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ABSTRACT

Evolutionary anthropologists commonly describe humans as a highly co-
operative species, based on our evolved socio-cognitive capacities. How-
ever; students and the general public may not necessarily share this view
about our species. At the same time, fostering our ability to cooperate
is considered a key foundation for achieving sustainable development,
and students’ understanding of the conditions that enable or hinder coop-
eration is therefore an important learning goal in sustainability educa-
tion. In this article, we describe a small classroom activity that explored
students” and preservice biology teachers’ preconceptions about the hu-
man capacity to cooperate around shared resources in comparison to the
capacity of our closest relative, the chimpanzee. Results indicate that
students and teachers had limited knowledge about the evolved human
capacity for cooperation around shared resources in small groups, most
often viewing chimpanzees as more capable of cooperation and sustain-
able resource use. Based on the results of this classroom intervention, we
highlight important learning opportunities for educators in biology on
teaching human evolution and human behavior; particularly as related
to current challenges of sustainable development.
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O Introduction

Evolutionary anthropologists commonly
describe humans as a highly cooperative
species — whether it is in contributing to
the group, sharing resources and infor-
mation, or helping others, humans across
cultures seem to care about the well-being
of others, about fairness of outcomes, and
are willing to enforce norms of cooperation
even with a cost to themselves (Henrich et
al., 2006; Bowles & Gintis, 2011). There is
also wide agreement in the evolutionary and developmental human
sciences that our species-typical capacity to cooperate in groups

“Students were less
likely to explain
human social behavior
with reference to
evolutionary causes
and more likely
with reference to
developmental and
cultural causes.”

around shared goals and resources runs deep within our hominid
evolutionary history (Tomasello, 2009), and that such social ten-
dencies develop early in life (Warneken & Tomasello, 2009).

Importantly for current societal issues, cooperation is also con-
sidered a major prerequisite for achieving ecological, social, and
economic sustainable development, while our ability to cooperate
can be hindered by certain proximate conditions (e.g., Messner et
al., 2013; Wilson et al., 2013). Thus, understanding the behaviors
and conditions that allow humans to cooperate around the sustain-
able management of shared resources and other shared goals can
be considered a foundation in education for sustainable develop-
ment, such as for developing cooperation competencies in students
(UNESCO, 2017).

However, currently not much is known about whether stu-
dents, teachers, and everyday citizens have an adequate concep-
tual understanding of the cooperative abilities in our species and
their proximate and ultimate causes. For example, da Silva Porto et
al. (2015) investigated Brazilian undergraduate students’ concep-
tions about the causes of human social behavior on a nature-nur-
ture spectrum (i.e., from more evolutionary
and genetic causes to more experience-based
and cultural causes). The majority of stu-
dents considered human social behaviors to
be mostly influenced by nurture and less by
nature. The authors suggest that this may be
due to the absence of human behavior as a
theme in the biology curriculum of Brazilian
high schools. Similarly, in the United States,
the theme of human behavior is explicitly
excluded from the Next Generation Science
Standards (NGSS; National Research Council,
2012; NGSS Lead States, 2013), while the
evolutionary and biological causes of human
behavior are explicitly excluded from the
core of U.S. social studies standards (National
Council for the Social Studies, 2013).

In the German context, human behavior is
a theme in high school biology curricula, but it is unclear to what
degree evolutionary causes of human social behavior are explored
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in classrooms, particularly in comparison to the behavior of other
species and in terms of implications for sustainable development.

Here, we present results of a classroom intervention that shed
further light on German secondary students’ and preservice biol-
ogy teachers’ beliefs and causal explanations about the nature of
cooperative behavior in humans compared to a nonhuman primate.
Based on these results, we highlight important learning opportuni-
ties for educators in biology on the themes of human evolution,
human behavior, and sustainability.

O Methods

In order to elicit students’ conceptions regarding the nature and cau-
sality of human cooperative behavior, a series of studies (Koomen &
Herrmann, 2018a, b) was chosen as a focal topic for a brief written
assignment in classrooms. The studies investigated and compared
behaviors of (1) pairs of six-year-old children and (2) pairs of semi-
wild adult chimpanzees when faced with a common-pool-resource
problem (Figure 1). The experimental setup was designed to rep-
resent conditions of common-pool-resource dilemmas, including a
limited renewable resource and shared access to the resource. Such
dilemmas — between individual short-term interest to maximize
resource use and collective long-term interest to sustain the shared
resource — have been referred to as the “tragedy of the commons”
since the publication of Garrett Hardin’s famous article of that name
(Hardin, 1968). Such dilemmas are at the heart of many societal
sustainability problems and are studied in ecology and evolutionary
biology to understand cooperation dynamics across species (e.g.,
Rankin et al., 2007; Poteete et al., 2010). In these studies, chim-
panzee dyads tended to be less successful in using the resource for
as long as possible; tended to share resources less equally, due to
dominance-submission behaviors; and tended to perform worse
with each trial, in comparison to children.

Besides the relevance to sustainability issues, the study series
was chosen because a scientifically adequate prediction and inter-
pretation of results rests upon both ultimate and proximate expla-
nations of cooperative behavior of the two species.

Participant written assignments were conducted in classroom
settings with a total of 180 students, spanning high school classes
(grades 6-10) across four German schools as well as preservice

biology teachers at the University of Leipzig. Classroom interventions
were implemented by the authors and by two preservice biology
teachers whose results we include here (Herr, 2018; Regner, 2018).

The experiment series was explained to participant groups
with the help of a short presentation (5-10 minutes), emphasizing
important conditions of the experiments and the common-pool-
resource device, and the questions the researchers were interested
in. The participants were then given the opportunity to ask a few
questions they might have (e.g., regarding other conditions of the
experiment they would like clarification on). Common questions
concerned the age of the chimpanzees (including relative maturity
compared with children), whether children or chimpanzee pairs
knew each other before the experiment, or whether children of the
same or different sexes were paired together.

Then the assignment sheet was handed out and participants
were given 5-10 minutes to answer the following questions:

*  Which of the two species do you think was more
successful in using the resource sustainably? (Children /
Chimpanzees)

e Why do you think this species was more successful?
* Why do you think the other species was less successful?

Participants were given an opportunity for discussion with their
neighbors, since the activity was not meant as an assessment tool
but as an interesting conversation starter for the theme of human
evolution. Consequently, students” answers do not necessarily rep-
resent individual conceptions, but may nonetheless reflect a gen-
eral pattern of variation within and across participant groups. After
assignment sheets were collected, answers were discussed in the
group and the actual results of the experiment were presented to
the group.

Collected assignment sheets were transcribed and analyzed by
the two authors using a theory-based thematic analysis followed
by an inductive-deductive coding process (Table 1). Explanations
included various causal factors ranging from evolutionary to devel-
opmental and proximate causes, thus covering important classes
of causes explored in behavioral biology (Mayr, 1961; Tinbergen,
1963). Explanations also often included some essentialist state-
ments about the nature of the two species.

Since there were qualitative differences in the kinds of expla-
nations given for the two species, partly different categories were

Figure 1. Experimental setup of the experiments with (A) children and (B) chimpanzees.

Image sources: (A) MPI-EVA Media inspired by Koomen & Herrmann (2018a); (B) Koomen & Herrmann (2018b).
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Table 1. Types of causes by causal class that were used to analyze answers in an inductive-deductive
approach, with example participant quotes for each code.

Category

Example Quotes

Explanations for why chimpanzees will be more successful

Cooperative or sustainable by nature

ancestors).”

“By nature, chimpanzees are not ‘selfish, meaning they can easily divide
scarce resources. They also learned this in the wild (or inherited from their

Intelligence/understanding

“I think the chimpanzees will understand the bigger picture better.”

Knowing the partner
group.”

“Chimpanzees will be more successful because they come from the same

Other (e.g., hierarchy, maturity, experience)

“The chimps are grown-ups.”
“They live in a hierarchy so the higher-ranking will control it.”

Explanations for why children will be more successful

By cooperative nature

“Cooperation is already more pronounced in Homo sapiens.”

By understanding

“They can understand the new situation faster.”

By education, culture, experience

“They have learned the principle of sharing at home.”

By ability to communicate

“Because they can communicate.”

Other (e.g., more self-regulation, shyness)

“They can regulate themselves better than the chimps.”
“They will be shy.”

formed for each species. For the chimpanzees, many explanations
described essential qualities or mentioned evolutionary causes or
survival needs in nature. It was often not clear whether participants
referred to the experience or characteristics of the specific individu-
als participating in the experiments or of the species in general (e.g.,
“They have to share in nature”). Therefore, we placed any such gen-
eral and ambiguous explanations into an overall “cooperative by
nature” category. Other explanations clustered around the notion
that chimpanzees will understand the problem better or the fact
that they already know each other.

In regard to human children, explanations referenced some
essential qualities of humans and/or children, developmental factors
such as age, education, and experience, their ability to understand,
and their ability to communicate. For each species, a category of
“other explanations” included a range of factors, such as the matu-
rity of chimpanzees, the role of hierarchy, shyness of the children, or
factors of the proximate situation of the experiment.

O Results

The majority of participants predicted that chimpanzees would be
more successful at cooperating in this experiment (Table 2). Among
the explanations for why chimpanzees would be more successful
(Table 3), the most dominant conception was a notion that chim-
panzees would be more cooperative or sustainable, due to their
evolved instinct, need to survive, or need to live and share food in
groups and/or to their experience with limited resources in nature.
A relatively large number of students explained that chimpanzees
would understand the situation better. A range of responses also
demonstrated anthropomorphic reasoning, ascribing human-like

Table 2. Quantitative results of participant
predictions about the outcomes of the experiments
by participant group.

Species Predicted to Be More
Successful in the Cooperation
. Task

Participant

Group n Children (%) | Chimpanzees (%)

Grade 6° 17 35 65

Grade 10° 103 | 23 77

Preservice 60 20 80

biology

teachers

Total 180 | (23) (77)

(average %)

2 Data from Regner (2018).
5Includes (n = 76) data points from Herr (2018).

traits to the chimpanzees, which evolutionary anthropologists
would generally agree are more pronounced in humans (and
already present in six-year-olds) than in chimpanzees — such as
self-regulation, a sense of community, and the ability to negoti-
ate for equal outcomes, to think about the future, to coordinate
actions. A few participants accurately predicted that the success of
chimp dyads would be due to dominance strategies and unequal
resource distribution.
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Table 3. Distribution of types of qualitative answers among participants who rated chimpanzees as more
successful, with a total of 124 explanations. Note that percentages per participant group do not add up to
100% because several types of answers were sometimes given per participant.

Types of Explanations for Why Chimpanzees Would Be More Successful:
n (%)
Nature Understanding | Knowing the Partner Other
Grade 6° 4 (40) 4 (40) 0 2 (20)
Grade 10" 58 (78) 18 (23) 12 (16) 13(18)
Preservice biology teachers 32 (80) 4 (10) 0 6 (15)
Total (average %) 94 (76) 26 (21) 12 (10) 21(17)

2 Data from Regner (2018).
®Includes (n = 76) data points from Herr (2018).

Table 4. Distribution of types of qualitative answers among participants who rated children as more
successful, with a total of 40 explanations. Note that percentages per participant group do not add up to
100% because several types of answers were sometimes given per participant.

Types of Explanations for Why Children Would Be More Successful:
n (%)
Understanding, | Education, Ability to

Participant Group Nature “Smartness” Experience Communicate Other
Grade 6° 0 4 (67) 2 (33) 0 0
Grade 10° 0 15 (65) 5(22) 6 (26) 3(13)
Preservice biology teachers 2(18) 3(27) 1(9) 6 (55) 3(27)
Total (average %) 2(5) 22 (55) 8(20) 12 (30) 6 (15)

2 Data from Regner (2018).
®Includes (n = 76) data points from Herr (2018).

Among participants who predicted that children would be the
better cooperators in this task, explanations tended toward causes
consisting of rational understanding, learning and cultural experi-
ence, and ability to communicate (Table 4). We found two explana-
tions among preservice biology teachers mentioning a pronounced
cooperation in the Homo line; thus, these were the only two concep-
tions from the participant pool that can be considered most in line
with scientific conceptions.

There were some stark differences in the distribution of expla-
nations across the age groups, which may have been influenced by
the kinds of conditions of the experiment that were illuminated by
student questions in each group (such as whether partners knew
each other).

Further information about qualitative results and example stu-
dent quotes can be found in the Supplemental Material with the
online version of this article.

O Discussion

Two results of our classroom intervention are noteworthy: quan-
titatively, the majority of students considered chimpanzees to be
more cooperative than six-year-old children, and qualitatively, there
was a difference in the kinds of explanations that were offered for

the behaviors of the two species. Results of our investigation com-
port with results obtained by da Silva Porto et al. (2015), namely
that students were less likely to explain human social behavior with
reference to evolutionary causes and more likely with reference to
developmental and cultural causes.

Future studies may want to investigate the prevalence of dif-
ferent participant conceptions in a more controlled fashion, since
our study did not aim to do this and was designed as a classroom
activity that encouraged discussion among participants. It would
also be interesting to investigate the predictions and explanations
about this experiment of students and teachers in the United States
and other cultures.

Why Are the Explanations of Chimpanzee & Human
Behavior Qualitatively Different?

Research on how people tend to explain human behavior shows
that people do not seem to invoke evolutionary or broader his-
torical causes when explaining human behavior. For example, in
their framework of the factors that people refer to when explaining
human behavior, Bohm and Pfister (2015) consider that dispositions
“are assumed to mark the end of a causal search, to be particularly
satisfactory explanations, and to serve as ultimate explanations that
do not raise any further questions.”
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Of course, in biology, dispositions are hardly considered “ulti-
mate explanations” that end a causal search; if anything, they can
mark the beginning of a causal search into the deeper evolution-
ary histories and functions of the behavioral dispositions of living
things. When predicting or explaining the differences or similari-
ties between human and animal behavior, such deeper evolutionary
causes are required. However, it appears that students (and teach-
ers) need support to reason adequately about evolutionary causes of
animal social behavior, and particularly to also include evolutionary
factors in the explanation of human social behavior.

Why Do Students & Teachers Tend to Think That
Chimpanzees Are More Cooperative?

One class of factors that might help answer this question is what
we have come to call “invisible cooperation” — even though coop-
eration pervades our everyday lives, it may be taken for granted to
such a degree that people do not regard these human characteris-
tics as something that requires an (evolutionary) explanation or as
something that distinguishes us from other primates. Furthermore,
everyday feats of human cooperation are not what we commonly
observe in the media and daily news, which rather emphasize con-
flict and violence in our societies. Additionally, our current chal-
lenges of sustainable development may lead to a cultural conception
that the causes of such issues lie in our human nature — after all, we
do not commonly hear about chimpanzees polluting their environ-
ments or overusing their resources. In fact, however, chimpanzees
have been observed to overhunt a monkey species to near extinction
(Lwangaetal., 2011), and chimpanzees have been observed to show
rates of violence and aggression two to three orders of magnitude
higher than in human hunter-gatherer groups (Wrangham et al.,
2006). Further, economic models of humans may have pervaded
cultural conceptions of humans as selfish, profit-maximizing crea-
tures (Homo economicus), contributing to the invisibility of everyday
human cooperation.

Education may be another plausible cause of these observed
patterns. For example, a content analysis of 23 German high school
biology textbooks (S. Hanisch & D. Eirdosh, in review) indicates
that the role of cooperation in the evolution of our species may be
little emphasized, compared to other factors such as large brains
and individual intelligence. Furthermore, in sections on behav-
ioral ecology and cooperation, we find that humans are hardly ever
mentioned as an example of a cooperative species. Comparative
behavioral experiments are also rarely featured as methods used by
scientists to explore the origins of human behavior.

Similarly, as we highlighted in the introductory section, in the
NGSS, human behavioral sciences are explicitly excluded and are
considered to be covered more by the social studies disciplines. At
the same time, the themes of relationships in ecosystems and animal
group behavior in the NGSS may not be transferred to the under-
standing of human behavior, while the theme of evolution does
not reference the role of cooperation and interdependence (NGSS
Lead States, 2013). Conversely, the social studies disciplines may
not treat human behavior from a biological perspective, especially
in comparison to other species and in regard to exploring the evo-
lutionary causes of human behavior. We argue that this ambiguity
regarding where human social behavior is situated (or not situated)
in the curriculum may create a kind of conceptual blind spot in stu-
dents and (biology) teachers when it comes to understanding and
explaining human social behavior.

Our conceptions about human nature have a strong influence
on our attitudes and behaviors toward ourselves and other humans

in social life. For example, a view that humans are predominantly
selfish has been shown to lead to less cooperative behavior (Frank
et al., 1993). Thus, our finding that a majority of high school stu-
dents and teachers seem to have a quite negative conception about
human nature could be considered a rather alarming phenomenon.
Overall, a cultural narrative of humans as selfish or greedy may have
influenced participants’ intuitive notions about what it means to be
human, based on the aspects of human nature that are emphasized
in the media, in economics, in biology and other disciplines, and in
narratives about the causes of our current sustainability challenges.

Learning Opportunities for Evolution &
Sustainability Education

Our findings demonstrate that students need support to con-
struct a scientifically adequate understanding of human social
behaviors and their evolutionary, cultural, and developmental ori-
gins. Here, we offer suggestions for U.S. biology teachers regarding
how they might provide students this support, particularly within
the topics and core ideas of the NGSS.

(1) Disciplinary Core Idea LS2.D: Social Interactions and Group
Behavior (NGSS Lead States, 2013) provides students an opportunity
to compare human and other animal social behaviors, their func-
tions and evolutionary origins, toward a critical understanding of the
claims that humans are a highly cooperative species and that coopera-
tive social behavior pervades our lives. The classroom intervention
presented here, and similar cross-species cooperation experiments,
can offer productive teaching tools around this set of core ideas.

(2) Link the topics of natural selection and evolution with the core
idea of Social Interactions and Group Behavior in order to provide
students with the opportunity to explore the conditions that favor
the natural selection of group behavior. In a unit on human evolu-
tion, emphasize the role of cooperation and prosociality in the evolu-
tion of our species’ behavior and cognition (e.g., cooperative hunting,
cooperative foraging, resource sharing, moral cognition, teaching and
social learning; e.g., Burkart et al., 2009; Hayes & Sanford, 2014).

(3) Link the themes of cooperation and group behavior to the
NGSS theme of Human Sustainability and to themes in social stud-
ies. The social dilemma of the “tragedy of the commons,” inherent in
the experimental design of this lesson, is a central model that high-
lights the challenges of cooperation toward sustainable development.
From natural resource use and climate change to cooperative learn-
ing and peer groups at school, cooperation dilemmas pervade the
many challenges that students will experience within their lifetimes.
The lesson presented here can serve as an introductory activity for
students to explore this challenge and the conditions and behaviors
required to overcome it (Wilson et al., 2013; Atkins et al., 2019).

To support educators in these directions, we have begun to
advance a range of open-education resources that integrate the
themes of human evolution, behavior, and sustainability (http://
teaching-materials.globalesd.org).

O Conclusions

Our results suggest that insights into the nature of human social
behavior and its evolution that have been gained in recent decades
have not been sufficiently translated into educational practice and/
or cultural knowledge, at least among the German populations of
students and biology teachers investigated in this study. This gap in
understanding could have deleterious effects on how students per-
ceive and act in social situations throughout their lives, and on how
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effectively they may act toward collaboratively solving sustainability
problems on local to global scales.

Overall, the behavioral sciences offer a wide range of cross-
species, developmental, and cross-cultural experiments and obser-
vations that can serve as engaging content that allows students to
construct more accurate and helpful narratives about the capac-
ity and conditions for humans to cooperate around sustainable
resource use and many other shared goals. We invite readers to
implement the lesson presented in this article in their classrooms
toward these ends.

O Supplemental Material

The following resources are available with the online version of this
article:

e “Chimpanzees or Children — Who Is Better at Sharing
Resources?” Information and materials.

e “Are Humans a Cooperative Species? Challenges and
Opportunities for Teaching the Evolution of Human
Prosociality.” Twenty-two data tables from our study.
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