .82 −.08* .04 −.20** .14** .04 −.27** .33** .23** .24**
Optimism 3.35 .67 .80 −.14** −.02 −.24** .12** −.04 −.28** .32** .25** .26**
NFC 3.15 .57 .86 −.06 −.06 −.17** .23** −.09** −.19** .25** .23** .22**

*p < .05; **p < .01
Notes. MS: Maximization Scale; MS-A: alternative search factor of the MS; MS-D: decision difficulty factor of the MS;
MS-H: high standards factor of the MS; MTS: Maximizing Tendency Scale.

However, as we have discussed the definition of what is
maximizing is elusive. Therefore, if one wants to mea-
sure restlessness and the difficulty in maximizing then the
MTS suffers from construct deficiency. The MI appears
to be measuring restlessness and difficulty in maximiz-
ing, particularly with the items in the decision difficulty
factor. Not surprisingly, the items in the decision diffi-
culty and alternative search factors are very similar to the
items in the items in the original MS-D and MS-A fac-
tors (Schwartz et al., 2002). However, their items are
not about specific behaviors, but rather frame the items
in more general behaviors. This is a benefit of the MI
because the MS contain questions about specific behav-
iors that may now be outdated such as renting videos, and
writing letters. Although they did not use the same re-
gret scale that previous studies have used, including the
current study, these factors were significantly related to
regret.

Decision difficulty was negatively related to general-
ized self-efficacy, self-esteem, and optimism. However,
it was unrelated to happiness. Turner et al. (2012) did not
compare their scale to the shortened MS scale by Nenkov

et al. (2008) and did not examine their scales against the
MS broken down by the three factors. In addition, they
did not use the same measures of well-being we used in
our study, but overall decision difficulty showed similar
results to the MS in our study. However, except for regret,
alternative search was generally unrelated to the measures
of well-being. Tentatively, it appears the MI is a more
psychometrically sound measure of maximizing behav-
ior as defined by Schwartz et al. (2002) and has the added
benefit of measuring satisficing directly. However, our
Revised MTS provides a psychometrically sound unidi-
mensional and global measure of maximization as an op-
timization goal which is in line with Simon (1955; 1956)
that is also more parsimonious than previous measures.
Therefore, now that we have two psychometrically sound
measures of maximizing, more experimental work needs
to be conducted to examine the differences between these
definitions of maximizing.

Finally, the current study highlights the use of IRT as
an important tool that researchers should use when de-
veloping and validating scales. As an item-level anal-
ysis, IRT is uniquely positioned for understanding the

http://journal.sjdm.org


Judgment and Decision Making, Vol. 7, No. 5, September 2012 An examination of two maximizing tendency scales 657

quality of items with respect to their contribution to con-
struct validity. Appropriate IRT models have also been
shown to help attenuate some of the scaling issues that
have long been raised when operationalizing psychologi-
cal constructs (Kang & Waller, 2005; Morse, et al., 2012).
These scaling issues, along with other known complica-
tions with Likert-type response data in the scale devel-
opment and validation arena (Flora & Curran, 2004) led
us to employ ordinal factor-analytic models. We recog-
nize that this approach is viewed by some as unnecessar-
ily complicated for data that generally abides by linear
rules. However, we felt that this was the most concep-
tually appropriate approach for our data. The inclusion
of IRT methodologies in the scale development process
may help to alleviate some of the scaling tensions that
still arise amongst psychometricians and thus lead to bet-
ter scales that maximize information and validity.
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