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Theoretical Differences: Exploring the Communication Barrier between 
Anthropology and Physics Education Research


A discussion of theory is not conducted in the same way across all disciplines of scholarly inquiry. For instance, the ways in which theory is developed and debated in anthropological discourse differs greatly from the ways in which theory is produced and argued in the field of physics education research (PER). The significant differences in how PER and anthropology conceptualize theory and utilize methodology have created a barrier in communication between the two fields, and this barrier has been preventing the fields of PER and anthropology from benefitting from each other’s research. In this paper, I examine the conceptualization of theory and methodology in PER and in anthropology in order to explore the foundations of the barrier between the two fields and to explore how it might be overcome. First, I provide an overview of the theory and methodology of PER. Next, I describe the theory and methodology of anthropology and evaluate the ways in which anthropological thought and practice differ from those of PER. Finally, I offer suggestions for how anthropological theory and methodology could be incorporated into future PER research. 
Physics education research seeks to understand the ways in which students learn physics in order to improve physics education efforts (Beichner 2009). The results of PER’s investigations have led to an array of models and theories regarding the processes of how students learn physics, the common obstacles that hinder student success in physics courses, and the types of educational strategies that are most effective at helping students learn physics (McDermott and Redish 1999; Beichner 2009). PER practitioners are typically university physics professors who contend that education is a process that can be studied using a systematic, scientific process, and the majority of PER practitioners are working out of established general physics departments (Beichner 2009). Because of this, many academics consider PER a subfield of physics (Beichner 2009). The result of this placement of PER under the umbrella of physics is that PER practitioners are under intense pressure to conform to the standards of physical research (McDermott and Redish 1999). 
The goal of physical experiment is to utilize the process of scientific inquiry to generate testable, quantitative results that have as little uncertainty as possible and which lead to the construction of comprehensive theories with general significance and applicability (McDermott and Redish 1999). There are three theoretical assertions guiding the process of scientific inquiry used to create these generally significant results and comprehensive theories (McDermott and Redish 1999). The first assertion contends that scientific inquiry should be undertaken using carefully designed experiments that can be reproduced and repeated (McDermott and Redish 1999). The second assertion maintains that methods of data collection and analysis must be rigorously explained, including a thorough description of any instruments of measurement or assessment used (McDermott and Redish 1999). The third assertion says that researchers should directly address possible points of weakness in their experimental design and should describe measures they have taken to minimize these weak points (McDermott and Redish 1999). 
The largest impact of PER’s connection to the theory and method of general physics is that there is a pervasive bias in PER that any theory not produced using the process of scientific inquiry described above is not worthy of attention and inclusion in PER (McDermott and Redish 1999). Because of this, physics education researchers are often reluctant to draw from the methodology or findings of non-scientific fields such as anthropology (McDermott and Redish 1999). Therefore, in the following paragraphs, I conduct a careful examination of anthropological theory and methodology in order to determine the cause of PER’s reluctance to draw from anthropology and to investigate ways in which this reluctance can be overcome. 
Anthropological research endeavors to understand and represent the wide diversity of human experiences by exploring the social practices, patterns, and dynamics of many different groups of peoples (“What” 2015).  Anthropological theory explicitly rejects the idea of using anthropological research as a vehicle to seek universal facts or theories about human behavior (Clifford and Marcus 1986). Instead, anthropologists investigate how peoples from various cultures or groups make sense of the world around them and their experiences in it (Traweek 2006). In this way, the field of anthropology differs from the field of PER in that anthropological work does not strive to use the systematic process of scientific inquiry to generate comprehensive theories with general significance and applicability. Instead, anthropology seeks to understand and represent the thoughts, beliefs, experiences, and social dynamics of various social groups from the perspective of those groups (Traweek 2006). 
Because of this focus on exploring peoples’ experience from their own perspectives, the methodology of anthropological research requires extensive interaction and communication between researchers and the peoples they are researching (Bernard 2006). The primary methodology of anthropological research is participant observation, in which the researcher observes and investigates a social practice by engaging in that practice with the people performing it in order to gain insight into how this practice is seen, felt, and experienced by those who take part in it (Bernard 2006). Through the process of participant observation, the anthropologist becomes the primary instrument of data collection (Bernard 2006). 
In contrast, PER methodology relies on non-personal instruments of data collection, such as written tests and assessments instruments (Beichner 2009). PER practitioners utilize these instruments in an attempt to adhere to the physical research model of systematic scientific inquiry (Beichner 2009). These written instruments are considered to yield objective, quantifiable data that can be used to theorize general facts regarding the teaching and learning of physics (Beichner 2009). Physics education researchers hope to use the general facts uncovered by these instruments to generate improved understanding of and strategies for the optimal teaching and learning of physics (Beichner 2009). 
Though physics education research strives to create and utilize instruments that are as impersonal and objective as possible, the subject matter that PER is researching, the learning and instruction processes of human beings, is far from objective. PER investigations, therefore, must take into account the issues inherent in working with human beings in the social context of educational settings. One issue is that the complexity of human behavior and experience limits the PER practitioner’s ability to name and control for all variables which may be impacting student behavior or learning outcomes (McDermott and Redish 1999).  Another issue is that, because human behavior is not easy to objectively measure or quantify, data regarding human behavior is difficult to collect and contains a high degree of uncertainty (McDermott and Redish 1999). 
These issues suggest that physics education researchers may need to diverge from the ideals of traditional physics research in order to effectively study PER’s specific subject matter, human beings and their experience in the learning and teaching of physics. In this way, anthropological theory and method become directly relevant and applicable to PER, for anthropology as a discipline seeks to understand and represent human beings and their experience. Ideally, PER would make use of both scientific inquiry methods and anthropological methods to explore topics affecting physics education. For instance, PER practitioners could utilize the anthropological method of participant observation to investigate the relative success of physics instruction methods that involve active student engagement.
Physics education researchers have observed that physics classes in which students are actively engaged report higher student learning gains on standardized assessment tests than classes in which students are passively taught through lecture (Hake 1998). In response to this, physics education researchers have developed many targeted curricular materials and methods to encourage active student participation. However, instructors who use these curricular materials and methods have reported a wide range of learning gains (Hake 1998). Unfortunately, the data from the assessment tests cannot provide clear information regarding why students in some actively engaged physics classrooms achieve higher score gains than students in other actively engaged physics classrooms (Hake 1998). The anthropological method of participant observation is an ideal tool for conducting further research into how and why this range of student learning gains occurs among classes using the same or similar active engagement curricula. 
Using participant observation, the physics education researcher could track and describe the nuances in behavior, body language, mood, and energy level of the students and instructor during physics classes. Next, the researchers could examine test data from standardized assessment tests given to students both before and after the class to determine the overall learning gains made by the students. Physics education researchers could then analyze the data gathered from both methods in an effort to understand how the social dynamics of the classroom are impacting student learning. This process could be repeated in many different classrooms from many different universities to help physics education researchers build a model for understanding the range of different social dynamics that occur in physics classrooms using the active engagement curricula and the variety of ways these trends in social dynamics have impacted student learning. Physics education researchers could use this model to guide further research efforts in creating highly successful physics education programs. 
	In conclusion, the connection between the fields of anthropology and PER lies in their shared focus on the study of human beings and their experience. Though the theory and method of PER have been heavily influenced by PER’s connection to general physics, the realities of the social nature of physics education suggest that PER could benefit significantly from an inclusion of anthropological theories and methods. The mixed dual approach proposed above demonstrates one way in which adopting methodology from anthropology could contribute to the research efforts of PER, though the potential benefits of a partnership between these two fields extends far beyond the boundaries of this one example. Such a partnership could potentially open entirely new avenues of investigation in PER, with physics education researchers borrowing from anthropological theory to generate new research questions to explore in PER. Thus, regardless of their current differences in theory and method, their shared focus on studying human beings presents exciting opportunities for partnership and collaboration between the fields of anthropology and PER. 
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