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1 Introduction and background

Our life is full of choices—choices that differ, among others, in the amount of information on
which they are based. For instance, when facing a choice between two options that differ on several
decision-relevant attributes, one could rely on the most relevant attribute only to make the decision, or
one could integrate information from several attributes and base the choice on that combined
information. When a decision maker bases her choice on the most relevant attribute only, however,
what does this mean with regard to the amount of information this decision maker had processed prior
to making the decision: did she process information about the most relevant attribute only and ignored
additional information, or did she consider additional pieces of information as well but let her choice
nonetheless be guided by only the most relevant attribute? Understanding the cognitive processes
underlying those choices that are based primarily on the most relevant attribute is the main subject of
this thesis, in particular, the question of whether or not for these choices additional information is
ignored, and if additional information is not ignored, how is this information being processed?
Furthermore, the work presented here seeks to get a better understanding of the conditions under
which decision makers may become more likely to base their choice on only one piece of information.
Before presenting the empirical studies conducted to tackle these questions, I will give a brief

overview of the field of decision making relevant to the present work.
1.1  The study of multi-attribute decision making

Facing a choice between two options that differ on several decision-relevant attributes
constitutes a typical instance of a multi-attribute decision task, which is the kind of task the work
presented in this thesis deals with. In a multi-attribute decision task, decision makers have to choose
between two (or more) choice options (e.g., unit funds) the one that scores higher on a certain criterion
(e.g., the more profitable fund). The choice options are described by several attributes or cues (e.g.,
expert recommendations) each of which is predictive of the decision criterion, also known as cue
validity. The cues typically differ in their validities, whereby validity is commonly defined as the
frequency with which a cue points to the correct option given that the cue discriminates between the
options (Gigerenzer & Goldstein, 1996). To illustrate, Figure 1 depicts an example trial of the decision
task used in article 3. Decision makers of this task were to choose the more profitable of two unit
funds and they were shown the recommendations of six financial experts who varied in their

validities'. The cues were arranged in descending order of their validities. In this task, cue information

! This kind of multi-attribute decision task is often also called probabilistic inference task, because the cues (e.g.,
the expert recommendations) are probabilistically related to an objective decision criterion (e.g., profitability),
rendering it possible, therefore, to probabilistically infer a ‘correct’ solution on the basis of the cue information.
The decision criterion in a multi-attribute decision task can also be a subjective one, such as the likeability of one
of two or more options (e.g. consumer products). This kind of multi-attribute decision task is referred to as
preferential choice task (e.g., Payne, Bettman, & Johnson, 1988). Similar processes have been suggested to
underlie both types of multi-attribute decision tasks, but because probabilistic inference tasks allow a researcher
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was completely shown to participants during decision making on an information board (open
information board). However, there are also variants of multi-attribute decision tasks (which were also
employed in the present work) where cue information is initially hidden and decision makers need to
uncover information about single cues sequentially (closed information board); or tasks, where

decision makers have to retrieve cue information from memory.

Which of the two funds will have a higher payout?

Fund A Fund B
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Figure 1. Example trial of the multi-attribute decision task of article 3.

The example in Figure 1 shows a decision situation where information about different cues is
in conflict: the most valid cue points to the first option (Fund A) whereas several less valid cues point
to the second option (Fund B). Decision-making researchers have shown an ongoing interest in
studying how people tackle such decision situations (Gigerenzer, Todd, & The ABC Research Group,
1999; Payne, Bettman, & Johnson, 1988), and there is now a relatively large body of evidence
showing that decision makers—when facing such a situation—differ in the amount of information on
which they base their decisions: Some decision makers consistently make their choices in line with the
most valid cue (which would be indicated by the choice of Fund A in the example), whereas others are
found to base their choices consistently on the combination of several cues (which would be indicated
by the choice of Fund B in the example). Different frameworks of decision making exist that provide
theoretically different explanations for these inter-individual differences in choice behavior

(Gigerenzer & Gaissmaier, 2011; Lee & Cummins, 2004). Yet although these frameworks differ on a

to define a correct solution for any decision problem a priori, the tasks used in the studies presented here were all
of this kind.
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theoretical level, they share a common assumption, namely that decision makers who consistently base
their choices on the most valid cue ignored information about less valid cues. I will next present two

frameworks that share this assumption.
1.2 Two frameworks, one assumption: Ignoring information
1.2.1 The multiple-strategy framework

The multiple-strategy framework (MSF) proposed by Gerd Gigerenzer and colleagues
(Gigerenzer et al., 1999) assumes that decision makers have a repertoire of qualitatively different
decision strategies. When facing a choice between options, a decision maker is supposed to select
among the set of strategies the one that fits best to the situation at hand. The framework by Gigerenzer
and colleagues was particularly inspired by Herbert Simon’s notion of bounded rationality (Simon,
1955)—the view that inferences about the world often have to be made “with limited time, knowledge,
and computational power” (Todd & Gigerenzer, 2000, p. 728). Taking into account the boundedness
of rationality, Gigerenzer and colleagues proposed and specified several decision heuristics, one of
which is the take-the-best heuristic (TTB). TTB consists of three cognitive building blocks: a search
rule, a stopping rule, and a decision rule. The search rule specifies how cues are searched, namely in
descending order of their validities. The stopping rule specifies when cue search is terminated: once a
cue discriminates between options. The decision rule specifies which option to choose: the option
pointed to by the discriminating cue. To illustrate, consider the example in Figure 1. A decision maker
following TTB would start comparing the options on the most valid cue (search rule). As this cue
discriminates already between the options, the search would terminate here (stopping rule) and the
option with the positive cue value (Fund A) would be chosen (decision rule). Due to its stopping rule,
TTB requires the processing of only part of the information whereas the rest is ignored. Although TTB
takes into account only part of the information, simulation studies as well as analyses of data from
real-world domains demonstrated that the predictive power of TTB (i.e., the extent to which it makes
correct choice predictions) is close to, and sometimes even higher than, the predictive power of
decision strategies that take into account all information available (Czerlinski, Gigerenzer, &
Goldstein, 1999). A strategy of this latter kind is the weighted additive rule (WADD; Payne et al.,
1988). According to WADD, all cues of a decision option are considered and weighted by their
validity. For each decision option the weighted cues are summed up and the option with the higher
weighted evidence is chosen. Provided that the weighted sum of the less valid cues in Figure 1 is
higher than the validity of the most valid cue, a decision maker following WADD would choose Fund
B. Because WADD allows for the possibility that a highly valid cue can be compensated for by a
combination of less valid cues, WADD is also called a compensatory strategy. TTB, in contrast, is a
non-compensatory strategy. Another compensatory strategy to be considered here is the equal weight
strategy (EQW). Like WADD, EQW takes into account all cues; but instead of being weighted by

their validities, the cues are all weighted equally. Hence, following an EQW strategy, a decision maker
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confronted with the decision options in Figure 1 would count the number of positive cue values for
each option and would choose the option with the higher sum (Fund B). For sake of simplicity, I will

concentrate on TTB and WADD in the following sections.

TTB well captures the notion of bounded rationality; WADD, in contrast, is more in line with
classical models of rationality—models that imply that human knowledge and capacities are
unbounded. The MSF supposes strategy selection to be adaptive, meaning that the selection of a
strategy depends on the structure of the environment (Gigerenzer & Gaissmaier, 2011); when the fit
between the strategy and the environmental structure is high, the MSF calls this strategy ecologically
rational (thus, rationality in this framework is context-dependent). The mechanism by which decision
makers select a certain strategy, however, is still not fully understood, though some research suggests
that reinforcement learning (Rieskamp & Otto, 2006) or effort-accuracy trade-offs (Payne et al., 1988)
might play a role. That said, although the mechanism of how strategies are selected is still not clear,
quite a lot has been learned about the conditions under which the adoption of certain strategies, like
TTB, becomes more likely. A full review of these studies is beyond the scope of this introduction, but
a few findings relevant to the present work will be mentioned. In line with the idea of bounded
rationality, decision makers were found to behave more in line with a TTB strategy when decision
time was constraint (Glockner & Betsch, 2008a; Rieskamp & Hoffrage, 2008); when cues were
redundant (Dieckmann & Rieskamp, 2007); when cue dispersion was high (Broder, 2000); when
information costs were high (Newell & Shanks, 2003); or when cue information had to be retrieved
from memory rather than being completely shown to participants during decision making (Broder &

Schiffer, 2003).

In decision research, a common way of identifying the decision strategy a decision maker most
likely used to make her decisions is to analyze the decision maker’s actual choices (Bergert &
Nosofsky, 2007; Broder & Schiffer, 2003a; Broder, 2003). To illustrate, consider the example in
Figure 1, which is a pair of options for which TTB and WADD make opposing choice predictions
(provided that the summed evidence of the less valid cues outweigh the most valid cue). Confronting
decision makers with several such pairs in a decision task, one can eventually compare a decision
maker’s actual choice pattern with the choice pattern predicted by a specific strategy. Arndt Broder
(Broder, 2003) developed a choice-based strategy-classification method that follows this rationale and
that is widely used in decision research. In a nutshell, the classification method estimates for each
decision strategy under consideration (e.g., TTB, WADD, or EQW) the fit between the choice pattern
predicted by that strategy and a decision maker’s observed choice pattern, and the strategy with the

best fit is considered the strategy that the decision maker used.

In sum, the MSF accounts for inter-individual differences in decision makers’ choice behavior
by supposing that decision makers use different decision strategies to come up with their decisions.

The identification of individual decision strategies can be accomplished, for example, by the choice-
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based strategy-classification method by Broder (2003). In this regard, then, decision makers who
consistently make choices in line with the best discriminating cue are supposed to use a TTB strategy
to make their choices, implying also that these decision makers ignored information (as indicated by
the TTB-stopping-rule). I will henceforth refer to these decision makers as T7TB-consistent choosers
(TTB-CC). Decision makers who consistently make choices in line with WADD (or EQW) are
supposed to use a WADD (or EQW) strategy, implying also that these decision makers processed cue
information completely. I will refer to these decision makers as WADD- or EQW-consistent choosers

(WADD-CC and EQW-CC, respectively).
1.2.2 The evidence accumulation model by Lee and Cummins (2004)

Whereas the MSF assumes that different strategies or mechanisms underlie the choices of
TTB-CCs and WADD-CCs, another framework of decision making suggests there to be a single
mechanism only. This framework subsumes the class of evidence accumulation models, sometimes
also called sequential sampling models (Busemeyer & Townsend, 1993; Lee & Cummins, 2004; Voss,
Nagler, & Lerche, 2013). In general, evidence accumulation models (EAMs) assume that decision
makers who face a choice between decision options, sequentially sample evidence about these options
(i.e., the cue values) and automatically integrate this information. Once the accumulated evidence in
favor of an option passes a decision maker’s decision threshold, the sampling process terminates and
the option favored by the evidence is chosen. Lee and Cummins (2004) proposed a specific instance of
an evidence accumulation model that provided a single account for the choice behavior of both TTB-
CCs and WADD-CCs. A simplified graphical depiction of this model is shown on the left side of
Figure 2, where the decision situation of Figure 1 is exemplified (i.e., the situation where the most
valid cue points to option A, whereas the remaining cues point to option B). The Lee and Cummins
(L&C) model assumes a step-wise cue search, starting with the most valid cue and continuing along
the validity hierarchy (i.e., along the x-axis in Figure 2), as it is suggested by the TTB-search rule.
Note that for each step in Figure 2, the cumulative evidence is depicted on the y-axis. That is, at each
step, the evidence provided by the cue (which is determined by the cue’s validity) becomes
automatically integrated into the preceding evidence value. The region above the midline constitutes
evidence in favor of the TTB-option (i.e., the option pointed to by the best cue), whereas the region
below the midline constitutes evidence in favor of the WADD-option. According to the L&C model,
TTB-CCs and WADD-CCs differ only in their decision thresholds, with TTB-CCs having lower
thresholds than WADD-CCs. Specifically, the decision threshold of TTB-CCs (represented by the
dashed line) is supposed to be that low, that the discovery of the most valid cue would be sufficient to
terminate the sampling process (in analogy to the TTB-stopping-rule). The decision threshold of
WADD-CCs (represented by the dotted line), in contrast, is assumed to be that high that it guarantees
the sampling of all cues, which in case of the example of Figure 1 means that the cumulative evidence

crosses the midline, that is, the evidence points to the WADD-option. Note that in Figure 1, the



COGNITIVE PROCESSES UNDERLYING HEURISTIC DECISION MAKING 11

decision threshold supposed for WADD-CCs is still not passed even after each cue had been
considered; but as there are no more cues available and the up-to-that-point accumulated evidence is in
favor of the WADD-option, the decision maker would finally choose this option. To summarize,
according to the L&C model, decision makers who base their choices on a single cue (TTB-CCs) are
assumed to do so because they stopped information sampling at the discovery of this cue—as the
accumulated evidence provided by this cue already passed their low decision thresholds. Decision
makers who base their choices on a combination of several cues (WADD-CCs), in contrast, are
assumed to do so because they sampled information about all cues and integrated this information in a

WADD-like manner.’

Lee & Cummins alternative
Model (2004) Model
1 O N N
L]
cew (| hee—————
o @
< 3
28 A
% %" TTB-option TTB-option
83 WADD-option WADD-option
E 3
34
L]
m ................................................................................................................................................
| | | | | | | | | | | |
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Figure 2. Left Panel: Graphical depiction of the evidence accumulation process as suggested by Lee and Cummins
(2004). Right Panel: Graphical depiction of two possible evidence accumulation processes that differ in the way
information is combined (compensatory weighting is shown by the red line, non-compensatory weighting is shown by

the blue line)

The EAM framework faces a similar problem as the MSF when it comes to the question of
how decision makers set or adjust their decision thresholds—a question that has not been answered
satisfactorily yet (e.g., Newell, 2005). However, consistent with the assumption that TTB-CCs have
lower decision thresholds than WADD-CCs, Newell and Lee (2011) found that TTB-CCs acquired

less cue information in a decision task with a closed information board than WADD-CCs (see also

* One might probably wonder what the difference is between a WADD strategy and some kind of EAM strategy.
Generally, the WADD strategy is considered a deliberate decision strategy (Payne et al., 1988) where decision
makers are supposed to consciously integrate the cue information (i.e., multiplying the cues by their validities
and summing them up). The assumption underlying EAMs, in contrast, is that information integration occurs
automatically.
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Séllner & Broder, 2015)°. In tasks with closed information boards, it is possible to directly draw
conclusions about the amount of information a decision maker processed prior to making a decision.
This is not the case, however, for tasks with open information boards or memory-based tasks, where
the process of cue sampling cannot be directly observed and where the classification into TTB-CCs
and WADD-CCs often relies on choice outcomes alone. One of the questions addressed in this thesis
therefore asks whether decision makers, classified as TTB-CCs on the basis of their choices, can really
be said to have ignored information in a task with open information boards (article 1) or in a memory-
based task (article 2), as it is implied by both the MSF and the L&C model. The assumption that TTB-
CCs may probably not ignore additional information raises the question of how such a choice behavior
could be explained. In the next section [ will outline two possible models that could account for such a

choice behavior.
1.3  Take-the-best without ignoring information
1.3.1 An evidence accumulation model alternative to the Lee and Cummins model

When a decision maker bases her choice on the best discriminating cue, she may have done so
because she only processed information about this cue, as suggested by the MSF (Gigerenzer &
Gaissmaier, 2011) and the L&C model (Lee & Cummins, 2004). Yet it could also be that this decision
maker processed cue information completely and nevertheless let her choice be guided by only the
best discriminating cue, because this cue is considered strong enough to outweigh the joint evidence of
the less valid cues. Such a decision behavior may well fit with the evidence accumulation framework,
but the specific model accounting for this behavior would be different from the L&C model in
important respects. Specifically, the alternative model would assume that TTB-CCs have decision
thresholds higher than the evidence provided by a single cue, so that additional cues would not be
ignored but processed as well. The additional cues would be integrated in a non-compensatory
manner, which means that the TTB-relevant best discriminating cue would never be outweighed by
the joint evidence provided by the additional cues; thus, the best discriminating cue would consistently
drive the decision maker’s choice. A graphical depiction of such a decision behavior is shown on the
right side of Figure 2 (blue line). Note that in this model, the decision threshold for TTB-CCs (dashed
line) is not passed by even the most valid cue, which is why information sampling continues.
However, as the cumulative evidence does not cross the midline, TTB-CCs finally choose the TTB-
option. The decision threshold of WADD-CCs (dotted line) is likewise not passed by the most valid
cue; but as WADD-CCs combine the cues in a compensatory manner, they end up choosing the
WADD-option (as it is implied by the original L&C model, which is represented by the red line in
Figure 2). Thus, the difference between TTB-CCs and WADD-CCs may not necessarily be the height

? Note, however, that this finding also fits with the MSF and the assumption that people use different strategies.
Indeed, most research on multi-attribute decision making can be considered and interpreted within both
frameworks, and it is not until recently that attempts have been made to empirically contrast the different
frameworks (e.g., Sollner & Brdder, 2015).
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of their thresholds (though there could still be some differences), but the way in which they combine

the cues.

The L&C model does not take into account that decision makers may differ in the way they
combine cue information (i.e., compensatory vs. non-compensatory). Rather, the L&C model is based
on the premise that decision makers have quite accurate knowledge about the cue validities of a
decision environment, and that they all combine the cues in the same way. When the cues of an
environment are compensatory, the L&C model therefore predicts that decision makers would
necessarily make choices in line with WADD when cues had been processed completely (as indicated
by the red line in Figure 2). The assumption of equal and accurate validity knowledge across decision
makers becomes somewhat doubtable, however, when decision makers have to learn the validities of a
decision environment themselves, as was the case in the studies conducted to test the L&C model (Lee
& Cummins, Newell & Lee, 2011). Specifically, previous research demonstrated that people have
large difficulties learning cue validities (e.g., Bergert & Nosofsky, 2007; Newell & Shanks, 2003),
which generally may call into question the assumption of accurate validity knowledge, but which may
suggest that decision makers differ in the way they perceive the cue validities of an environment
(compensatory vs. non-compensatory). Based on this assumption, the studies of article 1 (open
information board) and 2 (memory-based) of this thesis test whether TTB-CCs would not ignore
information about additional cues, but that they would process these cues and integrate them in a non-
compensatory manner. Furthermore, in article 1, cue validities have to be learned by participants,
which additionally allows for testing whether TTB-CCs and WADD-CCs differ in the ways they

perceive the cue validities (as indicated by the alternative model in Figure 2).

Because the choices of TTB-CCs alone cannot tell whether or not additional information had
been processed by these decision makers, decision times and decision confidence will additionally be
assessed. The analyses of decision times and decision confidence have proven successfully in previous
studies interested in the processes underlying decision making (e.g., Bergert & Nosofsky, 2007;
Broder & Gaissmaier, 2007; Glockner & Betsch, 2008). In brief, according to EAMs, decision time
and decision confidence is a function of a decision maker’s threshold as well as of the consistency of
the processed cue information. If TTB-CCs ignore information (i.e., low threshold) the consistency
between the TTB-relevant best discriminating cue and additional information should not affect
decision times nor confidence. However, if additional information is not ignored by TTB-CCs (higher
threshold), EAMs predict slower decision times and lower decision confidence when additional cue

information is inconsistent with the best cue rather than consistent.
1.3.2 A connectionist account

The alternative EAM outlined previously constitutes a formal model that could account for the

decision behavior of decision makers who process cues completely and nevertheless make choices in
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line with TTB. Another formal model that could account for such a behavior is of the class of
connectionist network models, the Parallel Constraint Satisfaction model (PCS) by Glockner and
Betsch (2008a; 2008b). The PCS model assumes that cue information is processed holistically and in
parallel in a PCS network where the options and the associated cues are represented as nodes, and the
nodes are interlinked. Being faced with a choice between options, the network aims at striving for
coherence by maximizing the difference between the options, and the lower the overall coherence of
the cue information is, the longer it takes the network to settle on a stable solution. Originally, the PCS
algorithm was specified in such a way that cues were combined in a compensatory manner, so that the
complete processing of cues would result in choices consistent with WADD (as it is also implied by
the L&C model). Recently, however, Glockner and colleagues (Glockner, Hilbig, & Jekel, 2014)
specified a second version of the PCS model that allowed for a non-compensatory combination of cues
as well; this model specification predicts the same choices as TTB even when cues had been processed
completely. Thus, similar to the EAM account outlined in the previous section, the recent PCS model

supposes TTB-CCs to process cues completely and to combine them in a non-compensatory manner.

PCS is a model predominantly concerned with the processes of information integration and
several findings reported by Glockner and colleagues provide support for the assumption that decision
makers integrate information in a PCS-manner (e.g., Glockner & Betsch, 2008a, 2012; Glockner et al.,
2014). To date, however, the model does not specify how information is searched or when information
search is terminated. Indeed, the holistic-processing assumption might imply that cue information is
always processed completely. Taking into account the processes of information search and the point at
which information search terminates, however, may be of critical importance when studying decision

making, as I will argue in the next section.
1.4  Adaptive flexibility of information search

An attractive feature of EAMSs, in comparison to PCS, is that they are more specific with
regard to how and how much information is processed in a decision situation before a choice is made.
Specifically, according to EAMs, the extent of information search is a function of a decision maker’s
decision threshold and, theoretically, decision thresholds may vary along a continuum. Thus, the
amount of information a decision maker processes prior to making a decision is allowed to vary within
the EAM framework. Although the specific mechanism by which decision makers set their decision
thresholds is still not understood (e.g., Newell, 2005), findings from within the EAM literature show
that decision makers can flexibly adjust their decision thresholds to situational demands, such as time
pressure or need for accuracy (Voss, Rothermund, & Voss, 2004). This evidence for adaptive
flexibility may be of particular interest when considering again the decision behavior of TTB-CCs
who, as supposed in section 1.3.1, combine cue information in a non-compensatory manner. As can be
seen in Figure 2 (right side), regardless of where along the y-axis the decision threshold of those

decision makers falls, they would consistently choose the option favored by the most valid cue. Thus,
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without having to change their choice behavior, which is determined by the most valid cue, TTB-CCs
have quite a large latitude in the extent of their information search behavior, ranging from minimal
(only one cue is considered) to exhaustive (cues are processed completely). A second goal of the work
presented here was therefore to examine how flexible TTB-CCs are in adjusting their decision
thresholds. Information search behavior was considered under the two conditions typically considered
in EAM research: time pressure and need for accuracy. It was further examined, how the availability
of cue information (open and closed information boards) would affect the decision behavior of TTB-

CCs.

In multi-attribute decision research, adaptive decision making has typically been considered in
terms of adaptive strategy selection, which is incorporated in the MSF (Gigerenzer & Gaissmaier,
2011; see also Payne et al., 1988). That is, depending on the situation (e.g., time pressure, need for
accuracy, high information costs, etc.), decision makers are supposed to either select a TTB strategy or
a WADD strategy (or any other strategy). As each strategy is defined by both, the extent of
information search (minimal for TTB, exhaustive for WADD) and the choice behavior (see section
1.1), this view suggests that situational factors would generally affect individuals’ information search
behavior and their choice behavior simultaneously. Put differently, a change in information search due
to situational factors (e.g., from minimal to extensive) is expected to also lead to a change in choice
behavior (e.g., from TTB to WADD)*. There is some support for that view on adaptive decision
making. For instance, studying the effects of time pressure on decision making, researchers found that
under high time pressure, information search tended to be minimal and choices were more in line with
TTB, whereas under low time pressure, information search became more extensive and choices were
more in line with WADD (Glockner & Betsch, 2008a; Rieskamp & Hoffrage, 1999; Rieskamp &
Hoffrage, 2008). This finding suggests that information search behavior and choice behavior vary
together. The particular question addressed in this thesis, however, was whether individual decision
makers (especially TTB-CCs) might adaptively adjust their information search behavior but without

necessarily changing their choice behavior”.

* As can be seen in Figure 2 (left side), this assumption is also consistent with the L&C model. That is, when
decision thresholds are higher than the evidence provided by the best cue, information search will be exhaustive
and choices will be as predicted by WADD, but when decision thresholds fall below the evidence provided by
the best cue, information search will be minimal and choices will be as predicted by TTB.

> The findings of the cited studies, that a change in the extent of information search due to time pressure also led
to a change in choice behavior, implies that decision makers of these studies perceived the cues as
compensatory; because only then it seems plausible that the processing of complete cue information results in
WADD-consistent choices, whereas the processing of only part of the information results in TTB-consistent
choices (see also Figure 2, left side). Indeed, in the cited studies, participants may most likely have perceived the
cues as compensatory, because the cue validities were instructed and the validity values pointed to a
compensatory environment. The assumption that decision makers may adjust their information search behavior
without changing their choice behavior, however, is of particular interest for those decision makers who perceive
cues as non-compensatory because they would end up making choices in line with TTB regardless of whether
they only considered the best discriminating cue or whether they processed cues completely.
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Because EAMs are more specific than PCS with regard to decision makers’ information search
behavior, I will predominantly focus on EAMs in the present work. But EAMs are not only specific
about information search behavior; these models also make specific assumptions about Aow
information is processed by decision makers. In the next section, I will discuss this latter issue in more
detail and also present an additional assumption about the supposed processes underlying decision

making.
1.5  Automatic information integration and deliberate processes

EAMs are quite specific with regard to the question of how information is being processed by
decision makers in a multi-attribute decision task. It is supposed that information that is encountered in
the course of information search becomes automatically integrated, and a decision option is finally
chosen by a decision maker because the accumulated, combined evidence favored that option.
Crucially, however, for TTB-CCs who perceive cues as non-compensatory, the combined evidence
will always be in favor of the option pointed to by the best discriminating cue (cf. Figure 2, right side).
The best discriminating cue might thus be said to have some rule-like properties and, in the spirit of
the MSF, TTB-CCs might be said to follow some kind of TTB-decision-rule (‘go with the best cue’)—
though without necessarily following a TTB-stopping-rule®. Therefore, another question addressed in
this work was whether, in addition to automatic integration processes (as postulated by EAMs), more
deliberate and rule-driven processes (as suggested by the MSF) might also be at work when TTB-CCs
make their decisions. The presence of such rule-like and deliberate processes might probably become
most apparent when the rule is disconfirmed, that is, when information from the best discriminating
cue, which consistently drives the choices of TTB-CCs, is in conflict with information from another
cue, say the cue that directly follows the best cue in the validity hierarchy (i.e., the next-best cue). In
these cases, TTB-CCs may be assumed to experience a cognitive conflict which they might want to

reduce by inhibiting the conflicting information.

Inhibition has received quite some attention in research on selective attention (see Tipper,
2001; for a review), and a prominent task where inhibition has been studied, among others, is the
color-naming Stroop task (e.g., Mari-Beffa, Estévez, & Danziger, 2000). I will briefly outline the

rationale that underlies the empirical investigation of inhibition in the Stroop task, because this

% Note, however, that I do not want to suggest here that the MSF could be adjusted in any possible way so as to
account for any possible decision pattern; this would make this framework arbitrary and meaningless. However,
an often neglected feature of the MSF is that it has at its basic units the cognitive building blocks, that is, the
rules for search-, stopping- and choice behavior (Gigerenzer & Gaissmaier, 2011). Decision strategies are only
specific (and fix) configurations of specific building blocks; in this regard, the study of decision strategies
generally reveals insights into whether the assumptions about the postulated configurations of building blocks
are valid or not. This approach, however, may somehow obscure the view on the cognitive building blocks
themselves, which, in my view, are the concepts most closely related to the cognitive processes postulated to
underlie decision making. Therefore, the notion of a TTB-decision-rule may well capture the regular pattern of
TTB-CCs’ choices, and it reflects and acknowledges the idea of the most basic units postulated within the MSF
(i.e., cognitive building blocks) without sticking to postulated superordinate units (i.e., the strategies).
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rationale also applies to the present work. Participants’ task in a color-naming Stroop task is to name
the color of a written word and the written words—their meanings—typically also denote colors. A
general finding is that participants require more time to name the color of a word, when the meaning
of the word is inconsistent with the color of the word (e.g., BLUE) as compared to when the meaning
and the color of a word are consistent (e.g., BLUE). More interesting with regard to the present work,
however, is the following finding. On inconsistent trials, participants have been found to need more
time to name the color of a word (e.g., BLUE), when on the preceding trial the meaning of the word
denoted that very color (e.g., RED) as compared to when it denoted another color (YELLOW). A
common explanation for this type of negative priming effect (Tipper, 2001) is that participants, in
order to successfully name the color of the word, inhibit the meaning of the word. According to this
view, the slower responding to a word on trial z is due to the inhibition of that word (its meaning) on

trial n-1.

In the present work, a similar rationale will be applied to a multi-attribute decision task in
order to examine whether inhibitory processes might be at work when TTB-CCs make their decisions.
It should be noted that inhibition might only play a role for TTB-CCs but not necessarily for WADD-
CCs. As noted above, TTB-CCs may want to inhibit information in particular when this information is
in conflict with the best discriminating cue—for this cue has rule-like features for TTB-CCs. WADD-
CCs, in contrast, do not consistently choose the decision option favored by the best discriminating cue,
which is why this cue does not have the same rule-like properties for WADD-CCs as it has for TTB-
CCs. Thus, WADD-CCs may not necessarily experience a cognitive conflict when cue information is

inconsistent, and they therefore might also not necessarily want to inhibit conflicting information.
2 The Present work within current strands of multi-attribute decision making
2.1 Information integration, inhibition, and adaptive flexibility—Article 1

Dummel, S., Rummel, J., & Voss, A. (2016). Additional information is not ignored: New evidence for
information integration and inhibition in take-the-best decisions. Acta Psychologica, 163, 167—184.

doi: 10.1016/j.actpsy.2015.12.001

In this article, we addressed several of the questions raised in the previous sections. The first
goal was to find evidence that TTB-CCs would not ignore information when this information is fully
shown. In a recent study, Glockner et al., (2014) found initial support for this assumption. The
researchers showed that the decision times and confidence ratings of TTB-CCs were affected by the
overall coherence of openly displayed cue information, suggesting therefore that TTB-CCs processed
cue information completely. However, the processing of complete cue information in this research
may have been driven by some methodological factors (for a full discussion of these factors, see the
original article). Most importantly, in the decision task used by Glockner and colleagues, the

arrangement of the cues (i.e., the position of the cues on the open information board) changed trial-
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wise. Thus, participants searching for the best cue to make their decisions (TTB) may have processed
additional cues inadvertently. We carefully controlled for this and other critical factors in our
experiments, thereby providing a more stringent test of the assumption that TTB-CCs would not
ignore openly displayed information. Moreover, whereas previous research on multi-attribute decision
making exclusively focused on automatic integration processes, we sought to find evidence for more
deliberate, inhibitory processes underlying the choices of TTB-CCs. A second goal of article 1 was to
examine the adaptive flexibility of TTB-CCs’ information search behavior, or in terms of EAMs, their
decision thresholds. To that end, we studied the decision behavior of TTB-CCs under varying
conditions (open vs. closed information boards; time pressure vs. need for accuracy). Thus, rather than
suggesting that TTB-CCs would generally process cue information completely, the work presented
here aimed at getting a better understanding of the conditions under which TTB-CCs actually may
become more likely to ignore information. Recent research by Sollner and colleagues (Sollner, Broder,
Glockner, & Betsch, 2014; Sollner, & Broder, 2015) showed that TTB-CCs do not consistently ignore
information in tasks with closed information boards, but the adaptive flexibility of TTB-CCs
information search behavior (and thus the extent to which they ignore information) has not been

examined.

To tackle each of the questions just mentioned, we ran four experiments. We used the same
decision task in all experiments: Participants were shown a series of pairs of bugs and had to choose
the more poisonous of the two bugs. The bugs were described by four binary cues: body, antennae,
legs, and fangs. The cues differed in their validities (i.e., the extent to which they predicted
poisonousness) and participants of all experiments had to learn the validities in an initial feedback
learning phase. Subsequent to the validity learning phase, participants of all experiments entered the
test phase’. With the exception of Experiment 3, the test phase of the experiments consisted of two
parts. In the first part, an open information board was used (all Experiments). To examine whether
participants would ignore information in this task, we manipulated the consistency between the best
discriminating cue and the supposedly TTB-irrelevant next-best cue. The next-best cue was either
consistent or inconsistent with the best discriminating cue (in Experiment 3 we also used pairs for
which the next-best cue was neutral, that is, non-discriminating). We also manipulated the validity
rank of the best discriminating cue, that is, whether it was the 1st rank, the 2nd rank or the 3rd rank
cue. The main dependent variable was decision times; in Experiments 1b and 3 we further assessed
decision confidence (in Experiment 1b by having participants bet on some of their decisions; in

Experiment 3 by directly asking for confidence ratings).

In the second part of the test phase (Experiments 1a, 1b, and 2), participants performed the bug

decision task once again—this time with a closed information board. The main dependent variable

’ From the perspective of participants, the validity learning and the test phase differed mainly in that choice
feedback was given only in the former—in order to enable validity learning—but not in the latter.
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here was the amount of cues participants acquired before making a decision. Participants of
Experiment 2 performed this task twice, once with an instructional focus on decision speed and once
with a focus on accuracy. Table 1 gives an overview of the test phases we used in the different
experiments together with the respective main dependent variables. In each test phase, participants
were also shown pairs for which TTB and WADD make opposing choice predictions. We used the
choice-based strategy-classification method by Broder (2003) to classify participants into TTB-CCs or
WADD-CCs, respectively®. At the end of each experiment, participants were further asked to rate the
predictive usefulness of each of the four cues. This enabled us to examine whether TTB-CCs and

WADD-CCs differed in the way they perceived the cues (non-compensatory vs. compensatory).
Table 1

Overview of the Test Phases of Experiments 1-3 and the Respective Dependent Variables

Test phases of the experiments

First part Second part
Experiment (open information board) (closed information board)
la Decision times Amount of acquired information (AA1l)
1b Decision times and bets AAI

Manipulation of instructional focus

Decision speed Accuracy

2 Decision times AAI AAI

Decision times and confindence
ratings

Finally, in Experiment 3 we tested our hypothesis that TTB-CCs would inhibit information
from a cue (here the next-best cue), when this cue information was inconsistent with the best
discriminating cue. To this end, we modified the bug decision task with open information board in the
following way. Participants were again shown pairs of bugs for which we manipulated the consistency

between the best discriminating cue and the next-best cue (consistent, neutral, or inconsistent). Some

¥ We also considered the EQW-strategy for the individual classification; but there were only few participants
classified as EQW-CC:s at all and these participants might possibly have been misclassified. For these reasons, I
will concentrate on TTB-CCs and WADD-CCs in this overview.
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of the decision trials, however, were followed by a trial on which only a single cue value (i.e., a single
feature of a bug) was shown to participants and their task was then to quickly indicate whether this cue
value was indicative of poisonousness or not. Our manipulation was whether the single cue value
depicted on these trials was part of an inconsistent, consistent, or neutral next-best cue on the
preceding decision trial. The assumption was that a participant’s response to a single cue value should
be slowed, when this cue value had previously been inhibited (i.e., part of an inconsistent next-best

cue) as compared when it had not been inhibited (i.e., part of a consistent or neutral next-best cue).

In the following I will first summarize and discuss the results related to the question of
whether TTB-CCs ignore information fully shown to them (Experiments 1-3) and whether TTB-CCs
would inhibit conflicting information (Experiment 3). The results of all experiments showed that TTB-
CCs were sensitive to the consistency manipulation in the task with open information board,
suggesting therefore that TTB-CCs did not ignore information. TTB-CCs made slower decisions, bet
less on their decisions, and were less confident with their decisions, when the next-best cue was
inconsistent with the best discriminating cue as compared to when the cues were consistent. The
consistency manipulation also strongly affected the decision behavior of WADD-CCs. TTB-CCs’
decision times were further strongly affected by the validity rank of the best discriminating. Decision
times increased with the validity rank of the best cue decreasing. The validity rank had no, or only a

weak effect, on WADD-CCs’ decision times.

These findings were generally in line with the predictions made by the EAM account outlined
in section 1.3.1, which assumes that TTB-CCs combine cues in a non-compensatory manner, whereas
WADD-CCs combine cues in a compensatory manner’. The assumption that TTB-CCs and WADD-
CCs differed in the way they perceived the cues received some support from participants’ predictive
utility ratings of the four cues. In all but one experiment, the utility ratings showed a larger dispersion
for TTB-CCs than for WADD-CCs (a high dispersion is indicative of non-compensation). The
predictions made by the EAM account, however, were only partially supported by the decision time
results of Experiment 3. The EAM account predicted an increase in decision times with a decrease in
information consistency. In comparison to a neutral next-best cue, however, it was only an
inconsistent next-best cue that affected TTB-CCs’ decisions by slowing them, but a consistent next-
best cue did not additionally speed the decisions. The slowdown in TTB-CCs’ decisions was as
predicted by EAMs, but it was also in line with our additional assumption that TTB-CCs might inhibit
conflicting cue information. In Experiment 3 we found first evidence for the supposed inhibitory
processes: On those trials of the decision task on which participants were to respond to only a single
cue value, TTB-CCs were slower in doing so, when this cue value had been inconsistent with the best

discriminating cue on the preceding trial (assumed inhibition) as compared to when it had been neutral

° That is, when cues are perceived as non-compensatory, they are perceived as being largely different from each
other with regard to their validities. In this case, the validity rank of the best discriminating cue may exert quite a
strong effect on decision times, as was observed for TTB-CCs.
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or consistent (no inhibition assumed). A similar pattern of inhibition did not emerge for WADD-CCs
though, which was in line with our assumption that WAD-CCs may have perceived an inconsistent
next-best cue as less conflicting than did TTB-CCs (see section 1.5 for a full explanation). Before
further discussing some theoretical implications that we also discussed in the article, I will summarize
the results from the experiments related to the adaptive flexibility question. For these findings, it is
important to note that the strategy-classification procedure, which was applied for each test phase,

revealed high consistency in individual classifications across test phase.

Results from Experiments la and 1b showed that, when cues had to be acquired sequentially
(closed information board), TTB-CCs became more likely to ignore information. Overall, TTB-CCs
acquired less cues before making a decision than did WADD-CCs. The finding that TTB-CCs did not
ignore information when it was easily available (open information board), but that the same TTB-CCs
became more likely to ignore information when cue availability decreased (closed information board),
supported the assumption of TTB-CCs’ adaptive flexibility in information search behavior (or, in
terms of EAMs, TTB-CCs’ adaptive adjustment of decision thresholds). The results of Experiment 2
complemented these findings. When task instructions emphasized decision speed, both TTB-CCs and
WADD-CCs acquired less cues before making a decision as compared to when task instructions
stressed accuracy. Contrary to previous research, however, we found no evidence for individual
strategy shifts under time pressure (i.e., a shift from WADD to TTB)'". That is, although TTB-CCs
and WADD-CCs adaptively adjusted the extent of information search in response to the different
instructions, they did not change their choice behavior (from WADD-CCs to TTB-CCs). These
findings suggest that adaptive decision making does not necessarily have to emerge as adaptive
strategy selection (e.g., Gigerenzer & Gaissmaier, 2011; Payne et al., 1988), but it can emerge more

subtle on the level of individual information search behavior.

In the article, we discussed two explanations for the discrepancy between our and previous
findings. In previous research on adaptive decision making (Glockner & Betsch, 2008a; Rieskamp &
Hoffrage, 2008), time pressure was induced by imposing an explicit time limit on participants’
information search. Thus, participants could probably only sample a small amount of cues, which may
have decreased the likelihood that a highly valid cue could have been compensated for by less valid
cues. This should then have fostered a choice behavior in line with TTB. In our experiment, in
contrast, time pressure was stressed only in the instructions, but there was no external time constraint.
Participants who perceived cues as compensatory (WADD-CCs) might therefore have sampled at least
as many cues as necessary to figure out whether a highly valid cue could have been outweighed by
less valid cues (see also Dieckmann & Rieskamp, 2007). Another explanation we discussed, for why

we found no signs of strategy shifts in our experiments, suggests that decision makers may have

' For TTB-CCs a strategy shift to WADD under accuracy instruction was not expected, because we supposed
TTB-CCs to perceive cues as non-compensatory. For these decision makers, therefore, a complete processing of
cues would have led to the same choices as the processing of only the most valid cue.
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adopted and routinized a certain decision strategy already during the initial validity learning phase, and
they may have stick to this strategy throughout the experiment. There is some evidence for routine
effects in multi-attribute decision making, showing that decision makers tend to stick to that strategy
they initially learned in an experiment (Broder & Schiffer, 2006). Importantly, however, even though
we found no strategy shifts in our experiment, the finding that TTB-CCs and WADD-CCs were

sensitive to the different instructions support the assumption of adaptive flexibility.

Results from the task with closed information board further showed that TTB-CCs generally
acquired fewer cues than did WADD-CCs. This finding is consistent with the model by Lee and
Cummins (2004), which assumes that TTB-CCs have lower decision thresholds than WADD-CCs (see
section 1.2.1). As we argued in the article, however, the L&C model cannot account for the results
from the task with open information board, where TTB-CCs apparently did not ignore information.
We suggest that the L&C model could be reconciled with these findings by allowing for individual

differences in the way decision makers combine cues (compensatory vs. non-compensatory).

In the article, we considered EAMs as an overarching framework for our research, because
EAMs make specific predictions about various aspects of decision behavior, such as decision times,
decision confidence, and information search. EAMs are also quite specific with regard to the processes
that are supposed to underlie decision making. In our experiments we found quite some support for the
predictions made by EAMs. However, regarding the assumptions about the processes supposed to
underlie decision making, our findings also point to a possible limitation of EAMs. Specifically,
EAMs suggest that decision behavior can be accounted for by a single mechanism—the accumulation
and automatic integration of information. Based on our findings, we consider it quite likely that
information-integration processes may have underlain the decision behavior of participants in general
(i.e., TTB-CCs and WADD-CCs). However, the inhibition findings from Experiment 3 suggest that
additional, more deliberate processes might also have operated during decision making and, critically,
that TTB-CCs and WADD-CCs differed in the extent to which they engaged in these processes. The
assumption of a single mechanism may therefore be too constraint to capture the variability in decision

makers’ decision pattern.

We also discussed a potential objection to that conclusion. The idea that information is
inhibited during decision making may fit with the single-mechanism model PCS, which supposes that
decision makers strive for coherence when making their decisions and coherence could be achieved by
means of inhibition. Yet although PCS may provide an explanation for inhibitory processes as
mechanisms underlying decision making, the model suggests that all decision makers should engage in
inhibition. This, however, was not the case in our experiment; WADD-CCs showed no signs of
inhibition. PCS provides no explanation for why some decision makers should be more inclined to
strive for coherence (TTB-CCs) than others (WADD-CCs). This difference, in our view, could have

been due to TTB-CCs’ stronger reliance on a deliberate decision rule, which might have been fostered
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by TTB-CCs’ highly regular choice behavior (see section 1.5). However, irrespective of why TTB-
CCs and WADD-CCs may have differed in the extent of inhibition, the critical point for single-process
models is that we found a difference between decision makers. We suggest therefore that the processes

underlying decision making might probably be more complex than assumed by single-process models.
2.2 TTB-irrelevant information in memory-based decisions—Article 2

Dummel, S., & Rummel, J. (2015). Take-the-best and the influence of decision-inconsistent attributes
on decision confidence and choices in memory-based decisions. Memory, advanced online publication.

doi: 10.1080/09658211.2015.1117642

Tasks with open information boards have sometimes been considered unfair tests for the TTB
strategy '' (Gigerenzer et al., 1999; Newell & Shanks, 2003). Indeed, TTB has originally been
postulated for memory-based decision making because, so the argument goes, the strategy requires a
decision maker to retrieve only part of the information and thus reduces retrieval efforts (Gigerenzer &
Goldstein, 1996). In one study, Broder and Schiffer (2003b) found that the proportion of TTB-CCs
was higher in a condition where participants had to retrieve cue information from memory compared
with a condition where cue information was fully shown to participants on screen during decision
making. This finding was in line with the assumption that TTB might reduce retrieval efforts and
might thus be preferred for memory-based decisions. However, the assumption underlying TTB, that
memory retrieval happens sequentially and that TTB-irrelevant information is ignored (i.e., not
retrieved) has been challenged by recent research. For instance, using a memory-based decision task,
Khader, Pachur, and Jost, (2013) found that TTB-CCs took longer to make a choice between two
options the more cue information they had previously learned about these options. The increase in
decision times with the number of option-associated cues has been suggested to result from an
automatic retrieval of complete cue information. As we argued in the article, however, from the
finding that TTB-CCs’ decision times increased proportionally to the number of option-associated
cues, it remained unclear to what extent TTB-CCs deliberately processed and integrated TTB-
irrelevant cues. We addressed this issue in the study of article 2 by using the same manipulation of

information consistency as we also used in article 1 (Dummel, Rummel, & Voss, 2016).

Participants first had to learn the cue patterns of nine options. Similar to previous memory-

based studies (e.g., Broder and Schiffer, 2003b), we used a murder cover story whereby the nine

"' This criticism may deserve some clarification. There have indeed been some studies using open information
boards where only few people were found to make choices in line with TTB at all. That is, in these studies the
majority of participants were classified as WADD-CCs. The results from our as well as other studies (Bergert &
Nosofsky, 2007; Dummel et al. 2016; Lee & Cummins, 2004), however, show that even with open information
boards a considerable proportion of participants make choices in line with TTB. Thus, open information boards
may not necessarily be unfair tests for TTB. Another reading of the criticism, however, could be that open
information boards are unfair tests for the ignorance assumption implied by TTB. Although this interpretation of
the criticism was probably not what the critics originally had in mind, the findings from article 1 (Dummel et al.,
2016) lend support to this reading. That is, when cue information is openly displayed even TTB-CCs do not
ignore this information.
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options were the nine murder suspects. Each suspect was described by four binary cues which
participants were asked to learn; the cues referred to the suspects’ items of clothing and cars. After this
learning phase, participants received information about the validity hierarchy of the four cues and then
performed the decision task. Here, participants repeatedly had to choose the more suspicious suspect
out of two possible suspects. Participants were further asked to indicate their decision confidence,
which was our main dependent variable. The pairs participants were shown in the decision task varied
on (1) the validity rank of the best discriminating cue (1st, 2nd, or 3rd rank) and (2) the consistency of
the TTB-irrelevant next-best cue (whether it was consistent or inconsistent with the best cue, or
neutral/non-discriminating). Participants were further shown pairs for which TTB and WADD made
opposing choice predictions and we used the choice-based strategy classification by Broder (2003) to
classify them accordingly. Hypotheses regarding TTB-CCs’ confidence ratings were derived from
TTB and EAMs/PCS. They both predict an effect of the validity rank manipulation on decision
confidence, such that confidence should decrease with the validity rank of the best discriminating cue
increasing. According to TTB, decision confidence should remain unaffected by the consistency
manipulation as TTB-irrelevant information is supposed to be ignored. However, if TTB-CCs retrieve
TTB-irrelevant information, EAMs/PCS further predict that confidence should decrease with
information consistency decreasing. In addition to analyzing decision confidence, we also considered
the extent of participants’ strategy-inconsistent choices, as EAMs predict a higher proportion of

strategy-inconsistent choices when information is inconsistent rather than consistent.

The results showed that the validity rank of the best discriminating cue affected TTB-CCs’
decision confidence just as predicted by both TTB and EAMs/PCS. Of greater importance, however,
TTB-CCs were also affected by the consistency of the next-best cue, suggesting therefore that TTB-
CCs retrieved supposedly TTB-irrelevant information. In line with the predictions made by
EAMSs/PCS, TTB-CCs were less confident in their decisions and made more strategy-inconsistent
decisions, when the next-best cue was inconsistent with the best discriminating cue as compared to
when it was consistent or neutral. Compared with when the next-best cue was neutral, however, a
consistent next-best cue did not additionally increase TTB-CCs’ decision confidence, as had been
predicted by EAMs/PCS. Taken together, the findings showed that, contrary to the TTB-stopping-rule,
TTB-CCs did not ignore cue information. The results were mostly in line with the predictions made by

EAMSs/PCS, which might suggest that TTB-irrelevant had somehow become integrated.

In the article, we discussed a possible methodological explanation for why the consistent
information, compared with the neutral information, did additionally increase TTB-CCs’ decision
confidence. The pairs with a neutral next-best cue differed on only one cue, whereas the pairs with a
consistent or inconsistent cue differed on two cues. The higher number of dissimilar cues and the
memory-based comparison of these cues might thus have led to a general increase in participants’

uncertainty (which may have worked against the consistency effect). As we also argued in the article,



COGNITIVE PROCESSES UNDERLYING HEURISTIC DECISION MAKING 25

however, this methodological constraint should not have undermined the general finding that TTB-
CCs retrieved TTB-irrelevant information, because if this information had not been retrieved, the
consistency manipulation would have had no effect whatsoever. Furthermore, the difference in
confidence ratings between consistent and inconsistent pairs could not have been attributed to the
suggested methodological factor, because these pairs had an identical number of dissimilar cues (two).
We conclude therefore that TTB-CCs did not only retrieve TTB-irrelevant information, but they also

appeared to have integrated this information somehow.

We also discussed a possible objection to our conclusion that TTB-CCs retrieved additional,
TTB-irrelevant information when making their decisions. One could argue, for example, that
additional cues had probably only been retrieved for the post-decisional confidence ratings. However,
the finding that TTB-CCs made more strategy-inconsistent decisions when cue information was
inconsistent rather than consistent speaks against this assumption and suggests that TTB-CCs had

retrieved TTB-irrelevant information prior to making their decisions.

Another point we discussed in the article referred to the level of analyses we considered. We
examined TTB-CCs as a group of decision makers and found that, on average, TTB-CCs did not
ignore TTB-irrelevant information. This hence allows for the possibility that some TTB-CCs may
have behaved completely in line with TTB and ignored information. The point we wanted to make
with our research, however, was not to suggest that TTB-CCs would generally not ignore information;
but the finding that at least some TTB-CCs appeared to have not behaved in line with TTB requires
one to rethink the processes supposed to underlie decision making. Of course, whether the processes
underlying TTB-CCs actually match the processes assumed by EAMs/PCS is another question and
awaits further research. As for example argued in article 1, even when the decision behavior of
participants is mostly in line with the predictions made by specific models such as EAMs/PCS, this
does not necessarily mean that the processes underlying the decision behavior also conforms to the

model processes (see also the General Discussion section).
2.3 Ego-depletion and TTB-consistent choices—Article 3

Dummel, S., & Rummel, J. (2016) Effects of Ego-Depletion on Choice Behavior in a Multi-Attribute
Decision Task. Journal of Cognitive Psychology. doi: 10.1080/20445911.2015.1135929

The main question addressed in the previous articles was whether decision makers who
consistently made choices in line with TTB ignored information or not. Our main goal in article 3 was
to further our understanding of the conditions under which decision makers would become more likely
to make TTB-consistent choices at all. The findings from article 1 suggest that TTB-CCs make non-
compensatory TTB-choices because they perceive the cues as being non-compensatory. This
complements findings from previous studies on adaptive decision making, where participants in a

decision environment with high cue dispersion (i.e., non-compensatory) were also found to become
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more likely to make TTB-consistent choices (e.g., Broder, 2000). Research on adaptive decision
making also examined other factors that have been found to increase participants’ likelihood of
making TTB-consistent choices, such as the redundancy of cues in a decision environment
(Dieckmann & Rieskamp, 2007) or time pressure (Glockner & Betsch, 2008; Rieskamp & Hoffrage,
2008). Of importance with regard to article 3, the factors considered in this research were all factors
directly related to the decision situation itself. The question addressed in article 3, in contrast, was
whether individuals’ choice behavior in a decision task would also be affected by a situation (task)
completely unrelated to the choice situation. Research on ego-depletion suggests that engaging in self-
control in one task may reduce one’s cognitive resources available for another subsequent task (e.g.,
Baumeister, Bratslavsky, Muraven, & Tice, 1998). TTB has been suggested to reduce cognitive effort,
and there has also been some support for this assumption'*(Broder & Schiffer, 2003b; Mata, Schooler,
& Rieskamp, 2007). The study of article 3 therefore examined whether decision makers in a state of
ego-depletion (induced prior to the decision task) would become more likely to make TTB-consistent
choices than participants who were not depleted. Before I continue with the outline of the study and

the results, [ want to briefly discuss one point that may need some clarification.

In our previous research (Dummel et al., 2016; Experiment 2), we found that participants’
choice behavior remained largely unaffected by a time pressure manipulation, and we suggested that
this may have been due to the routinization of a strategy during validity learning. Indeed, in most
studies on adaptive decision making where effects on choice behavior had been found, cue validities
were instructed rather than had to be learned. Therefore, as our interest in article 3 was to study the
effects of ego-depletion on choice behavior, we told participants the exact validity values in the
instructions of the decision task rather than having them learn the validities. Furthermore, the validity
values we provided in the instructions pointed to a compensatory environment; findings from previous
research suggested that under these conditions, participants generally prefer to make choices in line
with compensatory strategies like WADD. We deemed this important, because our assumption was
that ego-depletion might increase participants’ likelihood of making a choice in line with the non-
compensatory TTB strategy. We therefore thought the depletion-effect most likely to occur in a
compensatory environment. Note that this also meant that we expected depleted participants not to
consistently make TTB-consistent choices, but rather to become more likely to deviate from the
preferred, but more effortful compensatory choices. In our previous research, we used a strategy-
classification approach to identify individual strategies. However, as we assumed participants to

generally prefer to make compensatory choices and to only become more likely to deviate from these

"> There has been some debate, however, on whether TTB, in comparison to compensatory strategies, indeed
reduces effort. We discussed this issue in detail in the article. The bottom line of this discussion was that the
mere execution of a TTB strategy (i.e., the processing of cues as suggested by TTB) indeed seems to be less
effortful than, for example, the execution of a WADD strategy. However, what seems to be difficult for
participants is to figure out that in a decision environment, a TTB strategy would be more profitable than a
WADD strategy. As our focus in article 3 was on participants’ application of a TTB-like strategy and not on the
learning of strategies, we considered it warranted to suggest that TTB may reduce cognitive effort.
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choices under ego-depletion (and make TTB-consistent choices) we used a different approach to

analyze individual choices (see below).

Figure 1 shows the decision task we used in article 3. Participants were to choose the more
profitable of two funds and for each fund, the recommendations of six experts (cues) of varying
validities were shown. Participants were shown 50 pairs of funds for which the non-compensatory
TTB and compensatory strategies'’ made opposing choice predictions. Consistent with our previous
studies, the pairs varied regarding the validity rank of the best discriminating cue (1st, 2nd, or 3rd) .
Of greatest importance, however, prior to the decision task, participants performed a completely
unrelated task (copying a text), where we manipulated ego-depletion in a way it has commonly been

done in ego-depletion research (simply copying the text vs. copying but skipping specific letters).

We analyzed participants’ choices with a multi-level logistic regression analysis thereby
taking into account the dependency among data and the dichotomous nature of the dependent variable
(TTB-consistent vs. compensatory-consistent). Consistent with our hypothesis, the analysis revealed
that, for depleted participants, the likelihood of making a TTB-consistent choice was 2.7 times higher
than for non-depleted (which was significant). The validity rank manipulation also had a significant
effect on choice behavior, such that the likelihood of making a TTB-consistent choice increased with
the wvalidity rank of the best cue increasing. This latter finding was somewhat surprising—that
participants become more likely to rely on the best cue when this cue had a lower rather than a higher
validity. Our suggestion in the article was that, when the first-rank cue was the best discriminating
cue, then the evidence provided by the remaining cues may probably have been perceived as stronger
(favoring compensatory choices) than when the second- or third-rank cue were best cues (favoring

TTB-consistent choices).

We further discussed several explanations for why ego-depletion increased participants’
likelihood of making TTB-consistent choices. Our initial assumption was that ego-depletion reduces
cognitive resources. According to this account then, depleted participants more frequently made
simple TTB-choices because they had less cognitive resources available for the decision task. A
motivational account, however, might also seem plausible, suggesting that depleted participants were
less motivated for the decision task. This account, however, would also suggest that depleted decision
makers may probably have made faster decisions than non-depleted participants (to get the task over
with). In the article, we also considered participants’ decision times. Yet contrary to the
‘demotivation’ hypothesis, decision times did not differ between the groups. An interesting

observation that we made about decision times, however, was that TTB-consistent choices were not

" We used the general term compensatory strategies in the article rather than referring to specific strategies
(WADD or EQW) because the different strategies made identical choice predictions for almost all pairs.

'* We did not use the consistency manipulation here. This manipulation was used in previous studies to examine
whether TTB-CCs ignored information or not. In article 3, however, our interest was to examine the conditions
under which participants would become more likely to make TTB-consistent choices, irrespective of whether
information had been ignored or not.
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made any faster than compensatory choices; the descriptive pattern was even reversed. Although not
of our primary interest in article 3, this finding indicated that participants probably did not ignore
information when they made TTB-consistent choices (if information had been ignored, TTB-
consistent would have been expected to be faster). The decision-time findings could be reconciled with
the previously mentioned cognitive resources account. Specifically, depleted participants may have
perceived the task of integrating information from the six cues as being more difficult than non-
depleted participants, and when integration attempts became too effortful on a trial, depleted
participants may finally have resorted to a simple rule-of-thumb and followed the best cue (in the
sense of ‘take-the-best, if everything else fails’). As we pointed out in the article, however, all the
explanations considered for why depletion affected participants’ choice behavior remain rather
speculative and await further research. Yet irrespective of why ego-depletion increased individuals’
likelihood of making TTB-consistent choices, the important finding from article 3 is that ego-depletion
had this effect. The findings suggest, therefore, that the choices we make in our lives can be affected

by things that actually have nothing to do with the choice situations themselves.
3. General Discussion

The work presented in this thesis aimed to get a better understanding of the cognitive
processes underlying those choices that (supposedly) rely on only one good cue, so-called TTB-
consistent choices. A common explanation for such a choice behavior has been that decision makers
stop information search at the discovery of the best cue and ignore additional information. In the
present work, however, we found converging evidence that TTB-CCs do not ignore cue information
when this information is fully shown to them or when decision accuracy is of importance (article 1).
Moreover, even when cues had to be retrieved from memory, TTB-CCs were not completely unaware
of additional cues (article 2). We further gained first insights into the specific processes underlying the
choices of TTB-CCs. We found first evidence that TTB-CCs inhibit information that conflicts with
their decisions. Finally, the present work improved our understanding of the conditions under which
decision makers become more likely to make TTB-consistent choices. We found that the likelihood of
making a TTB-consistent choice increased, when decision makers were ego-depleted prior to decision

making as compared to when they were not depleted.

Overall, the findings presented here challenge the assumption of a strict TTB-stopping-rule, as
it is suggested, for example, by the multiple-strategy view on decision making. As outlined in the
previous sections, our findings were mostly in line with EAMs or PCS. Yet even those models could
not fully account for the decision behavior we observed. Specifically, EAMs and PCS assume that a
single process (the automatic integration of information) underlies the decision behavior of all
decision makers. Our inhibition findings suggest, however, that more deliberate processes also operate
during decision making, and that decision makers differ in the extent to which they engage in these

processes. Most of the relevant and critical points of each study have already been discussed in the
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previous sections. The following section therefore takes a cross-article perspective by summarizing
and discussing the results of the three articles in relation to the three questions pointed to at the very

beginning of this thesis.

One of these questions asked, when or why do decision makers become more likely to rely on
only one cue to make their decisions. Our findings point to two answers. First, decision makers
predominantly based their choices on only one cue, when they perceived this cue as truly strong
enough to outweigh additional cues—that is, when they perceived the cues as non-compensatory
(article 1). This finding fits with the notion of ecological rationality (Gigerenzer et al., 1999;
Gigerenzer & Gaissmaier, 2011). That is, the application of a non-compensatory strategy like TTB
seems perfectly rational in a non-compensatory environment'>. Second, the likelihood of making TTB-
consistent choices in a compensatory environment increased in a state of ego-depletion. This finding
fits with the notion that TTB reduces cognitive effort and might thus become more likely when

cognitive resources are sparse (e.g., Broder & Schiffer, 2003b; Mata et al., 2007).

The second question addressed with the present work is, what it means, when decision makers
make choices in line with TTB; concretely, do TTB-CCs ignore information? The findings suggest
that it depends: Under certain conditions, such as when cues were not that easily available or when
decision speed was emphasized, TTB-CCs became more likely to ignore information. However, when
cues were easily available or when decision accuracy was of importance, TTB-CCs tended to process
cues completely. These findings are in line with the idea of the adaptive decision maker (Gigerenzer &
Gaissmaier, 2011; Payne et al., 1988). However, contrary to previous research (Glockner & Betsch,
2008a; Rieskamp & Hoffrage, 2008), suggesting that adaptive decision making is generally reflected
by both a change in choice behavior and a change in the extent of information search (i.e., adaptive
strategy selection), the current findings indicate that decision makers may adaptively adjust their
extent of information search without necessarily changing their choice behavior. In the case of TTB-
CCs who perceive cues as non-compensatory (article 1), this kind of adaptive flexibility also seems
plausible—that is, the choices of these decision makers should have consistently been driven by the
best cue, irrespective of the extent of information search. The finding that under accuracy instructions,
TTB-CCs became less likely to ignore information points to a possible, and important, reason for why
TTB-CCs may process cue information that, according to TTB, is considered irrelevant. That is, one
could argue that TTB-CCs actually have no reason to process additional cues, because for their
choices the one single cue would be sufficient (i.e., their behavior could be considered as irrational or

inefficient). However, in many daily situations, individuals might probably not only want to make a

" In this study (Dummel, et al., 2016), the cue validities of the learning environment pointed to a compensatory
environment. One could argue therefore that the decision behavior of TTB-CCs was not rational under a
prescriptive perspective of decision making. However, the cues in the learning environment were also positively
correlated. Simulation studies showed that under these conditions the predictive power of TTB matches the
predictive power of compensatory strategies like WADD (Davis-Stober, Dana, & Budescu, 2010). Thus, the
decision behavior of TTB-CCs in our studies could indeed be considered as ‘ecological rational’.
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choice, but they also might want to know how accurate their choice is in order to calibrate their
decision behavior accordingly (see also Hausmann & Liage, 2008; Newell & Shanks, 2003; for a
similar view). For example, in order to choose the more profitable of two funds, information from a
single, highly recommended expert might suffice. Yet if one also were to invest some money in that
fund, information from several experts might be helpful to gauge how good the choice (i.e., the fund)

actually is and thus Zow much money one would be willing to invest.

Finally, the last question concerns the cognitive processes underlying the choices of TTB-CCs.
More specifically, if TTB-CCs do not ignore information, how do they process this information? I
have already discussed in more detail that (1) our findings were largely in line with the predictions
made by EAMs or PCS, indicating that automatic information integration processes may most likely
have underlain the decision behavior of TTB-CCs (and also WADD-CCs); but that (2) additional
inhibitory processes apparently also operated during TTB-decision-making but not WADD-decision-
making, indicating that the assumption of a single process underlying the decision behavior of TTB-
CCs and WADD-CCs might probably be too constraint. This discussion mainly concerned the results
from article 1. In the following, I want to further elaborate on the processes underlying decision
making by focusing on the results from articles 2 and 3. And I want to specifically concentrate on the

assumption that information integration is automatic.

As noted previously, Broder and Schiffer (2003b) found that the proportion of TTB-CCs was
higher in a condition where cues had to be retrieved from memory as compared to a condition where
the same cue information was fully shown on screen during decision making. This finding supported
the assumption that TTB reduces cognitive effort. However, the findings by Khader et al. (2013), as
well as our findings (Dummel & Rummel, 2015), provide evidence for a retrieval of complete cue
information even for TTB-CCs, indicating that the retrieval of cues seems to be less effortful than
commonly assumed. Provided, however, that cue retrieval is not that effortful, why do decision makers
nevertheless prefer TTB over WADD in a memory-based decision task? A possible explanation could
be that, what actually requires cognitive effort in a memory-based decision task is not the retrieval of
cues but the memory-based combination or integration of cues. This, however, would speak against
the assumption that cues become automatically integrated at their retrieval (EAMs and PCS). That is,
if cues were automatically retrieved and integrated (i.e., retrieval and integration without much effort),
then there would be no reason for decision makers to prefer TTB over WADD—yet this is what
Broder and Schiffer found (and indeed, in our own study in article 2, there were only three WADD-
CCs compared to 41 TTB-CCs). One might suggest, therefore, that the retrieval of complete cue
information is probably not sufficient for a decision maker to also fully integrate the information so
that an immediate choice could have been made once all cues had been retrieved. It rather seems that
the memory-based combination of cues in a WADD-like manner requires a certain amount of

cognitive effort—effort that decision makers may probably circumvent by (simply) focusing on the
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best cue to make their decisions (TTB), even when additional cues had been retrieved completely.
Note that this does not mean that integration processes did not play any role at the time cues were
retrieved (as decision makers of our study were sensitive to the consistency of information); but for a
choice to be made, these processes might have been insufficient and decision makers may probably
have relied on more strategic processes instead. Importantly, however, even though the way in which
decision makers process cues in a memory-based decision task might still not be fully understood, a
conclusion that one might relatively safely draw from the most current findings (Dummel & Rummel,

2015; Khader et al., 2013) is that, contrary to the TTB-stopping-rule, cue information is not ignored.

The assumption of a completely automatic information integration process underlying decision
making might also be challenged to some extent by the findings from article 3. There, decision makers
became more likely to make TTB-consistent choices when they had previously been depleted. An
inspection of individual choice patterns revealed that, decision makers of this study showed a general
preference for compensatory choices, which seems reasonable given that the instructed validities
pointed to a compensatory environment. Put differently, an optimal choice in this environment would
have been a compensatory choice, and a successful combination of cues should have led to this kind of
choices. But in a state of ego-depletion, decision makers more frequently deviated from the ‘optimal’
choices and made TTB-consistent choices. One might suggest therefore that depleted participants had
less cognitive resources available in order to successfully combine the cues. This, however, would
suggest that the combination or integration of cues may not be completely automatic but may require
at least some cognitive or attentional effort—effort that depleted participants seemed not able to

muster consistently.

In decision research the MSF has often been directly contrasted with the EAMs framework or
PCS. This approach implies (and it has often been framed explicitly in that way) that the two views—
different strategies and single process—are mutually exclusive. The findings of the present research,
however, may suggest that there is probably a truth to both frameworks. Certainly, our findings quite
consistently showed that the assumption implied by the TTB-stopping-rule is not valid, at least not in
its strictest meaning (i.e., information is not generally ignored). Yet the TTB-stopping-rule is only one
specific assumption incorporated into one specific strategy. This therefore should not completely
invalidate the MSF as a whole; but it may one require to reconsider the basic tenets of the framework.
A core tenet of the MSF, for example, is the assumption that rule-like processes operate during
decision making; specific rules are, for instance, search-, stopping-, and decision rules. Our findings
indicate that decision makers apparently do not adhere to a specific stopping-rule; but this should not
necessarily mean that rule-like processes play no role at all during decision making. In fact, our
assumption that TTB-CCs might inhibit conflicting information was particularly inspired by the
assumption that these decision makers might follow a TTB-decision-rule. The study of decision

strategies, which are fix configuration of rules, might obscure somehow the view on the rules
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themselves. Focusing more on the rules or the rule-like processes that may operate during decision
making might therefore be a more promising approach to the study of decision making than focusing

on specific strategies.

Rule-like or strategic processes are not incorporated into decision making models like EAMs
or PCS (but see Glockner & Betsch, 2008b; for a first attempt). These models suppose that the
decisions we make are the result of automatic information integration processes. The results of our
study were quite well in line with the predictions made by EAMs or PCS. We suggest therefore that
information integration processes play a prominent role in decision making. Yet the aforementioned
discussion of our findings might also have demonstrated that the supposed integration processes may
probably not be completely automatic but may require at least some cognitive effort. Furthermore, the
finding that TTB-CCs inhibited conflicting information, whereas WADD-CCs showed no signs of
inhibition, challenge the assumption of a single process. As with the MSF, however, the findings
suggesting that information integration is probably not completely automatic and that information
integration is probably not the only process operating during decision making—these findings do not
invalidate EAMs or PCS as models of decision making per se. But these findings suggest that
processes other than information integration might also be at work during decision making—processes
that might probably well be captured by the rule-like processes postulated by the MSF. Therefore,
EAMs/PCS and the MSF may not necessarily be mutually exclusive, and information integration
processes might probably operate in parallel to more strategic processes during decision making.
When full-fledged frameworks of decision making are pitted against each other (macro-level
perspective), the focus might probably be too much on the differences between, and the exclusiveness
of, the processes suggested by these frameworks; but the very processes supposed by these
frameworks (micro-level perspective) might tend to be overlooked. A promising approach to the study
of decision making might be therefore to focus on, and tap into, the specific processes postulated by
the different frameworks, such as information integration, rule adherence, or inhibition. I hope the
work presented here offered some interesting and novel ideas and methods how this endeavor might

be started and accomplished.
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Abstract
Ignoring information when making a decision is at the heart of the take-the-best (TTB) strategy,
according to which decision makers only consider information about the most valid cue (TTB-
relevant) and ignore less valid cues (TTB-irrelevant). Results of four experiments, however, show that
participants do not ignore information when cues are easily available (Experimentsla, 1b, and 3) or
when task instructions emphasize decision accuracy (Experiment 2). In all four experiments we found
that the consistency between the TTB-relevant cue and a supposedly TTB-irrelevant cue
systematically affected decision times and confidence ratings of even those participants whose choices
were consistently driven by only the TTB-relevant cue. In Experiments 1a and 1b, we also found that
these participants were more likely to ignore information when cues had to be acquired sequentially,
suggesting that whether or not participants ignore information depends on information availability.
Experiment 2 further showed that different task instructions (emphasizing decision accuracy vs. speed)
affect whether or not participants ignore information. Finally, Experiment 3 addressed the question of
how participants process information that, according to TTB, is considered irrelevant for their choices.
We find first evidence that participants who consistently make choices in line with TTB inhibit
information about a TTB-irrelevant cue when this information conflicts with their decisions. Findings

are considered and discussed in relation to current models of decision making.

Keywords: decision-making; take-the-best heuristic; evidence accumulation; inhibition
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Additional information is not ignored: New evidence for information integration and inhibition in

take-the-best decisions

Introduction

Choosing between two options is not always easy, especially when the options differ on
several decision-relevant attributes and neither option is unequivocally favored by all attributes: Some
attributes are in favor of the first option, others in favor of the second option. To illustrate, consider a
doctor who needs to decide which of two patients is more severely infected and should be treated first.
The doctor may have a symptom check-list for each patient where each list indicates the
presence/absence of four symptoms, referred to as cues. The symptoms differ in their extent to which
they predict a patient’s level of infection, referred to as cue validity. The symptoms may be: fever,
dizziness, nausea, and abdominal pain (from high to low validity). The list of Patient 1 indicates the
presence of fever but no further symptoms, whereas the list of Patient 2 shows the presence of
dizziness, nausea, and abdominal pain, but not fever (written here as P1: 1-0-0-0, and P2: 0-1-1-1).

As illustrated in this example, cue information can be in conflict: a highly valid cue points to
P1 (fever), whereas three less valid cues point to P2 (dizziness, nausea, abdominal pain). Decision-
making researchers have long been interested in studying how people respond in such situations
(Gigerenzer & Gaissmaier, 2011; Gigerenzer, Tood, & The ABC Research Group, 1999; Payne,
Bettman, & Johnson, 1988), and there seems to be common agreement that some people resolve the
conflict by integrating all available information about the options. Other people, in contrast, are
assumed to not notice the conflicting information because they seem to just look for the most valid cue
and if it allows them to make a decision (i.e., if it discriminates between the options) they will stop
collecting further information and base their choice on only parts of the available information (Lee &
Cummins, 2004; Newell & Lee, 2011). This latter approach is at the heart of the fast-and-frugal-
heuristics framework of decision making (e.g., Gigerenzer & Gaissmaier, 2011). A key heuristic
specifically formulated for tasks of multi-cue decision-making, like the one above, is the take-the-best
(TTB) strategy.

Decision makers following TTB are assumed to process cues in descending order of their
validity. As soon as a cue discriminates between the options, the decision maker will stop looking for
further information and chooses the option pointed to by the first discriminating cue (the best cue).
TTB can thus be said to consist of three building blocks (Gigerenzer & Brighton, 2009; Gigerenzer &
Gaissmaier, 2011): a search rule, a stopping rule, and a decision rule. Following all three rules, a
decision maker confronted with the two patients from above would start comparing the patients on the
most relevant symptom, fever (search rule); because this symptom discriminates between the two
patients, the decision maker would stop looking for further information (stopping rule) and will choose
the patient with the symptom being present (P1; decision rule). Hence, a decision maker following

TTB would only inspect one cue for her choice.



INTEGRATION AND INHIBITION DECISION PROCESSES Al-4

In decision-making research, TTB is often contrasted with decision strategies which assume
that all information is being processed before a choice is made. One such strategy that we considered
for the present research is the weighted additive rule (WADD); Payne, Bettman, & Johnson, 1988).
Decision makers following WADD are assumed to weight all cues of an option by their validity, sum
up the weighted evidence for each option, and choose the option with the higher amount of evidence.
Following WADD, a decision maker confronted with the two patients above would multiply the
symptoms with their validity and sum up the weighted symptoms for each patient. If the weighted sum
of the less valid cues exceeds the validity of the most valid cue, the decision maker would choose P2.
Because WADD allows for the possibility that a highly valid cue can be compensated for by two or
more less valid cues, WADD is often called compensatory, whereas TTB is called non-compensatory.

As illustrated by the introductory example, for some binary decisions (e.g., 1-0-0-0 vs. 0-1-1-
1), TTB and WADD make different choice predictions (provided that the weighted sum of the less
valid cues exceed the validity of the best discriminating cue): TTB predicts the choice of option (1-0-
0-0), whereas WADD predicts the choice of option (0-1-1-1). The choices participants make in a
decision experiment are commonly used to classify them as users of TTB, WADD, or any other
decision strategy under consideration (Bergert & Nosofsky, 2007; Broder, 2000; Broder & Schiffer,
2003; Lee & Cummins, 2004; Newell & Lee, 2011). Moreover, choice outcomes are often used to
draw conclusions about the processes underlying participants' choices (Lee & Cummins, 2004; Newell
& Lee, 2011). It is often—implicitly or explicitly—concluded that participants who show an outcome in
line with the TTB-decision-rule stopped information search earlier than did participants who made
choices as predicted by WADD.

Importantly, however, the mere analysis of participants' choice outcomes only allows for
drawing conclusions about which participants most likely did not ignore information, that is,
participants who made choices in line with WADD. Participants who make choices in line with the
best discriminating cue (TTB), however, may have done so because they stopped information search
after discovering this cue—as suggested by the TTB-stopping-rule. Yet it is also possible that these
participants processed cue information completely and nevertheless chose the option favored by the
best discriminating cue, because they perceived this cue as important enough to outweigh all less valid
cues jointly (see also Glockner, Hilbig, & Jekel, 2014). In the next paragraph(s), we will outline the
possible implications of a strategy mimicking the outcomes of TTB (i.e., choices) but without
following the strategy’s stopping rule. To avoid confusion, we will refer to decision makers who show
a choice outcome in line with TTB as TTB-consistent choosers (TTB-CCs). Note that this term only
implies that individuals classified as TTB-CCs show a decision outcome in line with TTB; it does not
make any assumptions about the possible processes underlying these outcomes (i.e., whether a
stopping-rule is adopted or not).

One might argue that TTB-CCs do not need to process additional cues because these cues have

no bearing on their choices. However, in line with other researchers (e.g., Hausmann & Liage, 2008;
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Newell, Weston, & Shanks, 2003), we suggest that, in addition to making choices in a decision task,
decision makers also want to know how confident they can be with their choices. Especially when cue
information is easily available, the processing of additional cue information comes with very little
cognitive costs but it provides decision makers with important information regarding decision
confidence. One of the questions we therefore want to address in this research is whether TTB-CCs
actually ignore cue information in decision tasks where information is easily available (i.e., openly
displayed). As argued, we suggest that TTB-CCs have good reasons to not ignore infor