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Interactive Judgemental Adjustment of Initial Forecasts
with Forecasting Support Systems
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i Abstract m

There have been a number of empirical studies on the effectiveness of judgmental adjustment to statistical
forecasts. Generally the results have been mixed. This Study examined the impact of the reliability and the
source of the additionally presented reference forecast upon the revision process in a longitudinal time series
forecasting task with forecast support systems. A 2-between(refiability & source), 2-within{seasonality & block)
factorial experiment was conducted with post-graduate students using real time serigs. Judgmental adjustment
was found to improve the accuracy of initial eyeballing irrespective of the reliability of an additionally presented
forecast. But it did not outperform the dampened reference forecast. No effect was found of the way the source
of the reference forecast was framed. Overall the subjects anchored heavily on their initial forecast and relied
too little on the reference forecast irrespective of its reliability, Moreover they did not improve at the task over
time, despite immediate outcome feedback.

1. Introduction judgement in decision making[49,18,32), most
firms adopt judgemental approach as their
Despite sceptic views about the role of human primary method of forecasting{17]. A partial
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explanation for this is contained in Lawrence,
Edmundson and O’Connor(19] who found that
judgemental extrapolation was at least as
accurate as statistical methods. It is also true
that judgemental forecasters often possess extra
model information lacked by the model[49,19]
which would also encourage the use of judge-
mental forecasts.

A combination of statistical and judgmental
forecasts has also been shown to improve
accuracy significantly(36,10]. This combination
mode can take the form of either simple avera-
ging or an adjustment of statistical forecasts by
people[44]. Recent developments in computer
software(especially MRP II system) have increased
the emphasis on judgemental adjustment of
statistical forecasts. With these systems, sales
forecasts are produced automatically. The task of
marketing management for these systems is then
to adjust these forecasts in the light of relevant
marketing and other non-time series information.
Thus many organizations are currently adopting
the procedure of adjusting the statistical output
forecasts of computer based statistical methods
[371.

The important question is whether people are
good at the task of adjusting the statistical
forecasts that have been provided to them.
Mahmoud[44] points out that "it is not clear
exactly how managers combine their forecasts,
which kinds of forecasts or techniques they
combine and when managers obtain most benefit
from combining(p. 599).” This study examined

the way individuals adjusted their forecasts” in

the light of a reference forecast and aimed to
find out the circumstances in which judgemental
adjustment would improve accuracy and how it
was made. It was found that judgemental
adjustment improved the accuracy of the initial
judgemental forecasts regardless of the reliability
of the reference forecasts. However the accuracy
of the revised forecast did not exceed the
high-reliable reference forecast itself due to their
excessive discount of reliability and persistent
reliance on their initial forecast. Moreover they
did not learn reliability over time despite
immediate outcome feedback.

There have been a number of empirical
studies during the last decade on the effec-
tiveness of judgmental adjustment to statistical
forecasts and the results have been mixed.
Some have cautioned against routine judge-
mental adjustment to objective forecasts[14,4].
On the other hand, intuitive adjustment has
recently been reported as contributing to
accuracy[45,46, 65].

Cross—sectional comparison across these
studies is not a simple task due to their
dissimilar research methods. McNees[42] com-
ments that some of the vital factors influencing
the effectiveness of adjustment include the
forecaster’s expertise, the importance of non-
time series information and the model’s reliabi-
lity. A number of other task contingent factors
[7] were also identified. This task reveals a
number of missing links :

® Despite increasing use of graphical foreca-

1) The term anchor{Tversky & Kahneman, 1974) is avoided because there are two possible anchors in this
study - a base or initial forecast and a reference forecast. In this study, the former refers to an eyeballed
forecast based only on the graphical display of historical data and the latter, to the additionally presented

model forecast.
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sting packages, few systematic studies have
been conducted on interactive graphical
adjustment under varying conditions(cf. [64]).

e Even though the effectiveness of judgemental
adjustment may depend upon the accuracy of
the reference forecast, little research has
systematically examined this issue[64].

e It is often the case in business that managers
have their own prior forecast, expectation or
goal[8]. Thus it is important to know whether
the adjusted final forecast is more accurate
than both the reference forecast and the
initial forecast. Most studies have examined
the former, not the latter.

e People may rely extensively on a provided
reference forecast only to find that its alleged
superior accuracy 1s questionable(witness the
continued reliance on the Box—Jenkins me
thod, despite empirical evidence that ques
tions its general superiority - see[41]). The
question, then, is whether people can leamn to
discern the true reliability of the forecast
over time. No study has systematically
investigated how a forecaster responds to the
accuracy of the reference forecast with
outcome feedback over the long runlcf. 46].

® An adjuster may have difficulty discrimi-
nating between true and pseudo reliability of
the forecast. Little research has been con-
ducted into the effect of the source of the
forecast[26,16] on judgemental adjustment in

a time series forecasting context.

This study was designed to explore these
issues, The research questions are (1) does the
reliability of the reference forecast provided
affect the accuracy of any revised forecast? (2)

does the impact of varying reliability of the

reference forecast remain constant over time? (3)

does the source of the reference forecast affect
the revised forecast? (4) does the anchoring
—adjustment  heuristic[61] operate in revising
their initial forecasts in the light of additional
information? Relevant literature on these four

Issues is reviewed in the subsequent section.

2. Literature Review and
Hypotheses

2.1 The Reliability of Statistical Reference
Forecasts

The prevailing uncertainty as to the quality of
judgemental adjustment may be partly due to an
inadequate consideration about the reliability of
reference forecast. Discretion must be exercised
over the reliability or predicahility of the forecast
before it is approved. Mistaken dependence on an
unreliable forecast may lead to a deterioration in
accuracy. Kahneman and Tversky[29] claimed
that people ignore data reliability due to the
operation of the representativeness heuristic.
Andersonf? : p.72] challenged that "the claim of
the representativeness heuristic, that intuitive
predictions are insensitive to  information
reliability(29 : p.273], has been found wrong.”
There have been a large number of empirical
studies concerning information reliability in a
variety of contexts - pedagogy[38], psyvchology
[575867.29), marketingl9], information purcha-
singf63], auditing(6], weather f{orecasting(40],
medical diagnosis[33], velocity estimation[11],
MCPLI6B6), communication{26) and memory recall
[51]. An unequivocal conclusion is that people do
consider information reliability in  decision

making. This notion has heen generally sup
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ported in a time seres judgemental adjustment
task. Willemain[64] claimed that adjustment
would improve accuracy when made from a
reference forecast with a relatively large excess
error whereas it would contribute little to the
improvement of accuracy when made against a
reference forecast with a low excess error. This
conclusion was supported by Diamantopoulos
and Mathews[46] and Wolfe and Flores[65].
Carbone et al[l4,15] also showed that judge-
mental adjustment was always beneficial when
made from Box-Jenkins forecasts, which was
the least accurate in their studies, despite their
sceptical standpoint against routine judgemental
adjustment. The first null hypothesis for this
study is :

H; Adjustment improvement is not affected by

the reliability of the reference forecast.

2.2 Reliahility and Time

Despite abundant empirical studies with
respect to reliability in a variety of task settings,
surprisingly few studies examined the way
people respond to variations of information
reliability over time with outcome feedback. York
et all67] examined the effect of reliability over
time with outcome feedback. They found that
reliability was found not to interact with time
blocks (p>.9). On the other hand, Hogarth [25]
argued that the effect of an anchoring-
adjustment heuristic can be functional in a task
with a judgement-action-feedback loop over
time. A pertinent question, therefore, is whether
the judgemental forecaster learns about the
accuracy of the reference forecast and adjust

his/her behaviour accordingly. The improvement

would increase if they could leamn about
reliability over time in particular when the
reference forecast is highly reliable. The second
null hypothesis is :

H; Reliance on the reference forecast and
adjustment improvement does not vary over

time irrespective of its reliability.

2.3 Source

The reliance people place on the reference
forecast may depend on their perception of the
reliability of it. If they believe it comes from a
reliable source, they would be more likely to use
it in setting their own final forecast, than if the
source is perceived as unreliable. It is possible
that minor changes in the way an identical
forecast is expressedl62] affects forecasters’
perception of reliability about the source
differently. Sternthal, Phillips and Dholakial60 :
p.285] stated that "communicator’s character has
a significant effect on the persuasiveness of their
appeals.” The relationship between source and
reliability has received attention in feedback(54]
and communication theory as well[26]. They
defined the credibility of the source in terms of
expertise and trustworthiness. There have been
a number of studies([26,60] for a review) which
examined the impact identical communication
presented by different communicators had on
opinion change. For example, Hovland et al.[26]
had two sources with different credibility present
identical information to the subjects. They found
that opinions were changed in the direction
advocated by the high credible source greater
than by the low reliable source. However it may
not be the case in other settings. Connolly and
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Thorn[16] questioned whether people would pur-
chase differently between judgemental sourced
and computer-generated sourced identical infor—
mation in a management task. No significant
variation in purchasing behaviour between these
two sources was found. In a time series setting,
the weight of academic opinion would seem to
favour the proposition that the credibility of
statistical forecasts was higher than judgmental
forecasts[4]. Thus, it is possible that people
would rely more on forecasts that were framed
as statistical than on forecasts that were framed
as judgemental. The third null hypothesis is
formulated as :

H; Adjustment improvement is not affected by

the source of the reference forecast.

2.4 Descriptive Adjustment Models

Although there are a number of normative
models concerning judgemental revision(e.g.,
Bayesian, Shafer-Dempster Theory), they acc-
ount inadequately for actual decision making
[53,25]. A typical heuristic observed in revising
initial opinion is anchoring and adjustment|[61}
due 1o cognitive limitations[25]. Wright and
Anderson stated that "anchoring and adjust-
ment 1S a two-stage mental heuristic... The
first stage is recall of a previous judgement or
generation of a preliminary judgement. The
second stage is adjustment of the first-stage
estimate, given the remaining information;
typically the adjustment is in the expected
direction but of insufficient magnitude.” How-
ever, some researchers pointed out that “the
theory of anchoring is incomplete: ie., the

hypothesised anchoring effect did not always

occur and the magnitude of the effect was
affected by other factors[30 : p.69].” A number
of models have been proposed to capture the
cognitive process of the heuristic. They include
averaging[39] and the weight-additive model
[2 :pp.78-79]. Their major concern centered
around the way how the weights of infor-
mation cues were attached. The weight-
addictive model has a parallel with the expo-
nential smoothing strategy, proposed as a des-
criptive model for anchoring-adjustment in a
time series task(l,37]. Thus, the anchoring-

adjustment heuristic can be modeled as :

FINAL FORECAST = a x INITIAL FORECAST
+ 8 x REFERENCE FORECAST (D

One of the interests of this study is to
understand the way @ and £ are intuitively
weighted. An accurate forecast should be
perceived as such(34,46] and relied upon more
heavily than an inaccurate forecast. Concerning
the extent of sensitivity to reliability(8 in the
above model(1)), early Bayesian researchers[53]
found conservatism: that is, people glean less
evidence from the data than warranted by the
appropriate normative model. On the other hand,
cascaded inference researchers[59] found the
opposite, excessiveness, when people perform a
multi-stage reasoning task with unreliable data
[21]. That is, when asked to revise against
questioned data reliability, people tend to make
an insufficient discount of reliability(the Best-
Gruess strategy) and thus become excessive in
estimation of posterior odds. With some excep-
tions{286], insufficient discount of unreliable
information has also been manifest in numerous

empirical anchoring-adjustment studies, which
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found that people tended to insufficiently adjust
from an irrelevant external anchor. Thus the last
null hypothesis is :

H; The anchoring-adjustment heuristic does
not operate in a time series task irrespective

of the reliability of the reference forecast.

In summary, the main objective of this
study is what impact the reliability and the
source of the reference forecast have upon the
revision process and how the initial forecast is
adjusted in a repefitive time series forecasting
task.

3. Description of a Proto-
type Forecasting Support
System

Most researchers of time series judgmental
adjustment have concentrated on forecast
accuracy and generally overlooked the com-
plexities involved in its cognitive process. In
addition, no empirical study has examined
interactive judgmental adjustment of time series
with forecasting support systems(FSS). This
does not reflect the changes which computer
information systems brought into business
practice. We developed a forecasting support
system, Greviser (Graphical Reviser), to be used
in this study. Greviser is a decision support
tool for forecasting. It provides four components
typically featured in most DSS - data base,
model base, user interface and feedback. Note
that some of the following features are
blocked from the subjects for the purpose of this
study.

Data Base. FSS should allow forecasters to
access information they want. Greviser provides
past time series and(in some cases) causal
information. The forecaster may need the time
series sufficiently long enough to examine any
pattern thought to exist in theml1]. Empirical
forecasting research appeared to be inconsistent
as to the number of time series points to display.
Edmundson(19] presented 48-month series, with
which people could examine meaningful seaso-
nality patterns developed across four years.
Angus-Leppan and Fatseas[3] also displayed
43-period monthly series. An interesting study
which addressed this issue is Lawrence and
O'Connor (37]. They found that those with the
longer series(40 period) produced judgmental
forecasts less accurately than those with the
shorter series(20 period) (p<.0l). The reason
was attributed to that people may have believed
"a change is overdue” (p.24) for the longer
series. It is also quite possible that people did
not utilise all the information contained in the
longer series, ignoring some part of it. Following
Lawrence and O'Connor[37], Greviser presents
24 points(2 years of monthly series) in line
graph. In addition to the past time series
presented, non-time series information can be
also made available in some experiments. Icons
can be displayed on the screen and people could

interactively access any information they want.

Model Base. Greviser provides the statistical
model to examine how it is combined with
judgmental forecasts. In addition to the statistical
model provided as part of judgmental adjust-
ment, Greviser also allows a what-if capability.
People simply indicate the weights for the

information they want to use. Then, Greviser
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mechanically combines the information weighted
by people. They may use this tool until they are
satisfied with the weights they placed. Although
some questioned the ahility of people to indicate
their subjective weights, Greviser takes away
only the task of aggregation and leaves the role
of judgment in specifying the weights. This
would certainly reduce mental load(cf. [16]) and
be less threatening to those who may feel afraid
of being replaced by the model[18].

Graphical Interface. Recent developments in
computer hardware and software have incorpo
rated graphical presentation as an essential part
of FSS. Often contrary to intuition, however,
considerable amount of research showed that the
graphical presentation of information is not
necessarily decision effective, compared to the
traditional tabular format. In 1984, DeSanctis
(1984) reviewed prior literature which examined
graphic s tabular data presentation and
concluded that the findings are equivocal. Since
then, additional empirical studies have followed,
only to add more conflicting results : Some found
signficant contribution of graphical format to
decision performance, whereas others reported no
difference between the two formats. To resolve
these paradoxical findings, a contingent approach
has been suggested by De Sanctis(1984) that
"more researchers have not approached the
graphics problem from the perspective of match-
ing graph format with problem type”(p.470). In
response to this, Vessey(1991) recently argued
that graphic presentation could be most useful
for spatial tasks whereas tabular, for symbolic
problems . In the view of the fact that the nature
of time series forecasting requires spatial com

prehension of the time series, this task would be

well catered by graphical presentation. To be

consistent with this suggestion, most empirical
studies of time series found that the graphical
presentation of time series appeared to be a
useful format in forecasting(36,3,64]. Following
this guideline, Greviser adopts a graphical

interface for judgmental adjustment.

Feedback. Most judgemental adjustment studies
appeared to disregard the utility of feedback.
This may be a reflection of the real world where
feedback is often unavailable . This may also be
due to the scepticism over the efficacy of
outcome feedback raised in MCPL literature[22].
However, it appeared to be generally effective in
forecasting contexts [56]. There are largely two
components of feedback in time series judg-
mental adjustment tasks. People need to know
their own performance. They also need to know
the model's performance to determine whether or
not to use it. Greviser provides bar-chart
outcome feedback(percentage error) as to both
forecasters and the statistical model. These two
feedbacks are drawn in bar graphs at the lower
part of the screen.

4. Research Methodology

4.1 Subjects

The subjects were 64 postgraduate students
enrolled in an advanced post-graduate subject at
the University of NSW, Australia. Most of them
were part-time students with full-time employ-
ment in business. They were required to
participate as part of the course as announced by
the lecturer in charge. There were 'winner-
takes-all’ monetary incentives of A$50 for each



86 ol

experimental treatment”.

4.2 Design and Time Series

This study was conducted as a 2-between,
2-within factorial design with repeated measures
on the 2-within factors. The first between-
subject factor, the reliability of reference fore-
aast, consisted of two levels (1) high and (2) low
reliability. The second between—subject variable
was source — the way information on the source
of the reference forecast was framed either as
(1) a judgemental forecast or (2) a statistical
forecast. The within-subject factors were two
levels of seasonality and three levels of blocks.
10 monthly time series were chosen from the
M-competition [41] with equal numbers of
seasonal and non-seasonal time series. The task
was expressed as sales forecasting and the
nature of the series and the time period to which
the series related were not provided [36].

4.3 Independent Variables Operationalization

The high-reliable forecast was the exponential
damped smoothing forecast while the low-
reliable forecast was the naive forecast. The
reference forecasts were either expressed as
coming from judgmental or statistical sources.
Thus, for example, a darnped exponential
smoothing forecast could be expressed either as
a statistical forecast or a judgmental forecast.
Each subject forecasted one-period ahead for 30
iterations. To determine whether there was any

change in improvement over time, these itera-

tions were segmented into three time blocks due

to parsimony[50].

4.4 Dependent Variables Measurement

Foreaast accuracy was measured in terms of
Mean Absolute Percentage Error(MAPE) because
of its academic popularityl13] and robustness|b).
Since the effect of revision can best be under-
stood by the degree of improvement over the
criterion, improvement was measured in two

ways as follows :

IMPoase = APEpase = APErevised
IMPoe = APEqe - APErevised

where APEnase{ APErevised) Tepresents the Absolute
Percentage Error of the initial(revised) judge-
mental forecast. Thus IMPuae(IMPoe) represents
the improvement in accuracy of the revised
forecast over the initial forecast(the reference
forecast provided). By having these two mea-
sures, a distinction could be made whether revi-
sion was beneficial over the initial forecast or

the reference forecast.

4.5 Procedure

Subjects were randomly assigned to experi-
mental conditions on entering the laboratory.
They were briefed about the usage of the task
instrument and how to win the prize money.
Then they were asked to read a handout which
contained framing information that identified the
source of the additional reference forecasts. It
was reinforced every trial through the popup

2) Some authors argue that the winner-takes—all incentive may increase pressure when the prize money is
considerable and the chance is slim. However the subjects in this study had fairly high chance(10%) of
winning it and this level of incentive seemed to motivate them considerably.



e

o %) §14] 2~

window on the screen. The subjects were asked
one—month ahead
Then they

provided with the reference forecast to which

to graphically  extrapolate

forecasts using a mouse. were

they could, if thought necessary, revise their
forecast made earlier. Subjects made 30 forecasts
for two series - one seasonal and one non-

seasonal time serles.

5. Results

High intercorrelations and conceptual depen-
dency among multiple dependent variables nec-
essitated the employment of MANOVA[27]. Thus
a 2-between, 2-within MANOVA was performed
to test the major hypotheses of this study. When
there was a significant multivariate effect, post
~hoc univariate ANOVAs followed for each de-
pendent variable to determine the nature of effect
by manipulated factors. The Polynomial trend
analysis was used for time blocks. An adjust-
ment was made to control the inflation of «.

A 2 (reliability) X 2 (source) X 2 (seasonality)
X3 {block) MANOVA on IMPue and IMPee

revealed significant multivariate effects for
reliability(F(2,59)=2360, p<0005), seasonality
(F259)=1076, p<0005), block (F(4,238)=267,

p<.03) and seasonality x reliability (F(2,59)=9.00,
p<.0005). No influence of source was observed”

and thus hereafter source was disregarded

87

(F(259)=62, p>5). To investigate multivariate

effects on individual dependent variables, post-
hoc repeated measures ANOVAs were computed

and reported subsequently.

5.1 Manipulation Checks

Reliability was successfully manipulated as
The

forecast

intended across  experimental conditions.

dampened  exponential  smoothed
(MAPEgumen’ =11.84) was significantly more ac-
curate than the naive forecast (MAPE..=21.70),
F(1,60)=2463, p<0005. The initial judgemental
forecasts” (MAPEbase=21.20) was not more ac
curate than the naive forecast(p=.316). Whereas
MAPEw(MAPE«=22.04) was significantly less
accurate than the dampened forecast(t(1919)-
16.77, p<.0005).

572

Improvement from Initial

Forecast : IMPyase

Judgemental

Reliability Effect. Overall the subjects bene-
fited from their revision by 3.35%(MAPE,.
21.62)-MAPE i«(1807). Table 1 reveals that
IMPyse greater
JUDGER~ was adjusted from the high reliable
reference forecast(6.20) than from the low -
reliable(0.89)  (F(1,60)-29.95, p<.0003). It

interesting to note that the beneficial effect of

was  significantly when

1s

revision was also evident when a low reliable

3) No source cffect was found even for the first periodip-.8). The Bootstrapping models between the
judgemental and the statistical source were also alike.
4) Hercafter MAPEawpen refers to the MAPE of the dampened statistical forecast, MAPEni., to the MAPE of
the naive forecast, MAPE iwa, to the MAPE of the revised judgemental forccast and MADPEnw. to the
MAPE of the initial judgemental forecast. Likewise, JUDGEnw refers to the initial judgemental forecast,
JUDGE i to the revised judgemental forecast, CUEqupn to the dampened forecast and CUEnie, to the

naive forecast.

9) To verify random assignment, a 2 X 2 ANOVA for MAPEu. of the first period was computed and
MAPEy.. did not differ in each experimental condition with respect to reliability and source(p>.9).
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naive forecast was provided. Post-hoc paired
t-tests showed that JUDGEreiseda Was more
accurate than JUDGEpse even when the naive
forecast was provided(t(1919)=2.93, p=.003). This
suggests that some of the benefit from revision
might have come from simple averaging and it
will be discussed in detail later. Table 2
corroborates that adjustment from CUEdampen led
more frequently to positive IMPhase(20.1%) than
did it from CUEmie(82%). About 59% of all

observations were not adjusted at all.

(Table 1> Means of Adjustment Improvement in
Reliability x Seasonality Experimental Conditions

IMP; base IMP. cue
Mean| SD_|Mean | SD

When CUEnve Given
Seasonal Series 131 | 17.30 | 2.08 | 2367
Non-seasonal 47 | 746 | 711 | 1603
Average .89 1332 | 1.39 | 1983

When CUEdarpen Given
Seasonal Series 1059 | 2637 | -6.07 | 1752
Non-seasonal 181 | 770 | -193 1276
Average6.20 1925 | -4.00 | 1546

Seasonality Effect. There was a seasonality
effect on IMPhase(F(1,60)=21.80, p<.0005). IMPhase
was greater for the seasonal series(5.95) than for
the non-seasonal(1.14). People were initially
inaccurate for the seasonal series but were able
to improve by revision, more than did they for
the non-seasonal series.

Reliability and Seasonality Effect. There was

an interaction effect between reliability and
seasonality(F(160)=14.83, p<0005). Table 1
shows that IMPuase Was the highest (10.59) when
the dampened forecast was provided for the
seasonal series. Whereas [MPrase was the least
with the naive forecast for the non-seasonal.
Perhaps it suggests that for the seasonal series
people were able to learn most from the
provision of a reliable forecast that specifically
dealt with seasonality.

Block Effect. Polynomial analyses were used
to determine any change in improvement over
three blocks. There was a significant decreasing
linear trend of IMPuase(F(1,60)=757, p=.008). It
may be that over blocks MAPEs became
accurate linearly (F(1,60)=1042, p=.002) whereas
MAPE. did not (F(1,60) =40.46, p<.0005). Thus
these combined effects led to little benefit from
the reference forecast and improvement over
MAPEpse became harder. It was also expected
that there may be a steady improvement in
MAPEwised for the seasonal series as people
learn the time series pattern over trials. A series
of Polynomial analyses for MAPEeised indicated
that there was a linear trend for the seasonal
series(t(1123.4)=-3.62, p<.0006) but there was a
v-shaped quadratic trend(t(1623.8)=-4.03, p<.0005)
for the non-seasonal series. In other words,
MAPErevised Was less accurate for the seasonal

series than the non-seasonal series in the first

(Table 2> Frequency of IMPoase by Reliability

When CUEqnave Given When CUEdampen Given Total
n % n % n %
Degraded 215 5.6% 264 6.9% 479 125%
Tie 1392 36.3% 385 23.0% 2271 59.3%
Improved 313 8.2% ! 201% 1084 28.2%
Total 1920 50.0% 1920 50.0% 3840 100.0%

X2=311.411, df=2, p<.0005.
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block whereas the reverse was true for the last
block. Anv learning effect for the seasonal series
must be carefully understood in the light of the
fact that MAPE.. showed a similar pattern.
People could have performed better not because
they were able to learn the characteristics of the
segsonal pattern over time but simply because
the reference forecast made available to them
became more accurate over iterations. None-
theless it can be concluded that there was no
such confounding effect of the reference forecast
because an analogous result was obtained for
MAPE,..{F(2,120)=19.48, p<.0005). the

learning effect for the seasonal series was due to

Thus

their increased understanding of the seasonal

pattern over lime.

5.3 Improvement from Reference Forecast :
IMPcye

Reliability Effect. Judgemental revision was
found to decrease the accuracy over the high-
reliable forecast. Table 1 shows that there was
negative IMP.,. for the dampened forecast while
there was positive IMPwe for the naive forecast.
In
accuracy over the low-reliahle CUE. v by 1.36%
but deteriorated it reliable
CUE@umen by ~4.0%(F(1,60)=31.77, p<. 0005). This

other words, revision improved forecast

over the high-

g} =

s
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suggests that there was not much excess error
to improve when a reference forecast was highly
reliable while the excess error would be
substantial enough to improve on it when the
reference cue was unreliable (Willemain, 1989,
1991). A positive correlation between IMP.. and
MAPE.(r ~ .31”), p<.001) corroborates that the
more reliable the reference forecast was, the less
the improvement. As a consequence, MAPE i«
(1o.84) adjusted from CUEgmen Wwas not as
accurate as MAPEqupen (11.84)  (1(1919)=11.33,
p<.0005). On the other hand, the superiority of
MAPE1.a(2034)  from  CUEuiw only
marginally more accurate than CUEwa(21.70)
(t(1919)=-3.08, p=.002). The Chi-square analysis
also showed Table 3 that JUDGErisa was less

accurate in 60% of cases than the dampened

was

forecast.

Reliability and Seasonality FEffect. Reliability
affected IMPwe depending upon
Table 1 indicates that IMP.. over the naive

forecast was bigger for the seasonal series than

seasonality.

for the non—seasonal series and the reverse was
true for IMPae over the damped forecast. The
reason may be two reference forecasts happened
to be the most and least accurate in these
situations. It accounts for why IMPh.. was the
with  the for the

seasonal series as discussed earlier. It also cor-

most dampened  forecast

{Table 3) Frequency of IMPue by Reliability

When CUEnive Given When CUBdnn Given Total
n ()/D n H/() n U“
Degraded 942 24.5% 1153 30.0% 2066 6%
Tie 7 2% 6 2% 13 3%
Improved 971 25.3% 761 19.8% 1732 45.1%
Total 1920 50.0% 1920 N.0% 3840 100.0%

X 48790, df=2, p< 0005,

6) In fact, it is a negative relationship by its naturc.
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roborates an earlier finding that the more reliable
the reference forecast is, the greater the reduc-

tion in improvement from it.

5.4 Post-hoc Analysis : Adjustment Model

To understand the cognitive process of
judgemental adjustment, the model-of-a-man
[22] was constructed by regressing two cues -
JUDGEmse and the reference forecast - against
JUDGE evisd using step-wise regression. The
main questions to be addressed in this section
are (1) can adjustment process be modelled by
an additive bootstrapping model? and (2) are
they able to learn about the reliability of the
provided forecast and change their adjustment

mechanism accordingly?

Previous bootstrapping literature claimed
that decision making could well be modelled
by a linear regression model[32]. The regres-
sion model in this study was(see the model (1)

in the literature review) :

JUDGErevised = 0654 JUDGEpase + 0.346 REFERENCE
FORECAST (Adjusted R*=0.993)

It shows that in general, the final forecast was
approximately made by a 2/3iita forecast + 1/3
reference  forecast THOdel © that 1s, a twice-greater
weight for their JUDGErse than the reference
forecast additionally presented. Table 4 indicates
that people appeared to be sensitive, as expected,
to the variations of cue reliability by allocating

1

JE

&
H

smaller weights to the low-reliable forecast( 8
=26) and  Theavier to the high-reliable
forecast(.44). However, comparison to the nor-
mative model” revealed as shown in Table 4
that overall they were conservative and insuffi-
clent irrespective of reliability. Moreover, there
was no significant difference in accuracy bet-
ween their bootstrapping model and simple
averaging irrespective of the reliability of the
reference forecast. It suggests that there would
be no difference even though they are replaced
by the simple averaging model. As seen in Table
4, the subjects’ adjustment strategy was to
anchor on their initial forecast with a weight of
about 2/3 and then adjust according to their
perception of reliability of the reference forecast
provided : upward(2/3 plus about .08) for the
high-reliable cue and downward(2/3 minus about
1) for the less reliable cue.

{Table 4) Regression Weights Given to JUDGEpase
and the Reference Forecast®

When CUEnave Given| When CUEgampen Given
subject | optimal subject optimat

JUDGEwse | 0.743 0554 0.565 0.139
CUE 0.257 0428 0436 0.852

A reliability X time interaction may be
expected since over time dependence on the
low-reliable cue should decrease and vice versa.
The pattern of reliance placed on the reference
forecast over time was investigated by looking
at the coefficients attached to the reference

forecast, varied over the number of periods

7) One of the difficulties for the research associated with a dynamic task[25] may include the development of
a normative model[31]. In a time series task, however, it is reasonable to use the actual value as a
criterion and the optimal model was derived by regressing JUDGEpas and the reference forecast against the

actual value.

8) Adjusted R>>98 for both the subjects’ and the optimal weights.



S o1 -

elapsed(Table 5). For the first period, they have
allocated higher weights to the reference forecast
than the average irrespective of its reliability.
However, overall reliance on both reference
forecasts decreased over time. More surprisingly,
dependence on the high-reliable cue decreased
over time although they did not improve
accuracy. On the other hand, it increased for the
This

behaviour 1s detailed later in the discussion

naive forecast in the second sector.

section.

{Table 5> B Coefficients on the Reference
Forecast over Time®

]
1

Periods 1|15 [1-10[11-20]21-30] Average
When CURaryue Given| 612 ] 436
When (U Given | 372 | & 251
Average 461 6
5.5 Summary

® Eyeball initial judgemental forecasts were
NOT more accurate than the random walk
(naive) model.
¢ Judgemental high
religble dampened forecast led to a reduction

adjustment from the

in accuracy of the reference cue itself. How-
ever it led to significant improvement over
initial judgemental forecasts and even adjust
ment from the low-reliable naive forecast
appeared to improve accuracy(H; rejected).

® There was a significant effect of reliability
but no effect of source on improvement and
accuracy(Hs accepted).

& Seasonality affected accuracy and interacted
with block. There was a leaming effect only

when the seasonal pattern existed, irrespec—

B4 22 Yool B A7 91

tive of the reliahility of the reference forecast.

e Adjustment process could be modelled by a
2/ 3initial forccast + 1/3reference forecase Model. They
anchored on their internal forecast and
adjusted upward for the high-reliable refer-
ence forecast and downward for the low-
reliable forecast. Overall people tended to be
conservative irrespective of the reliability of
the reference forecast. The degree of conser-
vatism was more severe for the high-reliable
reference forecast(H; rejected).

e A moderate degree of dependence on the
reference forecast was found for the first
period but it decreased over time for the

high-reliable reference forecast(H: rejected).

6. Discussion

Overall there was a significant effect of the
reliability of the reference forecast on both
improvement from the initial forecast and from
the reference forecast. Firstly, adjustment led to
significant improvement over the initial judge-
mental forecast regardless of the reliability of the
provided reference forecast. There has been little
research as to whether a revised judgemental
forecast outperforms its earlier initial judge-
mental forecast. Carbone and Gorr{15] found that
initial  eyeball
forecast improved accuracy. On the other hand,
Angus-Leppan and Fatseas[3] reported that
judgemental adjustment did not improve the

judgemental adjustment of an

initial eyeball forecast. Interestingly enough, we
found that even adjustment from the low-reliable
naive forecast appeared to improve the accuracy

of initial eyeballing extrapolation. The revised

9) Adjusted R*>.98 for all cascs.



judgemental forecast always outperformed initial

eyeballing for every time series irrespective of
the seasonal pattern and the reliability of the
reference forecast. This, however, may be due to
mere averaging effect [36].

Secondly, an adjusted forecast from the
dampened reference forecast was, however,
always less accurate than the reference forecast
itself. Thus judgementally adjusted forecasts
were more accurate than the naive value yet still
not more accurate than the dampened forecast.
Conflicting results of empirical studies have been
reported as to whether judgemental adjustment
to statistical forecasts achieves higher accuracy.
Mathews and Diamantopoulos(45,46] and Wolfe
and Flores[65] present evidence of its improve-
ment while Carbone, Anderson, Corriveau and
Corson[14] and Armstrongl[4] suggest it does
not. One of the reasons why Mathews et al
[46,4748) and Wolfe et al.[65] found that adjust-
ment was beneficial could have been that for the
real life forecasting situation, adjustments can be
made for the important non-time series infor-
mation. Willemain[64] claimed that adjustment
would improve accuracy when made from a
reference forecast with a relatively large excess
error whereas it would contribute little to the
improvement of accuracy when made against a
reference forecast with a low excess error. This
conclusion was supported by Wolfe and Flores
[65). The finding of this study supports the past
literature that it would be hard to improve on
the reference forecast when there is not much
excess error left. This finding also corroborates
that of Peterson and Pitz[52] who found that

people’s judgemental adjustment to their linear

bootstrapping model did not outperform the
model itself but their accuracy improved over
that of their initial forecast.

Prospect theory[62] suggests that decision
making is affected by the way the problem is
framed. There was little effect of source framing
on adjustment improvement and accuracy. This
is consistent with Connolly et al. [16] which
showed that source framing did not affect
decision performance, but it conflicts with
extensive literature on this issue[62]. This sug-
gests that people were able to differentiate
true-reliability and framed pseudo-reliability to
an extent. Nonetheless we can not conclude that
they were optimal in adjustment until compa-
rison to the optimal model is madele.g., conser-
vatism, 53, cascaded inference, 59]. The boot-
strapping model in this study confirmed that
they were far from optimal and employed the
anchoring-adjustment heuristic[61] in a time
series task'. In other words, people anchored
heavily on their initial forecast and any
adjustment from it was insufficient, and only
slightly affected by the reference forecast
regardless of its reliability [61]. Given that the
accuracy of the reference forecast was not
perfect, this finding is in contrast to that of
cascaded inference which claimed that excessi—
veness existed where there was msufficient dis—
count of the questionable reliability of infor-
mation. Conservatism was mainly due to
anchoring[39] which was so persistent that the
reliability of reference forecast was excessively
discounted and taken little into account, contrary
to cascaded inference. This behaviour has been
observed in a number of anchoring-adjustment

10) It is true in that they anchored on the initial forecast. Some may argue that the anchoring-adjustment
heuristic was not complied in that they did not anchor on the externally given reference forccast[28,6].
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studies in an accounting task{286] which repor-
ted little anchoring on externally provided infor—
mation in particular when the initial anchor was
generated by the subjects themselves.

It should be however noted that, unlike earlier
studies, this study was conducted in a repetitive
task setting with immediate outcome feedback
for 30 trials. Hogarth[25] argued that anchoring
-adjustment may be functional with immediate
and detailed outcome feedback provided on the
error of both the reference and the subjects’
forecast. This effect was not found in this study.
Even though they were able to improve accuracy
by learning the pattern of the seasonal series,
their learning about the reliability was little or
none. Rather the reliance they placed on the
high-reliable reference forecast decreased over
time despite feedback'”’. Two explanations can be
offered for this behaviour. Firstly the reference
forecast may not have been perceived as highly
reliablee. A post-experiment  questionnaire
indicated that their perception was high enough
in this case. A second explanation is that they
might have tried to bheat the reference forecast
rather than accept it[32]. Ashton(1990) argued
that the provision of decision aid would change
the nature of the task. If the model is highly
accurate, it may put on pressure. Thus they may
employ a tral and error strategyl[52] using
outcome feedback. Using this strategy, people
may become inconsistent by trying to forecast
random errors. This suggests that a decision aid
should focus more on the initial forecast stage

than the provision of more accurate forecasts.

Seasorality affected accuracy over time. There
have been a few studies[14,64] which examined
judgemental adjustment with respect to seaso-
nality. Carbone et al.[14,15] showed some effect
of seasonality whereas Willemain[64] did not.
Cross comparison to these studies may not be
plausible because they were not longitudinal
studies. Mathews and Diamantopoulos{46] showed
that accuracy improvement by adjustment varied
over time. But they did not examine the
seasonality effect. In our study, there was a
learning effect only for the seasonal series,
irrespective of the reliability of the reference
forecast. In the light of the fact that an initial
eyeballing forecast was produced without any
aid or task relevant information and only
historical time series data, it strongly suggests
that the subject resorted to pattern-matching
[23] to forecast and thus performance steadily
improved for the seasonal series once they
comprehended the characteristics of the seasonal
pattern[56]. For anchoring-adjustment, on-line
[24] pattern-matching might have worked better
for the seasonal series.

Eyeball judgemental forecasts were found not
more accurate than even the random walk
model(naive). Carbone et al[l14,15] found that
judgemental forecasts were less accurate than
statistical forecasts. This conflicts with other
research{3] which suggests that judgmental
forecasts compare favourably with those of
statistical methods. The reasons for inaccurate
initial judgemental forecasts may be that the

subjects may have paid less attention to their

11) It was questioned that little effect of feedback mayv be due to screen overload. Thus a separate follow-up
experiment was conducted to further examine the cffect of feedback. Three types of feedback was given
with respect to their presentation format. A similar result was obtained apart from a finding that IMP.

was greater for less overloaded feedback presentation.
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initial forecasts because an opportunity was
subsequently allowed for them to adjust in light
of a new forecast provided.

In conclusion, this study showed that routine
judgemental adjustment would not be recom-
mended when the statistical model is quite
accurate unless the forecasters have non-time
series information for an abruptly changing
situation to offset the model’s assumption of
constancy[41]. However when there is no model
due to lack of historical datale.g., new products),
revision would be beneficial due to averaging
effect provided that adjustment is made in a
structured way[12} (e.g., asking an independent
initial forecast). The result of this study may not
be generalizable because this study was con-
ducted with post-graduate students. However
Remus[56] showed that MBA students could be
used as surrogates of managers. More impor—
tantly, experts must possess contextual non-time
series information. Thus it would be fruitful to
replicate this study with experts in their context.
In addition, learning without feedback may be
further investigated to examine why outcome
feedback was not helpful for decision perfor-
mance(see [22]). Considering that judgmental
adjustment i1s common practice In most com-
panies, further research is needed to understand
as to how a judgemental anchor is made and
when decision aids can be most helpful for

judgmental adjustment.
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