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2.3. Data Collection

Systems Thinking Assignment

In the course, students completed a systems thinking assignment in which they were provided
with information about a contemporary sociohydrological issue grounded in the Raccoon River near
Des Moines, Iowa (IA). The river scenario affecting the city of Des Moines in the state of Iowa (IA) was
selected because it is a regionally relevant sociohydrologic issue (SHI). Broadly, the Des Moines, IA,
water crises is the result of a tangled web of competing interests. The Raccoon and Des Moines Rivers
provide much of the city’s water, from which nitrates and phosphates are removed prior to human
use. Some feel that farmers upstream are benefiting from a Clean Water Act loophole that identifies
farm runoff as non-point source pollution. However, farming is one of the primary economic drivers
of the state and any future water quality regulations probably would be difficult to implement and
enforce [33]. A lawsuit was filed by the Des Moines Water Works board against upstream counties of
northern Iowa [33] and the state has passed the Water Quality Bill containing a two-pronged approach
directing money at projects related to helping (1) farmers problem-solve to reduce fertilizer runoff

and (2) municipal water facility improvements [34]. On a national scale, the Raccoon River is in the
Mississippi River watershed and contributes to the Gulf of Mexico dead zone [35]. This reduced
water quality is also detrimental to local water resources, contributing to increased algal blooms in
Iowa lakes.

As part of the assignment, students were to generate a systems thinking model (box-and-arrow
diagram) (Figure 2) and write an accompanying newspaper article-style description. Students’ goal
for the assignment was to describe the system in a way that enabled the citizens of Des Moines to
understand the problem and associated processes. For the systems thinking model, students were to
identify components of the water crisis within boxes, then demonstrate interconnectedness between
the components through a series of arrows or lines. Labelling each arrow or line with a process
demonstrates the relationship between connected components. Students were encouraged to include
as many details, including processes and components, as they could find that were relevant to the
system and helpful in describing it to a potential reader (Table 1).

Figure 2. Students’ most often included system components in their model.

For the newspaper article description of the Des Moines, IA, water crisis, students were to explain
their model to readers and supply additional information not captured within their model. The article
was required to include an overview of the system including major components, feedback, and processes
with their interconnectivity described for readers (Table 2). A discussion of non-negotiable systems
components and processes was to be included, along with a description of what could happen within the
system if nothing is done to alleviate the problem. To further demonstrate understanding of the human
component, students needed to address how various stakeholder groups would benefit or not benefit
from various interacting components and processes. Finally, students were to include a description of
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the limits of the model including ideas that it did not contain or show. Discussing the limits of their
model is important because it can be used as a way to qualitatively measure student self-evaluation.

2.4. Data Analysis

2.4.1. Quantitative Analyses

A scoring rubric, modified from Grohs and colleagues [21], was applied to the written article
component of the systems thinking assignment. Written systems thinking articles were scored according
to the depth of discussion surrounding five key categories: problem identification, stakeholder
awareness, unintended consequences, implementation challenges, and model limitations, ranging
from 0 to 3 (see Appendix A). The modeling component of the systems thinking assignment was scored
using the rubric from Jordan, Sorensen, and Hmelo-Silver [20] (Table 1). Models were scored according
to a simple count of the number of occurrences of phenomenon, mechanisms, or components found in each.
Numeric scores were calculated for each article and model.

Inter-rater reliability was established between two coders for all of the data from each year of
the study for both models and written components. Rounds of coding for both the models and
written components included 10% of the data sample and a review of discrepancies between coders,
continuing until percent agreement reached 0.9 for the models and 0.85 for the written component, with
discussion following each round of coding, resulting in percent agreement of 1.0 for both the written
and components and models. Cohen’s kappa was calculated after the final round of coding for the
models (k = 0.79) and the written assignments (k = 0.81) [36]. Model scores were analyzed quantitatively
in comparison to article scores to explore relationships between students’ written systems thinking
understanding and modular representation.

2.4.2. Qualitative Analyses

For this component of the study, student self-evaluation identified as model limitations in the
written article scoring rubric were grouped by emergent theme. Identification of self-evaluation themes
allowed for comparison between rubric score levels and pattern identification among students. For this
study, students’ written articles were analyzed for the described limitations of their systems thinking
model. Limitations were categorized on the basis of the type of limitation: scope/scale; temporal; or a
specific component, mechanism, or pattern that was excluded from the model. Only one round of
coding was needed to reach a percent agreement of 0.93 with 10% of the data coded and discussion
following coding until agreement reached 1. Cohen’s kappa was calculated after this first and final
round of coding for the model limitations (k = 0.89) [36]. The coded self-evaluation data supports and
helps explain the results from the qualitative analyses.

3. Results

3.1. Research Question 1

In research question 1, we asked, “How do students perform on an SHI systems thinking modeling
and writing assignment?” Statistical analyses were conducted using mean scores on students’ drawn
models and newspaper articles across all 3 years. For students’ drawn model scores, there was a
significant effect of model category on overall model score at the p < 0.05 level (F(2, 384) = 91.67,
p < 0.05). Post hoc comparisons using Tukey’s honestly significant difference (HSD) test indicated
that the mean score for components was significantly higher than the mean score for mechanisms,
which was also higher than the mean score for phenomenon/patterns (Table 4) (see Appendix B). These
results suggest that students included more components than mechanisms or patterns in their drawn
models of the system. The model category, mechanisms, correlates with, components (r(127) = 0.24,
p < 0.05), but not phenomenon/patterns. This observation indicates that as students included more
mechanisms in their models, the quantity of components increased in their drawn models as well.
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Table 4. Tukey’s honestly significant difference (HSD) comparisons for article and model components.

Model Component n Mean Standard
Deviation (SD)

Tukey’s HSD Comparisons

Components Mechanisms Phenomenon/Patterns

Components 129 13.54 7.15
Mechanisms 129 9.34 7.86 <0.0001

Phenomenon/pattern 129 3.01 2.39 <0.0001 <0.0001

Statistical analyses were also conducted using the written systems thinking newspaper article
scores. There was a significant effect of article category on overall model score (F(5, 768) = 401.6,
p < 0.05). Results show that students scored the highest on problem identification from their written
newspaper article and scored the lowest on their description of unintended consequences. Post hoc
comparisons using Tukey’s HSD test indicated that the mean score for problem identification was
significantly higher than all of the other categories (Table 5) (see Appendix B). Although the category
of implementation challenges is not significantly different from limitations or stakeholder awareness,
students scored higher on it than on unintended consequences, indicating that students were best
at articulating the problem within the system and least proficient in describing the unintended
consequences of the system. Although stakeholder awareness and model limitations also represented
areas of improvement for students, model limitations was distinct because it was correlated with all of
the categories (stakeholder awareness, r(127) = 0.178, p < 0.05; unintended consequences, r(127) = 0.422,
p < 0.05; implementation challenges, r(127) = 0.0543, p < 0.05) except problem identification. Overall,
these findings indicated that as students incorporate more ideas about model limitations, their overall
article score increases.

Table 5. Tukey’s HSD comparisons for article and model components.

Article
Component

n Mean SD
Tukey’s HSD Comparisons

Problem
Identification

Stakeholder
Awareness

Unintended
Consequences

Implementation
Challenges

Model
Limitations

Problem
identification 129 2.22 0.73

Stakeholder
awareness 129 1.5 0.82 <0.0001

Unintended
consequences 129 1.43 1.1 <0.0001 0.9883

Implementation
challenges 129 1.79 1.21 0.0058 0.1379 0.04

Model
limitations 129 1.53 1.14 <0.0001 0.9992 0.9484 0.2294

3.2. Research Question 2

For research question 2, we asked, “To what extent is the systems thinking model score predictive of
the writing assignment score on a sociohydrologic issue?” Written article, model scores, and cumulative
systems thinking assignment scores for each year were also compared to one another to gain further
insight into the relationships between the two systems thinking tasks. A regression analysis and
analysis of variance (ANOVA) were performed, results of which suggest that students who score
better on the drawn model also perform better on the written article (t(125) = 6.60, p = 0.01, η2 = 0.88)
(Figure 3). We also analyzed the effect of year on total systems thinking score, which is the drawn model
and written article combined, through a regression and an ANOVA analysis (r(125) = 3.19, p = 0.04,
η2 = 0.57; F(2, 126) = 19.8, p < 0.001). Both analyses indicate that there were statistical differences
between total systems thinking scores for each year of the course (see Appendix C). An ANOVA of
the effect of year on the total systems thinking score revealed that regression lines of expected scores
overlain with observed scores for each year demonstrate the slope remaining constant for varying
intercepts for each year (β = 0.058). The way we approached the year was taking this as a blocking
effect. This allows us to assume and model that the years are acting differently.


