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Challenges for sustainability: misperceptions
and misleading advice
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Abstract

To ensure sustainable development, governments depend on informed decision-makers including
the electorates. Previous studies show evidence of widespread and systematic misperceptions,
voter ignorance, and reliance on inappropriate cognitive heuristics. The wait and see heuristic is
one such trusted heuristic that is used repeatedly and with minimal effort. When applied to the
management of dynamically complex renewable resources, it leads to overinvestment and resource
depletion. On the optimistic side, a laboratory experiment finds that proactive expert advice coun-
teracts the wait and see heuristic and contributes to sustainability. However, when expert advice
is challenged by misleading advice that supports the wait and see heuristic, most of the positive
effect of the expert advice disappears. The experiment generalizes to a large number of sustainabil-
ity problems. Different from fake news that can be corrected by simple facts, misperceptions and
misleading advice call for extraordinary information policies and deliberative democracy.
Copyright © 2023 The Authors. System Dynamics Review published by John Wiley & Sons Ltd
on behalf of System Dynamics Society.
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Introduction

People’s preferences for sustainability in terms of stability (Moxnes, 2014) call
for proper management of renewable resources to prevent overutilization and
collapse. Still, a large number of renewable resources have been overutilized
causing much harm to those who depend on these resources. Much evidence
points to misperceptions of dynamic systems as a major cause of mis-
management in general (Sterman, 2011) and of renewable resources in particu-
lar (Moxnes, 1998a, 1998b, 2004; Sterman and Sweeney, 2007; Sterman, 2008;
Moxnes and Saysel, 2009; Guy et al., 2013). Of particular concern is the wait
and see heuristic, which is used to simplify complex problem solving. Using
this heuristic, decision-makers rely on outcome feedback to take actions. In
doing so, they ignore essential system-knowledge about the time and effort
needed to correct problems.

Previous laboratory experiments have provided subjects with essential
system-knowledge. The results for renewable resource management show
only limited improvements in performance (Moxnes, 1998a, 1998b; Rou-
wette et al., 2004; Sterman and Sweeney, 2007; Moxnes and Jensen, 2009;
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Moxnes and Saysel, 2009). Apparently, most subjects do not have the
needed background to make use of such knowledge.

An alternative is to provide expert advice about what decisions to make.
To mimic public debates, a new renewable resource experiment has been
designed where both proper expert advice and misleading advice are pro-
vided. The existence of misleading advice is well-known (Oreskes and
Conway, 2010) and intentionally misleading advice is well documented
(Supran et al., 2023). In the new experiment, misleading advice builds on
and supports the wait and see heuristic. Supported by this heuristic, mis-
leading policy advice is likely to be harder to correct than fake news, which
can often be corrected by simple facts.

The results of the experiment may generalize to many dynamically similar
renewable resources. While expert advice is found to be very effective in iso-
lation, misleading advice counteracts most of its effect. This paper concludes
by discussing information policies to reduce the effects of misperceptions
and misleading advice, and to strengthen electorate participation, informa-
tion sharing, transparency, and use of available tools, i.e. deliberative
democracy (Dryzek et al., 2019).

A generic model of renewable resource systems

To set the stage for the experiment, the diagram in Figure 1 presents a
generic model of a renewable resource system. While it may look overly sim-
plified, it captures the essence of the management problem. The lower stock
represents the limiting natural resource, and the upper stock denotes the
capacity to utilize this resource. Using a well-established reindeer experi-
ment (Moxnes, 2004), the limiting resource is lichen. Reindeer represent the
capacity to utilize the resource. In addition to the well-known biological
cause and effect relationships, the diagram illustrates the wait and see policy
by a thickened arrow from Lichen to Slaughtering.

The complexity of management lies in the stock nature of lichen and rein-
deer. The herd size can increase for many years before scarcity of the peren-
nial lichen is perceived to become a problem. When scarcity becomes
evident, the wait and see heuristic suggests that the herd size should be sta-
bilized at the current high level, to see if lichen stabilizes as well. However,
lichen continues to decrease as long as grazing exceeds the growth of lichen.
Then the wait and see heuristic suggests further gradual (and insufficient)
reductions in grazing. A frustrating situation occurs where fewer reindeer
appear to cause lichen to decrease as well. This is contrary to what is
expected from an erroneous mental model where reductions in the number
of reindeer are expected to increase lichen instantaneously (Moxnes, 2000).
What is needed is a drastic and early reduction in the herd size to bring
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Fig. 1. Stock and flow
diagram showing how
reindeer and lichen
pastures interact [Color
figure can be viewed at
wileyonlinelibrary.com]
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grazing below the growth rate of lichen. That is the advice of the expert in
the experiment.

Laboratory experiments and real data show that slaughtering does not
increase before lichen is perceived to becoming scarce (Moxnes, 2004).
Figure 2 shows an example of mismanagement for the Snghetta area in
Norway. After Hardin’s (1968) article “The Tragedy of the Commons” it has
been commonplace to blame resource depletion on the commons problem.
However, there was no commons problem in this case. Total slaughtering
was already regulated by the Department of Agriculture. Hence, there was
only a management problem, namely for the Department to set yearly hunt-
ing quotas (slaughtering).

In 1952, locals called for an assessment of the lichen conditions and asked
for larger hunting quotas (Jordhgy, 2001). However, the Department wanted
to increase the herd size and allowed for only a small increase in legal hunt-
ing, contrary to the advice from biologists. The herd size continued to grow
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Fig. 2. Slaughtering and
number of reindeer
(Jordhgy, 2001). Lichen is
interpolated between
imprecise and infrequent
data points (Moxnes

et al., 2003) [Color figure
can be viewed at
wileyonlinelibrary.com]
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until 1961. After that, the herd size fell rapidly due to increased hunting
quotas, outmigration, deaths, and illegal hunting. Hunting licenses increased
much too late and too little to prevent the collapse of reindeer and lichen. In
many localities, the lichen never recovered over the 50-year period shown in
the graph. Reported slaughtering never reached as high as the maximum sus-
tainable yield (MSY) at well-managed lichen pastures.

Scheffer (1951) documents a similar example of overshoot and collapse
after reindeer were introduced to the island of St. Paul in Alaska in 1911.
Again, there was no commons problem, only one herd. Grazing by the rein-
deer increased to three times the MSY before lichen was fully depleted and
the herd collapsed. Again, slaughtering was increased too little and too late
to prevent the collapse. Scheffer (1951, p. 360) quotes the American Society
of Mammologists as urging the need, prior to introducing reindeer into a
new area, to study thoroughly “the problems of integrating lichen ecology,
reindeer biology, and native culture—serious problems that have not been
solved to date on any workable scale on the North American continent.”

A reindeer experiment with expert advice

The experiment by Moxnes (2004) replicates the observations from Snghetta
and St. Paul. The very same experiment is well suited to test the effects of
different advice for two main reasons. First, real data and the original experi-
ment show that there is a need for expert advice. Second, the available sub-
ject pool has no prior information about reindeer and lichen biology,
reindeer management, and existing policy proposals. Lack of prior knowl-
edge is important in order to investigate the uncontaminated effects of expert
advice and of misleading advice.

The central hypothesis is that people behave according to a wait and see
heuristic and delay actions until they see a need to act. The design of the
experiment rules out five alternative hypotheses for unsustainable resource
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management. First, subjects’ potential lack of care about the future is
overruled by an explicit goal of reaching and maintaining the harvesting of
the MSY as quickly as possible. Second, the commons problem is removed
by giving each subject private property rights. Third, the possibility of
“hierarchical individualists” opposing governmental interference (Kahan
et al., 2012) is also prevented by assuming private property rights. Fourth,
potentially detrimental effects of information delays are removed by provid-
ing yearly updates of lichen data. Fifth, there is no randomness; information
is perfect with no need to delay actions while filtering received data
over time.

The decisions that subjects make in the experiment are likely to reveal
policy preferences better than questionnaires and polls. Answers to polls
may be biased towards what is expected or what is politically correct rather
than reflecting subjects’ true feelings. Therefore, decisions may give a better
indication of the electorate’s voting behavior. This is supported by
Ansolabehere and Jones (2010, p. 596) who find that voters have preferences
over important bills and have fairly accurate beliefs about their legislators’
roll-call votes. They conclude that “the extent to which a constituent agrees
with the policy positions of the member of Congress strongly affects the con-
stituent’s approval rating of the member and likelihood of voting for the
member.” Hence, if subjects’ decisions change as a result of advice, voting
behavior is also likely to be influenced.

The experiment (Moxnes, 2004) makes use of a discrete-time, one-stock
simulator with the following stock-equation for the lichen, measured by the
average height of the plants:

Liy1 =Li+Gi—Hy,

(1)
Lo=24.4mm,

where time t moves in steps of one year and where L, is the initial average
height of lichen. The yearly net growth of the lichen Gy is given by a surplus

growth curve:
L,—C/2]?
Gi=M{1- 67/2 ) (2)

where the carrying capacity is C = 60 mm. The MSY, the maximum yearly
average growth of the lichen, is M = 5 mm/year. The growth is zero when
L;=0 and when L;=C. In between these extremes, the maximum occurs
when L; = C/2. Reindeer grazing per year,

H,=hR; (3)
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is given by the yearly grazing per animal, h = 0.004 mm/reindeer/year, and
by the yearly number of reindeer R, decided by the subjects. The number of
reindeer is not controlled by slaughtering as indicated in Figure 1. As dem-
onstrated earlier (Moxnes, 2004), while allowing R; to be set freely simplifies
the management problem, this still leads to mismanagement.

The starting point for the experiment is similar to the 1952 conditions in the
Snghetta district shown in Figure 2. This was the year when local hunters
started to worry about the lichen conditions. The subjects get information about
the historical development over the preceding 15 years. This announced histor-
ical development is similar to the historical development in the Snghetta dis-
trict before 1952, except that the announced development is adjusted to be fully
consistent with the model. Subjects get precise information about the fixed graz-
ing per reindeer (h) and they get a verbal description of the function for growth
Gy(L;). Each year over a 15-year time horizon, participants receive yearly
information about the amount of lichen L, at the beginning of the year and
then make decisions about the number of reindeer R, for the rest of the year.
Subjects do not get information about the exact maximum sustainable herd
size (R*) and the corresponding lichen level (L*): R* =M /h=1250 reindeer,
and L*=C/2=30mm. These general instructions are identical to those of
the original experiment’s treatment 1 (Moxnes, 2004).

While the provided historical data are sufficient to estimate R* and L*, the
subjects were not expected to do this (and none seem to have done so). How-
ever, a prior understanding of the dynamic system is sufficient to get close to
the goal: to reach the highest possible herd size that can last forever without
depleting the lichen pasture, and to do this as quickly as possible. In each
round of the experiment, the subject obtaining the best result was promised
and awarded a symbolic prize (Bolle, 1990).

The simulator was programmed using the Macro function in Excel and
subjects received treatment information on paper. For their own sake and as
a backup, subjects were told to fill in yearly decisions and other information
in an empty table as they made progress.

The reindeer system generalizes to other two-stock resources

The model in Figure 1 and the experiment generalize to other natural
resources and a host of other stock-management systems (see Table 1 in
Sterman, 1989). For instance, in Figure 1, replace the upper stock by fishing
capacity and the lower stock with fish. Then the model explains over-
investment in fishing capacity and depletion of fish resources. Over-
investment and over-fishing have been the rule rather than the exception in
real fisheries (Jackson et al., 2001; Schrank, 2003). Figure 3 shows the same
depletion dynamics for a herring fishery as for lichen in Figure 2. Catch
reflects capacity in the period when the size of the fish stock is not limiting
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Fig. 3. Development of
fish stock and catch
(reflecting capacity) for
Norwegian Spring
Spawning Herring
(Toresen and

Gstvedt, 2000) [Color
figure can be viewed at
wileyonlinelibrary.com]
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the catch. These dynamics have been replicated in a fishery experiment with
property rights (Moxnes, 1998a).

Replace the upper stock with the capacity to use water and the lower stock
with the amount of water in an underground water reservoir. Consistent with
this system structure, depletion of aquifers has become a problem globally
(Konikow and Kendy, 2005).

Replace the upper stock by the capacity to emit greenhouse gases (GHGs)
and the lower stock by the amount of GHGs in the atmosphere. Experiments
show that even highly educated subjects rely on pattern matching (Sterman
and Sweeney, 2007), instantaneous mental models (Moxnes and
Saysel, 2009), and on explicitly stated wait and see policies (Guy
et al., 2013). The experiments are consistent with observations of opposition
to proactive policies to limit climate change (Leiserowitz, 2007; Dabla-Norris
et al., 2023).

Information treatments

To explore the effects of advice, the subjects are supplied with narratives. By
testing how the use of narratives “relates to policy outcomes” (Jones and
McBeth, 2010, p. 345), the experiment represents a novel quantitative test of
the effect of narratives.

The experiment departs from previous experiments (Moxnes, 1998a, 2004;
Sterman and Sweeney, 2007; Sterman, 2011; Guy et al., 2013) where subjects
get information only about the system (theory) and the historical develop-
ment (data). As already mentioned, such information has been found to have
limited effects on outcomes. Here, subjects get advice about what actions to
take, in addition to the general system information and historical data. The
advice does not say what the MSY is. The only quantitative advice is about
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how much to reduce the number of reindeer in the first year. This advice is
supposed to mimic simple advice that could be given in news programs, and
which is not updated when the problem is no longer “breaking news.”

The experiment has three categories of information treatments:

1. General instructions with no advice
2. General instructions with expert advice or misleading advice
3. General instructions with expert advice combined with misleading advice

None of the pieces of advice are intended to be representative of any par-
ticular group of advisors. Rather the narratives are meant to capture what
distinguishes different types of advice. Each of the narratives is followed by
a piece of quantitative advice for the first year’s herd size R,. The expert
advice is given in two versions, either as an analyst’s or an activist’s narra-
tive. They represent two broad categories of advice and it seems important
not to miss out on any of them. Also, it seems interesting for change agents
to learn about the effects of the two types of expert advice. Both types of
advice are followed by the very same advice of reducing R, to zero. Even if
this is an item of advice only for the first year, it signals that a drastic reduc-
tion in reindeer is needed immediately. The misleading advice supports the
wait and see heuristic and recommends stabilizing R, at the level that was
reached at the end of the historical period.

Misleading (announced as Expert no. 1 when combined with expert advice)
The previous owner has built up the herd size carefully over the historic
period. The data show that the herd size has been increased to the current level
without serious problems for the lichen and for the reindeer. Thus, drastic
reductions in the herd size are not called for and would only bring the herd
much below the sustainable level. In light of the considerable uncertainty about
what adjustments are needed, a very careful trial-and-error approach should be
applied when making adjustments in the herd size.

Concrete first advice: In the first few years the herd size should be kept at 1800
animals, then one should observe the development before possible further
adjustments to reach the maximum sustainable herd are considered.

Analyst (announced as Expert no. 2 when combined with misleading advice)
Since the amount of lichen has decreased steadily under the previous owner,
removal by reindeer grazing must have been greater than the natural growth of
lichen in all previous years. Thus, in year zero in the historic period, the lichen
growth rate must have been smaller than what is needed to feed 1150 animals.
To increase the amount of lichen to a level that gives the maximum lichen
growth, grazing must be reduced below the current growth rate for a while,
then increased towards the growth rate again to stabilize the amount of lichen
around the maximum sustainable level.
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Concrete first advice: Reduce the herd size to zero in the first year, then gradu-
ally increase the herd size as the amount of lichen grows towards the level that
yields the maximum lichen growth.

Activist (announced as Expert no. 2 when combined with misleading advice)
The previous owner has followed an irresponsible policy of overgrazing. This
is yet another example of the overutilization of renewable resources that has
been observed so often around the world. The reason for the overgrazing is that
the owner has been greedy and that the government lacks a firm policy to regu-
late the use of natural, renewable resources. The only sensible thing to do now
is to reduce the herd size drastically, both to protect the natural environment
and to ensure the sustainable operation of the reindeer business.

Concrete first advice: Reduce the herd size to zero in the first year, then gradu-
ally increase the herd size as the amount of lichen grows towards the level that
yields the maximum lichen growth.

Subjects

Most sessions of the experiment were carried out in the introductory class to
one and the same master program in System Dynamics over many years.
Hardly any of these students come from Norway or other countries with rein-
deer herding. Thus, they have no prior knowledge about reindeer manage-
ment, have not been influenced by public debates, are not aware of existing
policy advice, and have no knowledge of anybody’s position on the issues.
Data for four subjects were removed because, when asked, they reported
knowledge of the original reindeer experiment (Moxnes, 2004). To expand the
number of subjects with the combined expert and misleading advice, two ses-
sions took place at a military academy. All these subjects were from Norway,
and some knowledge about reindeer policies cannot be ruled out.

Three groups were defined related to different backgrounds when it comes
to understanding of dynamic systems:

1. Unskilled: Master students at the University of Bergen on their first day of
the study program.

2. Trainee: Master students at the University of Bergen after their first week,
in which they learn about stock and flow dynamics.

3. Military: Students at the Norwegian Military Academy with varied back-
grounds taking a course in logistics at the academy in Bergen (available
only in 2004).

A plan was made for the experiment where different treatments were
spread over future classes before the exact class sizes were known. Each
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Table 1. Overview of
experimental treatments
and subjects, for 191
subjects total

Advice Groups N Years
No Expert Unskilled 33 2002 & 2003*
Analyst Unskilled 14 2017
Activist Unskilled 17 2017
Misleading Unskilled 17 2017
Analyst & Misleading Unskilled 13 2004 & 2005
Activist & Misleading Unskilled 12 2004 & 2005
Analyst & Misleading Trainee 22 2006 & 2007
Activist & Misleading Trainee 21 2006 & 2007
Analyst & Misleading Military 21 2004
Activist & Misleading Military 21 2004

4The No Expert data are copied from the original reindeer experiment carried out in 2002 &
2003 using the same subject pool (Moxnes, 2004).

subject participated only once such that the analysis relies on between-
subject comparisons. Table 1 gives an overview of treatments, subject
groups, number of subjects, and years.

The following protocol for randomization was used. To simplify the
teaching and the administration of the experiment, no class received all
six of the different treatments shown in Table 1. Analyst and activist
advice combined with misleading advice were split randomly between
subjects within classes. None of these treatments were carried out in only
one student cohort. The class of 2017 was split randomly into three treat-
ments. These last data were added to find the isolated and individual
effects of expert and misleading advice, similar to the no expert advice in
the original experiment.

Statistical tests

The tests focus is on the lichen only since there is a unique relationship
between reindeer (the decision) and lichen (the outcome). Table 2 gives
an overview of the tests, with the obtained statistics. The table shows
median and average statistics over the last 14 years of the experiment,
thus omitting the fixed initial value of lichen. Only in one case do median
and average statistics lead to different inferences. Statistical tests are Stu-
dent’s t-tests for comparisons to the optimal development and Welch’s
t-tests for comparisons of means of independent samples with equal or
unequal variances. Cohen’s d is represented by Glass’ A for comparisons
to the optimal development and by Hedges’ g when comparing means of
independent samples.
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Table 2. Summary of

statistical tests with Average  Median  Median
average and median Group Testing (N) p-value p-value  Cohen’s d
treatment effects over the
Unskilled  No Expert (33) vs. Optimal ~ 0 ~ 0 2.19
Experts (31) vs. Optimal 0.62 0.64 0.08
Experts (31) vs. No Expert (33) ~0 ~0 1.50
Experts & Misleading (25) vs. Experts 0.002 0.001 0.88
(31)
Experts & Misleading (25) vs. Optimal ~0 ~0 0.94
Experts & Misleading (25) vs. No Expert 0.15 0.05 0.57
(33)
Misleading (17) vs. No Expert (33) 0.52 0.46 0.24
Misleading (17) vs. Experts (31) ~ ~ 1.15
Analyst (14) vs. Activist (17) 0.68 0.66 0.16
Analyst & Mis. (13) vs. Activist & Mis. 0.61 0.62 0.20
(12)
Trainees Experts & Misleading (43) vs. Optimal 0.001 0.001 0.54
Analyst & Mis. (22) vs. Activist & Mis. 0.49 0.50 0.21
(21)
Military Experts & Misleading (42) vs. Optimal & ~ 0 1.02
Analyst & Mis. (21) vs. Activist & Mis. 0.04 0.04 0.68
(21)
Testing Treatments (V)
Tr. vs. An. & Mis. (22 Tr.) and An. & Mis. 0.07 0.07 0.65
Un. (13 Un.)
Tr. vs. Mi.  An. & Mis. (22 Tr.) and An .& Mis. 0.003 0.002 1.04
(21 Mi.)
Un. vs. An. & Mis. (13 Un.) and An. & Mis. 0.39 0.37 0.35
Mi. (21 Mi.)

Note: Sample sizes are shown in parentheses.
Abbreviations: An., Analyst; Mis., Misleading; Mi., Military; Tr., Trainee; Un., Unskilled.

Experimental results with no advice

Figure 4 shows the optimal reindeer and lichen developments for the simu-
lator. Initially, the stock of lichen Ly=24.4mm is below L*=30mm giving
the MSY. The optimal policy is to reduce the number of reindeer from the
high historical level to zero, consistent with a target escapement policy
(Reed, 1979). As lichen grows towards L*, reindeer grazing should be
increased to the MSY, R* =1250. Obviously, the optimal policy is much dif-
ferent from a wait and see policy. Not shown in the graph, a good result can
also be obtained by reducing grazing to less than optimal, as long as grazing
is well below growth in the early years. If so, the MSY will be reached at a
later point in time.

Figure 4 also shows the yearly median results for the group of Unskilled
with no advice. The number of reindeer follows a typical wait and see
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Fig. 4. Optimal (dashed)
and yearly median (solid)
results for the number of
reindeer (thin blue lines)
and for lichen (thick red
lines). The results are for
the group of Unskilled
with No Expert advice,
N = 33 [Color figure can
be viewed at
wileyonlinelibrary.com]
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development. The number is kept constant for two years. Then, as the
amount of lichen is seen to decrease, subjects start to gradually reduce the
number of reindeer. Repeated small reductions are consistent with a belief
in an inverse and instantaneous cause and effect relationship between rein-
deer and lichen. However, to the subjects’ big surprise, as long as grazing
exceeds lichen growth, lichen decreases in pace with the number of rein-
deer. Only 3 out of 33 subjects manage to increase the lichen to or above the
level giving the MSY. For the vast majority, there is hardly any evidence of
learning. Allowing for different parameters for aggressiveness, one and the
same wait and see policy can explain nearly all decisions over the entire
period (Moxnes, 2004).

Why rely on a wait and see policy?

By its design the experiment precludes rational reasons for using a wait and
see strategy. Subjects do not benefit from shying away from addressing an
unpleasant problem (Walgrave and Dejaeghere, 2017). They do not need
repeated observations to figure out the strategies of competitors. Information
is exact, readily available, and there is no need to filter randomness. The
stated goal precludes a possible preference for discounting the future.

So, what are the less rational reasons for relying on a wait and see policy?
According to Kahneman (2011), System 1 decision-making relies on heuris-
tics, is simple and emotional, reflects recent experiences, and produces
biases. For example, System 1 thinking leads to biased risk perception. Kun-
reuther (1996) finds that people often wait to see if a natural disaster occurs
before they buy insurance. This modus operandi is not likely to be reserved
for uncertain random events. Uncertainty could be just as prevalent if one is
not able to anticipate predictable policy consequences.

Kahneman’s System 2 decision-making involves cost-benefit tradeoffs, rec-
ognizes complex system interactions, and has a focus on the long term. Since
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natural resource systems are dynamically complex, it seems overly optimis-
tic to assume that majorities of the electorates, politicians, and influencers
are fully capable of performing the needed analysis by themselves. Nor are
they likely to be capable of assessing the quality of the analyses made by
experts.

In a paper on reinforcement learning with references to the Rescorla-
Wagner model of animal learning, Niv (2009, p. 141) writes that “learning
occurs only when events violate expectations.” In a two-stock reindeer exper-
iment by Moxnes (1998b), 92% of the subjects reported that they were sur-
prised by the behavior of lichen. However, in spite of repeated and
unexpected outcome feedback, the results did not show evidence of learning
in terms of changed policies.

Learning from violations of expectations can be seen in light of two differ-
ent learning models, “model-free” and “model-based” reinforcement learn-
ing. Using magnetic resonance imaging, Gldascher, Daw et al. (2010) found
neural signatures of both these types of learning. Thus, their study suggests
that lack of suitable neural networks is not an explanation for limited learn-
ing. Still, the existence of networks may not say much about the capacity for
learning. As a minimum, trained scientists do demonstrate an ability to uti-
lize their neural networks for model-based learning.

Model-free learning does not leave many options for learning other than
probing actions and waiting to see whether actions lead to improvement or
not. Similar to the heuristics described by Tversky and Kahneman (1974),
the wait and see heuristic presents itself automatically. While it requires lit-
tle deliberation, it could cause the problem one should avoid. So, if the
potential costs of mismanagement are large, is it likely that people upgrade
to model-based learning?

In model-based “state prediction error learning,” a cognitive map or model
of the system at hand is needed. The model is used to make predictions that
can be compared to observations, i.e. the scientific method. For this learning
talent to be useful, two conditions must be met: people must be able to iden-
tify system interactions and they must be able to predict the consequences of
actions.

Previous research has found that people tend to simplify reality into iso-
lated, instantaneous cause and effect relationships (Moxnes, 1998b; Sweeney
and Sterman, 2000; Cronin et al., 2009). If so, lichen is not represented prop-
erly as a stock with an inflow of net growth and an outflow of grazing. Rather
lichen is believed to vary inversely and instantaneously with changes in the
number of grazing reindeer. When this latter model fails to predict the lichen
development, subjects are challenged to formulate a stock and flow represen-
tation for lichen. This task is just as complex as it was for Newton to formu-
late his first law of motion. That was a task that Aristotle and many others
failed before Newton (DiSessa, 1982).
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Making predictions of model behavior is also complicated. Modelers know
that predicting the behavior of nonlinear, dynamic models requires simula-
tions. Consistent with simplified instantaneous cause and effect models, peo-
ple expect to see pattern matching (correlations) between salient causes and
effects (Sterman and Sweeney, 2002; Cronin et al., 2009).

With an instantaneous model in mind, state-prediction error learning
implies that this theory should be rejected when lichen decreases in spite of
reductions in reindeer grazing. However, subjects tend to save their theory
by auxiliary hypotheses allowing for fictitious information delays or ideas
expressed in comments such as “Few reindeer eat much” and “has lichen
been permanently injured?” (Moxnes, 1998b). All this speaks of the complex-
ity of the reindeer management task and the need for guidance.

The wait and see heuristic is not only observed among inexperienced stu-
dents, it is also observed among experienced decision-makers such as stake-
holders, regulators, journalists, and researchers (Moxnes, 1998a, 2000).
According to a former Vice Chairman of the US Federal Reserve
(Blinder, 1997, p. 10): “I cannot tell you how many times, both at the Federal
Reserve and at meetings with foreign central bankers, discussions of future
policy were cut short with phrases like ‘let’s see what happens’. ... Unfortu-
nately, this bit of received central banking wisdom is not at all wise.”

Tversky and Kahneman (1974) found that people make judgements with a
representativeness heuristic where they rely on observations and neglect
prior information. This heuristic may also bias choices between methods of
analysis. For instance, basing recommendations on a method of “skeptical
empiricism” may justify a wait and see strategy to gather more data. If more
data is prioritized over prior systems information, that may preclude a Sys-
tem 2 comparison of the expected value of more data to the expected cost of
delaying actions. The complexity of such a comparison (Moxnes, 2003)
explains why more data is typically prioritized.

Effects of expert and misleading advice

Figure 5 shows average lichen developments for the different information
treatments for the group of Unskilled. Table 2 shows the related statistical
tests comparing treatment effects.

No Expert advice leads to significantly less lichen than Optimal with a
very large median Cohen’s d of 2.19, implying the difference is consequen-
tial. Pooled Experts advice (analyst and activist) leads to lichen levels that
are not significantly different from Optimal with a very low Cohen’s d of
0.08. Pooled Experts advice also leads to significantly larger lichen levels
than No Expert advice, with a large Cohen’s d of 1.50.

By itself, Misleading advice, which supports the wait and see heuristic,
leads to average lichen levels that are not significantly different from the
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Fig. 5. Optimal lichen
development and average
lichen developments for
Unskilled with: No Expert
advice, pooled Experts
advice (Analyst and
Activist), Misleading
advice, and combined
Experts & Misleading
advice [Color figure can
be viewed at
wileyonlinelibrary.com]
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case with No Expert advice, with a small median Cohen’s d of 0.24. This
indicates that an explicitly stated wait and see strategy resonates well with
the subjects and leads to no significant change of actions. Similar to No
Expert advice, Misleading advice leads to significantly poorer results than
the pooled Experts advice with a large Cohen’s d of 1.15.

Combined Expert & Misleading advice (Analyst combined with Misleading
advice pooled with Activist combined with Misleading advice) leads to
lichen levels significantly lower than for the case with pooled Experts
advice, with a large Cohen’s d of 0.88. Lichen is also lower than optimal
with a large Cohen’s d of 0.94. On average, Experts & Misleading advice is
not significantly different from No Expert advice, with a medium Cohen’s
d of 0.57. By combining Misleading advice with Expert advice, on average
73 percent of the gain obtained by Expert advice is lost. Hence, the experi-
ment suggests that misleading advice is a major problem for democratic
decision-making.

Combined Experts & Misleading advice leads to lichen levels that are sig-
nificantly lower than optimal not only for Unskilled but for all three subject
groups, with Cohen’s d ranging from 0.54 for Trainee to 1.02 for Military.

Comparing Analyst and Activist advice, both combined with Misleading
advice, there is a significant difference for Military only, with a Cohen’s d of
0.68. For Military, the Activist wording leads to a better result than the Ana-
Iyst advice. This could be because Military got the least help from the Ana-
Iyst advice or because they were more alert to the Activist advice.

Figure 6 shows effects of combined Analyst & Misleading expert advice
for the three subject groups. Trainee performs significantly better than Mili-
tary with a large Cohen’s d of 1.04, and marginally better than Unskilled
with a medium Cohen’s d of 0.65. Unskilled is not significantly better than
Military. Hence, one week of general training in understanding stock and
flow relationships increases the effect of the Analyst advice and helps coun-
teract misleading advice. For the combined Activist & Misleading advice,
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Fig. 6. Lichen
development for

Analyst & Misleading
advice for the groups of
Trainee, Unskilled, and
Military [Color figure can
be viewed at
wileyonlinelibrary.com]
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there are no significant differences between the three subject groups. Hence,
Trainee’s stock and flow training does not increase the benefits of the Activ-
ist advice.

The positive effect of training is similar to observed effects of educational
background in earlier studies (Moxnes and Saysel, 2009; Guy et al., 2014).
These results seem contrary to Kahan et al. (2012), who found no effect of
general science literacy and numeracy on climate risk perception. However,
their findings apply to risk perception and not to policy-making. They also
consider general knowledge rather than problem-oriented knowledge. Hence
these results of Kahan et al.’s study are not likely to apply to policy-making.

Dealing with misperceptions and misleading advice

The experiment reveals disturbing effects of misperceptions and of mislead-
ing advice on reindeer management, the management of many other renew-
able resources, and overall sustainability. This may seem consistent with the
statement by Lau and Redlawsk (2001, p. 951) that “The widespread igno-
rance of the general public ... is one of the best documented facts in all of
the social sciences.” However, the problem of misleading advice is more
complex than the problem of ignorance and fake news, which can be
counteracted by simple facts. Misperceptions of policies are supported and
bolstered by complexity, unconscious heuristics, and misleading advice that
in the experiment removed 73 percent of the effect of the expert advice. This
calls for extraordinary policies to educate change-makers, decision-makers,
and electorates and to counter misleading advice. This adds to previous calls
for “elites and advocacy groups” to correct misperceptions about climate
change (Brulle et al., 2012; Cook et al., 2017).

As a beacon of hope, even in the two treatments with No Expert and Mis-
leading advice, a vast majority starts to reduce the number of reindeer long
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before it is too late to reach the MSY. This is consistent with people’s talent
for pattern recognition. When observing an ongoing decline in lichen,
model-free learning produces no alternative to simply assuming that the
observed phenomenon will repeat itself. Consequently, dire long-term pre-
dictions provoke emotions such as frustration, fear, and risk perception.
Recall the demand by Snghetta locals for lichen assessments already in
1952, about 13 years before lichen reached its low point (see Figure 2).
Hence, observed patterns of decline may allow for earlier actions than sud-
den and unexpected events like flooding (Kunreuther, 1996).

However, frustration is of limited help if decision-makers do not under-
stand what it takes to halt the decline in lichen. In the experiment, hardly
any of the early adjustments were sufficient to stop the decline in lichen in
time. Hence, the wait and see strategy becomes a recurring trial-and-error
strategy. One real world counterpart is the more than fifty years it has taken
to improve fishery policies to deal with the commons problem
(Moxnes, 2010). Since observed trends motivate policy change, the experi-
ment suggests that information policies are primarily needed to correct
policies.

How can people and in particular decision-makers learn to act on system
knowledge rather than relying on trial-and-error strategies of the wait and
see type? At a detailed level, experiments show that partial system knowl-
edge of the core feedback structure leads to better performance (Gary and
Wood, 2016). For instance, information about in- and outflows leads to better
policies than observations of stock developments (Moxnes, 1998a, 1998b;
Moxnes and Saysel, 2009). The present experiment shows that a minimum
of general education in stock and flow behavior (Trainees), enhances the
effect of Analyst expert advice.

Available observations that are contrary to expectations provide learning
opportunities (Niv, 2009). For example, in Figures 2 and 4 there are periods
with “unexpected” positive correlations between the number of reindeer and
the amount of lichen. Another example is the unexpected negative correla-
tion between global CO, emissions and the amount of CO, in the atmosphere
in the early 1980s (Moxnes and Saysel, 2009). However, these learning
opportunities require systems knowledge to be utilized to their full
potential.

When systems are complex, people seek guidance in experience rather
than in theory. Diffusion of technologies is helped by observing positive
experiences by others, by carefully trying out new technologies in familiar
settings, and by compatibility with current ways of doing things. Diffusion is
hindered by complexity (theory) (Rogers, 1995). These findings are also valid
for public policy innovations (Mintrom, 1997). The dynamic similarity
between reindeer, fishery, and climate management implies that climate
policy-making could benefit from reindeer and fishery experiences. This
opens up for larger sets of data to learn from in comparative studies. If there
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are no relevant experiences to learn from, theory and expert advice become
particularly important.

Since Phineas Gage’s brain damage, it has been known that emotions are
important for transforming knowledge into actions (Damasio et al., 1994).
How can this insight be used by media to contribute to beneficial policies?
Bohm and Pfister (2017) distinguish between consequence-based and
morality-based emotions. They find stronger support for public action when
problems are perceived to be caused by humans rather than by nature. Thus,
media may be correct in identifying and blaming those responsible for prob-
lems. However, the experiment shows that there is no significant difference
between the effects of the blaming Activist and the explaining Analyst expert
for the groups of Unskilled and Trainees. Hence, media should not be shy of
presenting Analyst type of advice. While the experiment does not measure
the polarization and societal conflict that follows from different types of
advice, it seems reasonable to expect that blaming leads to more polarization
than Analyst advice.

The Misleading advice praises the historical management (no blaming), is
optimistic about the future, and warns against drastic reductions in the num-
ber of reindeer. According to a summary article by Schneider et al. (2021),
optimism and hopefulness are positive emotions that motivate actions. This
optimism is likely to have strengthened the effect of the Misleading advice.
If correct, expert advice should also be formulated to convey optimism and
hopefulness. After all, there is a very positive message in the Analyst advice
because it promises a better future than the Misleading advice. To illustrate
the potential, Figure 8 in Dabla-Norris et al. (2023) identifies several side-
effects of climate policies that people rate as positive.

What institutions could help counteract misleading advice? By definition,
democracies cannot abandon the freedom of speech. However, general legis-
lation punishes those who give misleading advice about Ponzi schemes and
tobacco smoking. For sustainability, this is of limited help if one has to wait
to gather evidence that misleading advice is indeed misleading. In contrast,
mismanagement can be limited by general formulations in international
treaties and national constitutions. A recent example is the Urgenda (2019)
climate case against the Dutch Government, where the state lost in the
supreme court with references to international human rights law.

New institutions may be developed to support deliberative democracy
(Dryzek et al., 2019). For captive audiences of limited size, learning can be
accelerated by the use of “Group model building” (Vennix, 1996; Andersen
et al, 1997) and by the related “Participatory modeling” (Stave, 2010;
Etienne et al., 2011; Hovmand, 2014). With these methods, problems are
analyzed together by representatives for the electorate, stakeholders, change-
makers, politicians, and experts with different backgrounds. All participants
get a chance to express and test their ideas about system interactions.
According to a survey by Rouwette et al. (2002), participants gain a sense of
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ownership of the analysis and they report positively about the results in
terms of insights, shared language, and commitments to revised policies.
New institutions for deliberative democracy are needed to ensure that gov-
ernments involve citizens and listen to their policy recommendations. Dry-
zek et al. (2019) give examples of successful experiences.

A light version of the above is Fishkin’s (1991) deliberative polls where
results of ordinary polls are compared to polls of citizens that have
received information to provide more knowledge-based answers. Signifi-
cant shifts in opinions have been observed (Luskin et al., 2002). Also see
Dabla-Norris et al. (2023), who find that providing information about the
effectiveness of carbon pricing policies increases public support. Fishkin
speculates that media will dramatize such shifts in opinions. This seems
important in light of Kahan et al.’s (2012, p. 734) conclusion that a person
would “be best off if he formed risk perceptions that minimized any dan-
ger of estrangement from his community.” Hence, by publishing
knowledge-based polls that favor proactive policies, deliberative polls
may reduce the danger of estrangement. However, if expert advice is
blended with misleading advice, Fishkin’s deliberative polls may fail
their purpose. Therefore, deliberative polls may work better if citizens
take part in the above participatory activities or in role playing events
(Rooney-Varga et al., 2018).
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