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Abstract
We ask various experts, who produce sales forecasts that can differ from earlier received
model-based forecasts, what they do and why they do so. A questionnaire with a range of
questions was completed by no less than forty-two such experts who are located in twenty
different countries. We correlate the answers to these questions with actual behavior of the
experts. Our main findings are that experts have a tendency to double count and to react
strongly to recent volatility in sales data. Also, experts who feel more confident give forecasts

that differ most from model-based forecasts.
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1. Introduction

There is a substantial amount of literature on the adjustment of statistical forecasts by
knowledgeable experts. Sanders and Manrodt (1994) document that many forecasters claim to
adjust model-based forecasts, and also Klassen and Flores (2001) show that experts exercise a
substantial impact on the final forecasts. Goodwin (2002) summarizes the reasons for experts
to adjust model-based forecasts, and Mathews and Diamantopoulos (1986) and Syntetos et al.
(2008) show that such adjustment can be beneficial for the final forecast quality. Indeed,
statistical models cannot capture all possible relevant variables, and also experts may know
future level shifts or breaks in trends based on specific knowledge. Franses (2004) reports that
model-builders themselves believe that integrating expert knowledge with model-based
forecasts is beneficial, see also Franses (2008).

Despite the evidence suggesting that merging models with experts would be a sound
strategy, the remarks made in Armstrong and Collopy (1989) still hold value and that is that
much further research is needed on how integration of models and experts can be improved.
In the present paper we intend to contribute to this research issue by basically asking a large
group of experts who are in a position to adjust model-based forecasts what they actually do
and why they do so. Our study is unique of its kind as we have access to a large variety of
experts in various countries located all over the world, and many of them quickly returned the
questionnaires.

The outline of our paper is as follows. In Section 2 we review the answers to our
survey questions given by only those experts who say that they do rely on the model-based
forecasts before deciding on their adjustments. In Section 3 we discuss the answers of all
experts, so now also including those who do not look at the model-based forecasts before they
make their own. In Section 4 we correlate the actual behavior of the experts with their stated
opinions. In Section 5 we summarize the conclusions of these three sections, and give some

suggestions for further research.

2. Experts who use the model-based forecast to create their own

We have access to experts who are associated with the local (national) sales offices of a large

pharmaceutical company. The headquarters’ office of this multinational company uses an

automated statistical package that each month generates sales forecasts for one-month to



twenty-four months ahead. Sales data concern a range of products within seven product
categories. The model-based forecasts are sent to the local sales offices, and the experts quote
their own forecasts. Both sets of forecasts are stored. The model-based forecasts are based on
lagged sales data only and the experts are very much aware of that. Hence, the expert
forecasts are usually different from the model-based forecasts. The models used in the
package are regression-type models and this means that on average they do not deliver biased
forecasts. Model choice and parameter updating is carried out each month. So, recent
exceptional sales figures are incorporated in the model by allowing model and parameters to
change.

We sent a questionnaire by e-mail in November 2007 to experts in forty countries,
who are located in national sales offices. Each expert is responsible for the forecasts of
particular product category within a certain country. Out of the around one hundred surveys
sent, we received forty-two valid responses, where some countries had more than one expert
fill in the questionnaire. There are some missing values for some questions but not that many.
The experts were asked to answer on a seven-point scale ranging from 1 (strongly disagree) to
7 (strongly agree). The experts are allocated in Norway (1 expert), Belgium (4 experts), South
Korea (4), Russia (4), Spain (3), Austria (2), Finland (3), Poland (2), UK (1), Switzerland (1),
Denmark (2), Colombia (1), Thailand (3), France (1), Brazil (1), Turkey (1), Australia (1),
Mexico (3), Czech Republic (1), and Chili (1). The distribution of age of these experts is
close to uniform with a minimum age of 20 and a maximum age of 65, and there are also
about as many men as women.

The first question is whether the expert relies on the model-based forecast in order to
create his or her own forecast. This is important as the experts know that the model-based
forecasts are created using a regression-type model, with as input only lagged sales data. So, it
is quite likely that an expert modifies the model-based forecast if the expert believes that other
variables are important too. On the other hand, as the model parameters are updated each
time, strictly speaking the experts do not need to again consider lagged sales data when
creating their adjustment. In fact, using past sales data again amounts to double counting.

Twenty of the forty-two experts indicated that they relied on the model-based
forecasts. It is this group of experts that were asked to answer the first set of questions, while

the others were directed towards the second set of questions.

Insert Table 1 about here



In Table 1 we give the fourteen questions that were to be answered by the twenty
experts who first take a look at the model-based forecasts before they create their own
forecasts. We give in boldface those questions and scores where the mean value differs
significantly from 4, which is the neutral category. For this, we use a simple binomial test for
the null hypothesis that the probability is 0.5, where we count the number of answers larger
(smaller) than 4 and compare this with the answers smaller than and equal to (larger and
equal) 4. For a sample size of around 20, this implies that 15 or more (5 or less) answers
larger (smaller) than 4 entails significance at the 5% level.

Table 1 shows that only four of the fourteen questions amount to significant outcomes,
which is perhaps partly due to the not-so-large samples. From this table we can conclude that
the experts, who first consider the model-based forecasts before they create their own final
forecasts (i) believe that this model-based forecast is important for their own decision to
adjust, (ii) do not believe that the model creates forecasts that divert away from the trend, (iii)
are of the opinion that they do about equally well as the model does, but (iv) are convinced
that the model does not capture recent country-specific events. These outcomes all seem as

expected, given the responses of these twenty experts to the starting question.

3. All experts

The second set of questions was answered by all forty-two experts. We test whether experts
who said they use the regression model before creating their own forecast differ from those
who say they do not. We find evidence of such differences for just three of twenty-one of the

second set of questions.

Insert Table 2

The results appear in Table 2. Again we use a binomial test to examine significance.
For a sample size of around 40, this implies that 28 or more (12 or less) answers larger
(smaller) than 4 is significant at the 5% level. This table gives a few rather interesting
insights. The first is to be observed from questions 2.1 and 2.3 and that is that experts who do
not use the model-based forecasts as input for their adjustment state that they can do just as

well without those forecasts indeed and also that they use other variables than the model does.



On the other hand, those experts who do use the model forecasts see no reason (question 2.20)
to have the model changed.

The second insight is that all experts seem to include recent sales data as input for their
adjustment, see question 2.5. As all experts are aware of the fact that the model-based
forecasts are based on these lagged sales data, this result suggests that the experts count
double. Indeed, as the model parameters are updated each month, and as recent sales figures
are always included, there strictly is no need to look again at recent sales figures for
adjustment. This result seems to concur with lab findings in the study by Goodwin and Fildes
(1999). There, people did not adjust the time series model forecast in case of a special event.
In fact, they ignored the model-based forecast, and created their own forecast based on the
data and incorporated the effects of the special event.

The third insight (from questions 2.6 and 2.9) is that experts take account of changes
in legislation or the behaviour of competitors in their specific countries, while they look less
at the country’s economy nor at the world economy (see the insignificant questions 2.10 and
2.11). Hence, they do not only look at recent sales but also at other features when they create
their own forecasts.

Interestingly, when recent sales figures fluctuate much, and so there is an increased
volatility in recent data, the experts feel the need to adjust more (question 2.8), that is, their
forecasts tend to deviate more from the model-based forecasts. This is in accordance with the
results from lab experiments in for example Harvey (1995).

Finally, the experts feel quite confident with what they do, as question 2.17 shows that
they feel that their adjustments (whether or not they take the model-based forecasts as their
starting point) make the final forecasts better. Whether this is true or not is left for further
research and is for now outside the scope of this paper. Although, it seems to match with the
evidence obtained in a recent survey in Fildes and Goodwin (2007) which is that experts state
not to bother too much about whether their adjustments actually improve the final forecasts.

Even though they feel confident, the experts do seem to want to know more about how
the model-based forecasts are created (question 2.21). An interesting implication of this
finding is that it substantiates the claim that it is needed for forecasting systems to explain
how they work, see also Goniil, Onkal and Lawrence (2008) for a recent discussion, see also

Yaniv and Kleinberger (2000).



4. Correlation with actual behaviour

Now we have read about what experts say they do and what they perceive as relevant and
useful, it is interesting to see if their stated behaviour matches with the observed behaviour.
For this purpose we collect data on the size of the adjustment and of its sign, all concerning
the one-month-ahead forecasts. We assign the country-specific data to each of the experts in
that country, in case we have more than one expert responding. An expert i takes care of n;
products in each of the countries mentioned. This number can vary from 10 to 86. We
measure the adjustment 4;; for the j-th product made by the expert as the final expert forecast
minus the model-based forecast M;;. To measure the average size of adjustments made by

each of the experts we compute

A =—

1

1< abs(Ai,j )

n; =1 ij

where we take absolute values to equally capture both upward and downward adjustments.
The second variable of interest is the amount of upward adjustments as a percentage of

all adjustments. We calculate this fraction per country as

positiveA, = ii:I(AZ.J > 0)

n, 5

where /(..) denotes a one-zero indicator variable. As we stated earlier, when there is more than
one expert in a country we simply take the country value for each of them.

Before we see if these two variables can be explained by the two sets of questions, we
examine if we can reduce the number of regressors by applying principal components analysis
(PCA). For the first set of fourteen questions in Table 1 we obtain a cumulative percentage of
77.2% of the variance for as many as five principal components, which does not amount to a
serious reduction of variables. For the second set we need no less than eight principal
components to capture 75.5% of the variance. Together this suggests that PCA does not lead
to much gain in reducing variables, so we decide to simply include all questions in the

subsequent regression models.



Insert Table 3

In Table 3 we report on the regression results for the set of questions that appeared in
Table 1. We start with including all variables and then subsequently delete the variable with
the least significant parameter until all parameters are significant at the 5% level. In the end,
the models include only three and two relevant variables, while the fit is 0.274 and 0.448,
respectively. From the second column we learn that experts who feel there is always a reason
to adjust, who look at their own past performance but who do not believe that they can create
the model forecasts have a tendency to have a larger-sized adjustment. From the last column
in Table 3 we see that experts who look at past model forecast errors and who believe the
model often has the trend wrong have a tendency to quote forecasts in excess of those of the
model. These findings suggest that experts’ stated behaviour seems to match with observed
behaviour, although a substantial amount of variance in behaviour cannot be explained by the

included variables.

Insert Table 4

In Table 4 we give the estimation results when the models have as regressors the
questions in Table 2. The sample size increases to 39 data points. The fit of the two models is
not high, just around 0.250, so quite some fraction of observed behaviour cannot be captured
by stated behaviour. From the second column of Table 4 we can learn that some mean
reverting behaviour (question 2.13) as well as rather steady adjustment behaviour (no reason
to change size of adjustment depending on size of sales values) leads to larger-sized
adjustment. The final column of that table indicates that experts who feel they should be
rewarded and believe they add to the model on a 50-50 basis do not have a tendency to adjust

upwards.

5. Conclusion

We have asked a range of experts who give forecasts that can deviate from model-based
forecasts various questions about their decision making, beliefs and opinions. These experts
are active in no less that twenty different countries and otherwise age and gender are about

equally distributed. The not so unexpected outcomes are that experts feel that the model



misses country-specific events and therefore adjustment is needed and that experts believe
that their contribution to overall forecast quality is on a 50-50 basis with the model. Whether
the experts discount here for the possibility that they use (about) the same information set as
the model does, is left for further research.

Indeed, we see that experts admit to use past sales data again when constructing their
own forecasts, and strictly speaking this is not needed, and hence there are indications of
double counting. We also see that heavier fluctuations in past sales make experts adjust more.

Upon correlating experts’ statements with actual behaviour we see that confidence in
own quality leads to larger-sized adjustment. Moreover, less trust in the model, in fact, stating
that the model often has the trend wrong makes experts to forecast higher than the model
does. We also noticed that experts’ behaviour can be explained by stated behaviour with only
low values of fit. So, this might have a practical implication, which is that it seems even more
relevant for experts to record the reasons for their adjustments. Even better, they should also
periodically review whether those reasons were valid or not.

In sum, our survey results could have an impact on how we should evaluate the quality
of the contribution of experts to model-based forecasts. If experts rely on past behaviour and
on past sales data, then forecast evaluation criteria need to account for that. Also, research
into the (over-) confidence levels of experts would be interesting. Finally, a more detailed
look at what experts actually do, perhaps by keeping logbooks or the like would be even more

useful.



Table 1:

Scores on questions only answered by experts who answer “yes” to the question: “Do you use

the model-based forecast from the headquarters’ office to determine your adjusted forecast?”

Questions with mean scores that are significantly different from 4 (using a binomial test)

are indicated in boldface

Sample size Mean Median Standard deviation

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

The model-based forecast is an important input for my decision to adjust

18 4.94 5.00 1.11

I look at past differences (errors) between actual sales and the model-based forecast

18 4.56 5.00 1.15

There is always a reason to adjust the model-based forecasts

18 4.22 4.00 1.26

I compare the model-based forecast errors and my forecast errors

18 4.67 5.00 1.37

The model-based forecast has a tendency to be off track for long periods of time

19 3.68 4.00 1.16

I would be able to create the model-based forecast myself

19 4.26 4.00 1.48

I prefer to make small adjustments to the model-based forecasts

20 4.85 5.00 0.99

The model-based forecast almost always needs upward adjustment

20 3.95 4.00 1.19

The model-based forecast is not good enough on its own

20 3.65 3.50 1.63



1.10 My adjustments make the forecasts better, because my forecasts exceed those of the

model

20 3.80 4.00 1.11

1.11 The model-based forecast typically has the trend wrong
20 3.25 3.00 1.52

1.12 Sometimes my forecast is better and sometimes the model-based forecast is better

20 5.25 5.00 0.97

1.13  For the short horizon, the model-based forecast is better, but for the longer horizon,

my forecasts are better
20 3.90 4.00 1.52

1.14 The model-based forecasts miss recent country-specific events

20 5.50 6.00 1.40

10



Table 2:
Scores on questions answered by all experts
Questions with mean scores that are significantly different from 4 (using a binomial test)

are indicated in boldface

Sample size Mean Median Standard

2.1  Icould do equally well without the model-based forecast
Yes 18 3.56
No 22 5.36

2.2 Tlook at past differences (errors) between actual sales and my own forecasts.

40 4.43 5.00 1.57

2.3  To create the adjusted forecast I use other variables than the model does
Yes 19 4.58
No 22 5.36

2.4 My recent forecast error is more important than model-based forecast errors

40 4.45 5.00 1.50

2.5  The most recent actual sales data are input for my adjustment

42 5.40 5.50 1.23
2.6 Some events like changes in legislation or behaviour of competitors are so
important that the model-based forecasts have to be adjusted for the next few months

42 5.74 6.00 1.27

2.7  Ifthe recent actual sales are large, then a downward adjustment is required

41 4.46 4.00 0.95

2.8  When the actual sales fluctuate much, I adjust more

42 4.90 5.00 1.28

11



2.9

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

I keep track of local changes in legislation

42 5.83 6.00 1.32

The country’s economy should be closely watched

40 4.73 5.00 1.48

My adjustment depends on what happens in the world economy

40 2.88 3.00 1.36

I should better forecast too high than too low
40 433 5.00 1.33

When my adjustment in the previous month was large, I now adjust less

40 3.90 4.00 1.26

Very low recent actual sales do not affect my forecast adjustments

40 3.83 4.00 1.50

What happened more than a year ago is not relevant

41 3.29 3.00 1.58

My market knowledge cannot be included in the model-based forecast

41 3.85 3.00 2.08

My adjustments make the forecasts better

41 5.29 5.00 1.09

I should be rewarded for my forecast accuracy

41 4.24 5.00 1.93

On average, the model-based forecasts and my adjustment are in 50%-50% balance

39 4.18 4.00 1.10

12



2.20 I would recommend the headquarters’ office to change the way the model-based
forecasts are created

Yes 19 2.89

No 22 4.23

2.21 1 would like to learn more about how the model-based forecasts are created

41 5.10 5.00 1.37

13



Table 3:
Auxiliary regressions of log(4;) and positive 4; on answers to the first set of questions.
Standard errors appear in parentheses and are White-corrected for heteroskedasticity. Sample
size is 18.

Only parameter estimates that are significantly different from 0 are reported.

Question log(4;) positive 4;

1.2 0.049 (0.021)
1.3 0.136 (0.065)

1.4 0.158 (0.064)

1.6 -0.217 (0.098)

1.11 0.073 (0.019)
R’ 0.274 0.448
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Table 4:
Auxiliary regressions of log(4;) and positive 4; on answers to the second set of questions.
Standard errors appear in parentheses and are White-corrected for heteroskedasticity. Sample
size is 39.

Only parameter estimates that are significantly different from 0 are reported.

Question log(4;) positive 4;
2.13 0.261 (0.074)

2.16 0.100 (0.039)

2.18 -0.016 (0.008)
2.19 -0.041 (0.016)
R? 0.250 0.234

15
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