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Abstract

This paper reports upon the use of advanced information tools to enhance individual and
organizational learning in a specific strategic decision setting. Two tools comprise the system. Oneisa
complex system dynamics model that tracks estimated consumption annually (for the years 2001 to 2025)
of six protein commoditiesin eight regions that encompass the world. The second tool isa 3-dimensional
visualization tool that summarizes considerable amounts of information through graphics, color and
animation. The purpose of the system isto enhance learning and joint decision making regarding long term
uncertainty. Extensive evaluation of the effectsof use of the tool with more than 100 decision makers has
been conducted. Summary results are reported here.

Introduction

This paper reports on the creation and use of advanced information management tools to assist
decision makersin the soybean industry assess strategic options. Thetools developed and used include
system dynamics modeling and three-dimensional visualization of information. Further the paper provides
results of careful experimentation to evaluate the effect of experience with thesetools on decision makers
perceptions of the decision environment. The research hypothesisisthat if the use of thistool broadens
perspectives to amore global and long-term outlook, then the quality of decision making should be
enhanced.

Strategic issue management is the conceptual frame underlying this study. Strategic issues are
circumstances, internal or external to the firm, that 1) have the possibility of having substantial impact on
the organization’s overall performance, 2) are uncertain in that the various possible outcomes associated
with the issue suggest differing strategies should be implemented, and 3) are controversial in that
reasonable peopl e take different positions concerning the most appropriate action to take. Strategic issue
management decreases uncertainty through information and issue interpretation, and definesissues for ease
of problem resolution. It comprises the following steps. issue identification, formal issue definition,
preliminary issue model development, model revision, and data collection. The strategic issues model
provides a clear definition of the issues and facilitates the strategic decision making process. Thisresearch
focuses on issue identification and on an application of advanced information management toolsto aid
decision makersin the US soybean value chain.

A system dynamics model is developed and employed in this study to explore future scenarios for
global protein consumption. The model estimates potential human appetite for six agricultural
commodities (beef, pork, poultry, fish, fats and oils, and vegetabl e protein), on aglobal basis (with the
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world divided into eight geographic regions), and annually for the years 2001 to 2025. The model also
tracks malnutrition by region. Output from the model is presented using three-dimensional, dynamic
information display software.

The research project was developed as a strategic decision aid for the l1linois Soybean Checkoff
Board. However, to make the experimental results more generalizable, an intervention was conducted with
small groups of decision makers from throughout the soybean industry. A total of 121 decision makers
from the soy industry value chain participated in the study.

Research Goals

Thisresearch focuses on how use of advanced information technology can alter perceptions of the
decision making environment in a specific setting, the soybean industry. To do so, the study reports upon
the devel opment of a sophisticated modeling framework, that includes a complex simulation model and
three dimensional visualization of the model results, and presents initial findings evaluating the effect of
use of these tools on decision makers' perceptions of the decision environment.

Specific Problem Setting

Although the approach employed here has general applicability, the model and visualization tool
were developed for a specific purpose. That purpose isto enhance the confidence of an organization’'s
decision makersrelative to investment decisions regarding strategic marketing and research. The specific
organization is the Illinois Soybean Program Operating Board (I SPOB), a quasi-public sector organization,
which invests in soybean research and market development for I1linois soybean producers. Assuch,

I SPOB faces many similar challenges of a private firm regarding technological innovation decisions.

ISPOB is part of a system whereby soybean producers voluntary tax themselves to fund effortsin
domestic and international market development and research. Although established through congressional
action and administered through the US Department of Agriculture, the national and state organizations
(such as 1SPOB) operate with considerable decision autonomy. Total funding nationally for the
organizations varies between $60 and $80 million annually. 1SPOB’ s funding ranges between $12 and $14
million each year. Although professional staff is employed, decision making is the primary responsibility
of an elected board of 18 soybean producers who voluntarily serve on the board.

Strategic decision making is a particular challenge in this setting for several reasons. The term of
office for board membersislimited to six years, so new members join the board annually. Although
committed to enhancing |SPOB’ s success, each board member has a unique set of operational and tactical
challenges that preoccupy the bulk of their attention on adaily basis. Further, short term pressures and
challenges tend to demand attention and responses from the board itself. For example, currently low
soybean prices and uncertainty about the societal acceptance of biotechnology are urgent concerns.
Although urgent concerns, it is not clear that these devel opments should distract the board’ s strategic
direction.

Complexity and pluralism are features that complicate strategic decision making for the members
of ISPOB. Many of the factors that challenge these board members also are problematic for managers and
board membersin private sector firms and other organizations. The “tyranny of the urgent” worksto
distract all of usfrom longer run, strategic issues. And most strategic decisions are addressed in agroup
setting where each member of the group brings a differing set of perspectives and understandings to the
decision.

The Protein Consumption Dynamics Model
To explore the potential for protein consumption on aglobal basis, a sophisticated systems

dynamic model was developed. System dynamics has principles rooted in electrical engineering analogs
applied as a problem solving methodology to managed systems. Forrester (1961) led early work in the



area. Intheearly 1990s, Senge’'s (1990) emphasis on system thinking as a key to learning organizations
renewed academic and popular interest in system dynamics. In recent years, system dynamics has been
extensively employed to represent and examine complex management problemsin avariety of business
settings (Morecroft and Sterman, 1994; Roberts, et.al., 1994). Here mental maps and structures based upon
human expertise and knowledge are integrated into model frameworks along with quantitative relationships
(Checkland, 1981; Coyle, 1998; Jackson, 1991). Learning through feedback is a key conceptual
underpinning of system dynamics (Sterman, 1994).

The Protein Consumption Dynamics model developed for this study tracks the estimated appetite
for six agricultural commodities (beef, pork, poultry fish, fats and oils, and vegetable protein), on aglobal
basis (with the world divided into 8 geographic regions), and annually for the years 2001 to 2025. The
model also tracks mal nutrition by region.

Model Characteristics: For thisanalysis, eight regions are defined to be relatively homogeneousin terms
of income, income growth levels, and food consumption patterns. These regions are:

China,

East Asia,

The Transition Economies (Eastern Europe, Former USSR, and Turkey)
Latin America,

West Asiaand North Africa (WANA),

OECD countries (the United States and the other developed nations),
South Asia, and

Sub-Saharan Africa.

* 0% 3k kX X X %

The model is based upon historic relationships relating food consumption and mal nutrition to per
capitaincome by region. The basic assumption isthat individual consumption of agricultural commodities
isprimarily driven by per capitaincome, at |east at low and modest levels of income. For each region,
econometric relationships were estimated between the consumption of each of the agricultural commodities
and per capitaincome. Also econometric estimates of the relationship between malnutrition and per capita
income were devel oped.

The model approach employed is called system dynamics, a powerful tool for analyzing complex
settings subject to change. The specific software used is called PowerSim. Figure 3 illustrates the
relationships made explicit in the system dynamics model. Each year the region’s income and popul ation
grow based on specified rates. Then that year’s per capitaincomeis calculated. The effects of regional
cultures and dietary preferences are reflected in the regionally specific econometric relationships estimated
between income and food consumption. Therefore, the effect of per capitaincome and cultural influences
are combined to devel op estimates of consumption and malnutrition for each region. These per capita
estimates are then multiplied times the appropriate popul ation estimates for each region to compute totals.



Figure 3. Relationships underlying the Protein Consumption Dynamics model.
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The model framework requires projections of future income and popul ation growth for each
region. Population estimates employed in the model are based on projections of the World Bank and the
Food and Agricultural Organization (FAQ) of the United Nations. These organizations provide alternative
projections that describe high, medium, and low rates of population growth.

To explore aternatives with decision makers, a scenario analysis capability isincluded. Because
of bounded rationality (or limits on cognitive capacity), models and scenarios are useful to help decision
makers narrow the scope and therefore better comprehend the complexity of their environment. Scenario
analysis differs from other forecasting in that it is more descriptive, qualitative and contextual; and that it
identifies plausible possible futures. “Scenarios also provide acommon meansfor everyonein the
company to think about the future that takes into account many uncertain factors (some of which are
qualitative) in aflexible, although estimative, way,” (Mason, 1994:66). By focusing on only a small
number of potential futures, decision makerswill be able to more fully explore the implications of
decisions they make today in relationship to these various futures scenarios. The three scenarios used with
decision makersin this study are:

Base Case: employs population growth projections consistent with World Bank and FAO medium
level projections and income growth projections consistent with those of recent history.

Lower Population Case: incorporates population growth projections consistent with World Bank and
FAO low growth projections and the same income growth projections as in the base case.

Lower Income Case: uses the population projections of the base case and income growth rates that are
50 % aslarge as those of the base case.

The Visualization Tool
The capability to produce large amounts of datais both a strength and a weakness of the

simulation approach. In the case of the PCD model, estimates are available for 8 regions for each of 25
years for the six agricultural commodities and for two measures of undernourishment. And it is essential



that it is possible to compare each scenario value with current and historic values and across the other two
future scenarios.

“Visualization—combining computer graphics, computation, communication, and interaction—is
invaluable for changing data into information, designing products and supporting complex decision
making,” (Brown 1997:1; also see Rheingans & Landreth 1995). Because of recent advancesin
computing power, visualization capabilities are now becoming available for users of workstations and
personal computers that were only available on supercomputersjust afew yearsago. Visualization enables
understanding and communicating research results to other researchers and the general public. It helps
shape public policy by improving understanding regarding potential outcomes and the relationships
between multiple variables (Orland et al, 1997).

Visualization should make it easier to see and understand the interrel ationships within the
multitude of information typically produced in simulations. Hopefully this understanding will enable
decision makers to more full comprehend their environment. Results from the PCD system dynamics
model are displayed using Visible Insights’ 3-dimensional visualization tool, In3D. Selection of this
particular tool was donein collaboration with visualization experts at the National Center for
Supercomputing Applications at the University of 11linois based upon the decision making needs noted
above aswell asthe typical programming considerations.

Figure 4 is a photograph of the visualization model. Clearly asingle, static black and white
photograph cannot completely convey the impact of the visualization. The following brief discussion
highlights afew of the features of thetool:

The visualization screen shown in Figure 4 is comprised of four “sections”.
¢+ Theregional population and GDP totals are positioned on the back wall of the visualization.

These can remain visible as output values are displayed to allow the observer to continualy link
back to the driving forcesin the simulation.

Figure 4. Visualization of the results of the Protein Consumption Dynamics model



% Each region of the world is shown on the back-right area of the “floor” of the visualization. Color
coding of theregionsislinked to the popul ation and GDP totals and to the comparison section of
the visualization.

% Thefront-right area of the “floor” displaysalist of the years from 2001 to 2025.

s Theleft part of the “floor” contains comparison bar charts where the user can compare output
results across time or across scenarios for the six commodities or for the undernourishment

variables.

A key feature of the visualization is animation. Each of the regions on the world map contains atri-
colored bar which represents the (potential) demand for the various commaodity groups. (Thelower
(and darkest) segment of each bar shows the total for meat and fish, the middle segment shows fats and
oils, and the top (and lightest) segment indicates vegetabl e protein.)

% Asthe model animates through time, the size of the bars changesto reflect how the specific
population and income growth scenario affects potential appetite on aregion-by-region basis.

% Movement through time is shown by highlighting the list of years at the front of the world map.
The presenter of the visualization controls the animation by selecting the scenario and clicking on
the appropriate arrow at the front of the floor. By selecting the box between the arrows, the
simulation can be stopped at any year. (In Figure 4, results for the base case are being shown and
the highlighting of the year 2025 denotes that the levels of the barsindicate values for that year of
the simulation.)

The visualization also alows results for individual regions and specific commodities to be explored in
more detail (the areaon theleft). The entire screen can be tilted on end so that the viewer can more



easily observe the relative height of the two rows of bars shown in this section. In Figure 4, the bars
represent estimates for China and the comparison is between years for that region in the Base Scenario.
Similarly comparisons can be made between regions and between scenarios.

A feature not shown in Figure 4 facilitates comparison across scenarios. Two bars can be displayed in
each region, where each bar indicates a differing scenario. Then the animation will track the growth of
each bar in each region separately, automatically comparing results across the scenarios of interest.

Although also notshown in Figure 4, simulation results for the number of undernourished and the
proportion undernourished can be shown in similar fashion to the commodity appetite estimates. The
bars for commodity appetite now displayed in Figure 4 are simply replaced by corresponding bars for
the undernourishment variables.

Theinitial public demonstration of the visualization capability was at the Global Soy Forum’'99, a
soybean industry event in August, 1999, attended by nearly 2,000 sector decision makers from 66 nations.
The visualization tool and the PCD model were akey part of the opening keynote session of the event to
provide a common reference point regarding future protein for that four day event. Since then the tool has
been used numerous timesin public presentations and small group strategic discussion sessions.
Experience to date indicates that four key implications typically will be identified and form the basis for
further strategic discussion:

1. Thereisanimportant disconnect between some of the industry’ s key skills and capabilities and those it
will need in the future. Theindustry’s growth over the last 25 years occurred mainly in the OECD
countries. Therefore its marketing and policy expertise are heavily focused on the needs of customers
in thoseregions. However, that region is unlikely to be the source of significant volume growth in the
future.

2. With income growth, the indicated appetite for animal protein (particularly in the China, East Asia, and
South Asiaregions) grows substantially. However, the capability to actually produce and deliver the
necessary products may not develop to satisfy the projected appetite for biologic and policy reasons.
This may offer more potential for vegetable protein, however.

3. Projected growth in appetiteis relatively robust with respect to population growth but is more sensitive
to income growth. Estimates of projected appetite decline only slightly between the base case and the
lower population case as higher per capitaincomesin the latter case nearly offset the declines dueto a
smaller population. However, estimates fall significantly between the base case and the lower income
case.

4. Even with optimistic income growth, malnutrition in the Sub-Saharan Africaand WANA regions
persist at frightening levels. With lower income growth, malnutrition intensifies in other areas of the
world aswell. Therefore, humanitarian needs for food islikely to be afixture of the next 25 years.
Historically, the soybean protein complex has not been a significant comp onent of humanitarian food
responses. For moral and business reasons, strategies that heighten the industry’ s role in humanitarian
responses warrant careful consideration.

Experimentation

More interestingly for the topic of organizational learning, a set of small group sessions with
industry decisions makers has been conducted as careful experiments to discern the effects on learning that
experience with these capabilities have. These groups have included the members of the ISPOB who
commissioned the work. In addition, at the request of SPOB, similar sessions have been held with
decision makers from throughout the soybean value chain. In doing this, the goal isto provide acommon
platform for learning to occur, not only within ISPOB, but also with decision makersin allied organizations
and from firms at other levels of the value chain. Each of these small group sessions typically is conducted
with 4 to 8 industry participants. Following Creswell (1994), we are more concerned in this study with



expert perceptions than in statistical accuracy. Therefore, the experimentation iswith anumber of hand-
selected subjects who have special knowledge of key issues within the soybean industry. The subjects
received atreatment that includes both tabular and visualized information.

Three pretests were conducted in devel oping the questionnaire used in the study. Thefirst pretest
was with 29 Midwest veterinarians participating in the Executive Veterinary Medicine Program, of the
University of Illinois, Urbana-Champaign. The second pretest was conducted with ten producers and
managersin the lllinois Soy Leaders group. Thefinal pretest was conducted with three faculty members
from the College of Agricultural, Consumer, and Environmental Sciences, University of Illinois, Urbana-
Champaign.

Asaresult of the pretests, the nature of the questions did not change significantly but the number
of questionswas reduced and wording changed slightly on the others. A self-evaluation question was
added after the pretest. In addition, the revised questionnaire was reviewed by consultants at the Survey
Research Institute of the University of Illinois, and received positive comments with only afew additional
changes.

Data are collected through before and after questionnaires that elicit the strategic issues map from
participants (Doyle, 1998). Subjects also engage in a group discussion regarding what they have learned
from the exercise. Thisdiscussion occurs after administration of the second questionnaire. The analysis
looks at how the individual’s maps change, as well as how maps within and between groups change.
Content analysis software (Nud*ist VIVO) is used to evaluate differences between the before and after
guestionnaires. Transcripts of the group discussions are also analyzed.

The before questionnaire contains 4 questions. Question 1 asks for questions the respondents have
regarding the future of the industry. Question 2 asksfor the key issues to be worked on in the industry.
Both questions 1 and 2 are taken from Grinyer.* In addition, both of these questions contain a part ‘b’
which asks the respondents to provide aranking of his/her responses. Question 3 requires the respondent to
make an explicit decision regarding research funds all ocation, (similar to Wilson, et al’s[1989] on-line
judgment). Question 4 asksfor a self-evaluation of how confident the respondent is about the previous
decision. The questionnaires are number identified for internal tracking purposes, with the before and after
guestionnaires having the same id number for a given subject.

The after questionnaire has the same questions 1, 2 and 3. Question 4 solicits the decision criteria
that influenced the previous decision (following Wilson et al, 1989). Question 5 of the after questionnaire
isidentical to Question 4 on the before questionnaire. Finally, information on afew demographic factors
are collected.

Initial Analysis

Psychology and organizational behavior scientists struggle with how to measure the decision
making process. One attractive approach is to focus on the decision maker’ s cognitive map (perception) of
the problem environment (Huff 1990). Cognitive maps help decision makers organize the over abundance
of information to which they are exposed. The cognitive processes associated with strategy formation (and
decision making) are based on maps that individuals have of the world around them. These maps can
represent the individual’ s interpretations about the world (Mintzberg et a, 1998).

A qualitative research methodology is used to explore the effect of the modeling tools on cognitive
maps. Qualitative research exhibits the following characteristics:

4 These two guestions were modeled after work done by Peter H. Grinyer and other staff members at the,
Management Department, University of St. Andrew, Scotland. For more information on their work see
Check-Teck, et al, 1992.
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Datasourceisin anatural setting with the researcher as the key instrument
The research isdescriptivein nature

Process is more important than outcome or product

Induction is used to analyze the data

Major focusis on meaning or participant perspective (Bogdan & Biklen, 1992)

aprwdPE

Accordingly this effort describes how the cognitive maps of soy industry decision makers are influenced
with the use of sophisticated visualization of information (2). It isconcerned with the nature of these
decision makers’ perceptions (5), which are captured during interaction with subjects (1). Content analysis
(4) is used to evaluate the changes in perceptions (3).

Data collection for this study took place from January to April of 2000. Primary data are collected
through the use of a before and an after questionnaire designed to solicit subjects’ cognitive maps (or
perspectives on the soybean industry).

Table 1 provides demographic information for the subjects of the experiment. The gender mix is
heavily male dominated, which is representative of the industry. Most of the subjects have at |east some
post-secondary education, with nearly 65 percent having college degrees. The subjects are spread across a
number of sectorsincluding producers, researchers, service providers and agribusiness students
(undergraduates and graduates).®

Table 1. Subject Demographics for the Protein Consumption Dynamics Experiments

Demographic Category Sub-category Number of Participants
Gender

Mae 93

Female 28
Education

High School 4

V ocational/Associates 13

Some College 26

Bachelor’ s Degree 23

Master’ s Degree 26

Doctoral Degree 29
Age Average 385
Occupation

Producer 26

Researcher 28

Service Provider 33

Agribusiness Student A
Total 121

A key comparison for the analysisis the change in the before and after answersto the question
asking the respondents to identify key future issues for the sector. Table 2 lists 17 responses mentioned
frequently. (These responses were among the top 10 listed in either the before and after questionnaire.)
Interestingly the responses can be grouped into three categories. One group of six responses was

® Agribusiness students were included for two reasons. First, many of the students are from farms where
soybeans are produced. Second, many of these students will be future decision makers of theindustry. g



considered to be relatively important in both the before and after questions. A second group of six was
listed by many more respondents for the after questionnaire than for the before version. Conversely five
issues were listed by substantially fewer respondents for the after questionnaire than for the before version.

Before Questionnaire

After Questionnaire

Percent of Percent of
respondents respondents Change
identifying identifying
Strategic | ssues Frequency theissue Rank|Frequency theissue Rank
Category A. Increasein Rank
Income growth 1 0% 76 3 21% 10| 66
Population growth 2 2% 68 35 2% 9 9
Malnutrition 6 5% 55 41 34% 6 49
M eeting demand 8 7% 44 37 31% 8 36
Developing countries 9 ™% 35 33 31% 7 28
New geographic markets 18 15% 14 49 41% 2 1
Category B. Stable Rank
Global demand 2 18% 9 47 38% 5 4
Marketing 28 23% 6 48 40% 3 3
New products 29 24% 5 48 40% 3 2
Soy foods 40 B% 3 64 53% 1 2
General research 2 18% 9 29 24% 1| -2
Health benefits 25 21% 8 24 20% 13 -5
Category C. Decrease in Rank
New uses® 45 3% 1 2 18% 18 | -17
Biotechnology acceptance 44 36% 2 18 15% 21 | -19
Price of Soybeans 22 18% 9 13 11% 2| 21
Biotechnology impact 27 2% 7 12 10% 3% | -23
GMO 37 31% 4 15 12% 29 -25

Table 2. Significant Strategic Issues Identified in the Before and After Questionnaires

The composition of the latter two groupingsis of particular interest. |ssues among the group
mentioned much more frequently after exposure to the study information relate to long term demand
enhancing factors, building demand in devel oping nations not currently emphasized in marketing, and
responding to malnutrition. Conversely, issues among the group mentioned much less frequently tend to be
shorter run in nature. This suggests that involvement with the model results and the visualization
successfully raised the participant’ s awareness and sensitivity to longer run strategic issues.

A second set of results (Table 3) examines the participant’ s preference as to research allocation
decisions after seeing the visualization model. In the before questionnaire, respondents focused more on
new product development and devel oping new markets. Inthe after questionnaire, the group directed even
more resources toward devel oping new markets and shifted away from new product development and
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geneticsresearch. Inthe after questionnaire, the subjects still recognized the importance of the local issues,
but this perspective expanded to include more global and long-term issues.

Changefrom Before

Questionnaire
Research Area Mean
Production Research 15.99 -0.04
New Product Devel opment 19.28 -2.54
Marketing Research: Strengthen Existing Markets ~ 18.98 +1.07
Marketing Research: Develop New Markets 25.08 +3.33
Genetics Research 16.43 -2.27
Other 4.25 +0.45
Total 100.00 0.00

Table 3. After Questionnaire responses on Preferred Research Budget Allocation

Results indicate that the groups have more consistent cognitive maps of the decision making
environment. And according to Choo (1998), developing a shared meaning influences both learning and
decision making.

Summary

This paper reportsupon the use of advanced information tools to enhance individual and
organizational learning in a specific industry setting. Two components comprise the system. Oneisa
complex system dynamics model that tracks estimated consumption annually (for the years 2001 to 2025)
of six protein commoditiesin eight regions that encompass the world. The system dynamics model is
designed so that alternative scenarios of the future can be examined using population and income
projections of the World Bank and the UN’ s Food and Agricultural Organization. The second component
isa3-dimensional visualization tool that summarizes considerable amounts of information through
graphics, color and animation.

The research project was developed as a strategic decision aid for the Illinois Soybean Checkoff
Board. However, to make the experimental results more generalizable, an intervention was conducted with
small groups of decision makers from throughout the soybean industry. A total of 121 decision makers
from the soy industry value chain participated in the study. Results indicate that decision makers
perceptions changed after exposure to visualized presentation of complex modeling results.

The experimental results indicate that decision makers perceptions changed after exposure to
visualized presentation of complex modeling results. Decision maker perceptions changed to reflect more
long-term thinking about the industry, indicating that the visualized presentation of complex information
can influence strategic behavior. After exposure to the information, the greater focus on more demand-
oriented issues such as the marketing of existing products in expanded markets is indicative of some of the
changes in cognitive maps held by study participants. Likewise, the use of soy products to aleviate
mal nutrition became a more important strategic issue, whereas historically human nutrition needs received
little strategic attention. This change in focus suggests the need for redirection in both research and market
development agendas.
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