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Assessing Student Understanding of Science


PROJECT DESCRIPTION: Teaching nature of science and scientific inquiry in the context of scientific paradigms: Assessing student understanding
Principal Investigators: 
Basil Tikoff, University of Wisconsin – Madison





James Stewart, University of Wisconsin – Madison

I.  GOALS AND OBJECTIVES
The goal of this project is to assess student achievement in a new course for first-year non-science majors at the University of Wisconsin-Madison (UW).  We have piloted an integrative and process-oriented theoretical framework for teaching science via paradigm shifts that led to five “big ideas” in science: heliocentrism, atomic theory, plate tectonics, evolutionary theory and global climate change. These topics allow for an engaging exploration of different systematic approaches scientists use to investigate questions, the process of scientific inquiry (SI); as well as the social context in which science is conducted, nature of science (NOS). The broad underlying content in each of these subjects is addressed via a historical unfolding of scientific discovery and conceptual invention. 

We propose that this approach to teaching a general science course gives students greater insight into the relevance of scientific concepts; greater acceptance of science as a process of human inquiry rather than a set of accepted truths; and an understanding of the social and cultural context within which scientific theories are developed. We are requesting funds to assess the effectiveness of this framework, by gathering data on student conceptions of both the process of scientific inquiry and the nature of science. We will assess to what extent this combination ultimately enables students to reason scientifically, develop a positive attitude toward science, and enhance their ability and desire to engage in life-long learning. 
We expect this research will help to identify enduring knowledge and skills that contribute to a citizen’s understanding of science, and produce an effective means to assess how students exhibit their understanding of these processes in any context. This collaborative research has future implications for introductory science teaching at the university level and will ultimately impact instruction at the postsecondary level through K-12 teacher education at the UW School of Education.  

The main objectives of this project are to assess the effectiveness of our teaching framework by: 
1) Measuring student gains in understanding of scientific inquiry (SI)

2) Measuring student gains in understanding of the nature of science (NOS)

3) Developing and evaluating assessment tools used to measure scientific reasoning in this context

4) Identifying critical, enduring knowledge to inform how we teach science at the undergraduate level

II. SYNOPSIS OF COURSE 

III. Scientific Inquiry and Nature of Science
A. Scientific Inquiry

B. Nature of Science

C.   Scientific reasoning and critical thinking

INTELLECTUAL MERIT – SECTIONS IV & V

IV. ASSESSMENT

A. Research Objectives 

B. Measuring student understanding of scientific inquiry (SI)

TABLE 4: Assessing learning gains for Scientific Reasoning
	Measuring for Student Learning Gains in understanding:
	Example Research Question:
	Example Research Action:
	Assessment Tools

	Scientific Inquiry (SI) 

(Cognitive)
	Can students interpret evidence and identify uncertainty in data?
	Analyze data gathered from student responses specific to this SI learning objective
	•Interview data

•Pretest and posttests

•Student course work

	Scientific content and qualitative reasoning (Cognitive)
	Do students gain a better understanding of scientific content in the context of a course that emphasizes SI and NOS?
	Implement content-oriented assessment tools in the course and in comparable introductory non-majors courses and compare outcomes
	•Interview data

•Pretest and posttests

•Student course work

	Nature of Science (NOS)

(Reflective)


	What is student understanding of NOS? Does it influence learning of SI?


	Develop assessment tools aimed at measuring student understanding NOS 
	•Interview data

•Pretest and posttests

•Student reflections/journals

•Student course work

	Changes in attitudes toward science (Affective)
	Do students explicitly taught SI and NOS self-report an increased interest in science (represented in mainstream media, e.g.)?
	Develop surveys and questionnaires that evaluate student interest in science and desire to continue to learn about scientific discoveries 
	•Interview data

•Pretest and posttests

•Student reflections/journals

• SALG


C. Measuring student understanding of nature of science (NOS)

D. Assessment tools for measuring student gains

V. Connections to Teacher Education

A. Connections to Teacher Certification Programs 

B. Connections to Graduate Programs 

VI. PERSONNEL

VII. BROADER IMPACTS
VIII. PRIOR NSF SUPPORT
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Figure 1. The left side of the diagram represents the five modules (big ideas in science”) to be explored in the
multidisciplinary, non-science majors course. Each module will address a major change in scientific thinking

(paradigm shift), explicitly addressing questions related to both the process of scientific inquiry and the nature of science
(questions shown within circle on right). Students will develop their scientific reasoning skills in answering these
questions. Reiteration of these questions through different modules will resultin increased sophistication of

scientific reasoning.





