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The study of systems in natural and social sciences has become increasingly essential to

understanding disciplinary and interdisciplinary content and practices (The National

Academies 2009). The topic of systems is also featured prominently in the Next Generation

Science Standards (NGSS) for primary and secondary science in the U.S. Systems research

can be summarized as investigating how behavior of phenomena at different scales are

related and how larger scale patterns emerge from the interactions of components at a

lower scale (Bar-Yam 2016). By studying the patterns that emerge, researchers can better

understand how systems evolve, adapt, and maintain themselves. An example of a system

is a single fertilized egg developing to create differentiated cells that eventually become a

human form. At the macro-scale systems include businesses, cities, animal populations,

and ecosystems. Systems researchers have noted that many pressing global issues require a

systems understanding, which include ecological robustness (whether the biosphere is

sustainable), enhancing robustness through interconnectivity (e.g., power grid structures,

disaster relief networks), and how to exert control on the spread of disease (The National

Academies 2009). Thus, a focus on systems in education is critical to developing scientific

literacy in today’s world (Sabelli 2006). We do know, however, that learning about sys-

tems is challenging (Hmelo-Silver and Azevedo 2006). A number of educational

researchers including those who have contributed to this special issue have documented

challenges that students and novices have in understanding systems and have aimed to

create models and tools to support systems teaching and learning.

A review over the last decade and a half of educational research on the topic of systems

in K-12 education shows that a large majority of this research has been geared toward

science learning. There are a number of themes that emerge in the research base such as

& Susan A. Yoon
yoonsa@upenn.edu

Cindy Hmelo-Silver
chmelosi@indiana.edu

1 University of Pennsylvania, 3700 Walnut Street, Philadelphia, PA 19104, USA

2 Indiana University, 1900 E 10th St, Bloomington, IN 47406, USA

123

Instr Sci (2017) 45:1–4
DOI 10.1007/s11251-017-9404-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s11251-017-9404-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11251-017-9404-6&amp;domain=pdf


understanding how students reason about systems (Assaraf et al. 2013; Jacobson et al.

2011; Levy and Wilensky 2008; Grotzer 2012), pedagogical approaches to supporting

learning (Azevedo et al. 2005; Hmelo et al. 2000; Yoon 2008), computational tools to build

systems understanding (Yoon 2011, Klopfer et al. 2009; Wilensky and Reisman 2006);

models for curriculum construction (Assaraf and Orion 2010; Danish 2014; Wilensky et al.

2014; Yoon et al. 2016); and the role of the teacher in influencing student-learning out-

comes (Perkins and Grotzer 2005; Randler and Bogner 2009; Yoon et al. 2015). Among

these studies, there are also emerging synergies that can both afford and constrain how we

understand systems learning as a sub-field of educational research. For example, there are

multiple theoretical lenses such as structure, behavior, and function (Hmelo-Silver et al.

2007, 2015), complex systems component beliefs (Jacobson et al. 2011; Yoon 2008, 2011),

complex causality (Grotzer and Tutwiler 2014), and mid-level reasoning (Levy and

Wilensky 2008) that have been proposed as possible conceptual frames for developing

teaching and learning resources for students.

Despite the challenges that learning about systems pose, research in the learning sci-

ences and science education is demonstrating that under the right circumstances, children

and youth can learn about systems that would have been considered beyond their com-

prehension (e.g., Assaraf and Orion 2010; Danish 2014). The articles that follow

demonstrate a range of models and tools for teaching and learning about such systems as

well as methods for eliciting student understanding.

Overview of the special issue

In this special issue, we aim to highlight different approaches to learning about systems

and how to support and measure such learning. Given the emphasis on systems in new

science standards, and the growing body of research, the time is right to bring together

these models and tools for supporting systems learning and instruction for primary and

secondary science in order to examine the diverse perspectives and/or computational tools

that support learning about systems in science domains. The five articles in the special

issue comprise research on a range of populations including early elementary students

(Danish et al.), upper elementary students (Grotzer et al.), middle school students (Hmelo-

Silver et al.), high school students (Tripto et al.) and high school teachers (Yoon et al.).

Goals for each intervention aim to improve understanding in particular aspects of systems

that collectively illustrate conceptual challenges that students typically encounter. Grotzer

et al., tackle the concept of probabilistic causality, while Tripto et al., Danish et al., and

Hmelo et al., investigate how students understanding of relational dynamics between

system components and mechanisms that fuel systems’ behaviors improve. Yoon et al.,

examine how the addition of teachers’ instructional supports influenced student learning of

systems in the concepts of randomness, dynamics, decentralization, and emergence.

With respect to conceptual frameworks, each set of authors anchor their research in

learning models that are known to support students when they are constructing mental

models or building knowledge. Danish et al., uses the familiar Vygotskian concept of the

ZPD–Zone of Proximal Development to investigate how scaffolding through particular

questioning techniques support young students in learning about systems. Tripto et al.,

anchors their intervention in PBL–problem based learning, which provides a problem-

centered, and holistic approach to curricular activities. Hmelo-Silver et al., uses a CMP—

components–mechanisms–phenomena model to provide visual representations of system
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ontologies. In Grotzer et al., a theory of probabilistic causation is used to orchestrate a

series of tasks for students to engage in learning. Yoon et al., offer a curricular and

intervention framework based on scientific practices, computational modeling, systems

processes, and research on teacher learning and professional development to inform their

study outcomes.

Finally the tools to carry out the interventions and research methods vary across all five

papers, which highlight the rich diversity of research approaches. In terms of tools, agent-

based modeling platforms, games, clinical activities and case studies, and computer sim-

ulations are used to represent the scientific phenomena. Each study also uses unique

analytic tools and research designs, ranging from qualitative descriptive designs to quasi-

experimental designs and several studies use mixed methods.

Significance of the special issue

Collectively, we believe an important contribution of this special issue is the diverse

theoretically guided and empirically tested approaches to supporting learning about sys-

tems, that we hope will appeal to researchers and practitioners along the K to 12 contin-

uum. Moving forward, it will be important to build on the research presented here to

continue to develop evidence-based design principles that support teaching and learning

practices for complex systems. A greater focus on methods for assessing student learning

and the evaluation of learning designs will also be important in moving the field forward.
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