This introduction to VASS consists of excerpts from a 2001 monograph by Ibrahim Halloun, with an appendix of excerpts from a 1996 NARST presentation. The intention is to give a quick overview of the VASS. (This document was put together by Jane Jackson in Nov. 2006; I am responsible for omissions and mistakes. References have been omitted for clarity and brevity, and the order and section titles have been changed.)
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Why the need for the VASS


     Students’ views about the nature of science and their attitudes towards it have drawn a particular attention within the educational community in the second half of the twentieth century, and especially in the last two decades. Two major reasons were behind this concern. First, many researchers had suspected, and found, that student achievement in science courses may be affected by these views and attitudes. Second, science and technology have become the main driving forces of development in our globe. Governments and concerned educational bodies around the world have consequently been working to ensure scientific literacy for all citizens, with an emphasis on the interplay between subject-matter on the one hand, and learning styles, beliefs and attitudes toward science and technology on the other.


     Despite all calls for scientific literacy and efforts put forth by teachers and concerned educators for improving students’ ideas about knowing and learning science, research around the world has been constantly showing the following:


• Most people have unsatisfactory understanding of the most elementary conceptions in science and mathematics, irrespective of their educational background.


• Students of all levels are encumbered with folk views about the nature of science and science education that are at odds with the views of scientists and educators.


• Introductory science courses do little to change student views and, more often than not, when changes occur, students’ views shift closer to folk views than to views commonly accepted within the scientific community.


• Students’ achievement in science courses may be negatively affected by their folk views.





Objectives


     VASS was designed to meet the following objectives:


1. To ascertain significant differences between the views of students, teachers and scientists.


2. To identify patterns in student views and classify them in general profiles.


3. To measure the effectiveness of instruction in changing student views and profiles.


4. To compare student views/profiles at various grade levels (8-16).


5. To assess the relation between student views/profiles and achievement.


6. To compare student views/profiles in different science courses (physics, chemistry, biology...) and across various demographic strata.





VASS history


     The Views about Science Survey (VASS) was originally developed by the author, in collaboration with the Modeling research team at Arizona State University. The instrument development started in 1993. Over three academic years, it evolved gradually from an open-ended questionnaire to a closed type with Contrasting Alternatives Design, and from an instrument with a single form for physics education to one with four forms, for physics, chemistry, biology and mathematics education respectively. At an intermediary stage (Spring 94 through Spring 95), two complementary forms of VASS were developed for each discipline, one for students’ learning styles and their attitudes toward science education, and another for their views about the nature of science.


     The two forms were subsequently refined and merged in a single one. By the spring semester


of 1996, the instrument was administered to over ten thousand US high school and university


students, and validated for surveying student views about knowing and learning science (and


mathematics) and assessing the impact of these views on course achievement. Since then, the instrument has been widely used in many countries around the world for evaluating science or mathematics instruction and related reform projects.





Taxonomy


     To identify major issues to be addressed in VASS, we reviewed related works in the relevant literature, including the following:


1. Scholarly views on the philosophy of science.


2. Major works in cognition.


3. US national science standards (AAAS, 1990 & 1993; NCEE, 1983; NRC, 1996; NSTA,


1993 & 1995).


4. Research on student views about science.


     In constructing a taxonomy of the issues we identified, we sought to avoid: (a) arcane and problematic questions about the epistemology of science, and (b) bias toward our own position. We devised one VASS instrument after another to assess student views on the targeted issues, and we kept refining our taxonomy and VASS items based on:


1. Peer review done by university professors and experienced high school teachers who are versed in science education literature.


2. Students’ answers on VASS items, and their relation to course achievement and performance on content-based conceptual surveys like the Force Concept Inventory.


3. Interviews with respondents.





     We finally settled on three scientific dimensions and three cognitive dimensions. The scientific (or, actually, metaphysical) dimensions pertain to the structure and validity of scientific knowledge, and to scientific methodology. The cognitive (or pedagogical) dimensions pertain to learnability of science, reflective thinking, and personal relevance of science. To assess variability in student views in different disciplines, we constructed parallel forms of VASS along these dimensions for physics, chemistry, biology, and mathematics.


     Each of the six dimensions is framed in the form of pairs of contrasting views about science or science education that our analysis revealed to be the most prevalent. The primary view, hereafter referred to as the expert view, is the one we found to be most common among philosophers of science, scientists and educators. The opposing view, hereafter referred to as the folk view, is often held by the lay community and science students at all grade levels.


...





Contrasting Alternatives Design


     Traditional assessment instruments present items in one of two formats: (a) open–ended


(constructed, or free–response), or (b) closed (objective, or selected–response). Open formats like interviews and essays can be valuable and informative means of assessment for purposes like ours. However, they are not feasible for large samples. Objective formats like multiple-choice and Likert scale are more practical and cost-efficient. However, research indicates that they encounter insuperable validity and reliability problems when used in surveying students’ views about science [seven references are cited].


     For VASS, we needed a valid and reliable testing format that could be used to survey large samples efficiently. Since no traditional format meets all three criteria: validity, reliability and feasibility, the author of this report devised a new item format, the Contrasting Alternatives Design (CAD), which requires respondents to balance between two contrasting alternatives. Each item consists of a statement followed by two alternatives which respondents were originally asked to balance on an eight-point scale (now, on a 5-point scale). They could pick either alternative exclusively (options 1 or 7), a weighted combination of the two (options 2, 3, 4, 5, or 6), or neither one (option 8, now excluded).


     


Advantages of CAD


     ...we compare CAD to the three most popular assessment formats, open-ended, multiple choice and Likert scale, with an emphasis on the latter. We pay a special attention to comparing CAD to the Likert rating scale in this report because it is most commonly used in other instruments


assessing student views about science.


     Before we compare CAD to other survey formats, let us first point out some precautions that we took originally in designing VASS and that actually set this instrument further apart from all other instruments so far developed for assessing student views about science. In the wording of each item (stem and alternatives), we tried, as much as we could, to use colloquial terms and avoid the use of formal scientific terminology that students may not be familiar with. Furthermore, and as much as we avoided arcane issues in our taxonomy, we addressed each included issue in a familiar context, knowing that people, and especially secondary school students, have difficulty thinking about any issue in the abstract.


     In the latter respect, and contrary to common practice in the design of traditional instruments for assessing student views about science, VASS: (a) asks questions about specific disciplines, (b) narrows issues in a given question down to a single factor in a given dimension, and (c) is restricted to issues that are within the scope of target populations.


     As a rule, surveys that we have examined ask questions about “science” in general. We suspected that student opinions would differ according to discipline, so we designed different VASS forms for different disciplines (biology, chemistry, physics, and mathematics, so far), in accordance with the same taxonomy. Our suspicion has been actually confirmed by the results we kept getting in the last seven years.


     Student views about science vary not only between disciplines, but also within a given discipline. Student epistemological views often vary from one theory to another within the same science or even from one law to another within the same theory. Where appropriate, VASS accounts for students’ sensitivity to content by asking the same question in more than one context within the same science.


     Traditional instruments often address several factors in a single question. In VASS, each question concentrates on a single factor within a given dimension. Moreover, these instruments often address issues that are beyond students’ purview and experience. ... our research has shown that such ambiguous and debatable questions have little utility, and are thus avoided in VASS.





Open-ended questions and CAD


     Open-ended questions are often open to a wide variety of interpretations by respondents as well as by researchers. They can be misleading, especially when respondents’ priorities or value judgments are not the same as those of the concerned researcher, which is often the case. When VASS was first administered in open-ended format, students were asked in one of the questions to state the first thing they do in solving a physics problem.


     A student replied by writing that he starts by looking for the appropriate formula. When interviewed, it became evident that the first thing this student actually does in solving a physics problem is draw diagrams, but this procedure seemed so trivial to him that he thought it was not worth mentioning in his written response.  ...





Multiple-choice questions and CAD


     Multiple-choice questions could be valid and reliable means of assessment when they


are adequately constructed, and when only one answer could be exclusively acceptable to a


given question. This format defeats its purpose in the event a respondent feels that s/he could


pick more than one of the provided alternatives, whether or not this is acceptable by the surveyor, and especially when the choice can be of ranked alternatives. This dilemma presents itself in the case of VASS where there are a number of issues where even experts do not favor exclusively one alternative or another, but prefer some ranked combinations as it has been shown during VASS development.


     CAD resolves this problem by allowing respondents to choose either alternative exclusively, should they wish so, or a ranked combination of the two, either favoring one or the other (alternatives 2 or 4) or without any preference for one more than the other (alternative 3).





[An extensive analysis and discussion of validity and reliability follow.]





Student results


 [Many results of students, both in the United States and Lebanon, are presented.]


     ... our analysis of VASS results necessarily touches on deep philosophical issues about the nature of science and cognition, but it ignores many philosophical subtleties in order to capture broad tendencies in philosophical viewpoints. ...


     In the following we use terms like ‘scientific realism’ loosely, to indicate broad philosophical perspectives. We are not concerned with the technical definitions needed to articulate a sharp philosophical position. Our meanings for such terms should be sufficiently clear from the context.





Scientific dimensions:


     ... VASS results have consistently shown that, with respect to the scientific dimensions, no more than 20% of college students and 25% of high school students (in Lebanon and USA) have views indicative of positivism or naive realism, while at least 20% of students of any level hold opposing views consistent with scientific realism. The remaining students hold admixtures of both types of views. Most naive realists have folk profiles. Virtually all students with an expert profile and some students with a transitional profile (mostly those with a high transitional profile) are essentially scientific realists.


     Naive realists believe that the physical world is exposed directly to our senses and that scientific knowledge mirrors this reality. Consequently, they often believe that scientific knowledge is exact, absolute and final, as well as situation-specific, piecemeal, and developed from arbitrary rules of thumb. Naive realists often believe that physics is guided by mathematical rules for manipulating formulas.


     In contrast, scientific realists believe the physical world cannot be known directly through sense perception, but only indirectly through theoretical constructions. Consequently, they believe that scientific knowledge is approximate, tentative and refutable, as well as generic, coherent and systematically structured and applied.





Cognitive dimensions:


     ... VASS results in the cognitive dimensions (Table I) show that, when it comes to learning physics, no more than 28% of college students and 22% of high school students (in Lebanon and USA) can be characterized as passive learners, while at least 14% of students of any level are critical learners. The remaining students hold mixed cognitive views. Most passive learners have folk profiles. Virtually all students with an expert profile are critical learners, as is a good fraction of students with a high transitional profile.


     Passive learners are little motivated to learn physics and not perseverant in their study. They are authority-dependent, believing that their understanding of physics depends more on instruction than personal effort. They tend to concentrate on isolated facts and formulas in physics, memorizing them by rote without relating them to prior knowledge. They see little relevance of physics to everyday life, and so their concern with physics is limited to satisfying course requirements.


     In contrast, critical learners are authority-independent, believing that their understanding of physics depends more on personal effort than instruction. They tend to concentrate more on reasoning processes than factual information in physics. They are reflective thinkers, seeking a coherent understanding of physics, striving to detect and resolve discrepancies between accepted scientific knowledge and their own. Critical learners see physics as relevant to everyday life, so they pursue the study of physics more for personal benefit than for fulfilling curriculum requirements.   Moreover, ...critical learners are more curious than passive learners to learn about scientific developments covered in various media.





Relation between scientific and cognitive dimensions:


     ... Analysis ...  shows that students’ views about the nature of physics are significantly related to their views about learning physics. Thus, a naive realist is likely to be a passive learner, and a scientific realist is likely to be a critical learner. In fact, an Odds Ratio analysis between the extreme profiles have consistently revealed that the likelihood of a naive realist being a passive learner or a scientific realist being a critical learner is more than twenty times the likelihood of a naive realist being a critical learner or a scientific realist being a passive learner.











APPENDIX





Quotes from the paper entitled Views about Sciences Survey: VASS


  by Ibrahim Halloun and David Hestenes


  presented at the NARST annual meeting on April 1, 1996








History of VASS:


    "Following a review of major works in the epistemology of science, cognition, national science standards, and educational research related to our work, we developed a preliminary taxonomy of expert and folk views about science and learning. The taxonomy was then revised with a number of experts in the field, and an essay-type instrument was devised and administered in December 1993 to a sample of 41 college physics students. Following analysis of student responses on the instrument and interviews with some of the students, separate but parallel open CAD VASS forms were designed for physics, astronomy, chemistry, and biology."


...


    "The open CAD VASS forms were administered in the spring of 1994 to 754 high school and college students. Following analysis of VASS responses and interviews with some students, the two forms in each discipline were refined (except for astronomy which is still on the back burner), and items were transformed to a CAD format where students wre required to balance the two alternatives on the same eight-point scale as before. However, respondents were not asked to provide their own answers if they were not satisfied with the alternatives, or to justify their answers. They marked their answers on scannable answer sheets of our own design."





    "The new forms were administered in the 94-95 academic year to 3,490 high school and college students, and evaluated in the same way as their predecessors. Furthermore, the relationship was analyzed between students' responses on VASS on the one hand, and their final grades in their respective courses and, in the case of physics, their performance on a standardized conceptual instrument, the Force Concept Inventory (Hestenes et al., 1992), on the other hand. Consequently, the taxonomy of VASS was refined, and the two forms in each discipline were replaced by a single form of 33 CAD items each. Thus far, the latest VASS forms (P11 for physics, C11 for chemistry, and B11 for biology) have been administered in the 95-96 academic year to 3,686 high school and college students enrolled in 44 institutions (4 of which are universities) in 23 states."








Advantages of Contrasting Alternatives Design (CAD) over Likert scale and other designs.


    "Traditional assessment instruments present items in one of two formats: (a) open- (or constructed-) response, or (b) objective- (or selected-) response. Open formats like interviews and essays can be valuable and informative means of assessment for purposes like ours. However, they are not feasible for large populations. Objective formats like multiple-choice and Likert scale are more practical and cost-efficient. However, research indicates that they encounter insuperable validity and reliability problems when used in surveying students' views about science [5 references are cited]."


...


    "... Each item consists of a statement followed by two contrasting alternatives which respondents are asked to balance on an eight-point scale. They can pick either alternative exclusively (options 1 or 7), a weighted combination of the two (options 2, 3, 4, 5, or 6), or neither one (option 8). Advantages of the Contrasting Alternatives Design (CAD) and other features of VASS are discussed below."





Validity


1. Content issues


    ... "Contrary to common practice in the design of traditional instruments for assessing student views about science, VASS: (a) asks questions about specific disciplines, (b) narrows issues in a given question down to a single factor in a given dimension, (c) is restricted to issues that are within the scope of target populations." [A discussion follows.]





2. Interpretation


    "Popular test formats such as the Likert scale are often open to a wide variety of interpretations by respondents as well as by researchers. Two respondents may express opposite positions on a Likert item for the same reason, or the same position for contradictory reasons (Aikenhead, 1988). When presented in a CAD format, respondents are focused on the context within which they need to answer a given question, and so are researchers in interpreting responses."


    "Essay and Likert questions can be misleading, especially when students' priorities or value judgments are not the same as researchers', which is often the case." ....





[Short discussions of reliability and feasibility follow.]
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