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Abstract

Pregnancy has been considered a special period with cognitive defect and unstable
emotion. However, physiological and psychological changes jointly reshape the brain
of pregnant women, which makes them more patient and prefer future outcomes.
Specifically, they become more future-orientated, self-controlled and more positive
to the future. These phenomena can be accounted for evolution perspective and con-
strual level theory. Furthermore, we recommend that future researches pay attention
to the effect of pregnancy on intertemporal choice in different domains and the rele-
vant influence of expectant fathers on delay discounting.
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1. Introduction

Pregnancy is one of the most important periods in woman’s life time. Although pre-
vious studies suggest that pregnancy results in a mild impairment in general cognitive
functioning and in a variety of memory tasks, and in a moderate deficit in processing
speed (Buckwalter et al., 1999; Crawley, Dennison, & Carter, 2003; Christensen, Leach,
& Mackinnon, 2010), pregnancy may have some positive effects such as spatial memory
and identification of novel stimulus (Love et al., 2005; Anderson & Rutherford, 2012).
In this period, plenty of cognitive changes have taken place, which may exert a great in-
fluence on their decision-making.

Intertemporal choice is one of the decisions making that involve outcomes at differ-
ent points in time. For example, decisions about whether or not to stop smoking ciga-

rettes involve trade-off between the short-term pleasure or long-term benefits. A perva-
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sive phenomenon that people prefer sooner and smaller reward to later and larger re-
ward called time discounting (or delay discounting). But different people in different
situations perform distinctly. It can be moderated by several factors, including the
framework of background and options and personality traits or status. Recently, scho-
lars have come to put more weight on impact of individual differences on delay dis-
counting (Shamosh & Gray, 2008; Kim & Zauberman, 2009; Sun, Li, Bonini, & Su,
2012). Researchers have considered future orientation, anticipated emotions and
self-control will further reduce delay discounting (Lumpkin & Brigham, 2011). By
searching relevant literature, we found pregnant women had advantages over these as-
pects. When a female becomes pregnant, she is more likely to picture wonderful future
with her baby and care much more about behaviors of herself so that she can give birth
to a healthy baby. Thus, we review the related studies and make a summary of preg-
nancy and intertemporal choice. Then we briefly illustrate the mechanism and recom-
mend that future researches pay attention to the effect of pregnancy on intertemporal
choice in different domains and the relevant influence of expectant fathers on delay

discounting.

2. Pregnancy and Intertemporal Choice

Pregnancy will reduce delay discounting by changes from cognition, emotion and voli-
tion respectively. Specifically, pregnant women would have higher future orientation

and self-control level, and more positive anticipated emotion.

2.1. Pregnancy and Future Orientation

Future orientation has been described as the extent to which potential future conse-
quences of an action influence current decision outcomes. It was measured by “Con-
sideration of Future consequences” scale, a measure of the extent to which people con-
sider distant versus immediate consequences of possible behaviors (Strathman et al,,
1994). Researchers found future orientation can effectively predict delay discounting
(Steinberg, Graham, O’Brien, Woolard, Cauffman, & Banich, 2009; Rabinovich, Mor-
ton, & Postmes, 2010), saving or long-term financial decisions (Webley & Nyhus, 2006;
Howlett, Kees, & Kemp, 2008) and undesirable behaviors such as drug use and gam-
bling (Reynolds, 2006).

Li, Peng and Xiong (2015) found that pregnant women had lower discount rate
compared to non-pregnant women. In addition, future orientation played a completely
mediating role between pregnancy and delay discounting. Researchers had conducted a
quasi-experiment design and an experiment design to reach this conclusion, which
successfully excluded the influence of demography and physiology. In study 1, partici-
pants of real-pregnant women and non-pregnant women were asked to complete the
CFC scale and task of delay discounting by Wang and Dvorak (2010). In study 2, par-
ticipants of female undergraduates were asked completed the same procedure as study
1 before half of them were activated as pregnant by watching videos about antenatal

training. Pregnant women and “pregnant” undergraduates had higher score of future
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orientation and lower discount rate.
Due to having a baby, pregnant women are likely to imagine future times frequently

and hence increase their future orientation, which leads to lower discount rate.

2.2. Pregnancy and Anticipated Emotion

Anticipated emotion, an important aspect of the feedback theory of emotion is that
people learn to anticipate emotional outcomes and adjust their behavior accordingly
(Baumeister, DeWall, Vohs, & Alquist, 2010), contains positive emotion and negative
emotion. Researchers have found anticipated emotions can differently predict delay
discounting (Liu, Feng, Chen, & Li, 2013). In previous studies, researchers found epi-
sodic prospection can reduce delay discounting by modulate the neutral network of
imaginary prospection (Peters & Biichel, 2010). However, episodic prospection may
involve the valence of future emotions, which has an impact on delay discounting
(Loewenstein & Lerner, 2003). By manipulating the emotion valence of episodic pros-
pection, Liu and his colleagues suggested that positive emotion made individuals tend
to choose delayed rewards, while negative emotion made individuals tend to choose
immediate rewards. Choice preference was unchanged by only imaging events with
neutral emotion. Thus, the valence of imaged future events’ emotion might play an
important role in individuals’ intertemporal choice.

Humans can vividly envisage possible future episodes. For pregnant women, they are
good at imaging the pictures of their baby’s smile and looking forward to becoming a
mother, especially for the first-time pregnancy. First-time mothers are likely experience
more positive emotions than negative emotions (Harwood, McLean, & Durkin, 2007).
Harwood et al. (2007) investigated 71 first-time mothers who completed questionnaires
which assessed their expectations of caring for their infant and the influence parent-
hood would have on their well-being during pregnancy and at 4 months postpartum.
Results found that most women’s expectations were matched or exceeded by their pa-
renting experiences.

Powdthavee (2009) also found expected mothers have overly optimistic expectations
about parenthood and they tend to conjure up pictures of healthy babies, handsome
boys or gorgeous-looking girls who are flawless in every way, which may easily lead to a
focusing illusion.

In addition to future orientation, pregnant women expect their first child with posi-

tive anticipation, which may reduce delay discounting.

2.3. Pregnancy and Self-Control

Self-control is the exertion of control over the self by the self (Muraven & Baumeister,
2000). It can be measured by different forms such as SCS scale, self-control task in-
cluding dual task paradigm, delay of gratification task, conflict resolution task and so
on. Self-control can effectively predict delay discounting (Figner, Knoch, Johnson,
Krosch, Lisanby, Fehr, & Weber, 2010) and impulsive behaviors such as drug use
(Madden, Petry, Badger, & Bickel, 1997), cigarette smoking (Bickel, Odum, & Madden,
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1999).

Women would make some behavioral changes to get a better life style since they have
become pregnant. They would keep a balanced diet and regular exercises, use less cos-
metics and even quit alcohol drinking and cigarette smoking for the sake of health of
babies (Sevin & Ladwein, 2008). These self-regulations show that pregnant women
seem to be more self-controlled.

In addition to behavioral changes, there are some physiological changes in pregnan-
cy. Pregnant women have higher level of glucose than non-pregnant women, which
may make a contribution to self-control behavior. Self-control relies on a limited ener-
gy source, that is to say, an initial act of self-control consumes some energy source that
is needed for later attempts at self-control. Researchers found glucose, as a limited
energy source, have a profound impact on self-control (Gailliot & Baumeister, 2007).
Participants with higher level of glucose had stronger ability of attention control (Gail-
liot, Baumeister et al., 2007), a basic form of self-control, and more social desirable be-
haviors (Matykiewicz, La Grange, Vance et al., 1997).

From what we illustrate above, we can deduce that pregnant women with higher level
of glucose and child-orientation will have larger self-control capacity, and therefore re-

sult in low discount rate.

3. Mechanism

Pregnant women have higher level of future orientation, more positive anticipation and
self-control behaviors. And these distinct changes can be accounted for evolution pers-

pective and construal level theory.

3.1. Evolutionary Prospective

Female mammals would change their behaviors and motivation radically since they
have been pregnant. They had to adapt to new demands from the offspring and take a
risk of investment loss of energy and gene (Kinsley & Lambert, 2006). From the pers-
pective of evolutionary, the most important challenge for female is to make sure that
the gene can be carried from generation to generation. The evolution of maternal beha-
vior facilitates to the success. Kinsley and Lambert (2008) found all female animals, in-
cluding rats and humans, have made a behavioral change during pregnancy. When
mammals were arisen from reptiles, their reproductive strategy has changed from ovi-
position to cave protection, the latter of which would prompt plenty of hormones to
inspire the brain of beneficial behaviors. Actually, hormones induced in pregnancy
prompt mPOA in participation of birth and maternal behaviors and after birth, mPOA
neurons direct mothers’ attention and motivation to babies for caring.

Recent experiments have shown that mother rats outperformed virgins in navigating
mazes and capturing prey, because mother rats had a strong will to look for foods fre-
quently for babies even it is risky. Besides, they were easier to leave the cave for less fear
and anxiety, and make a faster reaction with hostile surroundings. In fact, most mam-

mals share the same maternal behavior which is one of main drivers of development of
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the mother’s brain. In addition, the brain changes induced by hormone may enhance a
mother rat’s foraging abilities, giving her babies a better chance of survival. What is
more, the cognitive benefits seem to be long-lasting, persisting until the mother rats
enter old age (Love et al., 2005).

Although studies found that mammals have similar neutral mechanism with humans
while in pregnancy, humans are unique in psychological changes. Mercer (2004) indi-
cated that pregnant women would get through mother identity by self-commitment,
until they were confident and were able to cope with difficulties. Besides, pregnant
women were more likely to save money for future needs (Moran et al., 2006). For health
of babies and themselves, they would quit alcohol drinking and cigarette smoking. All
these planning behavior are mainly prepared for their offspring so that gene can be sur-

vived.

3.2. Construal Level Theory

Construal level theory suggests that perceptions of temporal distance systematically al-
ter the way future events are construed and thus, influence the evaluation and choices
related to those events (Trope & Liberman, 2003). According to temporal construal
theory, the cognitive representation of delayed outcomes is dominated by high-level
attributes, while the construal of immediate outcomes is dominated by low-level
attributes. Thus, an option that is rich in high-level attributes but poor in low-level
attributes will be attractive in distance, but unattractive in proximity (Soman et al,
2005). It may be one of reasons why people are more likely to choose sooner but small-
er rewards. So if the remote attributes were made proximal and concrete, people may
less discount the larger but longer rewards.

Kees (2011) had made future health risk more proximal (e.g., body damage happens
just two hours after consumption of a cigarette smoking), so that the consumers were
more likely to take the risk seriously and engage in preventive behaviors than facing
with distant health risk (e.g., body damage happens over time after consumption of a
cigarette smoking).

People are capable of thinking about the future, especially for those who are hopeful
about future times (Pyone & Isen, 2011). Distant rewards seem unattractive to ordinary
women but pregnant women. Women in pregnancy constantly think about how
healthy and beautiful when their babies were born. Specifically, they image the smiling
face and energetic body never missing a detail, which made a vague future seem to be
more concrete and lower level construal. In this way, pregnant women may weigh
present as important as future, which result in ineffectiveness of temporal dimension in
intertemporal choice. Hence, they focus on money dimension and incline to the larger
rewards.

Physical cognition theory emphasizes the role of body in cognitive process of organ-
ism. The body structure, sensory and motor system determines how we perceive the
world and the way we perceive (Shapiro, 2007). In this case, the physical and chemical

changes in female body would reshape the cognitive style of pregnant women.
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4. Future Direction

Although studies of influence of pregnant women on intertemporal choice were

achieved by some researchers, there are still some areas deserved to dig in.

4.1. The Effect of Pregnancy on Intertemporal Choice in Different
Domains

In addition to money discounting, intertemporal choice has different domains such as
green discounting and health discounting, which are common in our daily life. Al-
though we advocate environmental protection, the government and individuals still de-
stroy the earth to an extent just for some convenience. Or people can’t stop eating junk
food, smoking and over-drinking only for momentary happiness though some of them
had promised they would quit. All of them have discounted future greatly, which is
harmful to their happiness in the long-term.

As researches proved, human discounted future less in environmental protection and
health compared to money (Chapman, 1996; Hardisty & Weber, 2009). In this way,
pregnant women discounting future less in money will probably have the similar choice
in health, environmental protection and other domains. In other words, pregnant
women may care more about future environment and health, which suggests they have

stronger ability of planning and execution.

4.2. Expectant Fathers and Delay Discounting

Pregnant women preferred less discounting rate because they thought a lot about fu-
ture. And their husbands had the same tendency of expecting the future. When expec-
tant fathers knew they would have babies, they may become hard-working to make a
living for raising their unborn babies. In this way, they may be much more willing to
wait for larger money.

Besides the assumption, Abraham (2014) and his colleagues found that fathers had
the similar parental brain response with mothers, including emotional processing net-
work and mentalizing network that are sensitive to infant. Specifically, mothers showed
greater activation in emotion processing structures, which rapidly detects salient and
survival-related cues and enables parents to immediately respond to infant distress. As
for fathers, they displayed greater activation in mentalizing network, which plays an
important role in social understanding and cognitive empathy, and is already activated
during the parents’ first weeks of parenting, and enables parents to cognitively re-
present infant states, predict infant needs, and plan future care-giving.

For example of last year, Facebook CEO Mark Zuckerberg gave away 99% of shares
to charity just for celebrating birth of daughter, which was got “likes” over 36 thousand
times. Recently, Crongvist and Yu (2016) had found that a CEO who has a female child
increased a firm’s corporate social responsibility rating by about 11.9% compared to a
median firm, the effect being about one third of the effect of an executive herself being
female. They also found the social responsibility was not related to quantity of daugh-

ters, which means the changes will last once they know a lovely baby girl is coming. So
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we can see that having children would reshape both parents’ brain, which makes them

more patient and prefer future outcomes.
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