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Abstract

In betting situations, if an outcome of a decision outcome is uncertain, this may counteract a possible integration
of concurrent decisions. Integration here means that one add values or utilities to the outcomes that one expects.
There has been proposed several possible reasons that could explain why a prior outcome is integrated. The aim of
the present study was to investigate whether a proposed loss-sensitivity principle (LSP) could explain the integration
of concurrent decisions. According to the LSP, a prior outcome will only be integrated if a decision maker (DM) takes
into account a future loss and the disutility of this loss.

Materials and methods: We conducted an experiment in order to test the proposed LSP. 48 undergraduate
students participated as subjects in the experiment. The materials consisted of fictitious bets presented on a
computer screen. In all the conditions of the experiment, one block consisted of single decisions. Half of these
decisions consisted of a choice of either having an even chance of winning a certain amount or nothing and a choice
of being sure of winning half the amount. The other half of the decisions consisted of a choice of either having an
even chance of losing a certain amount or nothing and a choice of being sure of losing half of the amount.

Results: Our results yielded no integration. After a prior loss subjects became more risk-aversive when choosing

between losses, partially in accordance with the proposed LSP.

Conclusion: No integration occurred in the conditions with concurrent decisions and prior outcomes.

Keywords: Concurrent decisions; Loss-sensitivity principle; Decision
making; Integration; Prior outcome; Uncertainty

Introduction

Itis a well-known fact that it is often challenging to make judgments
and decisions. This becomes even more challenging when one is facing
several options to choose from. One reason that decision making then
becomes challenging is because of uncertainty and value conflicts.
In addition, decisions are always separated from each other even if
the research literature commonly describes the decisions as being
independent from each other [1,2]. Throughout one’s daily activities,
very often a decision maker (DM) has already made a decision and
thus already have incorporated the outcome from a previous choice
when the DM has to make a new choice. A DM can also experience
difficulties in situations where he or she is required to make several
decisions at the same time. These types of situations are referred to as
concurrent decisions or concurrent decision making. Within the area
of machine learning, a lot of research on concurrent decisions has been
conducted. A major part of the research conducted within this area
has focused upon decision making under uncertainty based on Markov
decision processes (MDPs) for structured actions [3-13]. However,
most of these approaches tend to ignore the temporal properties of such
problems, and do not address learning and planning with activities that
take various amounts of time for completion (e.g., activities modeled as
temporally extended actions [14].

Decision making theories are either normative, that is, entailing
utility maximization, or they are descriptive. Some of the latter decision
making theories explains how people make decisions and they are then
similar to normative theories in that they are based on value or utility.
Here the decision maker (DM) is assumed to first assign a utility or value
v(x) to each outcome x, and then to select the option with the highest
value. An example of a value-based decision making theory is prospect
theory developed by Kahneman and Tversky [15], see also Tversky and

Kahneman [16,17]. An alternative “reason-based” approach has been
proposed by Shafir et al. [18]. This “reason-based” approach identifies
various reasons and arguments that are imported into and influences
decision. This approach indicates that choices are explained in terms
of the balance of reasons for and against the various options. Lacking
a comprehensive descriptive theory, value-based and reason-based
analyses are still significant contributors to the understanding of how
decisions are made.

Prospect theory is similar to reason-based approaches in its
assumption that the DM edits options. This can be seen asa contradiction
to the normative decision theory found in economics [19]. Examples of
such editing operations include framing outcomes as gains or losses
relative to a reference point. Framing of this type also include that a
DM segregates or integrates prior outcomes or decisions [20,21]. A
definition of integration of the outcomes of two concurrent decisions,
suggested by Boe and Girling [22], is the following: integration is
“adding the utilities of the expected outcomes of one decision to the
utilities of the expected outcomes of another decision” (p. 114). Ifa DM
uses a “minimal account” as his or her decision frame, this means that
the outcomes of a particular choice becomes evaluated independently
of prior outcomes. A DM may often use this decision frame because
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it “..(i) simplifies evaluations and reduces cognitive strain, (ii) reflects
the intuition that consequences should be causally linked to acts,
and (iii) matches the properties of hedonic experience which is more
sensitive to desirable and undesirable changes than to steady states”
(p. 457) [21]. In studies by Kahneman and Tversky [15] and Tversky
and Kahneman [21] three examples of segregation are provided. One
example was the following:

Imagine that you face the following pair of concurrent decisions. First
examine both decisions, then indicate the options you prefer.

Decision (1). Choose between:

A. a sure gain of $240

B. 25% chance to gain $1000, and 75% chance to gain nothing
Decision (2). Choose between:

C. a sure loss of $750

D. 75% chance to lose $1000, and 25% chance to lose nothing

The results yielded that a majority of DMs were found to chose
options A and D. Contradicting this, when DMs were requested to
choose between the following two alternatives they chose option B”:

A’.25% chance to gain $240, and 75% chance to lose $760
B". 25% chance to gain $240, and 75% chance to lose $750

As should be realized, alternative B’ is a combination of options C
and D whereas A" is a combination of options A and B. A clear picture
emerges from this, as the DMs did not seem able to make choices which
overall would maximized expected utility. Presumably, they framed
each of the decision problems in a minimal account.

It is possible that uncertainty of the outcome of the first decision
counteracts integration of concurrent decisions [23,24]. Thus, when
subjects encounter a prior outcome they may take it into account.
Several possible reasons why a prior outcome is integrated have been
proposed. Integration of concurrent decisions may be challenging
for several reasons. One reason is that the world is stochastic and
the uncertain outcomes of executing multiple activities concurrently
makes this problem difficult. In regular sequential decision making, an
individual would simply select the next action when the current action
being executed terminates. However, when concurrent decisions are
made, a set of concurrent activities are often executed, and one or more
activities may terminate before the rest [25]. Thaler and Johnson [26]
argued that subjects integrate when it maximizes utility. Thaler and
Johnson [26] further discovered that value becomes maximized when
gains are segregated, when losses are integrated, and when small losses
are integrated with large gains (known as mixed gains). They also found
that the relative size of prior large losses and small gains (mixed losses)
was a decisive factor that could explain if value was maximized. On
the other hand, Investigating their renewable resources (RR) model,
Linville and Fischer [27] found that losses and gains were segregated
but mixed gains and mixed losses were integrated. In their study, no
restrictions were imposed on whether a loss perceived a gain or the
reverse.

Girling and Romanus [23] proposed a loss-sensitivity hypothesis.
According to this hypothesis a prior outcome is only integrated when
a DM evaluates the disutility of a future loss, not otherwise. A more
encompassing account may in this case be employed because avoiding
losses are more important than maximizing gain. In general, the loss-
sensitivity hypothesis predicts risk aversion after a prior loss, risk
seeking after a prior gain.

In a previous study by Boe [28] it was investigated whether an
attentional bias was capable of explaining why DMs sometimes would
fail to integrate the outcomes of concurrent decisions. Support for this
attentional bias was found in the sense that participants that expressed
amore positive attitude toward driving was found to choose more often
to drive to stores that were within walking distance. In comparison,
participants that expressed a less positive attitude towards driving were
found to choose less often to drive to stores that were within walking
distance.

In a further study of concurrent decisions, Boe and Garling [29]
investigated whether outcomes that were certain would be more often
integrated than outcomes that were uncertain. They further investigated
whether outcomes of concurrent decisions that were causally related
would be more often integrated than outcomes that were unrelated.
Results from this study revealed that both causally related outcomes
and outcomes of concurrent decisions that were uncertain had an effect
upon integration.

Continuing this line of thinking, Boe and Gérling [22] conducted
an experiment with the purpose of investigating whether options of
concurrent decisions that were causally related would not be taken
into account and as a result therefore not chosen. This despite that the
combinations of options were more attractive than the single options.
Participants were given two concurrent decisions in which they were
requested to choose between buying pairs of common consumer
products that either were means-end related or not related to each other.
When the participants were forced to make their choices, they chose
the pairs of means or ends consumer products presumably because of
the additional benefits they gave to these products. A conclusion from
this study was that the integration of concurrent outcomes would only
take place under a forced condition.

Boe and Gérling [30] conducted two experiments in order to
investigate the hypothesis that the LSP could explain if the outcomes
of two concurrent risky decisions would be integrated. As proposed
by the LSP, only expected loss outcomes of concurrent decisions
would then be integrated. The results yielded by the first experiment
(Experiment 1) gave support to the LSP in that a prior outcome was
integrated with the expected loss outcome of a current decision. As the
expected loss outcomes of two concurrent decisions was not integrated,
no integration was found regarding concurrent decisions. A possible
proposed explanation that outcomes becomes ignored if they have not
yet occurred was investigated in a second experiment (Experiment 2).
Here the participants were offered bonuses with the thinking that this
would increase their sensitivity they would have towards either to gains
or losses. Again, no integration of the outcomes of concurrent decisions
was yielded, although there was an effect of the bonus. Looking at the
results, a question was raised as to the LSP could be extended to explain
any integration of prior outcomes when choices were made between
losses or between gains. A possible explanation of the lack of integration
of could be that expectations of future risky outcomes simply becomes
ignored when a DM is about to make decisions [31].

Purpose of the Study

The aim of the present experiment was to investigate if the loss-
sensitivity hypothesis is capable of also explaining how concurrent
decisions are integrated. It then needs to be assumed that one of the
decisions are superordinate to the other. In the experiment, this was
operationalized by imposing an order on the choices. Thus, when
making the second choice it was hypothesized that subjects would
take into account the outcome of the first choice. However, according
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to the hypothesis subjects would do that only if the outcome of the
second choice was a potential loss. Therefore, the second choice was
either between a sure loss and an uncertain loss or a sure gain and an
uncertain gain. Integration was expected in the first but not in the latter
case.

There are two possible reasons why a prior decision is not integrated
with a current decision. The first reason is that there are too many
outcomes of the first decision to take into account. This possibility
was partly eliminated in the experiment since each of two options in
the first decision only had two possible outcomes which either were
both gains or nothing or both losses or nothing. In addition, if an order
is imposed on a pair of concurrent decisions, it seems reasonable to
assume that the DM only considers the outcomes of the chosen option.
By setting up the first decision problem so that the expected value was
much higher for one option and therefore very likely to be chosen, it
was possible to test the assumption that subjects only take into account
the outcomes of the chosen option.

The other reason for not integrating two concurrent decisions is
that the outcome of the first decision is uncertain [23,24]. However,
somewhat paradoxically, Kahneman and Tversky [15] report that
subjects in a two-stage gamble ignored that reaching the second stage
was uncertain. Why then do subjects not ignore the uncertainty of a
prior outcome?

In three between-subjects conditions different subjects were given
pairs of concurrent decisions, decisions with prior outcomes, and two-
stage gambles, respectively. The prior outcomes were either gains or
losses which corresponded exactly to the outcomes of the dominant
options of the first decisions in the condition with concurrent decisions,
whereas in the two-stage gambles the probability of reaching the second
stage was the same as obtaining the outcome of the dominant options
of the first decisions in the condition with concurrent decisions.
The second decisions were the same in all conditions. All subjects
were also given a second block with only the second decisions. Thus,
the existence of integration effects was possible to assess in within-
subjects comparisons in each of the between-subjects conditions.
Based on prospect theory it was predicted that subjects in the second
decisions would chose the sure gain but the uncertain loss. However,
if integrating a prior gain, subjects would when facing a sure and an
uncertain loss chose the former because it would be framed as a sure
gain. If integrating a prior loss, subjects would be even more inclined
to choose the uncertain loss. No integration was predicted for second
decisions entailing only gains.

Under the conditions of the experiment (imposed order, a
small number of possible outcomes of the prior decision) the same
integration results were predicted in the condition with concurrent
decisions. Consistent with the findings of Kahneman and Tversky [15]
subjects were expected to ignore the uncertainty of the first stage in
the two-stage gambles, thus leading to no integration in this condition.
This result would also be consistent with integration in the condition
with concurrent decisions. Boe [32] for an overview of theories and
research results related to simultaneous decision-making).

Materials and Methods
Subjects

Forty-eight undergraduates participated as subjects. They were
recruited from an available pool of subjects who on prior occasions
had indicated that they were willing to participate. An equal number of
men and women were randomly assigned to three conditions. Subjects

were either paid the equivalent of $7 or were offered three lottery
tickets worth approximately the same amount.

Design

The design was mixed factorial with type of decision problem
(concurrent decisions, decisions with prior outcome, and two-stage
gambles) as a between-subjects factor. Within-subject factors were
whether the first stage was included or not, whether the outcomes of
the second decision were gains or losses, and, in the between-subjects
conditions with concurrent decisions and with prior outcomes, whether
the outcomes of the first decisions (or the prior outcomes) were gains
or losses. In the stage-gamble condition, the latter was treated as a
dummy factor. Different amounts of gains/losses were nested under
the other conditions.

Materials

The materials consisted of fictitious bets which were presented
on a computer screen. In all conditions, there was one block of single
decisions, half of them consisting of a choice between an even chance
of winning a certain amount or nothing and winning half the amount
for sure. The other half consisted of an even chance of losing a certain
amount or nothing and losing half the amount for sure. For different
bets the amounts were SEK 80 and 40 (the equivalent of $11 and 5.5),
SEK 160 and 80 (the equivalent of $22 and 11), SEK 240 and 120 (the
equivalent of $33 and 16.5), and SEK 320 and 160 (the equivalent of $44
and 22). Each of the bets were presented twice.

A second block differed between the different between-subjects
conditions. In the concurrent-decisions condition, subjects were
asked to consider two choices, which were presented at the same time
as follows. In the first choice, subjects had in half the cases an equal
chance of either winning SEK 160 or 120, 320 or 240, 480 or 360, or
640 or 480.

Imagine that you will play the following two games. First consider both
games. Indicate then your chosen alternative for each game.

1 You have 50% chance to lose/win x kronor, or

2 You have 50% chance to lose/win y kronor.

3 You lose/win x kronor for sure, or

4 You have 50% chance to lose/win y kronor, or 50% chance of losing/
winning nothing.

In the other half of the cases, subjects had an equal chance of losing
SEK 200 or 160, 400 or 320, 600 or 480, or 800 or 640. Thus, one option
always dominated the other one. The second choice was the same as in
the block of single decisions. Each one was combined once with gains
in the first choice, once with losses.

In the prior-outcome condition, subjects were given the following
choices:

Imagine that you will play two games.

In the first game, you won/lost x kronor. Which of the following alter-
natives would you chose in the second game?
1 You lose/win x kronor for sure, or

2 You have 50% chance to lose/win y kronor or 50% chance to lose/
win nothing.

The prior gains or losses were the same as the dominant options
in the first choice of the concurrent-decisions condition. In other
respects, everything was the same.
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In the stage-gamble condition, the bets were as follows:

Imagine that you play the following two games. In the first game, you
have 50% chance to continue to the second game so that you will be
able to choose between the following alternatives.

1 You lose/win x kronor for sure, or

2 You have 50% chance to lose/win y kronor or 50% chance to lose/
win nothing.

Everything else was the same as in the other conditions. Each bet
was presented twice.

Procedure

Subjects served in groups of four or less. When coming to the
laboratory, they were given general instructions about how to perform
the experiment. Subjects were also given the information that their
participation was voluntary and that they could withdraw from
the experiment at any time. In all three types of decision problems
(concurrent decisions, decisions with prior outcome, and two-stage
gambles), the block with single decisions were for half of the subjects
presented first, for the other halflast. An unrelated study and recall task
was performed for five minutes in between. On each trial subjects first
typed in the number of the chosen option, then subjects indicated on a
scale from 1 to 100 how much they preferred it. This number was typed
in after the choices. In the concurrent-decisions condition, subjects
were first asked to make the first choice followed by the ratings, then
the second choice followed by the ratings.

The sessions lasted for approximately 25 minutes. All subjects were
then debriefed and paid.

Results

If subjects chose the certain option (or the dominant option), the
ratings were assigned a positive value whereas they were otherwise
assigned a negative value. Three missing values were replaced with the
mean of the other subjects in the same condition.

Table 1 shows the mean ratings and the percentages of choices of
the dominant option in the first decision in the concurrent-decisions
condition. As may be seen, the dominant options were chosen very
frequently. A 2 (current decision: gain vs. loss) by 2 (subsequent
decision: gain vs. loss) analysis of variance (ANOVA) did not yield any
significant effects of current choice at p=0.05.

Table 2 gives the mean ratings and the percentages of choices of

Current choice/loses
Subsequent choice/Losses Subsequent Choice/Gains
M % M %
56.4 87.5 49.8 87.5

the certain option in the second decisions in the concurrent-decisions,
prior-outcome, and stage-gamble conditions (prior loss or prior gain),
and in the corresponding single decisions (no prior outcome).

It is suggested that no integration occurred since there were small
differences between the single decisions and the other conditions.
However, as expected, subjects were risk seeking when choosing
between losses and risk aversive when choosing between gains. A 3
(condition: concurrent decisions vs. decisions with prior outcomes vs.
two-stage gambles) by 2 (prior outcome: no prior outcome vs. prior
loss vs. prior gain) by 2 (current decision: gain vs. loss) mixed ANOVA
with repeated measures on the last two factors yielded a significant
main effect of current decision, F(1,45)=4,72, p<0.05, Mse=3009.3, and
of prior outcome, F(2, 90)=5,58, p<0.01, MSe=1230.3. Current decision
also reliably interacted with prior outcome, F(2, 90)=3,53, p=0.05,
MSe=2878.0. A significant interaction condition by prior outcome was
also obtained, F(4, 90)=3.80, p<0.01, MSe=4678,8.

Separate ANOV As for each condition suggested that the effect of
prior outcome and the interaction between current decision and prior
outcome was only reliable in the concurrent-decisions condition.
Additional ANOVAs showed that prior outcome had a significant
effect on current choices between losses but not on current choices
between gains. After a prior loss, subjects became more risk aversive
and were more willing to choose the certain alternative.

Conclusion

The present study aimed at investigating whether the loss-
sensitivity hypothesis is capable of accounting for how concurrent
decisions are integrated. It was then assumed that one of the decisions
were superordinate to the other. However, the present results failed to
support the hypothesis, as no integration occurred in the conditions
with concurrent decisions and prior outcomes.

The loss-sensitivity hypothesis implies that subjects integrate losses
with a prior outcome when evaluating the outcomes of a current choice.
The separate ANOVAS showed that there were significant effects of
a prior outcome on choices between losses but not on current gains,
which is in accordance with the hypothesis.

One reason for not integrating two concurrent decisions is that the
outcome of the first decision is uncertain [23,24].

However, despite uncertainty, in the present experiment prior
outcome had an effect in the concurrent-decisions whereas no effect
was observed in the prior-outcome condition where the prior outcome

Current choice/gains
Subsequent Choice/Losses Subsequent choice/Gains
M % M %
54.0 84.4 63.3 84.4

Table 1: Mean ratings and percentages of choices of dominant option in the first decision in concurrent-decisions conditions.

No prior outcome Prior loss Prior gain
Current choice Losses Gains Losses Gains Losses Gains
Condition M % M % M % M % M % M %
Stage-gamble! -14.6 36.7 -8.5 414 -16.7 45.3 -8.5 35.9 26.0 26.6 -3.5 37.5
Prior-outcome -29.7 22.7 7.3 51.5 -16.6 45.3 5.0 31.3 -24.9 40.6 -5.1 39.0
Concurrent- -25.5 32.8 29.1 711 18.9 50.0 224 46.9 -28.2 51.6 18.5 42.2
decisions

"Prior gain/loss is a dummy factor in this condition.

Table 2: Mean ratings and percentages of choices of certain option in the different conditions.
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was known. In the stage-gamble condition subjects seemed to ignore
the uncertainty. The effect of prior outcome in the concurrent-decisions
condition may not reflect integration.

It is possible that integration will not occur unless some other
conditions are prevalent. One intriguing possibility to obtain integration
may be to increase saliency of the loss outcomes of the current choice,
for instance, by increasing the amount or to threat subjects with a fine.
Increasing positive mood is another possibility [33,34].
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