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Abstract

We describe the pre-course results from the Astronomy Diagnostic Test (ADT), a research-based, multiple-choice instrument which assesses student knowledge and understanding about selected concepts in astronomy.  The ADT is valid for undergraduate non-science majors taking an introductory astronomy course. This paper briefly summarizes the development and validation processes, which included pre-course administration to 1557 students in 22 classes attending a variety of post-secondary institutions across the USA in the spring 1999 semester.  Two interesting results are (1) the average class score of the ADT is about the same (32%) regardless of type of post-secondary institution, geographic location across the USA, or class size and (2) there is a significant gender difference, with women scoring an average of 28% and men 38%, with the standard errors both less than 1%.  The current version of the ADT, and a comparative by-class database, is available to astronomy instructors at the (USA) National Institute for Science Education (NISE) webpage.

1. Why Does Astronomy Need a Standard Assessment Instrument?

A standard diagnostic test can be a powerful tool to assess the understanding of students, as has been proven for undergraduate physics instruction over the last ten years (e.g., Redish & Steinberg 1999).  Several forces are now driving change in undergraduate astronomy education in the USA.  These include: a call for post-secondary faculty to document the effectiveness of their teaching; assessment of the relative effectiveness of alternative teaching strategies; and the inclusion of astronomy concepts in the (voluntary) national science education standards for elementary and secondary students (web REFERENCE?).  For example, a standard baseline should be established before adopting a more interactive teaching style such as that used by Eric Mazur (1997) or Michael Zeilik and his collaborators (1997).  These forces are not restricted to the USA, as the UK’s Beyond 2000, Science education for the future, sets forth the expectation that “Any contemporary science curriculum ( will require the development of tools to aid teachers to use formative assessment to monitor and improve pupils’ learning (.” (Millar & Osborne 1998).

In the summer of 1998, a team of astronomy educators formed the Collaboration for Astronomy Education Research (CAER) with the goal of producing a multiple-choice, education research-based assessment instrument for introductory, post-secondary astronomy courses for non-science majors.  CAER included Jeff Adams, Christine Brick, and Timothy Slater (Montana State at Bozeman), Rebecca Lindell Adrian (Univ. of Nebraska(Lincoln), Gina Brissenden (Amer. Astron. Society), Grace Deming, and Beth Hufnagel (Univ. of Maryland), and Michael Zeilik (Univ. of New Mexico).

2. Predecessor Surveys

The first predecessor was a 16-question instrument developed by Lightman & Sadler (1993) to measure teacher predictions versus actual student gains at the high school level.  This was subsumed into the Project STAR Astronomy Concept Inventory, a 47-question multiple choice test designed as an assessment instrument for a National Science Foundation (NSF)-supported curriculum project (Sadler 1998), also based on interviews with high school students. The Project Star test was not widely available.

In 1998, Michael Zeilik released the first version of the Astronomy Diagnostic Test (ADT).  This was a ??-question multiple choice instrument with ?? questions based on the Project STAR test and ?? additional questions based on ??? (whatever Mike said in his papers).  This test was developed as part of a comprehensive NSF-funded project to reform teaching in the large-student-enrollment introductory astronomy class.  ADT version 1 was the logical starting point for the CAER effort to produce a research-based, standardized multiple-choice instrument validated for national use – ADT version 2.

3. Development and Validation of the ADT Version 2
The ADT was re-written for the fall semester of 1998 using standard psychometric principles (e.g., Miyasak, & Ryan 1997).  These included testing for only one concept per question, avoiding scientific jargon, and allowing the correct answer to be determined without first reading the answers.  Also, several questions on new topics were added from a previous unpublished survey by one of us (GD), resulting in ADT version 1.1.

Three types of data dictated changes to the ADT version 1.1;  statistical analyses from administering the ADT version 1.1, undergraduate interviews, and written responses from students.  In the fall semester of 1998, the ADT version 1.1 was administered pre- and post-course to about 1000 students in four colleges and universities, enrolled in eight introductory astronomy classes.  The results of statistical analyses, particularly average class scores, item difficulty, and item discrimination, guided re-writing and deletion of questions.  We used the results from semi-structured interviews of 30 students, enrolled in introductory astronomy, as they answered the ADT questions (no answers were provided) to test validity, suggest new questions and new distractors for old questions, identify clearer presentations, and interpret the statistics.  An additional 30 students also provided written responses to open-ended ADT questions.  Several questions from one of us (RLA), based on other interviews with undergraduates (unpublished), replaced uncorrectable questions. The result was ADT version 1.2 for spring 1999.

The basic procedure described above to validate ADT version 1.2 was repeated in the spring of 1999, with the exceptions of deleting open-ended student responses and adding expert responses.  In the spring semester of 1999, the ADT version 1.2 was administered pre-course to about 1500 students in 17 colleges and universities across the USA, enrolled in 22 introductory astronomy classes, and also taken by their instructors.  (Only two classes in one CAER institution were included.)  The expert group scored 97%, verifying that there was one correct answer for each question.  The results of statistical analyses, particularly average class scores, item difficulty, and item discrimination, led to the deletion of only one question.  We used the results from structured interviews of 20 students, as they answered the ADT in multiple-choice format, to determine measurement validity, identify mistakes in typing and image placement (these were minimal), and interpret the statistics.  No new questions were added.  The result was ADT version 2, released on 21 June 1999.
4. Results from Pre-Course Administration in spring 1999
The USA’s post-secondary landscape is rich and varied in types of institutions, including size of the student body, culture, primary purpose, type of student served, etc.  Of these, five are represented in the pre-course ADT sample for the spring of 1999.  These are (1) government-funded research universities with graduate and professional schools and student bodies often in the tens of thousands (“state universities”), (2) privately-funded four-year colleges with smaller student bodies, selling a quality education at a high price (“liberal arts”), (3) government-funded two-year colleges serving their local area, including vocational, adult, and remedial courses but increasingly replacing the first two years of university (“community colleges”) (4) privately-funded colleges or universities specializing in technical majors, often with an all-male history(”technical”), and (“women’s”)
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