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THE ISSUE:

Working with ecological data often involves ethical considerations, particularly when data are applied to
address societal needs. However, data science ethics are rarely included as part of undergraduate and
graduate training programs. Here, we present four modules for teaching ethics in data science, with real-
world case studies related to ecological forecasting.

FOUR DIMENSIONAL ECOLOGY EDUCATION (4DEE) FRAMEWORK
e Core Ecological Concepts:
o Organisms
e Abiotic and biotic features of the environment
e Community
e Habitat types — terrestrial — marine — aquatic
e Biosphere
e Biogeography at the global level
e Global climate change
¢ Ecology Practices:
e Quantitative reasoning and computational thinking
o Statistics
e Data skills — inputting and data-mining / meta-analysis/ data visualization
o Data analysis and interpretation
¢ Working collaboratively
e Communicating and applying ecology
e Human-Environment Interactions:
¢ Human accelerated environmental change — there is no pristine ecosystem nor
total equilibrium
¢ Anthropogenic impacts, intentional and unintentional
e How humans shape and manage resources/ecosystems/the environment
e Agricultural ecosystems —fisheries
e Natural resource management
e Conservation biology
e Ecological stewardship
e Ethics — critical thinking about the values underlying how we approach and
address environmental problems, challenges, and opportunities in environmental
decision-making and policy
e Environmental ethics — basic types of ethics and their
sources/foundations (includes ecological)
e Environmental justice
e Cross-cutting Themes:

e Systems
e Spatial & Temporal
e Scales

o Stability & change

STUDENT-ACTIVE APPROACHES:
Each of the modules are structured in “Think, pair, share” discussions. Students take the time to reflect
individually, then discuss in small groups and share with the class.
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STUDENT ASSESSMENTS:
Each module includes an optional essay assignment to assess student learning, with a suggested rubric.

CLASS TIME:
Four independent modules, one hour each

COURSE CONTEXT:

These stand-alone modules are designed to be flexible to a wide range of course contexts. We
anticipate that in most cases, an instructor will choose to use only one of the four modules, and
will choose the module that best matches their classes interests and needs (see descriptions
below). However, each module covers a different topic related to ethics in ecological
forecasting, and using multiple modules as part of a single course would provide increased
training in the ethics of environmental data science.

All modules use a think-pair-share format for discussion, making them flexible to a wide range of
class sizes. In very large courses, we note that it may be helpful to have teaching assistants
who can help answer questions and engage with students during small group discussions.

Module 1: Flying foxes and uncertainty
e This module asks students to discuss ethical issues associated with the quantification
and presentation of forecast uncertainty. As such, this module would connect well with
data analysis lessons in an introductory ecology course or lab. In a forecasting-specific
course, this module could be used as an introductory lesson to highlight the sources of
forecast uncertainty and why uncertainty is necessary to include.

Module 2: Marine Fisheries and conflicts of interest
e This module focuses on the idea that forecasts may have multiple end users with
different and potentially conflicting interests. This module would be beneficial in a
general ecology or natural resources management class for discussing the benefits and
challenges of public-facing research. In forecasting and data science classes this
module would benefit discussions on end user engagement as a component of the
forecast development process.

Module 3: Water Quality and Indigenous Knowledge
e This module focuses on the topic of scientific engagement with communities, with a case
study of Indigenous communities and water quality. As such, this module would best be
implemented in an introductory data science, forecasting, or ecology course, providing a
discussion of how scientists can engage with impacted and marginalized communities.
Due to the focus of this module, it may be most relevant for courses taught in the United
States of America.

Module 4: Tropical forests and data availability
e This module addresses the (lack of) data availability to develop, validate or score
ecological forecasts on a global scale. In particular, the module addresses
underrepresentation of tropical ecosystems for studying vegetation dynamics. The
themes of this module are broadly applicable to many classes, including courses in
ecology and data science. The module is written to target advanced undergraduate
students.
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OVERVIEW

As data availability and processing power have increased, ecology has undergone a
“data revolution” (Farley et al. 2018, Hampton et al. 2013). Data science skills are now a
necessary outcome of undergraduate ecology education (Barraquand et al. 2014,
Farrell and Carey, 2018). To meet the growing need for data science education, a
number of effective skills-based teaching modules have been developed (Carey et al.
2020, Farrell and Carey 2018, Moore et al. 2022, Willson and Peters 2021). However,
comparatively few resources are available for discussing the ethical considerations
inherent in data science, from the choice of data sources to the presentation of
uncertainty and communication of results (Willson et al. 2023, Willson and Peters 2021).

The lack of education on data ethics in ecology reflects a broader need for
undergraduate training in data ethics across multiple disciplines. For example, only 50%
of the 25 major U.S. universities surveyed by Oliver and McNeil (2021) included any
data ethics requirement in their data science programs. Due to this current gap in
training, the National Academies of Science, Engineering, and Medicine consensus
report on Data Science for Undergraduates (2018) includes ethics as one of their key
recommendations: “Ethics is a topic that, given the nature of data science, students
should learn and practice throughout their education. Academic institutions should
ensure that ethics is woven into the data science curriculum from the beginning and
throughout.” To incorporate data ethics in this way will require the development of new
teaching materials, which demands substantial time and effort from instructors. Sharing
teaching modules that can be incorporated into existing courses could significantly
accelerate the introduction of ethics into data science training programs in ecology.

While ethical considerations are necessary in many areas of ecological data science,
ecological forecasting presents a particularly compelling focal area. Ecological
forecasting is a rapidly growing field (Lewis et al. 2022) focused on predicting future
ecological states at daily to decadal scales (Dietze et al. 2018, Lewis et al. 2022). As an
emerging field, ecological forecasting does not have many established protocols that
could present default ethical norms (Woelmer et al. 2021). This ambiguity allows
sufficient room for students to think through complex questions themselves. Moreover,
because students are likely familiar with meteorological forecasts, they should already
have a general awareness of the data science topics discussed, in contrast to other
technical statistical methodology.

Here, we present four case studies for teaching ethics in ecological forecasting, based
on our experience as educators and members of the Ecological Forecasting Initiative
(EFI). All four case studies have been tested at the undergraduate or graduate level and
updated based on feedback from students and instructors. The first module in this set
discusses the importance of forecast uncertainty through an example of flying fox
forecasting; the second discusses unintended consequences and potential conflicts of
interest, focusing on marine fisheries forecasting; the third focuses on water quality and
Indigenous Knowledge; and the fourth addresses global inequities and systematic

TIEE, Volume 19 © 2023 — Lewis, Howard, Koren, Kowalski, McLachlan, Peters, Smies, & Tabares. CC-
BY-NC 4.0. Teaching Issues and Experiments in Ecology (TIEE) is a project of the Committee on
Education of the Ecological Society of America (https://tiee.esa.org).


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

TIEE

Teaching Issues and Experiments in Ecology - Volume 19, December 2023

biases in forecasting vegetation dynamics. An educator may choose to only highlight
one topic or may use all four modules to provide a well-rounded background on
ecological data science ethics.

The two primary objectives of the modules are for the students to be able to:

e Evaluate the types of ethical considerations that may be necessary when
conducting ecological data science projects

e Compare the benefits and risks of potential forecasting decisions in ambiguous
situations

These stand-alone modules are designed to be flexible and could be incorporated into a
wide range of ecology, ethics, data science, or forecasting courses. All four modules are
intended to fill approximately one hour each and could be taught to a class of any size,
at undergraduate or graduate levels. Ecology courses may wish to highlight more of the
ecological complexity inherent in each issue, while data science or forecasting-specific
courses may explore more of the nuance of forecasting methods. In ethics classes,
these modules would provide concrete examples to apply more theoretical frameworks.
We hope that these modules provide a starting point from which to advance data
science ethics in undergraduate and graduate education.
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Uncertainty

Case study discussion
Essay writing

Module Student-active Cognitive Skill
Approach
Module 1: Flying Foxes and Think, pair, share Comprehension,

analysis, application,
synthesis

Module 2: Marine Fisheries
and Conflicts of Interest

Problem Based Learning
Think, pair, share

Case study discussion
Essay writing

Comprehension,
application, synthesis

Module 3: Water Quality and
Indigenous Knowledge

Problem Based Learning
Think, pair, share

Case study discussion
Essay writing

Comprehension,
interpretation, analysis,
synthesis

Module 4: Tropical Forests
and Data Availability

Think, pair, share (in
class activities)

Case study discussion
Essay writing (self study)

Comprehension,
analysis, abstraction
and visualization (in
class activities),
synthesis, creation (self
study)
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Module 1: Flying Foxes and Uncertainty

Background

Being able to interpret the sources and magnitude of uncertainty in a scientific result is a
critical skill for modern researchers. However, uncertainty is a notoriously difficult
concept to grasp (Belia et al. 2005, Padilla et al. 2021). In the realm of ecological
forecasting, uncertainty is rarely included in published forecast outputs (Lewis et al.
2021), despite the fact that uncertainty is typically cited as an essential component of an
ecological forecast (Clark et al. 2001, Dietze et al. 2018). In this module, students are
asked to consider how uncertainty drives decision making and how omitting forecast
uncertainty may have unintended effects.

This module focuses on the example of flying fox forecasts, as documented in
Ratnayake et al. (2019). Flying foxes are a genus of fruit bats that are large and
charismatic, but subject to mass mortality events under extreme heat conditions, among
other threats. The simple forecast model proposed by Ratnayake et al. (2019) predicts
bat mortality events as a function of forecasted air temperature, where air temperatures
above 42 °C indicate likely mortality events. Using these forecasts, emergency
responders can take steps to prevent bat mortality, including spraying down trees with
fire trucks or rescuing bats off the ground. Of course, air temperature forecasts are not
100% accurate, and there is some uncertainty in the cut off for what temperatures will
lead to mortality. This module encourages students to think through the ethical
consequences associated with representing this uncertainty, and what effects different
representations of uncertainty could have on bat rescue missions.

Student instructions

The primary learning objectives of this module are for students to be able to:
e Understand sources of uncertainty and how they affect ecological decision

making
e Analyze how representations of uncertainty may need to differ between end
users
e Evaluate how presenting forecast uncertainty may be an ethical responsibility
Assigned reading
This module is based upon the following academic paper. Reading the full paper is

optional, but may enhance understanding of the forecast model used in this case study:
e Ratnayake, H. U., M. R. Kearney, P. Govekar, D. Karoly, and J. A. Welbergen.

2019. Forecasting wildlife die-offs from extreme heat events. Animal
Conservation 22:386-395. https://doi.org/10.1111/acv.12476
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Additionally, two news stories may provide useful context for the effect of heatwaves on
flying foxes:
e “A Heat Wave in Australia Killed 23,000 Spectacled Flying Foxes”
o Written by Jason Bittel (2019) and published by the National Resources
Defense Council (NRDC)
o https://www.nrdc.org/onearth/heat-wave-australia-killed-23000-spectacled-
flying-foxes
e “How one heatwave killed 'a third' of a bat species in Australia”
o Written by Frances Mao (2019) and published by the British Broadcasting
Corporation (BBC)
o https://www.bbc.com/news/world-australia-46859000

For background on ethical considerations in forecasting, we recommend these two
resources that both originated from the COVID-19 pandemic:
e “Ecological forecasting ethics: lessons for COVID-19”

o A guest post on the Dynamic Ecology blog, written by Record et al. (2020)

o https://dynamicecology.wordpress.com/2020/06/08/ecological-forecasting-
ethics-lessons-for-covid-19/

e “Five ways to ensure that models serve society: a manifesto”

o A short “comment” article in the journal Nature. Written by Saltelli et al.
(2020)

o https://www.nature.com/articles/d41586-020-01812-
9?WT.ec_id=NATURE-20200625

Case study

Flying foxes are not foxes at all!

Flying foxes (Pteropus sp.) are a genus of bat that includes around 65 different
species, found commonly throughout tropical islands in Asia and Oceania (Figure 1).
Some of these species are among the largest bats in the world, with wingspans that
range up to 1.5 meters (5 feet). Unlike most bat species, flying foxes use sight, rather
than echolocation to navigate, despite the fact that these bats are still predominantly
nocturnal. Flying foxes have a diet composed primarily of flowers and fruit, and they
consequently play an important role in seed dispersal and pollination for a variety of
plant species across Australasia. Unfortunately, nearly half of all flying fox species are
experiencing declining populations. The International Union for Conservation of Nature
and Natural Resources (IUCN) has classified 15 species of flying fox as “vulnerable” to
extinction, and an additional 11 species as endangered.

Flying foxes are social animals and tend to roost together during the day, often
congregating in a group of trees that is called a "camp." Camps can sometimes be quite
large, with up to 100,000 individual bats. Within the camps, bats have the opportunity to
find mates, feed their young, and rest during the day.
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Figure 1.1: Photo of a grey headed flying fox, taken by Leo on flickr. Licensed under CC
BY-NC-SA 2.0.

Mass mortality events

Flying foxes are highly sensitive to extreme heat: when temperatures rise above
42 °C (107.6 °F), colonies of bats have been known to die in massive quantities. For
example, one heatwave in Queensland killed 45,500 flying foxes in a single day (Bittel,
2019). To help protect these species, volunteers will go out with firetrucks and
wheelbarrows and spray down the trees with water or collect bats off the ground to try to
save them.

Flying fox forecasts

Ratnayake et al. (2019) developed a forecast of bat die offs, based on weather
forecasts, to help plan rescue missions in advance and target the areas that need the
most help. Their simple forecast model predicts that a mortality event will occur if the
forecasted temperature is greater than or equal to 42 °C, and no mortality event will
occur if the temperature is less than 42 °C.

You can get a sense of the accuracy of these forecasts from the data presented
in Table 1.1. When weather forecasts indicate that temperatures will be 242.0 °C the
following day (24-hr forecast), it is much more likely that flying fox colony death will
occur (37) vs. not occur (8). Conversely, when air temperatures are forecast to be < 42
°C, it is more likely that flying fox death will not occur (42) rather than occur (15). The
same is true using 48-hr forecasts (Table 1.1), though you may expect that weather
forecasts made two days in advance would be less accurate than forecasts made the
day before.
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Table 1.1: Relationship between forecast air temperature and flying fox die offs
(Ratnayake et al., 2019). Table reproduced with permission from the publisher.

Forecast air Occurrence of death in a flying-fox colony
temperature >42.0°C Yes No
24-h forecast
Yes 37 8
No 15 42
48-h forecast
Yes 44 19
No 8 31

Discuss with a neighbor (1):
What types of ethical considerations do you think are necessary when
developing this sort of forecast? In what way are they relevant?

Here are a few examples of potential ethical issues to begin your discussion:
e Conflicts of interest: a forecast designed to benefit one user may have

disadvantages for other groups

e Uncertainty: no forecast is 100% correct. How uncertainty is represented (or
omitted) may have consequences for the use of the forecast

e Sins of omission vs. commission: Is it better to provide a forecast even if you
know it is not perfectly accurate? Or to not provide the forecast and risk being
unprepared for something your forecast could have predicted?

Forecast uncertainty

Today, we are going to be focusing on the subject of uncertainty. Forecast

uncertainty comes from many sources, including:
e Driver uncertainty: uncertainty in the inputs to the forecast model (an example is

the uncertainty inherent in weather forecasts)

e Process uncertainty: uncertainty that the model itself is correct (for example, do
we need to consider factors other than temperature when predicting bat die-
offs?)

e Parameter uncertainty: uncertainty in the parameters of this model (here, the 42
°C cutoff is an example of a parameter).

The flying fox forecasts developed by Ratnayake et al. are often, but not always, correct
in their predictions of mortality events. Figure 1.1 shows the outcome of forecasts for
one heatwave event (4 January 2014). During this heatwave, some mortality events
were correctly predicted (“Hits”), some mortality events were predicted but did not occur
(“False alarms”), some mortality events occurred in places where they were not
predicted (“Misses”), and some areas were correctly predicted to not experience
mortality events (“Correct negatives”). As you can see from this example figure, these
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flying fox forecasts are relatively good at predicting flying fox die offs, but they are not
perfect (that is, they contain uncertainty!).

Temperature (C)
] <30
[]30-34

Predictions

X Misses

+ False alarms

{ A Correct negatives
) ® Hits

|

Figure 1.1: Flying fox heat stress forecasts from Ratnayake et al. (2019), reproduced

with permission from the publisher. Here, different levels of shading indicate the

observed air temperature, and symbols indicate whether or not bat mortality forecasts

were correct. “Misses” (“X”) are cases where bat mortality conditions happened but

were not forecast, “False alarms” (“+”) are cases where bat mortality conditions were

forecast but did not actually occur, “Correct negatives” (A) are cases where bat

mortality conditions did not happen and were not forecast to happen, and “Hits” (@) are

cases where bat mortality conditions were correctly predicted.

Discuss with a neighbor (2)

e What do you think would be the greatest sources of uncertainty in this forecast?

e Why does the uncertainty in this forecast matter?

e What happens if you (the forecaster) predict that a mortality event will occur
(temperature will exceed 42 °C) and it does not? What happens if you predict that
a mortality event will not occur and it does? How might you take these different
consequences into account?
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Uncertainty visualization
Forecast uncertainty is notoriously difficult to communicate: your goal is to
convey a range of likely outcomes, without overwhelming your audience with too much
technical information. In this case, the challenge is particularly difficult because the
forecast is for a broad geographic region. Here are some useful methods that people
often use to visually communicate forecast uncertainty:
e Map of a likelihood metric across space (e.g., percent chance of a mortality

event)

e Map of a summary index across space (e.g. low, medium, or high likelihood of a
mortality event)

e Graph of likelihood metric (e.g., percent chance of a mortality event) over time for
a given place

e Graph of summary index (e.g. low, medium, or high likelihood of a mortality
event)
over time for a given place
Graph of your predicted variable of interest (e.g., air temperature) over time, with
a range of uncertainty (e.g., error bar)

Working individually

e Make a list of 3—5 relevant people or organizations that might be interested in
these forecasts. For the sake of this module we will call these people or
organizations “end users”

e Pick one end user to focus on: what is this end user hoping to accomplish? Why
are they interested in the forecasts? How do their motivations inform how they
would like to receive this information?

e Now that you have decided what an end user wants to learn from a forecast,
what would be the best way to visually communicate the forecast to that end
user? Quickly sketch an example visualization for this end user

Now turn to a partner

e Partner 1: Show/explain to your partner the forecast visualization you designed

e Partner 2: Playing the role of the end user you chose, respond to the forecast
visualization that your partner developed. Note: this is probably not the end user
they originally developed the forecast for! What questions do you have about this
forecast output?

e Repeat, with Partner 2 sharing their visualization and Partner 1 playing the role of
their chosen end user

e Discuss:

o What (if any) issues arose when you tried to use this forecast output for
the new audience?

TIEE, Volume 19 © 2023 — Lewis, Howard, Koren, Kowalski, McLachlan, Peters, Smies, & Tabares. CC-
BY-NC 4.0. Teaching Issues and Experiments in Ecology (TIEE) is a project of the Committee on
Education of the Ecological Society of America (https://tiee.esa.org).


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

-14 -

TIEE

Teaching Issues and Experiments in Ecology - Volume 19, December 2023

o Now imagine a scenario where you portrayed forecast uncertainty poorly
and this caused an end user to make a bad decision. Do you have any
responsibility for their actions? Should you be held accountable?

NOTES TO INSTRUCTOR

This module provides a discussion-based framework for students to develop
skills in understanding and communicating uncertainty, while also considering the
ethical implications of uncertainty representation. The majority of this module takes
place in short, small group discussions among peers; discussion questions are intended
to be open-ended, with the goal of encouraging students to think deeply and critically
about a complicated topic. After having students discuss in pairs, we recommend
inviting students to share back with the whole class and discussing briefly as a group
(i.e., “think, pair, share”).

Discussion question notes

Discuss with a neighbor (1) asks students which types of ethical considerations are
necessary when developing this sort of forecast and in what ways they are relevant.
The goal of this question is to get students to think through multiple ethical issues that
may arise when developing a forecast, even when the forecast is well-intentioned and
aims to address an important conservation issue. Uncertainty is clearly relevant here, as
will be discussed throughout the module. However, students will likely also find
connections between the case study and other ethical issues, which is great! For
example, “Conflicts of interest” may be relevant if flying fox conservation efforts come at
the detriment of other species, and “sins of omission vs. commission” come into play
when forecasters have to weigh the risks and benefits of providing these forecasts
despite forecast error and uncertainty. As the instructor, you can encourage students to
think broadly about all of these possible ethical issues.

Discuss with a neighbor (2) encourages students to think about what uncertainty is
present in this forecast and why this uncertainty matters. Students should come to
realize that there is uncertainty in both the air temperature forecast and the model that
researchers are using to predict bat mortality based upon air temperature. They are
then asked to consider the implication of false positives (“What happens if you (the
forecaster) predict that a mortality event will occur (temperature will exceed 42 °C) and it
does not?”) and false positives (“What happens if you predict that a mortality event will
not occur and it does?”). Students will likely come to the conclusion that false negatives
are worse for bat conservation than false positives, because false negatives result in a
lack of preparation for die off events, while false positives result in over preparation.
Giving forecast users the information they need to assess how likely a prediction is to
be correct can help the user weigh these options.

Working individually, we ask students to think about the relevant people and
organizations that would use these forecasts. This could include firefighters,
conservation organizations, news media, etc. Focusing on one relevant end user, we
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ask students to outline their specific needs, and how forecast presentation could meet
those needs. Some examples of potential visualizations include maps of summary
metrics (e.g., 75% chance of bat mortality) or categorical scores (e.g., “high likelihood”
of bat mortality), and graphs over time (e.g., time on the x-axis and mortality probability
on the y-axis). As they think through these options, encourage them to consider how
uncertainty is presented in their visualization.

After working individually, we ask students to turn to a partner and try out their
visualization on a (likely) new audience, then discuss how things went. We hope that
this will encourage students to think more critically about how small differences in
visualization may affect interpretation. Possible follow-up questions include “what
improvements could you make to this forecast visualization to tailor it to this audience?”,
“Could you make the representation of uncertainty more explicit than you chose to?”,
and “Is it possible to have ftoo much information in a forecast visualization?”

Finally, we encourage all students to consider the broader ethical question of whether
they are responsible for decisions that arise based on their predictions. This is an open-
ended question and we expect that students may have diverging opinions.

Other resources for instructors:

For more examples of why forecast uncertainty matters (outside of an ecological
perspective), Chapter 6 of The Signal and the Noise: Why Most Predictions Fail but
Some Don't by Nate Silver provides several stories, including a particularly impactful
narrative about how a lack of uncertainty in a flood forecast caused devastating damage
in Grand Forks, North Dakota (Silver, 2015).

Joslyn and Savelli (2021) is a useful reference to consider for the forecast
visualization component of this module, with research on effective forecast visualization
techniques, and a description of common misunderstandings.

Student assessment

The final discussion questions provide the foundation for a short writing
assignment that could reinforce the thinking done in class. Table 1.2 provides a sample
rubric for the evaluation of this writing assignment.

In a short essay (300 words), please describe why it is important to include
uncertainty in forecasts of flying fox mortality events. In your answer, please
include (1) a discussion of what sources of uncertainty exist, (2) a description of
possible consequences of uncertainty omission or misrepresentation, and (3) a
discussion of how uncertainty representations may need to differ depending on
interested parties' needs.
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Table 1.2: Sample rubric for evaluation of student writing assessment

misrepresentation

0: No evidence 1: Below 2: Emerging 3: Proficient 4: Advanced
proficient proficient
Forecast No mention of Only one source of | Multiple sources of | Multiple sources of | Multiple specific
uncertainty forecast uncertainty | uncertainty uncertainty uncertainty sources of
sources sources mentioned or mentioned. mentioned, with uncertainty are
description of Description lacks correct description | thoroughly
uncertainty sources | specificity or described and
is mostly incorrect | contains substantial correctly explained
errors
Possible No mention of the Consequences of Vague description Mostly correct Convincing
consequences of | consequences of uncertainty of two or more description of two description of two
uncertainty uncertainty omission or consequences of or more or more
omission and omission or misrepresentation uncertainty consequences of consequences of
misrepresentation | misrepresentation are mostly missing | omission or uncertainty uncertainty
or incorrect misrepresentation omission or omission or

misrepresentation

Variable user
needs

No mention of user
needs

Only one user’s
needs discussed, or
discussion of user
needs lacks
connection to
forecast uncertainty

Multiple user needs
discussed, with
connections to
forecast
uncertainty.
Discussion lacks
specificity or
contains errors

Multiple user needs
discussed, with
connections to
forecast
uncertainty.
Discussion is
mostly correct

Well-reasoned
discussion of how
uncertainty
representations
may need to vary
between two or
more forecast users

Writing quality

Major grammatical
issues make text
impossible for a
general audience to
understand

Major grammatical
issues make text
difficult to
understand

Issues with
grammar or
organization hinder
understanding

Minor issues with
grammar or
organization

Ideas are fully
explained with clear
logic, following
assignment
specifications
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Module 2: Marine Fisheries and Conflicts of Interest

Background
“A forecast advantage for one group may be a disadvantage for another” - Hobday et al.
(2019)

Forecasts contain valuable information that can help people make better antic