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A physiological approach to the effect of emotion on
time series judgmental forecasting EEG and GSR
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1. Introduction

Despite a number of sound statistical tools
and theories, managers often rely on their ‘gut
feeling’ and thus, most firms appear to take
judgmental approaches to sales forecasting
(Dalrymple, 1987). Forecasting is a complicated
task and the exercise of judgment in
forecasting would require much cognitive
efforts. Thus, it is quite likely that forecasters
may simplify the task to an extent that they
can easily manage (Payne., 1976). Such
simplification of the task may lead to many
judgmental biases (Hogarth & Makridakis,
1981). Psychologists and DSS (Decision Support,
System) practitioners have argued that some

level of guidance is essential in tasks where
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people rely on their judgment to make
managerial decisions. Guidance at a forecasting
task may include (1) the provision of accurate
statistical forecasts and causal information, (2)
the graphical presentation of time series, (3)
feedback of past forecasting errors, (4) some
warnings of likely judgmental biases (Lim,
1994). A number of recent studies, however,
indicate that one’s emotion may play a key
role at every phase of decision making in the
way (s)he utilizes decision aids (Luce et al.,
1997) and selects decision strategies for the
task (Isen & Means, 1983). This suggests that
emotion is a factor that may influence the
accuracy of decision outcomes (Stone &
Kadous, 1997) and thus, should not be missed
out in relevant research. Despite its importance
in the context of decision making. however,
little evidence appears to exist as to the effect
of emotion on judgmental forecasting.

The main aim of this study is to explore the
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effect of emotion on the accuracy of time series
judgmental forecast and its cognitive processes.
As a way of tapping into the cognitive process
in relation to emotion, this study makes use of
some physiological measures to be obtained
during the task of judgmental forecasting.
Physiological some
insights into the mind-body relationship and
may shed some lights' on ‘related cognitive
processes. This study would be valuable to the

measures may provide

practitioners of decision support systems to
incorporate the ‘emotion” factor into the design
of more effective systems of aiding forecasters
and decision makers. We research
questions to be examined in this study as
follows:

« Does the state of one’s emotion influence
the. accuracy of judgmental forecasting?
"« Do physiological measures (EEG and GSR)
explain the reason and provide insights into

raise

the effect of emotion on forecasting accuracy?
+ In what way is the emotion associated
with brain waves?

2. Literature Review and hypotheses

Emotion is so commonplace that we hold in
our mind and experience every day  anger,
sadness, fear, happiness, and etc. (Ortony &
Turner, 1990). Thus, emotion has been of much
interest to the of personality and
psychology that extensively investigated its

effect on social behavior (Isen, 1990). Not only

schools

does emotion play a eritical role in social
context, it also influences the process of
individual decision making (Lazarus, 1990:

Isen, 1990) as “psychological phenomena that
encompass cognitions” (Cacioppo et al., 1993).
evidence that
emotion may influence the way people process
information and make decisions. Goldberg and
Gorn (1987) found that commercials performed
better with happy programs than with sad
programs. However, when viewers were willing

Empirical appears to exist

to like watching the negative programs,
advertisements embedded in negative-emotion
programs performed as well as the ones

embedded in positive-emotion programs (Murry
et al.. 1992). A number of studies also suggest
the effect of emotion on decision making styles
which would certainly affect decision outcomes.
Schwarz (1990) reported that people tended to
be intuitive
analytical judgment was evident when people
sad mood. Indeed, increasing
task-related negative affect appeared to lead
people to scanning strategies, which
increased choice accuracy in easy tasks bul
impaired it in hard tasks (Stone & Kadous,
1997). More directly addressing the role of
emotion in the selection of decision strategies,
Isen (1983) argued that when induced to happy
mood, people tended to simplify the problem
space (Payne, 1976) and employ shortcuts in
their decision making (i.e.. Elimination-By-
Aspects). To emotion plays a
critical role in decision making and many of
judgmental biases appear to be related to the
cognitive efforts of people to maintain their
mood/ emotion positive. That is, in positive
emotion, people tend to be intuitive and protect
their positive emotion. On the other hand,
people emotion appear to be
analytical and avoid their negative emotion to
into positive Although this
tendency may influence decision accuracy. there
has been very limited evidence that addresses
this igsue. We put forward a null hypothesis as
follows:

H There is no difference in forecasting
accuracy between the good emotion and the bad
emotion groups.

in happy mood, whereas more

were In

use

summarize,

in negative

turn it one.

The effect of emotion on EEG has been
investigated by a number of researchers. A
persistent finding appears to be hemispheric
asymmetry in EEG between good and bad
emotion. That is, the left hemisphere of the
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brain was activated (increased beta) with good
emotion, whereas the right hemisphere. with
bad emotion (Heller, 1986: Davidson, 1990: Ray
& Cole, 1985). Similarily, Sutton and Davidson
(1997) showed that subjects with egreater
relative left activation appeared to adjust their
behavior in response to positive stimulus (e.g.,
incentives), whereas those with greater right
activation were more capable of guiding their
behavior in response to negative stimulus (e.g..
threats and novel stimuli). There exists a line
of research that the locus of this asymmetry
may be found in the frontal lobes (Davidson,
1982. Cohn., 1946: Shpiberg, 1947: Faure,
1950). Since there has been little research in
the context of decision making and judgmental
forecasting, a null hypothesis is formulated as
follows:

H, There is no difference in alpha and
beta in EEG between the good emotion and the
bad emotion groups.

It is generally accepted that alpha and beta
activities are associated with cognitive tasks.
Yet the empirical evidence regarding the exact
nature of the relationship appears to be
A view that
acceptance is a
desynchronization
(Fernandez

recelves a wide

alpha

confounding.

phenomenon  of
and beta synchronization
1995). That is. alpha
activity appeared to be more evident in a
general relaxed mental state and decrease with
mental efforts 1989). Then beta
thythms appear to be augmented as alpha
activity is desynchronized (i.e., alpha blocking).
Since alpha power appeared to be inversly
related to mental effort (e.g., Butler & Glass.
1976. Donchin, Kutas, & McCarthy, 1977:
Glass. 1964) and indicative of transient paucity
of mental activity (Adrian & Mathews, 1934;
Lindsley, 1952), it may be deduced that good
performance is possibly associated with higher
levels of alpha blocking. Along with
blocking, changes in the

et al.,

(Andreassi,

alpha
beta band can be

found with cognitive efforts (Gevins et al.,
1979: Tucker et al., 1985 John et al.. 1989:
Ray & Cole, 1985).

While this notion of inverse
between alpha and beta rhythms, there has
been some empirical that alpha
activity is not necessarily blocked during
mental tasks. Darrow (1947) argued that alpha
is associated with the ‘automation” or
‘habituation” of learned behaviors. Accordingly,
alpha may increase during the
performance of some mental tasks. Indeed,
there exists a line of research that upholds the
possible contribution of alpha activity to good
performance in mental tasks (Jausovec. 1996).
As discussed earlier, this is contrasting to the
view that the reduction of alpha power is
associated with good performance (Earle, 1988).
This may be due to the capability of good
performers not to use many brain areas not
required for the problem at hand (Jausovec,
1996). This study shall investigate the changes
in alpha and beta activity during mental tasks.
in particular in frontal areas that are known to
be associated with mental tasks (Petsche et
al., 1986). A nulll hypothesis
follows:

Hs There is no

relationship

evidence

activity

is set up as

relationship between
forecasting accuracy and alpha and beta in
EEG.

3. Methods

3.1. Subjects

Twelve under- and postgraduate students
were used as a surrogate of managers. Most
students were from the School of Information
Technology and Telecommnuications at
SangMyung University located in Seoul, South
Korea, They took part in the experiment as
part of their course. Participants were provided

with a 3000-Won worth phone card. It was also
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annouriced that those who rank high in terms
of forecast accuracy would be granted extra
monetary incentives.

3.2. Research Design

The research was conducted as a 2 (emotion)
x 2 (trials) factorial design. The first factor,
emotion, was expressed either (1) good or (2)
bad. This factor represented an experimental
condition in which some stimuli were provided
for the subjects to feel bad or good over the
task of judgmental forecasting. The
factor, trials, accounted for the rounds of time
series which were given for the subjects to
forecast.

second

3.3. Independent variables

This study involved three independent
variables to be controlled as follows:
- Emotion

It was manipulated by (1) scenario recalls
and (2) auditory. and olfactory
stimulus. The were given in
handouts and worded for the subjects to
feel either good or bad, depending on the
conditions to which they were assigned.
Subjects were asked to maintain their
emotion by scenarios
throughout the experiment. Each condition
was  reinforced by providing some
appropriate environmental stimulus. That
is. along with scenario recalls. the good
emotion was conditioned with musie,

visual
scenarios

recalling  the

ordor, and office surroundings in the way
that the subjects feel good. On the other
hand, the environmental stimulus of the
bad emotion was arranged in the opposite
way that could lead the subjects to
uncomfortable and unhappy feeling.
= Number of trials

Subjects were provided with a set of eight
time trials
represents the rounds of time series they

series. The number of

performed.

3.4. Dependent variables

Three dependent variables were measured as
follows:
« Forecasting accuracy
MAPE (Mean Absolute Percentage Error)
was adopted because of its academic
popularity (Carbone & Amstrong, 1982)
and robustness (Armstrong & Collopy,
1992). It measured the extent of deviation
of subjects’ forecasts from the actual
values (optimal criterion).
+ Physiological measures
EEG
measured based on the 10-20 systems
(Jasper, 1958) at two positions: (1)
occipital and (2) frontal sites of the brain
(Oz, Fz). This was due to the fact that
task

visual

(ElectroEncephaloGram) was

the experimental required the

subjects to process time series
information (i.e., occipital) in need of
much efforts (i.e., frontal,
Petsche, 1992 Inouve et al.,, 1933). GSR
(Galvanic Skin Resistence) was measured
by the first peak after stimulus.

- Subjective measures

cognitive

Subjects were asked to report their feeling
on a 10-point scale. It should be noted
that it was a subjective indicator of their
emotion how good and bad emotion they
experienced in relation to the
experimental condition of emotion. Thus,
there deviation in the
subjective ratings among the subjects in
the same condition.

may be some

3.5. Tasks

Used in this experiment were ten time
series, taken from M-Competition (Makridakis
1982). This set of time series were
successfully used in a series of earlier
experiments (Lim & O’'Connor, 1996). Subjects
were asked to suppose themselves as managers
and to project eight-period ahead forecasts from

et al.,

- 126 -



the given time series. The time series were
drawn and printed out on a piece of paper
using spreadsheet software. The reason why
printouts (not computer screen) were opted for
was due to possible electromagnetic interference
with EEG and GSR recording. This resulted in
a total of 64 forecasts produced by each subject
(eight time eight-period ahead
forecasts). The task was worded as sales of ice
cream that students would be interested in.
The experimental task lasted for about 40
minutes to complete.

series X

3.6. Procedure

Subjects were randomly assigned to the
emotion condition and asked to sign up the
experiment individually according to the time
schedule. Due to the difficulty of setting up the
condition alternatively between ‘good” and 'bad’
emotion. each condition was experimented on
the same day. That i1s, a day was reserved for
the group of subjects who belonged to the good
emotion condition. The other condition (bad)
was administered on the following day. On
entering the experimental room, subjects were
seated and briefed about the types of
incentives and the tasks that they were
required to perform. Then, in order to measure
EEG and GSR. physiological gadgets
attached on the subjects (brain, fingers,
ankles, etc.). They were ushered into the
experimental room. organized in advance for
them to feel good and bad. They were asked to
sit and relax for 1 minute with their eyes
closed. Then, subjects were asked to open their
eyes and look at the time series for 1 minute.
With physiological recording paused., subjects
were asked to project 8-period ahead forecasts
for the given time series. The above task of
judgmental

were

forecasting was repeated for 8
different times series. -After the 8§ repetitions, a
set of questions was given for the subjects to
indicate their feelings and attitudes. This
experiment was performed in one sitting,

3.7. Analysis Methodology

Prior to any' analysis, Cook's distance was
run to remove any outliers contained in MAPE
data. EEG and GSR data were also visually
scanned for artefacts. Then, initial 15 and 30
second segments were taken from EEG and
GSR at two stages of (1) emotion induction and
(2)  time tasks. FFT analyses
performed to obtain alpha and beta rhythms
with which beta/ alpah also
computed for statistical analyses. The number
of trials was halved into two divisions of early

series were

ratios were

and later trials and 2 (emotion) x 2 (trials)
ANOVAs were computed. Along with ANOVAs,
correlation analyses were also performed to test
the effect of emotion on the subjective ratings
of emotion obtained from questionnaires.

4. Results

4.1. Manipulation Checks

Subjects were asked to indicate their feelings
on a 10-point scale after the experiment - the
smaller of a scale, the more
positive. These subjective ratings on emotion
were significantly different between the good
and the bad emotion groups. The good emotion

the number

group tended to report positively (4.15),
whereas the bad emotion group, more
negatively (7.47) (t (700.5)=-45.21, p<.005).

The 95% confidence level also indicated these
differentiating subjective ratings of their
emotion between the two groups. That is, 95%
of the subjects in the bad emotion group
appeared to fall in the range of between 7.38
and 7.55, whereas those in the good emotion in
the range of 4.03 and 4.27. In the light of the
neutral state of their emotion being 5 out of a
10-point scale, the overall ratings were a little
skewed toward the negative assessment of their
subjective emotion.
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4.2.The Effect of Emotion on Accuracy: Hi

The first hypothesis was concerned if there
was some effect of emotion on the accuracy of
judgmental forecasting. It was found that the
bad emotion group (MAPE= 23.49) achieved a
higher accuracy than the good
counterpart (MAPE=27.43). However, the
results of ANOVA did not bear out such an
effect. In the light of the fact that emotion was
also reported subjectively by the subjects,
correlation analysis was performed to test the
hypothesis. We found a statistically significant
correlation between accuracy (MAPE)
(r=-.123. p{.005). The
correlation suggests that the more negative
emotion the subjects reported. the higher their
forecasting accuracy was. This contrasting
result between ANOVA and correlation may be
due to the fact that the emotion effect was not
homogenous among the subjects in the group.
It should be noted that the factor of emotion
was controlled by some stimulus given to the

emotion

and

emotion negative

subjects according to the experimental condition
they were assigned to. And the subjects may
have responded somewhat differently among the
subjects in the group to the questions as to
their feelings over the experiment. This
difference was, however, very slight in that the
manipulation of the emotion factor was
successful that as reported earlier, the good
emotion group appeared to report more positive
feelings than the bad one. In addition, learning
effect was found on
Judgmental forecasts of early trials
(MAPE=26.21) was less accurate than those of
the later trials (24.71) (F=5.360, df= 1. p{.05).
But, there was no interaction effect of emotion

and trials.

forecasting accuracy.

4.3. The Effect of Emotion on EEG: H:

The second hypothesis tested if there was
some effect of emotion on EEG over the task of
judgmental forecasting. Measured were alpha

and beta rhythms in the region of occipital and
frontal lobes over two experimental stages (1)
emotion (2) time series task.
Over the stage of emotion induction, there was
a tendency that the good emotion group
produced more of EEG, except for frontal beta
(see Table 1). That is, the good emotion group
produced occipital alpha, occipital beta and
frontal alpha more than the bad one (p{0.005),
On the other hand. frontal beta was higher in
the bad emotion group than the good emotion
one (p<0.005). This tendency was also manifest
during the stage of time series task. The good
emotion was characterized by the increment of
both alpha and beta at the occipital region in
this study. Given that emotion may consist of
both valence and arousal (Stein et al., 1990),
this study dealt with the emotion at a higher
level of arousal in that GSR was maintained at
a high during the task. Normalized
variations from the emotion induction to the
time series stage was computed to test any
changes in EEG. Both alpha and beta activities
were found to increase as cognitive efforts were
This finding did not vary
between emotion conditions. The raties of beta
to alpha power were higher in the bad emotion
group than the good one, which suggests the
overwhelming effect of beta over alpha activity.
Given. that forecasting accuracy tended to be
higher in the bad emotion than the good
emotion beta frequency may be
associated with forecasting accuracy.

induction and

level

required more.

group,

Table 1: EEGs between Good and Bad Emotion Groups
(155 segment, time series task)

Frontal Lobe |Occipital Lobe
Good emotion| Alpha 0.00001506 0.01573396
Beta 0.02295375 0.05817086
Bad emotion |  Alpha 0.00001233 0.01284458
Beta 0.02727146 0.04659708
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4.4 .Forecasting Accuracy and EEG: Hs

The first and second hypotheses revealed the
effect of emotion on accuracy (Hi) and EEG
(Hz). The last and third hypothesis was
concerned with which part of EEG contributed
most to the accuracy of judgmental forecasts.
Interestingly enough, frontal beta was the one
that accounted for accuracy as well as bad
emotion. Correlation analyses were performed
with the factors of accuracy, emotion
(controlled emotion & subjective ratings) and
EEG (alpha, beta). Frontal beta was found to
be correlated with subjective ratings of emotion
(r=.349, p{.005). Also, there was a positive
relationship frontal beta and
forecasting accuracy (r=-.080, p(.05). This
indicates that frontal beta was related to both
emotion and accuracy. Shifting the analysis to
GSR, there was also significant correlations
between GSR and the subjective ratings of
emotion (r=.101, p(.005). In addition, GER was
significantly correlated with
accuracy  (r=-.115, p{.005). Taken these
correlation effects together., we can conclude
that those who rated their feelings negatively
tended to show a higher GSR than those who
rated less negatively and GSR appeared to
become  higher as accuracy
improved. This is consistent with the earlier

between

forecasting

forecasting

finding that bad emotion contributed to
accuracy.

5. Discussion

*Although  judgmental forecasting is a

commonly accepted method in business practice,
we do not know in details as to its cognitive
processes and factors influencing the accuracy.
This paper investigated the effect of emotion on
judgmental forecasting by employing a
physiological approach to tap into its cognitive
processes and explore what waves
contribute to good performance. It is important

brain

that emotion is the one that people always
carry during their routine performance of tasks.
Very scarce research on the effect of emotion
on decision-making behavior and process has
been made to directly address the effect of
emotion on decision accuracy. The main
findings of personality and  psychology
literature are that people when they are forced
to feel sad tended to be more analytic than
those in happy mood. This suggests that one’s
emotional state may influence forecasting
accuracy. We found that people in bad emotion
performed better than those in good emotion.
Physiological data obtained in this
suggest that this may be due to
intervening effect of EEG. Forecasting accuracy
appeared to be positively correlated with
frontal beta which was manifest more in those
in bad emotion,

study
some

Alpha (8-12 Hz) and beta (13-50 Hz) have
been of interest to examine the relationship
between EEG and the performance of cognitive
tasks. It is now generally accepted that alpha
and beta activities are associated with
cognitive tasks (Ray & Cole, 1985). Yet the
empirical evidence regarding the exact nature
of the relationship appears to be confounding
(Fernandez et al., 1995). Despite a number of
studies regarding alpha and beta changes in
relation to mental tasks, very limited studies
directly effect
making performance. Findings
attention studies offered little support for a
consistent relationship between performance
decrement and any EEG frequency (Butler &
Glass, 1976; Donchin, Kutas, & McCarthy.
1977; Glass, 1964: Jausovec, 1996). There have
been, however, a number of empirical studies
to suggest that the power of frontal beta
appear to be associated with decision
performance. Main findings for the effect of
emotion on EEG are asymmetrical hemispheric
differences, more beta being present in the

investigated its on decision

and from
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right temporal area during positively as
opposed to negatively valenced emotional tasks
(Ray & Cole, 1985). Recent electrophysiological
evidence suggests that the of this
asymmetry lies in the frontal lobes (Davidson,
1982). In addition to asymmetrical allegation of
EEG to emotion, emotion may affect EEG in
various ways such as (1) suppressed alpha, (2)
increased frontal beta and (3) increased alpha
and decreased beta (Mundy-Castle, 1957). To
be consistent with the findings of the earlier
studies, the power of frontal beta was found to
be an indicator of negative emotion.
Interestingly enough. frontal beta appered to
contribute to an improvement of forecasting
accuracy.

locus

should be
it should be

The this
generalized with caution. First,
noted that this observed ipsilateral
asymmetry in  contrast to  translateral
asymmetry of the earlier studies (Davidson,
1982). As discussed however, the
results of this study corroborated with those of
earlier studies. In  addition, individual
differences in subject’'s EEG (Galbraith and
Wong, 1993) were not considered in this study
assuming that the normal EEG can be stable
intraindividually (Gasser et al.. 1985). This
valuable to forecasting
practitioners and researchers in understanding
the cognitive processes of time
judemental forecasting by exploring its
psychophysiological measures. For example, in
a time series context, the results obtained in
this study may provide a clue to the
dampening behavior for the down-trended time
series (O'Connor et al.. 1995). This study also
contributes to the academic field of forecasting
and decision making in that the effect of
emotion was studied with physiological
measures of EEG and GSR. EEG may be used
as a powerful and valuable instrument to gain
ingights into the way people

results of study

study

earlier.

study may be

series

rely on their

judegment in forecasting and decision making.
Given that very limited research has been
made in this of physiology and
judgment. further research is rtequired with a
refined methodology.

context
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A physiological approach to the effect of emotion on
time series judgmental forecasting EEG and GSR

Joa Sang Lim, Min Cheol Whang, Hung Kook. Park, Hyun Sook Lee
(Sang Myung University)

Abstract Although judgmental time series forecasting is indispensable at most firms,
little has been known as to its cognitive processes. In the light of the fact that emotion
has been known to play an important role in cognitive activities, this study aimed to
investigate the effect of emotion on judemental forecasting. The research was conducted
as a 2 (emotion) x 2 (trials) factorial design with repeated measures. Emotion was
induced by scenario recall and auditory. visual and olfactory stimulus. Subjects were 12
under- and postgraduate students. Physiological measures of EEG and GSR were analyzed
to explore the effect of emotion on judemental forecasting. The results indicated that
emotion tended to influence forecasting accuracy. People in bad emotion showed
significantly higher accuracy than those in good emotion. This was due to the beta
activity at frontal sites. observed more for those in bad emotion than those in good
emotion, which in turn contributed much to accuracy improvement.
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