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Abstract

Simulation models provide decision support to long-term planning processes. The 
Bergen Learning Environment for National Development (BLEND) is a game based 
on a simplified version of Millennium Institute's Threshold 21 model (T21) that 
sensitizes policy makers in sub-Saharan African nations to the need for simulation-
based decision support.  The simplification eliminates or aggregates details about 
individual policy sectors and maintains cross-sector relationships. Validation indicates 
that the full and the simplified T21 model generate very similar behavior patterns 
for a wide range of policy scenarios.  Pilot tests demonstrate that the simplified  
T21 model contributes to the learning goals of BLEND.  The debriefing employs 
causal loop diagrams and simulation for structural explanations of the behavior 
observed during the game.  BLEND workshops with repeated runs of the game, full 
debriefing sessions and different formats of instructional support will contribute 
further to research on dynamic decision making and learning about tasks with great 
complexity.
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Developing countries face the challenge of managing a socioeconomic transformation 
process toward a number of development goals. This transformation process is usually 
accompanied by a number of persistent development problems that manifest themselves 
in conditions such as food shortage, poverty, poor social services and human development 
infrastructure, technological underdevelopment, low productivity, resource depletion, 
environmental degradation, and poor governance. The causes for the persistence of these 
problems are manifold. They include lack of political will to implement certain policy 
strategies (e.g., because of corruption), external stress factors that have a major impact 
on a country’s development (e.g., trade agreements, world market prices), the very 
complexity of the problems that planning tries to address, and many more. This article 
focuses on those causes that can be addressed by the simulation and gaming approach 
in general and by the system dynamics approach specifically.

Planning that effectively supports all aspects of the socioeconomic transformation 
process should consider the complex relationships formed through the interaction of 
the economic, social, and ecological subsystems of a developing nation. The timing 
and other details of implementation require a comprehensive understanding of the many 
indirect, delayed, and nonlinear feedback effects that planning decisions can have. 
Building such understanding involves experimentation in both virtual and real worlds 
with feedback from both. In systems with significant dynamic complexity, computer 
simulation will typically be needed to support such virtual worlds (Sterman, 1994).

A number of simulation models have been built to facilitate development planning 
in the system dynamics field (e.g., Dangerfield, 2007; International Institute for Applied 
Systems Analysis, 2001; Pedercini & Barney, in press; Pedercini, Sanogo, & Camara, 
2007; Qureshi, 2008, in press; Saeed, 1994, 1998). Among them, Millennium Institute’s 
Threshold 21 (T21) model explicitly integrates economic, social, and environmental 
factors (Barney, 2002; Barney & Pedercini, 2003). T21 covers the most common long-
term issues that countries face on the path to sustainable development (e.g., poverty, 
environmental degradation, education, health care, economic growth, and demographic 
shifts). T21 has been customized and applied to more than 20 countries.

Building a version of T21 for a specific country as well as learning to use the model 
typically takes between 1 and 2 years for a person not already schooled in system dynam-
ics. This amount of time is necessary to develop skills for building and using simulation 
models sophisticated enough for real policy analyses and design. Such a large amount of 
time will only be invested if policy makers acknowledge the need for such skills. This 
requires one to recognize that traditional views of the development process must be 
replaced. Raising awareness requires cognitive dissonance (i.e., uneasiness with the current 
views and practices of the development process; Limón, 2001). Simulation can help create 
cognitive dissonance when specifically designed for that educational purpose. Simulations 
for such educational purposes incorporate instructional support features (e.g., explaining 
observed behavior, giving hints before user actions, and giving feedback following user 
actions; Alessi, 2000) and are generally implemented as simulation-based games.

The System Dynamics Group at the University of Bergen in collaboration with the 
Millennium Institute and the University of Iowa is developing such a simulation-based 
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game. The Bergen Learning Environment for National Development (BLEND) is a 
computer-based game about long-term planning for developing nations. Policy makers 
play roles in a simulated government and experience the long-term, systemwide con-
sequences of their decisions. The goal of BLEND is for users to understand that national 
development processes are characterized by nonlinear relationships, delays, feedback 
loops, and multiple sources of causation requiring long-term policy design across govern-
ment ministries. The intended users are high-level government workers from developing 
nations engaged in planning activities such as annual budgets, medium-term expenditure 
frameworks, poverty reduction strategies, and national development plans.

The research question that BLEND addresses is how different formats of problem 
representation and instructional support improve user understanding of tasks with great 
complexity such as national development planning. To address this research question, 
we first designed a minimally sufficient simulation model for the game. BLEND is based 
on the T21 model. However, the instructional purpose of the game demands modification 
of the underlying simulation model. The level of detail and complexity needed when 
building and using models for real policy analysis is much greater than is needed for a 
game with the simpler goal of helping planners become aware of key processes. A grow-
ing body of evidence from the instructional simulation literature indicates that games 
are more effective when the underlying models are simplified (so as to focus the learners’ 
attention on key variables and relationships) at the expense of being very realistic and 
detailed (Boreham, 1985; Brooks & Tobias, 1999; Chwif, Barretto, & Paul, 2000; 
Dittrich, 1977; Dörner, 1980; Hays & Singer, 1989; Nobel, 2002).

This article describes the process of simplifying the full T21 model, validating the 
simplified model, and lessons learned in pilot BLEND sessions. The simulation interface 
and instructional support features of BLEND are described in detail in Alessi, Kopainsky, 
Davidsen, and Pedercini (2008) and are not the focus of this article.1 Simplifying the 
existing T21 model instead of building a completely new simulation model was deemed 
necessary because BLEND is part of a modeling curriculum (Feurzeig & Roberts, 1999; 
Fisher, 1998; Mandinach & Cline, 1994). The curriculum consists of three phases in 
which national planning professionals progress from:

1. using BLEND as part of a half-day or full-day workshop, to
2. manipulating the simplified T21 model directly for experiential learning (de 

Jong & van Joolingen, 1998), to
3. personally engaging in system dynamics-based modeling of their own nations.

In the second and third stage of the curriculum, learners should be able to build on 
their knowledge acquired in the BLEND workshops. They should not have to  familiarize 
themselves with yet another simulation model.

In a well-designed simulation-based game, users should focus on important variables 
and strategies related to them. In a large model such as T21, many variables do not have 
much impact on the desired strategies that the game seeks to teach, and user attention 
to them would not facilitate the key learning goals. A simplified model eliminates variables 
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that are less relevant and that would send users down paths of little or no learning. It aggre-
gates variables of more importance to create general variables of great importance.

In the following sections, we specify the characteristics of complex dynamic systems 
(e.g., a developing nation) and effective policies for their management. We explain the 
elimination of details and nonfundamental structures in the T21 model while maintaining 
the characteristics of complex systems and the ability of the model to implement effec-
tive policies. We describe validation tests to demonstrate that the simplification does not 
preclude representation of typical development issues or our ability to experiment with 
effective development policies. We describe pilot use of the game, which indicates that 
the model induces the desired cognitive dissonance. For example, users ask questions 
about the underlying causes of observed behavior, such as the links between their own 
policy sector and the overall government structure. Furthermore, we apply these valida-
tion and pilot test insights to the design of debriefing. We conclude the article with a 
discussion of the role of simulation-based games in the larger context of learning about 
complex dynamic settings such as national development planning.

Learning Goals and Design Decisions for a  
Development Planning Game
Model simplification is a semi-formal approach to distill a large-scale model down to 
its essential structures—those that generate the fundamental dynamics. Simplification 
improves the clarity of a model by eliminating components (variables, links, feedback 
loops) that are not important to the behavior of interest (Saysel & Barlas, 2006). When 
simplifying national planning models, the purpose shifts from performing detailed policy 
analysis to teaching the characteristics of such complex dynamic systems and policies 
for managing them effectively.

The learning goal of BLEND is to help users understand how feedback loops, non-
linear relationships, and delays affect the development of a sub-Saharan African nation. 
To clarify the concepts of feedback loops, nonlinear relationships, and delays, we now 
provide two examples of T21 applications in sub-Saharan African countries.

The T21 model analysis of Ghana (Pedercini & Barney, in press) assessed the effects 
of various interventions on the achievement of the Millennium Development Goals. It 
identified both synergies and dissynergies between various interventions. For example, 
the interventions to improve quality of life and reduce mortality were more costly than 
expected and increased the cost of other Millennium Development Goals. The interven-
tions improving education and promoting the use of contraceptives were less costly than 
expected and helped reach the other goals. Such results illustrate how feedback loops 
and nonlinear relationships formed through multiple sources of causation can generate 
counterintuitive behavior and resistance to new policies. The Ghana analysis also 
 demonstrated how the time required to implement some interventions affected outcomes. 
For example, in the energy sector, a delay in the provision of service not only postpones 
the achievement of goals but also makes them harder to achieve because of rapid popula-
tion growth. In short, the T21 model analysis of Ghana made it clear how long-term 
planning of interventions is essential to sustaining positive outcomes.

 at ESPM on November 23, 2010sag.sagepub.comDownloaded from 

http://sag.sagepub.com/


Kopainsky et al. 645

As another example, the T21 model analysis of Mali emphasized the issues of poverty 
and growth (Pedercini et al., 2007). It demonstrated that resources with long implemen-
tation times (e.g., the educational system) require investment far in advance of when 
outcomes are expected to materialize. This is another example of the impact of delays 
on system behavior. The analysis also showed that based on the reference (baseline) 
behavior, the nation’s growth targets were unlikely to be achieved unless current policies 
were significantly modified.

To achieve its learning goals, BLEND emphasizes relationships between different 
governmental sectors (i.e., ministries) that should be considered by policy makers who 
usually are experts in only their own sectors and generally focus on their own priorities 
over a short time horizon. BLEND therefore includes several policy makers (government 
ministers). Four users play the roles of the ministers of health, education, agriculture/
environment and transportation/communication in a virtual developing nation that faces 
the most common development challenges of sub-Saharan African countries. Each minister 
makes planning and budget decisions for the ministry. A fifth user plays the role of finance 
minister who decides on levels of taxation and debt. A sixth user plays the role of prime 
minister who decides how development funds are divided among the first four ministers. 
Over a period of 35 years, these six ministers repeatedly make and revise their decisions 
while observing the consequences of those decisions on the nation’s economy, social 
welfare, and environmental quality. This time horizon is not a realistic representation of 
a real country’s decision-making structure. It is, however, necessary for revealing the 
development patterns of interest (e.g., things getting worse before better or better before 
worse) and allowing users to become aware of the short-term versus long-term conse-
quences of their decisions.

BLEND provides users with opportunities to experiment with and learn about 
different planning strategies ranging from short-term to long-term planning and from 
sectoral to integrated planning across government ministries. These learning goals 
are mainly conceptual in nature (Anderson, 1980). That is, BLEND focuses on teach-
ing about effective policies for national development planning and not about how to 
implement such policies. We consider BLEND to be at least partially successful if 
users ask questions that relate observed behavior to the structures giving rise to such 
behavior.

BLEND is used in workshops that allow users to play the game several times with 
rotating roles. In the first round of play, the game will typically be competitive in nature 
(i.e., all ministers will try to maximize their budgets independently of events in the 
other policy sectors). In the course of a BLEND workshop with several rounds, the 
game should become more and more cooperative as users start recognizing the need 
for cooperation and communication to reach their long-term objectives.

The normal settings for such workshops are international conferences and seminars 
on development policy and Millennium Development Goals with users from several 
sub-Saharan African countries. The simulation model underlying BLEND therefore 
represents a virtual developing nation that faces the most common development chal-
lenges of sub-Saharan African countries. For example, the country has good but not 
unlimited natural resources (oil, forested land). Development of the nation during a base 
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run follows a growth path that is initially very favorable but is eventually depressed 
by increasing debt and scarcity of resources such as oil and land.

Model Simplification for a Development Planning Game
BLEND’s learning goals determine the underlying simulation model’s complexity. It 
should maintain the key characteristics of the T21 model (i.e., the interactions between 
policy sectors) and should therefore be rather complex still. The goal of simplification 
is to maintain the relationships between policy sectors while aggregating processes and 
eliminating details within sectors. This section describes the  simplification process applied 
to the full T21 model. We illustrate the simplification logic with an example of how to 
distill the dynamic properties of interaction between economic growth and human devel-
opment in a developing nation. Following that, we describe the simplified T21 model.

Model Simplification Procedure
Saysel and Barlas (2006) present a general procedure for model simplification and valida-
tion. The procedure constitutes a semi-formal approach to distill the essential structures 
of a large-scale model. The process is not arbitrary but depends on the insights learned 
through original model building and analysis. Simplification starts with identifying struc-
tures that may be eliminated, whether large model sectors or components of weak cross-
sector relationships. Through repeated testing and validation, candidate structures are 
either eliminated or maintained, depending on whether the model passes structure, behav-
ior, and policy analysis tests when those structures are eliminated. The same procedure 
is followed with parameters and related calculations that might be aggregated, decisions 
or flow equations that might be simplified, and finally stock-flow structures that might 
be aggregated. Our simplification of the T21 model followed this procedure:

 • Insights learned through original model building and analysis: The previous 
section provided two examples of such insights for the specific cases of Ghana 
and Mali. A recurring issue in all T21 models of developing countries is how 
much economic development is slowed by delays required by the accumulation 
of human resources and the creation of proper infrastructure. Slowing economic 
development obstructs efforts to alleviate poverty or achieve other Millennium 
Development Goals (Pedercini, in press).

 • Eliminating model components in weak feedback relations: For example, we 
ignored the effect of air pollution on life expectancy, as air pollution is not a 
major cause of death in sub-Saharan African countries.

 • Aggregating parameters and related calculations: For example, different tax 
categories of the full T21 model are aggregated into one direct tax rate.

 • Simplifying decision or flow equations: For example, government development 
expenditure in the simplified model can only be allocated to education, health, 
roads, and agriculture and environment. The full T21 model includes many 
other categories such as defense and rural economy.
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 • Aggregating stock-flow structures: For example, agriculture, animal husbandry-
fishery-forests, industry, and services were aggregated into a single production 
activity that no longer distinguishes between those separate economic sectors.

For BLEND to achieve its learning goals, simplification focused on aggregating details 
of development processes while retaining the basic relationships in feedback loops—
especially those linking several policy sectors. Simplification was accompanied by the 
most common structural and behavioral validation tests with a focus on indirect structure 
validation. Indirect structure tests or structure-oriented behavior tests provide indirect 
information about possible flaws in a model’s structures (Barlas, 1996). The most impor-
tant indirect structure tests are extreme condition tests (plausibility of model behavior 
under extreme conditions), behavior sensitivity tests (sensitivity of behavior to changes 
in parameter values in the model and in the real system), and phase relationship tests 
(comparison of phase relationships between pairs of variables for simulated and observed 
or expected behavior; Barlas, 1996; Forrester & Senge, 1980).

An Example of Applying the Model  
Simplification Procedure
Figure 1 illustrates the main feedback loops linking the population, education, health, 
labor, poverty, production, and government sectors of the T21 model. They provide a 
structural explanation of the behaviors found in T21 implementations such as those in 
Ghana and Mali. In this section, we illustrate how this structure is specified in the full 
and in the simplified T21 models.

The theoretical and empirical foundations of the feedback loops in Figure 1 are 
described in Pedercini and Barney (in press) and Qureshi (2008, in press). Figure 1 
shows some of the basic economic growth mechanisms in a country (the variables and 
links in black). It also represents a production function in which economic growth 
(production) is generated by labor and capital, multiplied by total factor productivity. 
The term total factor productivity implies that additional production factors are con-
sidered in the full model, though they are not shown in the figure. More production 
leads to increases both in household and government income, which in turn stimulate 
growth by investment (reinforcing feedback loops R1a and R1b). Increases in govern-
ment revenue also allow for providing more social services through education and 
health expenditures. Social services eventually raise total factor productivity and thus 
contribute to economic growth (reinforcing feedback loops R2a and R2b). The impact 
of providing social services on total factor productivity is one of several examples of 
a major delay. It takes considerable time for education services to raise adult literacy 
rate. In Figure 1, this delay is indicated by the marks crossing the arrows between 
education expenditure and adult literacy rate and health expenditure and life expectancy, 
respectively.

Human development services such as education and health care do not just affect the 
economic development of a nation but also the demographic development (the variables 
and links in dark gray in Figure 1). Improvements in adult literacy and per capita income 
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decrease fertility and, by consequently lowering population, reinforce the improvements 
in adult literacy (reinforcing feedback loop R3). However, the opposite holds true for health 
expenditure. Providing more health services will reduce mortality and therefore increase 
life expectancy. This increases total population so that a relatively smaller proportion of 
the population has access to basic health care. Improvements in health care, in the absence 
of other processes, tend to cancel themselves out (balancing feedback loop B1) and are an 
example of a policy-resistance mechanism. Education and health care expenditures therefore 
compete with each other. Depending on the relative strength of the two feedback loops 
(R3 and B1), economic growth is either accelerated or slowed down. Which of the two 
loops dominates the other depends on a number of factors, including the specific initial 
conditions in a country and the relative expenditures on education and health. Determining 
the overall impact of social services expenditures is an example of how complexity hinders 
the utility of human intuition and makes computer simulation necessary.

Figure 1. Basic Interactions Between Economic Growth, Human Development, and Public Debt
Note: Arrows indicate the direction of causality. Signs (+ or -) at the arrowheads indicate the polarity of 
relationships: a + denotes that an increase in the independent variable causes the dependent variable to 
increase, ceteris paribus (and a decrease causes a decrease). That is, X → +Y ⇔ δY/δX > 0. Similarly, 
- indicates that an increase in the independent variable causes the dependent variable to decrease; that 
is, X → -Y ⇔ δY/δX < 0. The loop identifier (R1) indicates a reinforcing feedback loop, (B1) a balancing 
one (see Sterman, 2000). Black variables and loops describe economic growth mechanisms, dark gray 
variables and loops describe demographic development processes, and light gray variables and links 
determine the nation’s budget and deficit.
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The level of social services depends on the government’s budget. Government budget 
grows as a function of the economic growth loops R1 and R2. In developing countries, 
the level of adult literacy and access to basic health care is typically low and must be 
increased considerably if it is to have a noticeable effect on total factor productivity 
(note the nonlinear relationship implied in this statement). The economy thus grows at 
a much slower pace than necessary for generating substantial government revenue. One 
approach to better financing of social services is for the government to increase its deficit 
(the light gray variables and links in Figure 1). However, such a policy may lock national 
development in a debt trap, depending on the ratio between government debt and GDP 
(gross domestic product; represented through the variable “production”). As the neces-
sary expenditures for providing social services to a growing population increase, so does 
the deficit. Interest payments on debt reduce the possible development expenditure and 
thus the availability of social services for the population.

A model based on the feedback loops described in Figure 1 allows testing of a variety 
of policies. Policy variables are indicated in italics in Figure 1 and range from economic 
growth policies (i.e., using public investments and taxes to improve government and 
household income) to human development policies (i.e., using a deficit to finance expen-
ditures on social services and allocating a share of development expenditure for health 
and education).

The full T21 model describes the variables in the economic growth and demographic 
development loops of Figure 1 in great detail. For example, the T21 model distinguishes 
between 4 economic sectors, 200 income classes, and 82 age groups for each gender. 
For real policy formation, such detail is necessary, but for educational purposes, it is 
overwhelming. Table 1 provides an example of how the three elements of production, 
income, and population are treated in the full T21 model and how they were aggregated 
in the simplified T21 model. The table also illustrates that although individual elements 
in the feedback loops are described at different levels of detail, the feedback relation-
ships themselves are maintained (e.g., influencing factors of life expectancy and total 
fertility rate).

Simplified T21 Model
Table 2 through Table 4 list the individual simplification decisions for the society, 
economy, and environment modules of the T21 model. The tables indicate whether a 
sector of the full T21 model was included in the simplified version. Sectors that were 
not included are sectors having weak relationships with other sectors. They add unnec-
essary detail that does not fundamentally affect cross-sector relationships and long-term 
behavior. The notes and assumptions column in the tables provides a brief explanation 
of the simplification decisions. All the assumptions are based on statistical data avail-
able from United Nations divisions, the World Bank, the World Health Organization, 
the International Monetary Fund, Food and Agriculture Organization divisions, and the 
Energy Information Administration.
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Comparison of the Full and the Simplified Models
Table 5 compares the full and simplified versions of the T21 model. It indicates that 
simplification almost halves the number of sectors. The modules and equations are 
reduced to 25% and the stocks to less than 10%.

BLEND’s underlying model is not calibrated to a specific country. Instead, it rep-
resents a virtual nation that faces the most common development challenges in sub-
Saharan African countries. For the purpose of comparing the behavior generated by the 
full and simplified T21 models, however, we calibrated the simplified model to Mali 
and compared its results with those from the full T21 model for Mali. The comparison 
comprised four simulation runs:

1. Base run: This run shows development resulting from an extrapolation of 
current development trends without major shifts in development strategies 
and priorities.

2. Human development policy: This run shows development resulting from 
prioritizing investments in education.

3. Economic growth policy: Development resulting from prioritizing investments 
in roads and general government investment.

Table 1. Comparison of Economic and Demographic Aspects in the Full and Simplified 
Threshold 21 (T21) Model

Elements in Figure 1
Corresponding Elements 

in a Full T21 Model
Corresponding Elements 
in a Simplified T21 Model

Production Production in four economic sectors:
Agriculture
Animal husbandry – fishery – forest
Industry
Services

Production

Per capita income
Total population

Income in 200 income classes
82 age groups (1-year cohorts until 
age 79, age 80 and over)

2 genders

Average income
4 age groups (infant, school 
age, working age, elderly)

The four age groups are 
necessary for assessing 
the impact of education 
allocation policies (school 
age population) and for 
determining production 
(working age population)

Factors influencing 
life expectancy

Factors influencing 
total fertility rate

Access to basic health care
Per capita income
Adult literacy rate
Per capita income

Access to basic health care
Per capita income
Adult literacy rate
Per capita income
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4.  A fourth run compared the simulated data generated by the simplified T21 
model and the actual data available for Mali for the period between 1990 and 
2005 (for those variables for which data are available).

The results of the behavior comparison for the simulation runs are listed in Table 6. 
The table contains summary statistics that describe the fit between two data sets (full 
T21 and simplified T21, or simplified T21 and historical data) for a variety of economic, 
social, and environmental indicators. The root mean square percentage error (RMSPE) 
tests the goodness of fit of the two models. Total population shows one of the closest 
fits between the full and the simplified T21 model. Access to basic health care and total 
roads exhibit two of the largest differences. Even in those cases, however, the low values 
for RMSPE indicate a very good fit between the two models.

By analyzing results such as those in Table 6 for a variety of key indicators across 
several simulation runs, we concluded that the substantial reduction in the number of 

Table 2. Simplification Decisions for the Society Sector

Model Sectors Included Notes and Assumptions

Population sector
 1. Population
 2. Fertility
 3. Mortality

Yes
Yes
Yes

One diagram for the whole sector. Fertility is 
based on education and income only. 
Mortality is based on income and access to 
basic health care only.

Education sector
 4. Primary education
 5. Secondary education

Yes
No

One diagram representing primary education 
only. This assumes that primary education 
sufficiently represents the education level in 
the country, an assumption that is valid for 
developing countries and confirmed in data 
about average adult literacy rate and 
average number of years of schooling.

Health sector
 6. Access to basic 

health care
 7. HIV/AIDS
 8. HIV children and 

orphans
 9. Nutrition

Yes

No
No

No

One diagram representing access to basic 
health care only. This implies that treatment 
of HIV/AIDS and other epidemics is 
included in the access to basic health care.

Also, level of nutrition is assumed to be 
closely related to level of income.

Infrastructure sector Fully represented as in the Threshold 21 model.
10. Roads Yes
Labor sector
11. Employment
12. Labor availability 

and cost

No
No

This sector is eliminated: Full employment is 
assumed. Thus, the entire working age 
population contributes to production as a 
production factor.

Poverty sector This sector is not represented; we just 
consider average income and not income 
distribution.

13. Income distribution No
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equations in the simplified model does not fundamentally affect its behavior. Although 
the absolute values of some indicators may be different, the behavior patterns (e.g., 
growth, decline, overshoot, stagnation) in the simplified model underlying BLEND are 
identical to the full T21 model. The ability of the simplified model to represent typical 
development issues and to test alternative solutions therefore remains intact.

Use of the Simplified Model in Pilot Tests of BLEND
In the course of its development, BLEND has been subjected to repeated pilot tests. 
They have always been with members of the intended target audience. The pilot 
tests included a prebriefing followed by a single 35-year run of the game and user 

Table 3. Simplification Decisions for the Economy Sector

Model Sectors Included Notes and Assumptions

Production sector
14. Aggregate production
15. Agriculture
16. Animal husbandry-

fishery-forest
17. Industry
18. Services

Yes
No
No
No
No

Just one aggregate production function is used to 
represent production in all the different 
sectors. This means that the model cannot 
examine the structural transformation of the 
economy but only its overall development.

Technology sector
19. Technology No

This sector is not explicitly represented: We 
assumed that technological development 
follows human capital and infrastructure 
development.

Households sector This sector is fully represented.
20. Households accounts Yes One diagram for the whole sector, except for 

government debt, which is represented in the 
“Banks” sector. Formulations for revenue and 
expenditure are simplified, and the government 
budget is divided only among major items.

Government sector
21. Government revenue Yes
22. Government 

expenditure
Yes

23. Government 
functional expenditure

Yes

24. Government balance 
and financing

Yes

25. Government debt Yes
Rest of the world sector This sector is not explicitly represented, and 

transactions with the rest of the world are 
accounted for in the households, government, 
and Banks sectors. An explicit balance of 
payments is not calculated.

26. International trade Yes
27. Balance of payments No

Investment sector The investment part is calculated in the new 
“banks” sector, together with government 
debt. Relative prices are not represented, as we 
are representing production as a whole.

28. Relative prices No
29. Investment Yes
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feedback in the form of questionnaires and interviews. In all cases, the BLEND 
researchers served as game facilitators. Government employees from various sub-
Saharan African countries played the roles of the six ministers. They were recruited 
either from intensive system dynamics training courses in Bergen or conferences in 
Africa organized by the United Nations Development Programme. The pilot tests 
have each generated a series of suggestions for improving the interface and support 
features. In this section, we report on results from pilot tests with respect to the 
underlying, simplified simulation model. We focus on both the performance of users 
and evidence that the underlying simulation model is effective in terms of BLEND’s 
learning goals.

Table 4. Simplification Decisions for the Environment Sector

Model sectors Included Notes and Assumptions

Land sector
30. Land Yes

Fully represented in the model, with some simplifications 
(i.e., less types of land use).

Water sector
31. Water demand
32. Water supply

No
No

This sector is not represented because water is a very 
country-specific issue with crucial importance in more 
arid countries and subordinate importance in countries 
with abundant rain.

Energy sector
33. Energy demand
34. Energy supply

Yes
Yes

Energy demand and supply are represented in the same 
diagram, with simplified formulations. Demand is a 
function of Gross Domestic Product and energy 
efficiency. Supply is based on the oil resources. Fossil 
fuel production is also represented in this diagram.

Minerals sector
35. Fossil fuel 

production

Fossil fuel production is represented in the energy sector.
Yes

Emissions sector
36. Fossil fuel and 

greenhouse gas 
emission

No
This sector is not represented, because it mainly 

calculates the output indicator greenhouse gas 
emissions. The sector has weak feedback relationships 
with other sectors and cannot be influenced 
substantially by the available policies in the game.

Sustainability sector
37. Ecological 

footprint
No

This is not represented because the ecological footprint is 
an output indicator that is not part of any feedback loops.

Table 5. Quantitative Comparison of the Full and Simplified Versions of the Threshold 21 
(T21) Model

 Full T21 Model Simplified T21 Model

Number of sectors 18 10
Number of modules 50 12
Number of stocks 255 22
Number of equations 1400 340
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Figure 2 shows the behavior of the education and finance ministers’ performance indi-
cators, as observed in BLEND pilot tests. As a decision support feature, every minister is 
given information that characterizes the performance of their ministry. The evaluation of 
a ministry is based on progress toward important sector development goals (e.g., universal 
access to primary school, low drop-out fraction, and 100%  average adult literacy rate for 
the education minister; and 50% debt over GDP ratio as well as 7% target GDP growth 
rate for the finance minister). Figure 2 shows the base run (“base”) of the virtual nation 
(i.e., the development resulting from an extrapolation of current development trends without 
major shifts in development strategies and priorities). Under base run conditions, there is 
moderate coordination between different policy sectors and a clear emphasis on short-term 
planning. The coordination line in the figure represents a benchmark (i.e., a scenario with 
planning strategies that emphasize coordination across policy sectors and that focus on 
long-term rather than short-term development). The line labeled pilot 1 is average data 
typical of pilot user performance in a single run of the BLEND game.

Figure 2 shows that performance in initial trials of BLEND (pilot 1) is rather poor. 
Typical policies responsible for poor outcomes were, for example, tax rate reductions 
that fostered economic growth in the short term. The unanticipated consequences of 
such policy are severe budget shortfalls that make it difficult for the operational ministers 
(health, education, transportation and communication, and agriculture and environment) 
to run their ministries. As a consequence, literacy rate and life expectancy decrease, 
which in turn suppress total factor productivity and slow economic growth. Strategies 
seeking to boost human development through increases in the deficit work in a similar 
direction. In the short term, such policies benefit the provision of education and health 
services. In the long term, however, a growing share of the government budget is needed 
to service debt so that little money is left for further human development investment. 
No pilot trials of BLEND demonstrated collaborative efforts (among participants) to 
invest in energy efficiency, which would have avoided the scarcity of natural resources 

Table 6. Root Mean Square Percentage Error for Behavior Comparison of the Full and the 
Simplified Threshold 21 (T21) Model

      Average Access to       
  Gross Revenues  Adult Basic Average  Total   
Simulation Data Domestic and Literacy Health Life Total Energy Forest  Total  
Run Points Product Grants Rate Care Expectancy Roads Demand Land Population

Base run 36 0.024 0.042 0.039 0.162 0.049 0.119 0.066 0.134 0.014
Human 36 0.029 0.160 0.059 0.161 0.067 0.138 0.068 0.085 0.014 
 development 
 policy
Economic  36 0.032 0.076 0.038 0.161 0.049 0.189 0.054 0.075 0.020 
 growth  
 policy
Data,  16 0.033 0.019 0.012 — 0.063 — 0.054 0.016 0.002 
 simplified  
 T21
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that limits economic development in the long term. The decisions made by pilot test 
participants were all driven by a focus on short-term performance.

Participants’ misperception of the causal structures that drive system behavior might 
imply that BLEND is not effective in reaching its learning goals. However, the most 
important indication that BLEND did facilitate its learning goals was the users’ questions 
while they were playing the game. They frequently asked why their ministries’ performance 

Figure 2. Behavior of Education and Finance Ministers’ Performance in BLEND Pilot Sessions 
and in Base Run Conditions
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was evaluated as growing worse over time despite their best efforts to invest more money. 
In particular, the health and education ministers questioned initial assumptions that there 
was a single direct relationship between funds invested for education or health care services 
and observable outcomes such as increases in average adult literacy rate and access to 
basic health care. In other words, participants questioned their mental models that assumed 
cause-and-effect relationships exclusively within their own ministry. Although users were 
by themselves unable to identify the multiple causalities and cross-sector feedback loops 
affecting their performance, they became very receptive to explications of such unexpected 
behavior. In a similar way, users tended to neglect the consequences of their budget deci-
sions on the simulated nation’s total budget, a consequence that could only be met with 
increasing public debt. After a few decision rounds, the public debt would have increased 
so greatly that the major part of the budget would be needed to service debt and little would 
be left for development spending. The long-term consequence was then a marked decrease 
in performance indicators such as access to basic health care instead of the desired increases. 
The users’ questions about causes underlying the observed but unexpected game outcomes 
are evidence that despite the need for improvement, BLEND does create the cognitive 
dissonance necessary for reaching its learning goals—namely, improved mental models 
about national planning.

Reflections on Debriefing
During debriefing the users reflect on and process their learning experience from playing 
the game. They should examine both the results of their decisions and the causes of these 
results. Such reflection should not be an afterthought but rather an integral part of the 
learning experience and an important step toward achieving the overall learning goals.

The core issue addressed during debriefing is how system behavior results from the 
underlying model as a whole and the policies implemented in particular. Much of the 
literature about dynamic decision making (i.e., decision making in complex dynamic 
systems) focuses on people’s ability to infer the behavior resulting from simple structures 
containing only one or very few feedback loops, delays, or nonlinear relationships (e.g., 
Jensen & Brehmer, 2003; Moxnes, 2004; Sterman & Booth Sweeny, 2007). The behavior 
of a model such as that underlying BLEND cannot be simulated mentally. The desired 
skill in such a dynamic decision-making situation is no longer the ability to infer behavior 
from structure. Rather, it becomes the ability to reason about those structural components 
and elements of complexity (such as feedback loops, nonlinear relationships, and delays) 
that give rise to the system’s observed behaviors.

During the game, the facilitator’s computer displays a table of all the decisions made 
by the six ministers. The facilitator can also access time-series graphs of all national and 
sector variables (e.g., population growth, per capita income, or education expenditure). 
After a 35-year simulation, the facilitator leads a debriefing, making use of the table 
showing all users’ decisions and the time-series graphs of relevant variables. The facilita-
tor uses the players’ decisions and resulting time- series graphs of variables to start a 
discussion that explains puzzling behavior observed by one or several users during the 
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game. In dynamic decision-making settings,  individual users initially blame others for 
negative decisions and outcomes. They typically see the decisions made by other partici-
pants as the main cause for their own performance (Sterman, 1989).

To counter such externalization of blame, the facilitator can collect all the decisions 
(in the form of time graphs of policy variables) and their immediate consequences (in 
the form of time graphs of outcome variables) on the board. In this way, an  integrated 
picture gradually emerges and puts the users’ decisions into a bigger context. Thus, the 
facilitator, together with the users, develops feedback loop interpretations of the observed 
behavior and sketches causal loop diagrams such as those shown in Figure 1. Causal 
loop diagrams are visual representations of the dynamic influences and interrelationships 
that exist among the variables in a model, and they are the most appropriate mapping 
technology for complex domains supported by system dynamics modeling and simula-
tion techniques. It can effectively be used for assessment and evaluation of learning in 
complex domains. In addition, it provides a method to describe levels of complexity 
(Spector, Christensen, Sioutine, & McCormack, 2001). The level of complexity in a 
system can be described by the number of variables, links between variables, the direc-
tion of change in a link, and the number of feedback loops and delays. Building and 
discussing causal loop diagrams helps users to improve their understanding of a key 
concept in system dynamics, that structure drives behavior. The main focus when dis-
cussing the causal loop diagrams is on the feedback loops and the importance of taking 
into account processes beyond one’s own ministry. The diagrams demonstrate the rela-
tionships between policy sectors such as health, education, and demographic and eco-
nomic development as well as the government budget.

For debriefing to be effective, however, additional activities are necessary. Causal 
loop diagrams are powerful tools for illustrating the causal structure underlying observed 
behavior and for describing the level of complexity. However, they cannot capture the 
higher order delays and nonlinearities in a system. To demonstrate the role of nonlinear 
relationships and delays, more complex representations are necessary. Our approach for 
demonstrating the role of nonlinear relationships and delays is to work with the simula-
tion model itself. Simulation software such as Vensim® allows participants to change 
policy variables while the simulation model is actually running. Thus, the impact of 
policy decisions can be observed step by step and in isolation of all other policy deci-
sions. The consequences of policies and policy strategies can be compared to the base 
run and to runs with more optimal conditions (cf. Figure 2).

Simulation-enhanced debriefing does not just provide a means to understand the 
results of individual decisions. The specific impact of delays and nonlinearities dem-
onstrates the need for simulation in dynamic systems. The behavior of dynamic systems 
is often counterintuitive and cannot be simulated mentally (Forrester, 1961). By dem-
onstrating this first with the simulation-based game itself and then with simulation-
enhanced debriefing, users should gain greater appreciation for more systematic training 
in model-based development planning. The concept of simulation-enhanced debriefing 
is based on experiences with simulation-enhanced problem descriptions for game-like 
system dynamics tasks. Initial use (Sawicka & Kopainsky, 2008) demonstrates that user 
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performance and understanding increase significantly with simulation-enhanced problem 
descriptions, as compared to textual problem descriptions. Empirical assessment of 
simulation-enhanced debriefing will show whether this is also an effective strategy for 
the debriefing stage.

With such simulation-enhanced debriefing, the facilitator can lead a better discussion of 
the multiple effects that decisions have on the nation’s economy, population, and environ-
ment. The facilitator can also encourage discussion of alternative policies the users could 
pursue. BLEND can then be run again with users switching to new ministerial roles. In a 
1-day workshop, the users run the simulation about four times, playing different ministerial 
roles and pursuing better policy strategies each time. Subsequent debriefing discussions 
would highlight the different outcomes resulting from different policy strategies.

Final Remarks
Effective policies for managing a developing nation’s long-term development differ 
from most of the currently applied policies to such a degree that incorporating the char-
acteristics of effective policies in decision making constitutes a new way of thinking 
for national development planners (i.e., a new mental model). This article describes the 
experiences with the development and use of a simplified simulation model for BLEND. 
BLEND is a first step toward mental model change. Playing the simulation-based game 
should create cognitive dissonance, which readies the user for acceptance or development 
of a new mental model. The cognitive dissonance is not about an individual policy sector 
such as the education sector. Instead, it is about how any sector interacts with other sectors 
and how these interactions create unexpected results.

Pilot tests showed that despite the very formative state of BLEND, using it did pro-
mote the desired cognitive dissonance. Performance in single runs was quite poor in the 
pilot tests (i.e., long-term development was severely hampered by debt and scarcity of 
natural resources). This could have been avoided through carefully coordinating the 
timing and priorities of budget decisions. However, the users’ questions that arose while 
they were playing the game indicated a discomfort with their own initial approach to 
development, that of focusing on just their own sectors. Users tried to find causal expla-
nations of observed but unexpected behavior. The pilot tests have not challenged the 
validity of those issues addressed by BLEND or the decision-making process portrayed 
in it. The game appears to be facilitating its learning goals.

During the feedback discussions and interviews following the BLEND pilot tests, 
participants recognized that BLEND represents a hypothetical nation and they were 
able to play their role in a country with a simplified decision-making structure and with 
simplified physical structures (e.g., no differentiation between urban and rural areas or 
between more and less arid areas). However, users did express a desire for the virtual 
nation to look and work more like their own. This creates a tension between the desire 
for realism and the preconditions for attaining the learning goals. Users should not 
become preoccupied trying to recognize details about their own nations. Instead, they 
should remain free to focus on cross-sector relationships and long-term processes. Using 
a virtual nation can also provide an additional motivation to pursue more training in 
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model-based development planning. Additional training provides users with the skills 
necessary for creating and experimenting with a simplified version of the T21 model for 
their own countries and eventually for building and using their own full T21 models.

This vision of a learning curriculum that advances gradually is one of the main reasons 
why the simulation model underlying BLEND is not a completely new model but a 
simplification of the existing T21 model. Pilot use of BLEND confirmed the validity of 
this vision. Pilot tests clearly showed that users appreciated that the simulation model 
underlying BLEND was a simplified version of another existing model. They were relieved 
to hear that they would not have to learn a new model from scratch if they wanted to enter 
into more systematic training and build their own nation’s T21 model for detailed policy 
analysis and design. It also proved to be effective that we did not base BLEND on the 
full T21 model. Debriefing sessions should work with the simulation model underlying 
the game. Model transparency helps increase understanding of the causal relationships 
in the model (Größler, Maier, & Milling, 2000). If the model used during debriefing is 
too complex, users will be unable to appreciate that their own decisions are embedded in 
feedback loops and that they not only have an impact on other participants but also on 
feedback to themselves (i.e., eventually a new decision must be made not because of other 
participants but because of the consequence of one’s own earlier decisions).

Further research should perform tests with a greater number of users and with full 
debriefing sessions. They should consist of BLEND workshops with several rounds of 
playing the game in different ministerial roles. If they confirm the initial findings of the 
game’s effectiveness in terms of creating a respect for and understanding of the complexity 
of the national development and planning process, this line of research will contribute to 
the process of dynamic decision making and learning about tasks with high levels of 
complexity. In subsequent BLEND implementations, it will also be possible to test different 
formats of problem presentation and instructional support. Results from such implementa-
tions will show how these formats add to users’ understanding of national development 
planning compared to their understanding in versions of BLEND without such formats.

Further research should also address the question of just how simplified the T21 model 
must (or may) be for BLEND to achieve its learning goals. The simplified T21 model 
described in this article is as simple as possible while maintaining the behavior of the full 
T21 model for a wide range of policy scenarios. Future tests should analyze whether this 
level of complexity is simple enough or whether the model must be simplified further, 
even at the expense of creating differences in behavior compared to the full T21 model. 
Future tests should be based on simulation models with varying levels of complexity. 
Such systematic variation and analysis is needed to determine how simple a simplified 
model must be in order to be suitable for learning in a simulation-based game.
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Note

1. Note that in the course of further developments of both the game and the underlying simulation 
model, the design of the user interface and the instructional support features are continuously 
changing. The design described in Alessi, Kopainsky, Davidsen, and Pedercini (2008) is not 
identical to the version of the game on which this article is based. The main differences relate 
to how the individual ministers make budget decisions.
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