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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 (Aikenhead, 1987; Baker & Piburn, 
1991; Cobern, 1993; Edmonson & Novak, 1993; Halloun & Hestenes, 1998; Lederman, 
1992; Meichtry, 1992, 1993; Redish & Saul, 1995; Reif & Larkin 1991; Schibeci & Riley, 
1986; Songer & Linn, 1991). 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 (AAAS, 1990, 1993; 
NCEE, 1983; NRC, 1996; NSTA, 1995; UNESCO, 1993). 

 Despite all calls for scientific literacy and efforts put 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 (Halloun, 1993; 
NSB, 1996; TIMSS, 1994). 

♦ 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 (first list of 
references above). 

♦ 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 (ibid.). 

♦ Students’ achievement in science courses may be negatively affected by their folk views 
(ibid.). 

 With the reconstruction of its infrastructure and its commitment to long-term 
developmental projects in all sectors, Lebanon is in particular need for expertise in science 
and technology (S&T) and for public awareness of the role of these fields in development. 
The new pre-college curricula that took effect in the 98-99 academic year put an emphasis 
on some sort of S&T literacy and acknowledge that “it is important that students become 
lifelong learners of science”, that they “understand the nature of science and technology”, 
“abide by…scientific values” and develop positive attitudes toward S&T (Lebanese 
Government Decree 10227, 1997, p. 458).  

 Lebanon has participated so far in no international S&T survey. Except for research 
conducted by this author and bearing on the first point (Halloun, 1986, 1988, and 1993), no 
national survey has yet been instituted to assess regularly where Lebanese students stand on 
any of the issues mentioned in the four points above. In an attempt to prepare the way in this 
direction, this author has taken the initiative of assessing these students’ views about 
knowing and learning science, using updated forms of VASS, the Views About Science 
Survey. 

 VASS is a paper-and-pencil instrument designed to survey student views in question 
(Halloun, 1996, 1997; Halloun & Hestenes, 1998). Its items are written following the 
Contrasting Alternatives Design (CAD), a novel assessment format devised by this author 
(Halloun, 1996, 2001a). VASS and CAD were revised recently, and the instrument was 
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subsequently administered, in the span of over one year, to more than two thousand 
Lebanese students enrolled in secondary school and university physics courses nationwide. 
Five major questions were addressed in the process: 

1. How can VASS be made accessible to Lebanese students (or students of any nationality 
to that matter), and easy for educators to administer and interpret? 

2. What are the advantages of the Contrasting Alternatives Design (CAD) used in VASS 
over other assessment formats, especially Likert rating scale that is most commonly 
used in major instruments assessing student views about science? 

3. How do Lebanese students’ views about science compare to those of their international 
peers especially in USA? 

4. How do student views about science relate to course achievement? 

5. How does teacher practice affect students’ views?  

 The answers to all these questions follow in this monograph. The monograph takes the 
form of technical report that would benefit all those who would like to use VASS and assist 
them in the interpretation of their data. In order to put things into perspective, let us start our 
report with a brief review of how VASS and CAD originally came about.  

 

 

VASS and CAD  

1. 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 has evolved gradually from an 
open-ended questionnaire to a closed type with Contrasting Alternatives Design (CAD, §2), 
and from an instrument with a single form for physics education to one with four forms, for 
physics, chemistry, biology and mathematics education respectively (Figure 1). At an 
intermediary stage (Spring 94 through Spring 95 in Figure 1), 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 (§3). Since 
then, the instrument has been widely used in many countries around the world for evaluating 
science or mathematics instruction and related reform projects. 

--------------------- 
Figure 1 

--------------------- 

1.1 Objectives 

 VASS was designed to meet the following objectives:  

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

1.2 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 (e.g., Bernard, 1865; Bunge, 1973; Giere, 
1988; Harré, 1959; Johnson-Laird, 1983; Kuhn, 1970; Lakatos & Musgrave, 1974; 
Lakoff, 1986; Lecourt, 1974; Popper, 1983; Tobin, 1993; Ullmo, 1969). 

2. Major works in cognition (e.g., Changeux, 1983; Dewey, 1933; Ericsson & Charness, 
1994; Gardner, 1985; Gilovich, 1991; Ginsburg & Opper, 1979; Glass, Holyoak & 
Santa, 1979; Grossberg, 1982; Jones, 1986; Klahr, 1976; Lochhead & Clement, 1979; 
Margolis, 1987; Newell & Simon, 1972; Perry, 1970; Piaget, 1972; Resnick, 1989; 
Simon, 1979; Squire, 1986; Stewart, 1985; Tobin, 1993) 

3. US national science standards (AAAS, 1990 & 1993; NCEE, 1983; NRC, 1996; NSTA, 
1993 & 1995). 

4. Research on student views about science (e.g., Aikenhead, 1987, 1988; Aikenhead, 
Fleming & Ryan, 1987; Baker & Piburn, 1991; Barrington & Hendricks, 1988; Cobern, 
1993; Cooley & Klopfer, 1961; Ebenezer & Zoller, 1993; Edmonson & Novak, 1993; 
Fleming, 1987; Germann, 1988; Gilbert, 1991; Kimball, 1968; Klopfer, 1969; 
Lederman, 1992; Lederman & O’Malley, 1990; Mackay, 1971; Meichtry, 1992 & 1993; 
Redish & Saul, 1995; Roth & Rychoudhury, 1993; Rubba & Andersen, 1978; Ryan, 
1987; Schibeci & Riley, 1986; Schmidt, 1967; Simpson & Oliver, 1985; Songer & Linn, 
1991; Welch & Pella, 1967). 

 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 (Halloun, 2001b, 2000; Hestenes, 1992). 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 (Halloun, 1996).   

2. Students’ answers on VASS items, and their relation to course achievement and 
performance on content-based conceptual surveys like the Force Concept Inventory 
(Halloun & Hestenes, 1985a, 1985b; Hestenes et al., 1992). 

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) 
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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. This report is strictly devoted to the discussion of the physics form. 

 Each of the six dimensions is framed in Table I 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.   

--------------------- 
Table I 

--------------------- 

 The taxonomy shown in Table I refers to VASS–Form P20 (§1.3) and is an update of the 
taxonomy from which ensued Form P12 that was made available in the last phase of Figure 1 
(Halloun, 1997; Halloun & Hestenes, 1998). Five new items have subsequently been added 
in the new form to accommodate the changes. These are items 4, 5, 6, 12, and 21 (cf. 
appendix).  

 Aside from the diagnosis of student views along the six dimensions of VASS (Table I), 
one objective in the current project was to assess the relationship between these views and 
course achievement. Given the difficulties we expected –and actually encountered in 
Lebanon– in getting participants’ grades in their physics courses, we had to find a reliable 
alternative. To this end, we added in VASS Form P20 a course achievement dimension 
consisting of three new questions asking students to rate their standing in their physics 
classes (questions 1, 2, 3). This new dimension does not figure in Table I because it does not 
actually reflect student views about science, which VASS is all about. It serves a different 
purpose discussed in section 9 of this report: to provide us with a reliable indicator of actual 
course performance every time we are unable to get formal course grades. 

1.3  Item format  

 The latest form of VASS developed to meet physics education needs in USA was Form 
P12. This form consisted of 31 items, all designed on an 8-point CAD scale in the manner 
shown in Figure 2. In a pilot study conducted in the spring of 1997, VASS–Form P12 was 
administered to a sample of secondary school and university students in Lebanon. Data 
analysis, including US data, revealed that the form needs to be revised to improve its 
efficiency in giving a valid and reliable picture of the state of Lebanese students, or students 
of any nationality to that matter, regarding the original VASS dimensions. Hence, and during 
the fall of 1998 and early spring of 1999, VASS Form P12 was revised in collaboration with 
Lebanese teachers, and VASS Form P99LB came about, both in English and French. This 
new form is an upgrade of Form P12 with respect to taxonomy (§1.2), item format and 
wording, and it is supplemented with a teacher survey for assessing the impact of teaching 
practice on student views about science. The new form was administered in 1999 to about 
two thousand Lebanese students (§4), and slightly revised subsequently to take the shape of 
Form P20 provided in the appendix. Form P20 is distinguished from Form P12 (and P99LB) 
in the following respects:  

1. Up to Form P12, we allowed participants to chose neither of the two contrasting 
alternatives   provided with each question  (Alternative 8 in Figure 2).  Except for two 
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items, no more than 3% of participating students had ever chosen alternative 8 on any 
given item. We thus dropped out alternative 8 altogether after revising the wording of the 
two exception items (No. 13 and 15 in Form P20), and adding item 12 to consolidate the 
changes made heretofore.  

--------------------- 
Figure 2 

--------------------- 

2. Lebanese students expressed some unease with the 7-point scale (excluding alternative 
8). This was due to these students’ unfamiliarity with rating scales, and, most 
importantly, to the inability they expressed during the interviews conducted during the 
pilot study to make the expected distinction between choices 2 and 3 or choices 5 and 6 
in Figure 2. Moreover, analysis of US data revealed insignificant differences between 
the proportions of students choosing answers 2 and 3 (or 5 and 6) in virtually every 
item. We thus combined each of the two couples of choices in one choice (actually 
dropping out choices 2 and 6 in Figure 2), and we ended up with a 5-point scale CAD 
format. In Form P99LB, this 5-point scale included choices 1, 3, 4, 5 and 7 in Figure 2.  

3. Analysis of US data and Lebanese data coming from the pilot study revealed that 
student answers on some questions in Form P12 were practically polarized toward one 
alternative or the other, i.e. toward one end or the other of the 7-point scale. These items 
were thus behaving more like dichotomous than rating-scale items. We thus converted 
them into the former format in Form P99LB, and we asked students to chose exclusively 
one or the other of the two alternatives provided with each of these items instead of 
expressing their position on a 5-point CAD scale. The items in question are items 6 
through 15 in section II (Form P20 in the appendix). 

 Analysis of data pertaining to form P99LB and subsequent peer review implied some 
minor revisions in the new VASS form, mainly with regard to the CAD format. The wording 
of some items have been slightly revised in the subsequent form P20, but the list of items 
and their taxonomy remained the same as in form P99LB LB. In Form P20, CAD 
alternatives have been modified so that the polar ends (Only “a” or Only “b”) could better 
accommodate students who would like to account for choices 2 and 6 in Figure 2 (Mostly 
“a”, Rarely “b”, or the opposite), especially US and international students who are used to 
rating scales. The modification was made possible in the direction shown in Form P20 
(appendix) especially because items that were actually bipolar in the original P12 form have 
already been transformed into dichotomous items in section II of the new form, and the 
remaining items were no longer truly bipolar. All these changes in Form P20 did not affect 
students’ answers on the various items; answer distribution remained practically the same as 
in Form P99LB (§3). 

 
2. 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 (Halloun, 1994, 2001a; Krynowsky, 1988; 
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McComas, 1998; Munby, 1983; Rennie & Parker, 1987; Symington & Spurling, 1990).  

 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 in the manner shown in Figure 2. 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).  

 CAD advantages and other features of VASS are discussed elsewhere in ample details 
(Halloun, 2001a; Halloun, Hestenes & Osborn Popp, 2001). In this section, 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 
(Halloun, 1996; 2001a). 

 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. Figure 3 compares our approach to that of others in this 
regard. As we shall see in section 5 of this report, student answers varied significantly on the 
two VASS items shown in this figure (and others), which supports our position to frame 
each item in the context of a single familiar situation. 

--------------------- 
Figure 3 

--------------------- 

 Traditional instruments often address several factors in a single question (Figure 4). In 
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VASS, each question concentrates on a single factor within a given dimension as can be seen 
in the VASS forms presented in the appendix and in the list of items associated with each 
issue in the taxonomy of Table I. Moreover, these instruments often address issues that are 
beyond students’ purview and experience. The test called TOUS in Figure 4 has been 
administered to fifth graders! Notwithstanding apparent misconceptions that TOUS authors 
have with the nature of scientific theory, our research has shown that such ambiguous and 
debatable questions have little utility, and are thus avoided in VASS. 

--------------------- 
Figure 4 

--------------------- 

2.1  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 (Figure 1), students were 
asked in one of the questions to state the first thing they do in solving a physics problem. 
The student in Figure 5 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 (Halloun, 1996, 2001a). 

--------------------- 
Figure 5 

--------------------- 

 The risk of interpretation mismatch between surveyor and respondent that we run with 
open-ended questions (as well as with those in other traditional formats) is resolved in CAD 
where the surveyor’s position can be easily and explicitly contrasted with a popular position 
distinguished from his. This latter position should of course come from open-ended 
questionnaires coupled with interviews to clear up any possible mismatch in the manner 
described in Figure 5. This is actually what we have done with VASS (Figure 1), and this is 
how we ended, for example, asking question 28 (cf. appendix) in the manner we did to 
resolve the issue emanating from the protocol of Figure 5.  

2.2  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 (Halloun, 1996, 2001a).  

 CAD resolves this problem by allowing respondents to choose either alternative 
exclusively (options 1 or 5 in section III of VASS presented in the appendix), 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).  
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2.3  Likert rating scale and CAD 

 The interpretation mismatch we discussed in §2.1 above is common to a wide range of 
formats including, especially, Likert rating scales. 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.  

 Had the question addressed in Figure 5 been asked in a Likert format: 
The first thing I do when solving a physics problem is to search for formulas that relate 
givens to unknowns, 

the student implicated in the figure would have undoubtedly agreed with the statement. Had 
the same question been asked differently in the same format, such as: 

The first thing I do when solving a physics problem is to represent the situation with 
sketches and drawings, 

the same student would have also agreed with the statement. Thus, contradictory results 
would be obtained with two Likert items that are supposedly intended to measure the same 
thing.  

 CAD rectifies the situation by formulating the discussed question in the form (cf. 
appendix): 

 The first thing I do when solving a physics problem is: 
(a) represent the situation with sketches and drawings. 
(b) search for formulas that relate givens to unknowns. 

and asking respondents to contrast the two alternatives on 5-point rating scale going from 
“mostly (a)” to “mostly (b)”, with a middle position corresponding to “equally” both or “(a) 
as often as (b)” (cf. appendix).  

 We devised a paper-and-pencil instrument to compare Likert and CAD formats and 
assess our position. The instrument consisted of two sets of questions bearing on six CAD 
items picked at random in VASS Form P20 (or P99LB). These are items 16, 18, 20, 28 
(corresponding to Figure 5 above), 32, and 34 (cf. appendix).   

 The first set of questions consisted of 12 questions asked in a Likert format. The second 
set consisted of the six corresponding questions in VASS asked in CAD format. 
Respondents were asked to express their position on a 5-point rating scale in either a Likert 
question or a CAD one. Matching questions were asked in the same order in the two 
questionnaires. The two alternatives associated with each CAD question were though 
provided in two separate questions in the Likert questionnaire. In order to diminish the 
possibility of student figuring out our purpose and matching their answers on two Likert 
items corresponding to the same VASS item, we had such couples of items spaced apart in 
the Likert test. In this test, all six items were first asked with the corresponding CAD 
alternative (a), and then later followed with the corresponding CAD alternative (b). 

 The two sets of questions were administered concurrently to 230 secondary school 
students who had never taken VASS before. Students were first presented with the set of the 
12 Likert questions. When finished answering these questions, the Likert questionnaire was 
collected, and student were presented immediately afterwards with the set of the six CAD 
questions. At no time, students had both questionnaires at hand simultaneously, and they 
were not allowed to reconsider their answers on either questionnaire once they have turned 
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in their sheets.  

 Interviews conducted with some participating students revealed that they all understood 
the questions in the manner asked and that their answers actually reflected what they thought 
about the issues addressed. Most had realized our purpose after taking both questionnaires, 
and all had argued that their actual positions are better reflected in their answers on the CAD 
questionnaire than in those on the Likert questionnaire.  

 Student answers on the two questionnaires are compared in Table II. Three consecutive 
rows in this figure correspond to a particular VASS item. Percentages are given for answers 
on the two corresponding Likert items first, then on the corresponding CAD item. For 
example, Likert 1a and Likert 1b correspond to questions 1 and 7 in the Likert questionnaire, 
and match the first item in the CAD questionnaire (CAD1 in Table II). 

--------------------- 
Table II 

--------------------- 

 Contradictions between Likert choices and discrepancies with CAD choices can be 
easily noticed in Table II for every single item. Take for example the first item, which deals 
with whether learning physics requires a serious effort and/or a special talent. In Likert 
format, 83% of respondents affirmed, by picking choices 1 or 2, that “learning physics takes 
a serious effort” (11% denied it) and 46% affirmed that it takes “a special talent” (36% 
denied it). Meanwhile in CAD format, 47% of the same respondents affirmed that it takes 
“mostly” a serious effort or “more of” that than of a special talent, and 38% affirmed that it 
takes both equally. 

 A similar situation presents itself with item 4 that deals with the issue of Figure 5 that 
we have been discussing all along this section. When asked about the first thing they do in 
solving a physics problem in Likert format, 74% of respondents sided with “sketches and 
drawings” (18% did not) and 76% sided with “formulas” (14% did not). When asked the 
same question in CAD format, 31% sided “mostly” or “more” with the former than the latter, 
and 39% equally with both (Table II). 

 Hence, our data show that Likert rating scale can be misleading, even when all possible 
alternatives to a given issue are asked about in separate questions. For example, Likert 4a 
and 4b in Table II tell us that about three quarters of respondents may resort to either 
“sketches and drawings” or to “formulas” in starting a problem, but they do not tell us how 
often they resort to one or the other. The problem would have been worse had we given only 
one of the two Likert items, which is normally the case with traditional Likert tests. For 
instance, had we restricted the test to Likert 1b exclusively, we would have been left with the 
wrong impression that 76% of respondents start solving physics problems with a quest for 
the right formulas. Yet, CAD4 data in Table II show that this is far from being the case!  

 The rest of the data in Table II shows practically the same thing for every single item, 
which leads us to the conclusion that the CAD format is significantly more reliable than the 
Likert format (or any other traditional format to that matter). In the CAD format, a person’s 
response is internally normalized; one’s position has to be stated for one alternative by 
comparison to the contrasting one and not in the absolute sense. This normalized comparison 
is not made possible with the Likert format (or other formats) where there is no point of 
reference relative to which one can state his/her position (Halloun, 2001a).  

 

3. Validity and reliability of VASS 
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 Validity and reliability of VASS have been constantly assessed as we developed the 
various forms. In our assessment, we resorted to classical statistical models and to Item 
Response Theory (IRT). We hereby limit our discussion to classical assessment whose 
results were practically the same as those of IRT based assessment (Halloun et al., 2001).  

 VASS dimensions are part of a broad spectrum of dimensions pertaining to what is often 
referred to in the literature as “nature of science” (scientific dimensions), “learning styles” 
and “attitudes” toward science or science education (cognitive dimensions). Moreover, the 
spectrum of issues within each dimension is so broad that whoever is constructing an 
instrument like VASS is forced to restrict the sampling of dimensions and issues to specific 
needs. Content validity, and more specifically sampling validity, would thus be concerned 
with those particular issues and not the total content area of the broad spectrum. In this 
respect, and as we mentioned in §1.2, our choice of VASS dimensions and items was based 
on what the literature, peer review and especially our own analysis of earlier forms of VASS 
have revealed to provide a meaningful snapshot of student views that significantly affect 
achievement in science courses. In the latter respect, the predictive validity of VASS was 
established in the manner discussed in §9.  

 Item validity of VASS was assessed in three respects. First, a number of university 
professors and experienced high school teachers who are versed in educational research 
pertaining to our work verified the validity of VASS items to assess what we intended to 
measure (Table I). Second, the same professors and teachers virtually all agreed on what we 
consider as expert answers to all questions, thus corroborating the face validity of the 
instrument. Third, we did exit interviews with some participating students in all stages of the 
project to ensure that students have understood the questions and the nature of the 
anticipated answers. No flaws were detected, especially after we accounted for instructor and 
student remarks given in the early stages of the development of VASS.  

 Reliability of VASS was essentially established in getting consistent measurements with 
parallel VASS forms and with a given form administered repeatedly in different semesters to 
similar samples. Because of the nature of our instrument, internal consistency reliability was 
assessed indirectly, and not with commonly used coefficients like Cronbach’s alpha (or 
Kuder-Richardson’s for dichotomous items). 

 Classical reliability coefficients like Cronbach’s alpha are underlined by many 
assumptions especially those of unidimensionality (or the existence of no sub-scales) and 
linearity of relationship among various items. However: 

♦ VASS items are distributed in six dimensions that can be grouped in at least two 
subscales; these are the broad scientific and cognitive domains in Table I. These 
subscales are of different nature, both from an ontological and from an epistemological 
perspective.  

♦ Because of the relative importance of each dimension and its impact on learning and 
achievement, the number of items varies from one dimension to another, and from one 
subscale to another. This further prevents us from resorting to split-half reliability 
assessment between the two subscales. 

♦ The loading of items within subscales or of individual dimensions on the entire 
instrument is not uniform, partly because of the two points above. A rough estimate of 
such loading can be inferred from Pearson’s correlation coefficient between a given 
dimension and the corresponding subscale, or between each subscale and the entire 
instrument. In one administration of VASS, this coefficient took the respective values of  
.40, .61 and .78 when correlating the dimensions of structure, validity and methodology 



Halloun  Student Views About Science: A Comparative Survey 13 

with the scientific subscale. It took the respective values of .43, .56 and .91 when 
correlating the dimensions of learnability, personal relevance and reflective thinking 
with the cognitive subscale. Finally, it took the respective values of .64 and .92 when 
correlating the scientific and the cognitive broad domains with the entire instrument. 

♦ The assumption of linearity is not quite verified, at least between items belonging to 
different subscales.   

♦ Different item formats are used in the new VASS forms (P99LB and P20). Items 6 
through 15 in section II are dichotomous, while items 16 through 39 in section III are 
CAD items. 

 All this undermine the two assumptions in question and rules out the viability of 
classical coefficients for assessing VASS internal consistency; notwithstanding the fact that, 
in the case of VASS, such coefficients do actually take values that are comparable to those 
commonly reported in the literature for “reliable” instruments.  

 VASS internal consistency can be assessed indirectly instead, in terms of the relative 
difficulty of the six dimensions. A detailed scoring scheme of VASS is discussed in §6 
where we show that student average scores are about the same on all six dimensions (Table 
VII, §6). This lends some support to the reliability measure in question.  

 Now, let us turn to test-retest and stability reliability of our instrument. 

 In one form of test-retest reliability assessment, some of the interviewed students were 
asked to orally answer specific VASS questions, a few days after they had filled the written 
survey, without reminding them of their written answers. Virtually all these students 
reiterated the same answers they had indicated previously. In a related aspect, we included 
an item at the end of the instrument asking students how seriously they took the test (item 
39). At least 88% of respondents expressed a positive position in this respect every time 
VASS was administered (Table IV, §5). 

 For stability (and equivalence) assessment, we compared results obtained with parallel 
forms of VASS, mainly forms P12 and P99LB, as well as P99LB and P20, and results 
obtained with a given form administered to similar samples of students taking the same 
course in different semesters. 

 Figure 6 shows boxplots for similar samples of secondary school students who took 
form P99LB in the spring of 1999 and form P20 in the spring of 2000. The 1999 sample 
consists of 167 students, and the 2000 sample consists of 169 students. Students in both 
samples were enrolled in the same class (1st secondary), at the same Lebanese secondary 
schools, but obviously in two different years. Notwithstanding the insignificant differences 
in VASS data among schools and grades discussed in §8, these two samples were expressly 
picked for comparing the two VASS forms in order to minimize sample variation. A similar 
situation would have actually been presented should we have included all participating 
students (§8 and §9). 

--------------------- 
Figure 6 

--------------------- 

 The reader can easily notice that, except for items 18, 22, 23, and 35, there are no 
significant differences in the boxplots of the same CAD items in both forms. The median is 
the same for every item other than these four, and the significant range about that median 
(25th percentile through 75th percentile) does not vary significantly. Fluctuations in the four 
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items in question are thus insignificant by comparison to the overall performance on the test.  

 Answer distributions were also similar on forms P12 and P99LB administered to 
comparable samples of U.S. and Lebanese students respectively. This can be seen in Figure 
7 that is discussed in ample details in section 5 of this report. 

--------------------- 
Figure 7 

--------------------- 

 By the time this report was sent to press, Form P20 data were still being collected in 
different countries around the world. Preliminary analysis shows that, like in the case of 
Form P12, answer distributions are virtually identical for similar groups of students taking 
VASS in different semesters. More ample details on this stability issue and other validity 
and reliability matters will be given elsewhere (Halloun et al., 2001).   

 

 

Student Views and Profiles 

 VASS form P99LB was developed in the spring of 1999 and administered subsequently 
to over two thousand Lebanese students during that year. This form was revised in the 
manner described in §1 and evolved into Form P20. The latter form is, for all practical 
purposes, equivalent to form P99LB. All items are the same, except for some minor wording 
revision (§1.3), and given in the same order in both forms. Data obtained with the two forms 
are significantly similar (Figure 6, §3). Form P99LB has been administered to a larger 
number and to a bigger variety of students than form P20 so far. Therefore, and unless 
otherwise specified, our following discussion will concentrate on Form P99LB.  

 

4. Samples 
 VASS Form P99LB was administered during the months of May and early June of 1999 
to over one thousand Lebanese students enrolled in physics courses at Lebanese secondary 
schools (grades 10, 11, and 12) and universities (U.S. college level) spread throughout the 
country. In the following October and early November, it was administered to a sample of 
similar size and characteristics. Given the limited number of items in some VASS 
dimensions (Table I), students were dropped out of the analysis who failed to answer 5 
questions or more in sections II and III of either test (cf. appendix), or who made 5 confusing 
marks or more on their answer sheets. Overall attrition rate was about 17%, which is not too 
bad given the unfamiliarity of Lebanese students with similar surveys and reluctance they 
sometimes express in taking tests that do not count in their course grades. In all the analysis 
that follows, we will thus account only for those participants with acceptable answer sheets 
on Form P99LB. Their number adds up to 813 students in the ’99 spring term and 847 in the 
following fall term. These figures do not include students who participated in the Likert-
CAD comparison (§2.3) and in the validation of Form P20 (§3). 

 Students were distributed in fifteen secondary schools and two universities in the spring 
term, and in twelve schools and three universities in the following fall term. Table III shows 
the characteristics of the two samples in question. No gender data was explicitly collected 
until Form P20 was devised in the spring of 2000. However, we have accounted for this 
variable indirectly in the manner described in §8, through the classification of participating 
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schools according to the dominant gender in each school.  

--------------------- 
Table III 

--------------------- 

 Fall data precede spring data in Table III because, in the following sections, we shall 
treat the former as pretest data and the latter as posttest data. This position will become 
evident during the course of our discussion. For now, we will point out two supporting facts. 
First, the performance of each of the sub-samples shown in Figure 6 is representative of the 
performance of the entire corresponding sample (§3 and §7). Hence, data collected in the 
spring of 1999 are not significantly different from data collected in the spring of 2000. 
Second, our prior experience does not show significant differences among similar samples 
across the years (Halloun, 1996, 1997; Halloun et al., 2001). Therefore, we can safely use 
the 1999 fall data as pretest indicators, and the 1999 spring data as posttest indicators.  

 Our discussion in §5 through §8 that follow in this report will concentrate on 
participants’ answers to VASS questions corresponding to the taxonomy presented in Table 
I. Discussion on course achievement indicated by student responses on items 1, 2 and 3 of 
section I in Form P99LB is deferred to §9. An overview of student views on individual items 
of the taxonomy is first given in §5. Based on those views, students are classified into four 
groups, each characterized by a distinctive profile in the manner discussed in §6. Student 
views and profiles are compared, first, in §7, as they evolve from pretest to posttest in the 
same grade, then across different grade levels, and, in §8, across various demographic strata. 
All along our discussion, Lebanese students’ performance is compared to that of their US 
peers.   

 

5.  Student views: An overview 
 Fall data assess student state before instruction, while spring data assess it after 
instruction. Table III shows that fall participants are apparently better distributed than spring 
participants across demographic variables distinguished in this table (we shall see later that 
this has virtually no effect on our results). For these reasons, and in order not to burden the 
reader with excessive and redundant data, we will analyze data obtained only in the fall 
semester of 1999 in this section and in the following one. 

 In prior VASS forms, we used to characterize student views on every single item in one 
of three categories, expert, mixed, or folk, based on whether a student answer on the item 
matches or not the corresponding answer given by university professors and experienced 
high school teachers (§1 and §3). A student answer would be considered as expert in the 
event of a match, as folk when it is on the opposite end, and as mixed when it is somewhere 
in between. The expert choice, and thus the other two, varied from one item to another. It 
corresponded, in Form P12, to choice 7 exclusively on the 8-point CAD scale (Figure 2), 
when alternative (b) is the expert pole (or 1, when alternative (a) is the expert pole), or to a 
combination of this choice with the following one or two choices (6 and 5, or 2 and 3). The 
variation was imposed by the nature of the 8-point scale used then (Halloun, 1996, 1997; 
Halloun & Hestenes, 1998).   

 With the new 5-point CAD scale, the same three view categories may be kept, at least 
for the sake of comparison with old data. The cutoffs in Forms P99LB and P20 are set 
though in more straightforward manner. An expert view now correspond to choice 5 or 4 on 
any CAD item where alternative (b) is the expert pole, and to choice 1 or 2 on any CAD item 
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where alternative (a) is the expert pole. In contrast, a folk view corresponds to choice 1 or 2 
in the first case, and to choice 4 or 5 in the second case. In any case, choice 3 denotes a 
mixed view.  

 The distribution of all participants’ answers on the entire VASS Form P99LB is shown 
in Table IV and Figure 8 (Fall 1999). No distinction is made at this point between various 
strata identified in Table III. Stratum comparison is the object of later sections. In both 
displays, and to make the comparison easier across the entire instrument, student answers on 
a given item have been rearranged, if necessary, so that the expert pole is always scored as 1 
in dichotomous items and 5 in CAD items (as well as in multiple choice items in section I). 
Section I items have been deferred to the end of both displays because they are not analyzed 
in this section. Items 1, 2 and 3 will be addressed in §9. Items 4 and 5 were not included in 
prior VASS forms; they are only analyzed in §6. Item 39 is slightly separated from the rest 
of the items in Table IV to highlight the fact that it is a control item that served its purpose in 
§3 and that it does not contribute to our analysis of student views targeted in Table I.  

----------------------------------- 
Table IV  then  Figure 8 

----------------------------------- 

 Table IV and Figure 8 make it clear that a good majority of participants expressed 
expert views on all dichotomous items (Q6 through Q15), but not as much on CAD items 
(Q16 through Q38), which is expected given the nature of addressed issues and of the scale. 
The following are major characteristics of student answers on the 23 CAD items: 

♦ The median corresponds to the mixed view (response 3) in 8 items. These being items 
16, 17, 20, 26, 28, 33, 34, 35. It is located in the expert range for the rest of the items, 
but only at position 4 for all of these items except for item 30 where answers are 
polarized toward the expert pole (response 5). 

♦ Among the eight items with a mixed view median, student answers in the significant 
range (between the 25th percentile and the 75th percentile) are clustered above the 
median in 5 items (16, 17, 33, 34 and 35 with a lesser extent on the latter), and below 
the median in 1 item (20); they are distributed without significant difference on both 
sides of the median in the remaining 2 items (26 and 28). 

♦ Among the fifteen items with an expert view median, no answers in the significant range 
in question are clustered above the median. Answers are clustered within the expert 
range in only item 30, and below the median down to the mixed view in 4 items (18, 19, 
25, and 29), and further down to a folk view in 6 items (21, 22, 24, 27, 31, and 36). 
Distribution on both sides of the median can be noticed in the remaining 4 items (23, 32, 
37, and 38). 

 A closer analysis of response distribution across the three view types, expert, mixed and 
folk, in table IV and Figure 8 reveals the following: 

♦ Five CAD items (22% of CAD items) have respondent answers significantly polarized 
toward the expert pole. These are items 23, 29, 30, 32, and 38. The first four of these 
items belong to the reflective thinking dimension, and the fifth (item 38), to the 
methodology dimension (Table I).  

♦ Eight CAD items (35%) have respondent answers polarized toward the expert pole but 
with a heavy clustering on the mixed view. These are items 16, 17, 18, 19, 25, 33, 34, 
and 37. Except for item 37 that belongs to the methodology dimension, they all belong 
to cognitive dimensions (Table I). More specifically the first seven items are distributed 
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as follows: learnability (item 16), reflective thinking (items 19, 25, 33, and 34), and 
personal relevance (items 17 and 18). 

♦ Seven CAD items (30%) have respondent answers unpolarized toward either pole, and 
distributed across all three view types (expert, mixed and folk) without significant 
differences. These are items 21, 22, 24, 27, 31, 35, and 36. Two items belong to a 
scientific dimension, validity (items 35 and 36), and the remaining five are spread across 
the three cognitive dimensions: learnability (item 22), reflective thinking (items 21, 27, 
31), and personal relevance (item 24).  

♦ Two CAD items (9%) are slightly polarized toward the folk pole but with a heavy 
clustering on the mixed view. These are items 26 and 28, which belong to the 
methodology dimension (Table I). 

♦ Only one CAD item (4%) is characterized by an overall folk view. This is item 20 of the 
learnability dimension.  

 In sum, participants’ views do not fall systematically in one type or another. Except only 
for item 30, there is no clear-cut polarization of student views toward one pole or another 
(expert/folk) on any single item. However, and except for items 20, 26 and 28, more 
respondents tend to express overall mixed or expert views than folk views in any particular 
VASS item. The mixed-expert trend is a little more pronounced in cognitive dimensions than 
in scientific dimensions. The trend in question reflects though the overall state of the entire 
sample and not the state of any single respondent. In fact, not a single respondent gave 
answers that fall entirely in one category or another. This can be easily inferred from Table 
V that shows the distribution of respondents giving one type of view or another, first on 
CAD items (items 16 through 38), then on dichotomous items (items 6 through 15), than on 
all 33 CAD and dichotomous items.   

--------------------- 
Table V 

--------------------- 

 The situation is significantly reminiscent of the state of students of the same educational 
level elsewhere in the world, especially in USA. To show this point, let us compare results 
reported above to those obtained with VASS Form P12 in USA. This form consists of 31 
CAD items (8-point scale). Twenty-three of these items are identical in both forms, P12 and 
P99LB. These are items 16, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 
35, 36, 37, 38 and 39, in Form P99LB (or in equivalent Form P20 given in the appendix). 
The remaining eight items have parallel dichotomous items in Form P99LB. These are items 
7, 8, 9, 10, 11, 13, 14 and 15 in the latter form.  

 By comparison to pretest results in the ’96 fall semester in USA, we notice the 
following (Halloun, 1996, 1997; Halloun & Hestenes, 1998): 

♦ Except for items 13 and 15, the medians of dichotomous items in Form P99LB and of 
parallel CAD items in Form P12 are all in the expert range. Furthermore, corresponding 
respondent answers in both forms are clustered close to the median. This was actually 
one major reason behind the transformation of these CAD items in Form P12 into 
dichotomous items in Forms P99LB and P20.  

♦ Items 13 and 15 have actually been reworded in the new form in a manner that makes it 
unfair to include them in the comparison. 

♦ The medians are exactly the same for 18 items out of the 22 common CAD items (82% 
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of these common items), as well as for control item 39 in the new form. On item 24 of 
the learnability dimension, the median is one point higher for U.S. students than for 
Lebanese students. In contrast, the median is one point higher for Lebanese students on 
the remaining three items. These are items 29 (reflective thinking), 35 (validity) and 37 
(methodology) in the new forms. 

♦ The distribution about the median is almost identical on thirteen items (59% of the 22 
common CAD items with identical means). These are items 17, 18, 22, 23, 24, 25, 27, 
28, 30, 31, 32, 33, 36 and 38 in the new forms. Less spread out about the median is 
detected on four items in U.S. data (items 26, 34, 35 and 37), and on five items in 
Lebanese data (items 16, 19, 20, 22, and 29). However, the spread out difference is not 
statistically significant on either one of the last nine items.    

 Virtually the same pattern of responses can be detected in posttest data shown in    
Figure 7 for comparable samples of U.S. and Lebanese students. Data now coming from 
many other countries around the world are also showing similar patterns. Whence the 
conclusion that, by and large, student views about knowing and learning science assessed in 
VASS are universal. They are similar on virtually every single scientific or cognitive 
dimension. The significant similarity shall become more evident when we discuss student 
profiles next. 

 

6.  Student profiles 
 A major objective of VASS, from the date of its conception, was to identify patterns in 
student views and classify them in general profiles. To this end, and as discussed above in 
§5, we originally classified the response to each VASS item in one of three categories: 
expert, folk or mixed. Subsequently, a profile was built for every student characterized by 
the number of answers provided in each category. Student profiles fell then into four types: 
expert, high transitional, low transitional, and folk. 

6.1 Toward a new profiling scheme  

 The four profiles distinguished with Form P12 were then characterized by the number of 
items with expert and folk views as given in Table VI. Cutoffs between profiles are based on 
a detailed analysis of experienced teacher responses (Halloun, 1997; Halloun et al., 2001). 
The four profiles are further distinguished qualitatively along the six dimensions of VASS 
shown in Table I (Halloun & Hestenes, 1998). Distinguishing features are discussed later in 
this section.  

--------------------- 
Table VI 

--------------------- 

 The profiling scheme shown in Table VI was the best scheme we could come up with, 
given the 8-point CAD scale used in all VASS forms up to Form P12. It has enabled us to 
classify students in distinctive categories, and to assess meaningfully the relationship 
between student views about knowing and learning science on the one hand, and 
achievement in various science courses, on the other (Halloun, 1997; Halloun & Hestenes, 
1998). However, certain teachers, especially those with little statistical background or with 
limited resources, have complained that this scheme is a bit involved, and wished if we could 
find a more user-friendly approach. In fact, we had explored other schemes with the old 
forms, but they have all proven not to be valid and reliable alternatives (Halloun, 2001a).  
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 One scheme that all teachers wished we could resort to was traditional sum of scores. 
The 8-point CAD scale previously used was more of an ordinal nature than of an interval 
nature, thus preventing us from taking the desired path. With the new 5-point scale, along 
with the revision of some items, it became possible to treat CAD items in forms P99LB and 
P20 more like scaled items (interval type) than ranked items (ordinal type). Hence, a sum of 
scores or perhaps a weighed sum of scores looked like viable alternatives, should they result 
in profiles in line with those distinguished in Table VI while obtained and employed in more 
efficient ways.   

 In order to explore such alternatives, we proceeded in two steps. First, a sum of scores 
was calculated and analyzed within each of the six VASS dimensions distinguished in Table 
I. Then an overall sum of scores – and a weighted sum of scores – was obtained for the 
entire instrument and analyzed, especially in terms of participants’ achievement in their 
physics courses (§9).  

 Histograms of participant responses are displayed in Figure 9 across the six VASS 
dimensions distinguished in Table I, and corresponding descriptive data are shown in Table 
VII. The maximum score for each dimension is computed in function of the numerical value 
associated with each answer as displayed in Table IV. Hence, the maximum score is 1 for 
dichotomous items, and 5 for CAD items, and the minimum score is 0 and 1 respectively for 
the two types of questions. We had explored with different scoring schemes, including 
keeping the same maximum score for both types of questions, but things did not work out 
well, especially when we tried to correlate VASS score with achievement in physics courses.  

----------------------------------- 
Figure 9  then  Table VII  

----------------------------------- 

 An examination of data displayed in Figure 9 and Table VII reveals the following: 

♦ Means of the sum of scores in the six dimensions are virtually all equal to about two-
third the maximum score in any given dimension. This shows at least two important 
points: 

1. The overall trend of respondents’ answers is oriented more in the mixed-expert 
direction than in the mixed-folk direction as discussed in §5 above. This is further 
supported by the fact that the sum of scores in every dimension is above the 
corresponding 3/5th of the maximum score for two thirds or more of the respondents 
(whose score is in the range of the mean ± 1 S.D.).  

2. Relative item difficulty as estimated by means is the same across all six dimensions, 
which supports the relative coherence of VASS dimensions and the instrument 
reliability. Standard deviation implications are discussed in the next bullet.  

♦ The standard deviation is smallest for the structure dimension and largest for the 
reflective thinking dimension; it is significantly close for the other four dimensions. The 
difference between the two extremes should be interpreted very cautiously.  All items in 
the structure dimension are dichotomous, whereas all items in the reflective thinking 
dimension are CAD items. They are a mix of both in the other dimensions. Furthermore, 
the structure dimension includes five items whereas the reflective thinking dimension 
includes eleven items (not counting new items 4 and 5 in Table I). As a consequence, 
the latter dimension has the highest maximum sum of score (55) among all dimensions, 
a maximum that is eleven times bigger than that of the structure dimension, and about 
equal to, or three times more than, that of every other dimension. The wider CAD scale, 
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the bigger number of items, and the subsequently highest maximum score thus account 
to a large extent for the relatively large standard deviation of the reflective thinking 
dimension. Therefore, the conclusion we made in the second point of the preceding 
bullet still holds.  

♦ The same holds for the sum of scores in all three scientific dimensions combined, on the 
one hand, and the sum of scores in all three cognitive dimensions on the other. The 
difference in the corresponding standard deviations can be largely accounted for by the 
bigger number of dichotomous items in the scientific sub-scale (8 out of 14) than in the 
cognitive sub-scale (2 out of 19 items), and by the overall bigger number of items in the 
latter, and thus by the significantly larger maximum sum of scores (87 to 38, cf. Table 
VII). 

 These results are highly compatible with those obtained in USA and introduced in the 
previous section. The reader is hereby spared unnecessary details that may be found 
elsewhere (Halloun, 1996).  

 In order to decide on a new profiling scheme, we followed two parallel paths. First, we 
carefully examined data displayed in Figure 9 and Table VII along with the distribution of 
the overall sum of scores shown in Figure 10, and this, by correspondence to data obtained 
in the 1999 spring term (§5 and §9) and in contrast to the scheme of Table VI (Halloun & 
Hestenes, 1998). Second, and in a stepwise regression analysis, we analyzed the correlation 
of the various VASS dimensions with achievement in physics courses participants were 
enrolled in.  

--------------------- 
Figure 10 

--------------------- 

 We finally settled on a scheme based on a regular sum of scores for three reasons. First, 
simple sum of scores correlates significantly with course achievement, though not as 
significantly as a VASS indicator computed in a stepwise regression analysis (details in 
section 9 of this report). Second, it is a convenient approach that teachers of all levels can 
resort to, irrespective of their background and their resources in statistics. Third, and most 
importantly, the sets of profiles we came up with, following, first, simple sum of scores, then 
weighted sum of scores, did not differ significantly, neither from a quantitative perspective 
(§6.3) nor from a qualitative perspective (§6.4). 

6.2 Profile cutoffs 

 Our statistical analysis led us to identify three cutoffs in the overall sum of scores that 
would attribute to a given student one of four profiles: 

1. The expert profile (EP), characterized by a sum of scores greater than 92. 
2. The high transitional profile (HTP), characterized by a sum of scores in the [83,92] 
range. 
3. The low transitional profile (LTP), characterized by a sum of scores in the [73,82] 
range. 
4. The folk profile (FP), characterized by a sum of scores smaller than 73.  
 In the ’99 fall term, 14.5% of participants were characterized with EP, 44.8% with HTP, 
31.4 with LTP and 8.3 with FP. Only 0.7% of all students (4.8% of EP students) scored 
above 102 in the expert range [93,125], i.e., more than 10 points above the upper limit of the 
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next profile, and only 1.3% of all students (15.6% of FP students) scored below 63 in the 
folk range [0,72], i.e. more than 10 points below the lower limit of the next profile. The 
practical range of each outer profile is thus significantly close to that of the middle profiles. 
This gives a special significance for the 10-point range of the middle profiles (or the 9-point 
difference between the range upper and lower limits which is equal to one S.D.).  

 The new profiling scheme may appear to give a more optimistic picture of student views 
than the old scheme described in Table VI. That scheme placed about equal proportions of 
students in the folk profile and each of the two transitional profiles (Halloun, 1997). As we 
shall in §6.3 and §6.4, this is only a matter of profile interpretation. The actual distribution of 
student views expressed on individual VASS items is the same, under any profiling scheme, 
virtually anywhere in the world (§5). With the new scheme, we have redefined the 
demarcation line between various profiles, especially between the folk and the low 
transitional profile, so as to sharpen the contrast between folk and expert profiles.  

 Some caveats regarding the interpretation of VASS scores and profiles are worth noting 
before we go any further with our discussion: 

♦ VASS items, and mainly CAD items, are interval, not ratio type variables. Hence a sum 
of score on VASS has to be interpreted and operated with accordingly. Thus, a VASS 
score of 100 may not be interpreted as twice as good as a score of 50. The interpretation 
can only be done in terms of the profiles identified above, i.e., that a score of 100 puts a 
student in the expert profile category while a score of 50 places her/him in the folk 
profile category. The two profiles have the distinctive features discussed below.  

♦ VASS scores may be subject to virtually all kinds of statistical tests that ratio type of 
scores can be subject to (correlation, analysis of variance, etc.). However, the results of 
such tests provide us only with rough indicators of the relationships we are assessing 
between variables, and may not be interpreted with the same degree of confidence as 
results obtained with ratio type variables.   

♦ Score variation within profiles is not significant, especially within a 10-point range. A 
student with a score of 82 is not significantly better than a student with a score of 73. 
Both students have a low transitional profile and share the features discussed below. A 
difference between scores of more than 10 points within the folk profile or the expert 
profile may be significant from an ontological and developmental point of view. The 
higher a student scores above 102, the closer s/he gets to becoming a real expert, and the 
lower s/he scores below 63, the more entrenched s/he would be in the folk profile and 
the harder her/his transition toward upper profiles. However, such extreme cases rarely 
occur as we noted above, and, when they do, they do not have a significant impact on 
course achievement within the same profile (§10). 

6.3 Profile comparison: Quantitative differences 

 Like the four profiles associated with Form P12 (Table VI), the new four profiles are 
mainly distinguished by the number of expert views and folk views as expressed in the first 
part and second part respectively of each statement in Table I. More specifically, and as can 
be seen in Figures 11 and 12 and in Table VIII, the four profiles have the following 
quantitative characteristics:  
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------------------------------------------------------------------ 
Figure 11,  then  Table VIII  adjacent to  Figure 12 

------------------------------------------------------------------ 

1. No one of the four profiles is characterized by exclusively one type of view or another 
(expert, mixed, folk). Virtually every student expressed an admixture of the three view types 
over the entire instrument, including those students at the two ends of the spectrum. For 
instance, in the 1999 fall semester, respondents with the highest VASS sum of scores 
expressed expert views on a maximum of 30 items (out of 33), and those with the lowest 
sum of scores expressed folk views on a maximum of 23 items. One of the former EP 
respondents expressed folk views on all three items remaining; the others expressed mixed 
views on one or two of these items, and folk views on the other(s). One of the latter FP 
respondents expressed expert views on all ten items remaining; the others expressed an 
admixture of expert and mixed views on these items.   

2. The percentage of respondents expressing expert views on virtually any given VASS 
item increases gradually, and significantly, from the folk profile to the expert profile, across 
the two transitional profiles (Figure 11). The following are related results pertaining to the 
’99 fall sample. The other samples’ data do not differ significantly: 

♦ The proportion of respondents with a folk profile who expressed expert views did not 
reach 50% on any of the 23 CAD items (items 16 through 38), as well as on half the 
dichotomous items (specifically items 6, 9, 10, 13 and 15).  

♦ The proportion of respondents with a low transitional profile who expressed expert 
views exceeded 50% on all but two dichotomous items (6 and 15), but remained below 
50% on all but 4 CAD items. The latter are, in ascending order, items 23 (52%), 32 
(56%), 38 (62%) and 30 (68%).  

♦ The proportion of respondents with a high transitional profile who expressed expert 
views exceeded 50% on each of the ten dichotomous items, ranging from 55% (item 15) 
to 92% (item 8), and on 16 CAD items, ranging from 53% (items 16 and 35) to 89% 
(item 30).  

♦ The proportion of respondents with an expert profile who expressed expert views 
exceeded 78% on all but two dichotomous, these being items 15 (56%) and 29 (70%), 
and ranged from 55% (item 16) to 97% (item 30) on all but 4 CAD items. The latter are, 
in descending order, items 28 (50%), 34 (44%), 26 (37%), and 20 (27%).  

3. Only respondents with an expert profile express expert views on all ten dichotomous 
items (Q6 through Q15), and on 26 items (79%) or more in the entire instrument (Table 
VIII). In the 1999 fall term, respondents who expressed expert views on at least 79% of all 
items in VASS make up 26% of respondents with an expert profile, and 4% of the entire 
sample. 

4. In parallel, the percentage of respondents expressing folk views decreases gradually, 
and significantly, from the folk profile to the expert profile (Figure 11). Only respondents 
with a folk profile express folk views on more than half the items in VASS (17 items or 
more). In the 1999 fall term, respondents who did so make up 36% of those with a folk 
profile, and 3% of the entire sample.  

 Figure 13 compares answers given on the entire instrument by the two extreme groups 
identified in the last two points: the EP group of students expressing expert views on at least 
79% of VASS items and the FP group of students expressing folk views on more than half 
the items. The reader can easily notice the wide disparity between the two groups of 
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respondents on every VASS item. 

--------------------- 
Figure 13 

--------------------- 

5. The disparity between profiles becomes more noticeable when we concentrate on the 
expert and folk poles in CAD items (answers with scores 5 and 1 respectively in Table IV). 
The proportion of respondents who picked the expert pole on any given item reached a 
maximum of: 24% within the folk profile, 35% within the low transitional profile, 64% 
within the high transitional profile, and 86% within the expert profile. These maxima are 
reached: in item 18 within the folk profile, and in item 30 within the other three profiles. In 
contrast, the highest proportion of respondents who picked the folk pole decreases gradually 
from 46%, within the folk profile, to 26% then 15% then 6% within the other three profiles 
respectively. These maxima were reached in item 31 within all four profiles.  

6. The percentage of respondents expressing mixed views on any particular VASS item, as 
found in detailed frequency analysis, is relatively the lowest within the expert profile then 
within folk profile (except for seven items where the order is reversed). In contrast, the 
percentage in question is relatively the highest within the low transitional profile then within 
the high transitional profile (except for six items where the order is reversed).  

7. The range of mixed views is the widest within the two transitional profiles (0 to 14 
items with mixed views in each profile), and the narrowest within the expert profile (0 to 9 
items, with the smallest median of 4). However, and as can be seen in Table VIII and Figure 
12, the distribution of mixed views as expressed by the respective median and percentiles 
does not vary significantly across the four profiles. In these respects, the four profiles are 
more significantly distinguished by the total number of expert views and folk views 
expressed on the entire VASS instrument than by the number of mixed views: 

♦ The expert profile is characterized by predominantly expert views. In this profile, the 
number of expert views ranges from 19 to 30 with a median of 24, whereas the number 
of folk views ranges from 1 to 9 with a median of 5 (Table VIII). 

♦ The folk profile is characterized by predominantly folk views. In this profile, the 
number of folk views ranges from 5 to 23 with a median of 16, whereas the number of 
expert views ranges from 7 to 17 with a median of 12. Hence, the number of folk views 
within the folk profile can reach a maximum that is more than 2.5 times the respective 
maximum in the expert profile. Moreover, the maximum number of 17 expert views 
within the folk profile is smaller than the minimum number of 19 such views within the 
expert profile (Table VIII). 

♦ The range and median of expert views increase gradually from the folk profile to the 
expert profile, across the two transitional profiles, with no overlap between the 
respective 25th percentile and 75th percentile (Figure 12). Moreover, and as we go 
down gradually from the expert profile to the folk profile, we notice that the median 
number of expert views in each profile is virtually equal to the maximum number of 
such views in the profile immediately below (Table VIII).   

♦ The range and median of folk views decrease gradually from the folk profile to the 
expert profile, across the two transitional profiles, again with no overlap between the 
respective 25th percentile and 75th percentile (Figure 12). Moreover, and as we go up 
gradually from the folk profile to the expert profile, we notice that the median number 
of folk views in each profile is virtually equal to the maximum number of such views in 
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the profile immediately above (Table VIII).   

 All in all, data show that a person with a given profile is not warranted to hold a 
particular view type on any given VASS item. However, the points mentioned above, 
coupled with a chi-square analysis between respondents’ actual answers on individual VASS 
items and their respective profiles, show that each of the following scenarios is significantly 
more likely to occur than any other scenario:  

1. An expert view to be expressed by a person with an expert profile, especially when the 
view is polarized toward the expert end on the 5-point CAD scale. 

2. A mixed view to be expressed by a person with a low transitional profile or, to a lesser 
extent, by one with a high transitional profile. 

3. A folk view to be expressed by a person with a folk profile, especially when the view is 
polarized toward the folk end on the 5-point CAD scale. 

 Table IX shows the chi-square values and their significance for a cross-tabulation done 
between respondents’ actual answers on the various VASS items and their respective 
profiles. The table and the underlying cross-tabulation show that, except for items 11, 15, 
and, to a lesser extent, for items 16 and 20, a person’s answer on any VASS item is 
significantly determined by her/his VASS profile in the manner just described in the three 
points above. 

--------------------- 
Table IX 

--------------------- 

 The disparity is most significant between folk and expert profiles with regard to 
virtually every aspect assessed in VASS, and especially those aspects assessed in items 6, 7, 
17, 22, 23, 25, 27, 29, 30, 31, and 32 (Table IX). Thus, when it comes to learning physics, 
respondents with a folk profile are especially distinguished from all others by the fact that 
they are: (a) the least motivated and the least perseverant, (b) the most authority-dependent,       
(c) the most keen on rote learning and on avoiding self-evaluation, and (d) the most inclined 
on gathering piecemeal and situation-specific information. These four distinguishing 
features, as well as others, get gradually reversed as we move through the two transitional 
profiles up to the expert profile (§6.4).  

6.4 Profile comparison: Qualitative differences  

 The four distinguishing features just identified and others are consistent with those 
obtained for the four profiles conceived with VASS Form P12 (Table VI). We had these 
profiles described qualitatively elsewhere with ample details (Halloun & Hestenes, 1998). In 
the following, we review some of the major features that we discussed then and that are being 
sustained with the current results of VASS Form P99LB and P20. The review is done within 
the context of the two VASS subscales: the set of scientific dimensions and the set of cognitive 
dimensions. But first, we call our readers’ attention to two major points in our presentation. 

 First, our attempt to systematize student views within profiles does not necessarily reflect 
an actual coherence of student views within any given dimension. For instance, and as we 
mentioned in §6.3, not a single student expressed views of the same type (expert, mixed, or 
folk) on all VASS items, and rarely did a student with an expert profile (EP) express expert 
views on all items within a given dimension, or did a student with a folk profile (FP) express 
folk views on all these items. However, and as we showed in §6.3, EP students consistently 
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expressed more expert views than mixed or folk, while FP students expressed more folk views 
than other students. 

 Second, 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 particular, our overall 
classification of VASS results into profiles aims to distinguish a prototypical expert 
(scientific) viewpoint from a prototypical folk (unscientific) viewpoint. Experts sometimes 
choose folk responses to individual VASS items for good reasons, which VASS is not 
designed to detect. However, the expert profile is defined broadly enough to encompass such 
differences of opinion within the expert camp. Our interviews had shown that: (a) students 
with folk profiles seldom have well considered reasons for their choices on individual VASS 
items, whereas those with expert profiles often exhibit considerable insight in their 
justifications, and that (b) the folk views are generally more heterogeneous than the expert 
views.  

 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: 

 Research on student views about the nature of scientific knowledge has produced 
conflicting results. Edmondson and Novak (1993) reported that the “majority of college 
students hold essentially positivist views [that knowledge] is discovered through 
observation, unfettered by previous ideas or beliefs”, and that scientific knowledge consists 
of “separate, objective truths that are domain-specific and constant”.  However, Aikenhead 
(1987) found that only 25% to 36% of Canadian high school graduates hold such positivist 
views, while 45% recognize scientific knowledge as a human construction and a partial 
representation of reality. Aikenhead also reported that while “almost all students would seem 
to agree that scientific knowledge is tentative, but ... in different and often conflicting ways”, 
44% believed that this knowledge may be subject to change, and 31% believed that it may 
not. Songer and Linn (1991) classified middle school students’ views of science “into three 
groups: static, mixed, and dynamic. Those who view science as static [21%] assert that 
science consists of a group of facts that are best memorized. Those who view science as 
dynamic [15%] believe that scientific ideas develop and change... Students with mixed 
beliefs [63%] hold some static and some dynamic views”.  Though not completely in 
agreement, VASS results are closer to the findings of Aikenhead and especially of Songer 
and Linn than to those of Edmondson and Novak. 

 VASS results have consistently shown that, with respect to the scientific dimensions 
shown in Table I, 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 
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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: 

 There is, of course, an enormous literature pertaining to each of the cognitive 
dimensions probed by VASS (Table I). Here is a sampling of relevant work: 

♦ Arons (1984), Reif (1987), and Reif and Larkin (1991) discuss the widespread belief 
among students that physics can be learned by memorizing factual knowledge and 
formulas piecemeal. 

♦ Analyzing the discourse of college students about physical phenomena, Cobern (1993) 
found that “most students assigned science a minor role in their lives”, noting that “what 
was most striking about the interview texts was the conspicuous absence of scientific 
talk, although these students had successfully completed several college science courses 
and were majors in a science-related field”. 

♦ In a national survey conducted by the National Science Board, only 52% of 17-year old 
high school students considered that “most of what [they] learn in science classes is 
useful in everyday life” (NSB, 1993). 

♦ In independent studies with junior high school students, Simpson and Oliver (1985) and 
Baker and Piburn (1991) found that student attitudes toward science declined 
significantly following science instruction. Ebenezer and Zoller (1993) reported that, 
although 73% of students “feel the study of science in school is important”, only 38% 
“would like to study more science”.  

 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, and as shown by new items 4 and 5 in 
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Forms P99LB and P20, critical learners are more curious than passive learners to learn about 
scientific developments covered in various media. 

Relation between scientific and cognitive dimensions: 

 Many researchers have argued that student beliefs about the nature of scientific 
knowledge are coupled to their learning styles (Edmonson & Novak 1993; Hammer 1994; 
Reif & Larkin 1991; Songer & Linn 1991; Tobias 1990). VASS results support this 
conclusion. 

 Analysis of cross-tabulation between the scientific domain of the four profiles and the 
corresponding cognitive domain have consistently resulted in a Chi-Square value greater 
than 250 (p=.000). This 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.   

 

Universality and Intransigence of Student Views 

 At the end of section 5 of this report, we have concluded that student views expressed 
on individual VASS items are universal. The same can actually be said about profiles’ 
distribution and properties, and, as we shall see in this last part of the report, about the 
impact of conventional instruction of lecture and demonstration on these views and profiles.   

 

7.  Tenacity of student views and profiles 
 Researchers have been constantly showing that student views about the nature of 
science are hardly affected by conventional science instruction, and that, if they do, they 
mostly get worse and not better after instruction (§6.4). Our results all along this project 
show that Lebanese students’ views about knowing and learning science, like those of their 
international peers, are not improved by conventional physics instruction of lecture and 
demonstration. 

 VASS data was compared on individual items for the 1999 fall and spring samples, as 
well for the sample of students who, in the 99-00 academic year, took Form P99LB as 
pretest and Form P20 as posttest (Figure 6). Further comparison was made on the six VASS 
dimensions as shown in Table X in the 1999 spring term (used as posttest indicator) and the 
following fall term (used as pretest indicator). All results indicate a significant tenacity of 
most student views across all six dimensions, and a shift of about 5% in the negative 
direction, i.e., toward the folk profile, across the four profiles.  

--------------------- 
Table X 

--------------------- 

 The non-significant shift detected in Table X is primarily due to a decline in student 
views regarding some issues addressed in the two cognitive dimensions pertaining to 
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reflective thinking and personal relevance. More specifically, following conventional 
instruction, some students loose interest in physics. Consequently, they shy away from 
learning this science meaningfully, and they merely get satisfied instead with studying things 
by rote for the sole purpose of passing course exams. 

 A little more pronounced shift in the same direction, and for the same reasons, was 
detected when we compared results across the three secondary school grade levels. While 
the overall sum of scores remained about the same in the broad scientific domain, it 
decreased gradually by about four points in the broad cognitive domain across these grades. 
No significant difference was observed between the group of all secondary school students 
taken together and the group of all college students taken together (i.e. freshmen and 
sophomore university students).  

We obtained similar results in the U.S. (Halloun & Hestenes, 1998). Actually, all VASS 
results seem to indicate that, by and large, under conventional instruction, student views 
about knowing and learning science are determined by the time they get to secondary 
school, and that these views are hardly modified afterwards, at least up to the time they 
finish their sophomore studies in university. 

 VASS was also administered to a sample of 46 fourth year students at the Faculty of 
Education whose specialty includes teaching science and mathematics in primary school. 
These students’ overall average score on VASS was 92.15 (S.D.=9.43), i.e., about one 
standard deviation above the mean of 84.2 shown in Table X. This small sample of senior 
university students does not warrant any conclusion. However, it seems to indicate that 
student views about knowing and learning science might change significantly after advanced 
university studies. Further research is though needed to corroborate this assertion.  

 
8.  Uniformity of student views across demographic strata 
 VASS data were analyzed by education sector, county of residence and gender. Given 
the limited number of participating universities, the effect of these demographic variables 
will be analyzed only at the secondary school level in this section. Corresponding data are 
given in Table XI. 

--------------------- 
Table XI 

--------------------- 

 This table shows that results appear to be slightly more affected by school sector than by 
school geographic location. Private schools appear to fair better than public schools on 
VASS as shown in this table, and schools in Beirut and the Mountain appear to fair best (in 
terms of both means and standard deviation, S.D.), followed by schools in North Lebanon 
then by those in the South.  

 One should interpret these results with caution, especially that the disparity between the 
two sectors (and among counties) is mainly caused by two schools, both located in North 
Lebanon, whose results are at the opposite ends of the spectrum. One is a public school 
whose students did the worst both in terms of the mean and the standard deviation 
(Mean=78.33; S.D.=10.97). The other is a private school whose students did the best in both 
respects (Mean=87.59; S.D.=6.09). Immediately following the former school is a public 
school in the South with a mean of 80.53 (S.D.=8.24), and immediately preceding the latter 
is a private school in the Mountain with a mean of 84.92 (S.D.=8.40). 
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 Therefore, one can conclude that, despite what is shown in Table XI, VASS results may 
actually not be significantly affected by school sector or location. 

 Up until Form P20 was devised in the spring of 2000, respondents’ gender was not 
accounted for in VASS answer sheet. Hence, the gender comparison shown in Table XI is 
made with respect to whether a participating school is one for boys, for girls or mixed. Boys’ 
schools account for 10% of respondents, girls’ schools for 35%, and mixed schools for the 
remaining 55%. Therefore, given the disparity in sample size, and notwithstanding the fact 
that mixed schools possibly provide a better learning environment than monosexual schools, 
we prefer to hold judgment, at the time being, regarding gender results shown in the table in 
question. Such a judgment will be better made when Form P20 results are tabulated and 
analyzed. We only note here that Form P12 results had shown no gender differences at the 
high school level in the U.S., and minor differences in favor of female students, at the 
university level (Halloun, 1996). 

 

9. Views about science and course achievement 
 Interest in assessing student views about science has emerged within the educational 
community because of the suspicion that these views might affect students’ achievement in 
various science courses. To this end, we assessed how respondents’ views expressed in VASS 
relate to achievement in their respective physics courses.  

 To get an achievement index, we relied on actual final course grades whenever they were 
made available to us by participating schools, and on respondents’ answers on questions 1, 2, 
and 3 in VASS, otherwise (Appendix). We followed this approach because we were able to get 
final course grades for only 333 participating students (41% of all students) in the 1999 spring 
term. In fact, we had the three VASS questions included in the new forms because we 
originally anticipated schools’ reluctance to provide us with their students’ grades. 

 Students’ answers on the three VASS questions significantly correlated with actual course 
grades where provided (Pearson correlation coefficient = .441, .592, and .697 respectively, all 
p’s=.000). The high correlation made us confident about respondents’ honesty and reliability 
in making a self-evaluation of their actual performance in their physics courses as expressed 
by their answers on the three VASS items in question. Besides, these items may provide a 
more normalized indicator of course achievement than actual course grades, given the wide 
array of assessment schemes followed in various Lebanese schools. 

 In order to assess how student views correlate with course achievement, we explored four 
complementary VASS indices: (a) sum of scores on each of the six dimensions distinguished 
in Table I, (b) sum of scores in the two broad scientific and cognitive domains, (c) overall sum 
of scores, and (d) the profiles distinguished in §6. Statistical tests included Pearson correlation, 
linear stepwise regression analysis, and/or ANOVA between each of the four VASS indices 
and each of the course achievement indices (i.e., actual course grade and VASS items 1, 2, 3).  

 Pearson correlation analysis showed the following: 

♦ Overall views expressed in the broad cognitive domain correlate better with course 
achievement, whether measured with actual course grades or with anyone of the first 
three VASS question, than overall views expressed in the broad scientific domain.  

♦ Within scientific dimensions, views expressed in the structure dimension correlate the 
best with course achievement, and views expressed in validity correlate the worst. The 
validity dimension is in fact the only dimension that does not correlate significantly with 



Halloun  Student Views About Science: A Comparative Survey 30 

any course achievement index.  

♦ Within cognitive dimensions, views expressed in the personal relevance dimension 
correlate the highest with course achievement when measured with any of the first three 
VASS questions. Learnability comes ahead when correlation is made with final course 
grades. These two dimensions are the only ones that relate to attitudes toward science 
education in VASS. It should thus be expected to find that course achievement depends 
most on how much students are motivated to learn science and interested in doing so, 
and on whether the locus of control is intrinsically or extrinsically oriented. 

 The same results held in a linear stepwise regression analysis done between the six 
VASS dimensions and the various achievement indices. Validity constantly showed a 
negative loading on achievement, and the remaining five dimensions loaded in the following 
order: personal relevance, then reflective thinking, then learnability, then structure, then 
methodology (F=14.353; p=.000). 

 Pearson correlation coefficient between a simple VASS sum of scores and achievement 
varied between .29 and .35 (p=.000), depending on the achievement index considered. 
However, and as one would expect, the coefficient gets higher when measured through 
stepwise regression. It reaches a highly significant R-value of .49 (p=.000). As far as this 
author knows, this is the highest coefficient ever reported in the literature for an instrument 
assessing views about science.   

 Pearson correlation is measured with a simple sum of scores, whereas regression R is 
measured with a weighted sum of scores (different weights are associated with different 
dimensions). A weighted sum of scores is more reliable than a simple sum of scores in 
assessing the relationship between student views about knowing and learning science 
expressed in VASS, on the one hand, and course achievement, on the other. However, and as 
we have noted in §6.2, because CAD items in VASS are interval type, correlation or 
regression analyses are thereby used only to provide us with a rough assessment of the 
relationship in question. Profile analysis is more reliable than simple or weighted sum of 
scores in this direction, not only from an ontological point of view, but also from a statistical 
perspective as can be seen in Figure 14 and Table XII.  

-------------------------------------- 
Figure 14,  then Table XII 

-------------------------------------- 

 Figure 14 gives the distribution with 95% confidence intervals of average final scores in 
physics courses across the four profiles distinguished in §6.2. It shows, along with Table 
XII, that student views about science and achievement in physics courses go hand in hand. 
The closer a student profile is to being an expert profile, the better her/his final course grade 
(ANOVA F = 12.63, p=.000), and vice versa. Course grades go down, on the average, as we 
move down from expert to folk profiles. This relationship between profiles and course 
achievement is even more distinctively pronounced when achievement is assessed through 
the first three VASS questions as indicated in Table XII. Students’ answers to these 
questions provide achievement indices that are better normalized than actual course grades, 
given the disparity of grading schemes followed in different Lebanese schools. A more 
normalized index can yet be provided by standardized instruments like the Mechanics 
Diagnostic Test (Halloun, 2001b; Halloun & Hestenes, 1985a) or its equivalent, the Force 
Concept Inventory (http://modeling.asu.edu). We have just begun administering concurrently 
VASS and standardized physics instruments, including those just mentioned, to samples of 
students in Lebanon and abroad. Results will be published and analyzed elsewhere (Halloun 
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et al., 2001). 

10. Teacher practice and student views 
 A major objective in the current project was to assess the impact of teaching practice on 
student views about science. To this end, we devised a Teacher Survey presented in the 
appendix. This new complementary survey consists of 13 questions aimed at ascertaining 
factors in teaching practice that could affect student views about science. 

 The survey is by no means a comprehensive survey. It was meant to assess, in a 
snapshot, instructional aspects that bear directly on VASS dimensions, and this, in an 
efficient and friendly way that would require little effort and time, and that would not put off 
teachers, especially those who prefer not to disclose much information about their teaching 
practice. Participating teachers found our survey adequate enough for our purpose, and no 
one added anything to it when asked to provide us with additional information they could 
deem necessary to better reflect what they actually do in the classroom about student views 
on knowing and learning science. 

 In the 1999 spring term, 24 teachers whose students participated in our project filled out 
this survey. Our analysis of teaching practice was then done at two levels; first at the level of 
individual issues assessed in the teacher survey, then at the level of a broad perspective 
given by the entire survey. 

 At first, we computed means of scores obtained by the students of every participating 
teacher on each of the six VASS dimensions distinguished in Table I, and on the entire 
VASS instrument, in the manner shown in Table X. We then compared student VASS means 
to the respective teacher answers on the teacher survey in two respects: (a) student means on 
every VASS dimension versus teacher answers on the corresponding item in the teacher 
survey (e.g., student means on the reflective thinking dimension versus teacher answers on 
items 1 through 5 in the teacher survey, or student means on the personal relevance 
dimension versus teacher answers on item 8 in the teacher survey), and (b) student means on 
the entire VASS instrument versus teacher answers on every single item of the teacher 
survey.  

 Analysis of variance revealed that none of the computed student VASS means was 
significantly affected by whatever a teacher’s answer was on any given item in the teacher 
survey. In other words, participating students’ views about knowing and learning science 
were not significantly affected by whatever their teachers claimed they do in the classroom 
with respect to any of the thirteen issues addressed in the teacher survey.    

 We then computed a teacher practice index as a sum of scores on the thirteen items in 
the teacher survey. The answer to each item was given a maximum score of 5 corresponding 
to choice A, and a minimum score of 1 corresponding to choice E. Hence, the teacher 
practice index can have a maximum value of 65 indicating that a teacher is claiming to do 
everything we asked for in our survey, and a minimum value of 13 indicating just the 
opposite. Participating teachers’ index ranged from 36 to 65, with a mean of 49, and a 
standard deviation of 9. This index was then correlated with students’ mean score on VASS 
corresponding to every teacher, and we obtained a non-significant Pearson correlation 
coefficient of .21 (p=.34). Figure 15 shows the respective scatter plot that clearly shows the 
absence of any relationship between teaching practice and student views expressed in VASS. 
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--------------------- 
Figure 15 

--------------------- 

 The results of our Teacher Survey need to be interpreted very cautiously. In a first 
glance, one may get impressed by the practice of our participating teachers as reflected by 
their answers on the survey. A closer scrutiny reveals that these teachers all followed some 
form of conventional teaching practice of lecture and demonstration, and that their answers 
on the survey reflect what they tell their students to do and not what they actually engage 
their students in doing inside the classroom.  

 For example, these colleagues strive to point out student misconceptions in class and 
provide the good alternatives. They would have done better guiding students in a reflective 
process whereby individual learners would evaluate their own conceptions, on their own, in 
order to detect and self-regulate any incommensurability with science that could emerge in 
the process. Our colleagues did apparently their best in telling students explicitly what 
physics and science is all about, and how they should go about studying physics and doing 
traditional laboratory experiments. Students were then treated more like regimented soldiers 
expected to follow instructions to the letter (often blindly) than like actual stakeholders in 
the learning process who need to actively participate in contriving every step of the way 
(Halloun, 2001b).   

 Students’ views about knowing and learning science are hardly affected by such or any 
other conventional practice of tell and show, no matter how explicitly teachers spell out their 
guts. This is actually what educational research has long been showing, and this is what we 
hope that teachers and administrators would eventually realize and account for when 
reflecting back on their educational practice! 

 

11. Conclusion 
 Major findings reported in this document can be summed up as follows: 

♦ Views About Science Survey (VASS) is a valid and reliable paper-and-pencil 
instrument for assessing student views about knowing and learning science. 

♦ Contrasting Alternatives Design (CAD) is an efficient and reliable rating scale 
assessment format, and it is more so than other rating scales like Likert.  

♦ Student views expressed in any VASS item can be classified into three categories, 
expert, mixed or folk. Expert views are typical of those expressed by scientists, 
philosophers of science and experienced science teachers. Folk views are commonly 
expressed by the lay community in disagreement with experts. Mixed views fall in 
between. 

♦ No secondary school or college student expresses systematic views throughout VASS. 
Virtually every student expresses an admixture of the three view types over the entire 
instrument. More than two-third of respondents, though, tend to express mixed or expert 
views rather than folk views in virtually any item.  

♦ Response pattern is such that students of any level can be grouped into four categories 
of distinctive profiles. These are the expert profile (EP), the high transitional profile 
(HTP), the low transitional profile (LTP), and the folk profile (FP). 

♦ Each of the four profiles can be distinguished quantitatively by an overall sum of scores 
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falling within a specific range of values. The average sum of scores falls, overall, in the 
HTP range. 

♦ No profile is characterized by exclusively one type of view or another (expert, mixed, 
folk). However, a gradual shift from folk views to expert views takes place as one 
evolves from FP to EP, and a larger proportion of students tend to express mixed views 
within HTP and LTP than within FP and EP. 

♦ There is a bigger chance, on any VASS item, for an EP person than any other to express 
an expert view, and for an FP person to express a folk view. People with LTP, then 
those with HTP, are more likely than others to express a mixed view. 

♦ People with folk profile are most likely to be naïve realists and passive learners, while 
people with expert profile are most likely to be scientific realists and critical learners. 
The transition from one extreme to the other takes place gradually across the two 
transitional profiles. 

♦ Student profiles do not evolve following conventional instruction of lecture and 
demonstration. This holds irrespective of how explicitly teachers might explain the 
nature of science or spell out specific guidelines for studying physics in conventional 
settings. If anything, student profiles are more likely to shift slightly in the FP direction 
than in the EP direction. 

♦ Student views about knowing and learning science appear to be determined by the time 
they get to secondary school, and to remain practically unchanged, under conventional 
instruction, at least until the time they finish their university sophomore years. 

♦ Course achievement and VASS profiles are significantly related. High achievers are 
most likely to be EP students, while low achievers are most likely to be FP students. 
Students with HTP and LTP rank in the same descending order in the middle. 

♦ Demographic factors seem not to have a significant impact on student views and 
profiles. 

♦ Secondary school and college student responses on individual VASS items and 
corresponding profiles are universal, and so is the Intransigence of these views and 
profiles under conventional instruction. 
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Appendix 

VASS Form P20 and Answer Sheet 

Teacher Survey 

CAD vs. Likert Comparison Instrument 
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Views About Science Survey 
Form P 20 – Student Survey 

 
A copy of this instrument is provided separately 

(6 pages)
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Views About Science Survey 
Form P 20 – Teacher Survey 

 
Thank you for taking this survey which is intended to identify factors that affect people’s 
understanding of physics, and to assist in the design of instructional material.  

The survey is designed by Prof. Ibrahim A. Halloun in collaboration with Lebanese and U.S. 
researchers. For any information, please call Prof. Halloun at: 01-680382, or visit his web page at: 
http://www.inco.com.lb/halloun. 

All data are confidential. Your identity will not be disclosed to any party. 
____________________________________________ 

 

Class(es): _____________________________________________  Date: _______________ 

Please answer each of the following questions by choosing one of the following alternatives: 

A: More than once a week;   B: About once a week;   C: About once a month;   D: Seldom;   E: 
Never 

 
  1. How often do you discuss with your students how they 

should go about using their physics textbook for study? 
 

  2. How often do you discuss with your students how they 
should go about solving homework problems on their own? 

 

  3. How often do you discuss in class misconceptions that
students typically have about real world systems and
phenomena? 

 

  4. How often do you discuss in class mistakes that students 
make in their homework? 

 

  5. How often do you discuss in class mistakes that students 
make in their exams? 

 

  6. How often do you get students engaged in experimental 
activities at school? 

 

  7. How often do you asssign experiments or other practical 
activities for students to do at home? 

 

  8. How often do you discuss with your students the 
applications of physics in everyday life? 

 

  9. How often do you discuss with your students the relation of 
physics to other scientific disciplines? 

 

10. How often do you discuss with your students the relation of 
physics to technology? 

 

11. How often do you discuss with your students the nature of 
scientific laws? 

 

12. How often do you discuss with your students the nature of 
scientific thinking? 

 

13. How often do you discuss with your students the role of 
mathematics in physics? 

 

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D

E A B C D
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5 1 3 2 4 

I do not knowI strongly agree I agree I strongly disagree I disagree

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

5 1 2 4 3 

ID: _________________     Class: _________________    Gender:         Male          Female 

 
Each of the following 12 questions consists of a statement about a given issue. Please tell us what is 
your opinion about the statement by choosing only one of the following five alternatives: 

 

   
  
 
  
  1. Learning physics requires a serious effort. 
 
  2. Reasoning skills that are taught in physics courses can be 

helpful to me in my everyday life. 
 
  3. For me, doing well in physics courses depends on how 

much effort I put into studying. 
  
  4. The first thing I do when solving a physics problem is to 

represent the situation with sketches and drawings. 
  
  5. After the teacher solves a physics problem for which I 

got a wrong solution I discard my solution and learn the 
one presented by the teacher. 

  
  6. To me, physics is important as a source of factual 

information about the natural world. 
  
  7. Learning physics requires a special talent. 
  
  8. Reasoning skills that are taught in physics courses can be 

helpful to me if I were to become a scientist. 
  
  9. For me, doing well in physics courses depends on how 

well the teacher explains things in class. 
  
10. The first thing I do when solving a physics problem is to 

search for formulas that relate givens to unknowns. 
  
11. After the teacher solves a physics problem for which 

I got a wrong solution I try to figure out how the 
teacher’s solution differs from mine. 

  

12. To me, physics is important as a source of ways of 
thinking about the natural world. 
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5 1 2 43 

ID: _________________     Class: _________________    Gender:         Male          Female 

Each of the following 6 questions consists of two statements about a given issue, followed by five contrasting 
alternatives regarding the two statements. Please answer each question by choosing only one of the 
corresponding five alternatives.  The example below describes the five choices for question 1.  

 

Example 
Learning physics requires: 
(a) a serious effort. 
(b) a special talent. 

What would each one of the five choices mean? 

1. Mostly (a), rarely (b): Learning physics requires mostly a serious effort and rarely  a special 
talent (or mainly the former and hardly ever the latter). 

2. More (a) than (b): Learning physics requires more a serious effort than a special talent. 

3. Equally (a) & (b): Learning physics requires as much a serious effort as a special talent. 

4. More (b) than (a): Learning physics requires more a special talent than a serious effort. 
5. Mostly (b), rarely (a): Learning physics requires mostly a special talent and rarely a serious 

effort (or mainly the former and hardly ever the latter). 
 
1. Learning physics requires: 
 (a) a serious effort. 
 (b) a special talent. 
 
2. Reasoning skills that are taught in physics courses can be helpful to me: 
 (a) in my everyday life. 
 (b) if I were to become a scientist. 
 
3. For me, doing well in physics courses depends on: 
 (a) how much effort I put into studying. 
 (b) how well the teacher explains things in class. 
 
4. The first thing I do when solving a physics problem is: 
 (a) represent the situation with sketches and drawings. 
 (b) search for formulas that relate givens to unknowns. 
 
5. After the teacher solves a physics problem for which I got a wrong solution: 

(a) I discard my solution and learn the one presented by the teacher. 
 (b) I try to figure out how the teacher’s solution differs 

from mine. 
 
6. To me, physics is important as a source of: 
 (a) factual information about the natural world. 
 (b) ways of thinking about the natural world. 

  

 
5 1 32 4

Equally (a) & (b)
or 

(a) as often as (b)
“Mostly”  or 
“Most often” Toward                          (b) “Mostly”  or 

“Most often” Toward                          (a) 

1. Mostly (a), rarely (b)      2. More (a) than (b) 
3. Equally (a) & (b) 

4. More (b) than (a)      5. Mostly (b), rarely (a) 

5 1 2 43 

5 1 2 43 

5 1 2 43 

5 1 2 43 

5 1 2 43 
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Expert / folk 
Taxonomy 

Theoretical 
framework 

 

Reviewers 

Stat. Analysis 
& Interviews 

Research 
review

Fall 94 & Spring 95 

Target 
samples 

VASS  
Open-CAD 
2 forms / field

 

Dissemination 

VASS  
Closed-CAD 

2 forms / field

VASS  
Open-ended 

1 form

VASS    
CAD 

1 form / field

Fall 1993

Spring 1994 

Fall 95 & Spring Summer 1996

Figure 1: Evolution of VASS. 
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Learning physics requires: 
(a) a serious effort. 
(b) a special talent. 
What would each one of the eight choices mean? 
1 Only (a), Never (b): Learning physics requires only a serious effort and no special talent at all. 

2 Mostly (a), Rarely (b): Learning physics requires far more a serious effort than a special talent. 

3 More (a) Than (b): Learning physics requires somewhat more a serious effort than a special talent. 

4 Equally (a) & (b): Learning physics equally requires both a serious effort and a special talent. 

5 More (b) Than (a): Learning physics requires somewhat more a special talent than a serious effort. 

6 Mostly (b), Rarely (a): Learning physics requires far more a special talent than a serious effort. 

7 Only (b), Never (a): Learning physics requires only a special talent and no serious effort at all. 

8 Neither (a) Nor (b): Learning physics requires neither a special talent nor a serious effort. 

Figure 2: A typical item from VASS Form P12 with an 8-point CAD scale (§2). 
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Science Process Inventory - Form C (Welch & Pella, 1967): 
Once a statement of science becomes a law of science, it will not be changed. 
(Agree / Disagree). 
 

Nature of Scientific Knowledge Scale (Rubba & Andersen, 1978): 
Today’s scientific laws, theories, and concepts may have to be changed in the face of new 
evidence. (Likert Scale) 
 

VASS – Forms P99LB and P20: 
14. Physicists’ current ideas about particles that make up the atom:  
 (a) will always be maintained as they are. 
 (b) may eventually be modified in some respects.   
 

15. Newton’s laws of motion:  
 (a) will always be used in their present form. 
 (b) may eventually be modified in some respects. 

Figure 3: A given issue like the falsifiability of science is assessed in specific contexts in 
VASS rather than in the abstract as commonly done in traditional instruments. 
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Test Of Understanding of Science (TOUS, Cooley and Klopfer, 1961): 
A scientific theory should: 
A. provide the final solution to scientific problems. 
B. suggest directions for making useful things. 
C*.  tie together and explain many natural events.   
D. suggest good rules for carrying out experiments. 
* considered as “best response” by the authors of TOUS. 
 

Germann (1988): 
Science makes me feel uncomfortable, restless, irritable, and impatient. 

(Likert scale) 

Figure 4: Sample questions from traditional instruments addressing many factors in a single 
question. 
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I:  Describe what you normally do when solving a physics problem. List all steps you  often follow, in order. 
S:  First step in any problem would be to read the problem and list what's given and what you need, variables 

or what not. And the next step would be to find formulas that include these variables.  And then, the third 
would be to solve for the unknowns. That's basically it. 

I:  So this would be an algorithm you would work through in any kind of problem? 
S:  Basically, I would agree. It's a basic general, general outline of how to solve a problem. 
I: Do you ever consider drawing some kind of a diagram? 
S:  Uh-huh... I'd consider that helpful, yeah, I'd probably include that in step one. Draw, label, find out what 

you have and don't have. 
I:  So that becomes then, your first step.  
S:  Uh-huh. 
I: Would that be true for any kind of problem? 
S:  Visualization helps a lot. I would say it would be a good step to try in any problem. If you can't visualize it, I 

wouldn't try to draw it. Yeah, I would agree that would have to be helpful for any kind of problem.  
I:  Do you usually do it? 
S:  Do I do it? Usually yes. It's almost asked of us in physics class: force diagrams, free body diagrams. I 

would say they're probably most helpful. I would say, yeah. 

Figure 5: Excerpt from an interview with a university physics student whose written answer 
to an open-ended question does not reflect his actual position (Halloun, 2001b). 
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Figure 6: Boxplot comparison of answers provided, on VASS forms P99LB (top) and 
P20 (bottom), by students enrolled, in two consecutive years, in the first secondary 
grade at the same school. 
Answers are recoded so that the expert choice is always 1 in dichotomous items (6 through 15) and 5 in 
CAD items (16 through 38).  
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P20 Item No: 

Figure 7: Boxplot comparison of responses provided by 1838 U.S. students and 813 
Lebanese students on similar items in VASS Form P12 (Spring 97) and VASS Form P99LB 
(Spring 99). 

Responses are recoded so that the expert end pole is always 7 in Form P12, and 5 (or 1) in 
Form P99LB. 

Form P99LB  
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Figure 8:  Boxplots of participants’ answers on VASS Form P99LB  corresponding  to Table IV.   

Item No:   6   7    8   9  10  11 12 13  14 15 16 17  18  19 20 21 22  23 24 25 26  27 28 2930 31 32  33 34 35 36 37 38 39  1    2    3    4   5 
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Figure 9: Histograms of respondents’ sum of scores on VASS dimensions (Fall 1999). 
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Figure 10: Histogram of respondents’ sum of scores on all 33 VASS items along with 
profile cutoffs. Scores ranged, in the 1999 fall term, from 42 to 111 out of 125 points. 
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Figure 11: Boxplots comparing the distribution of respondents’ answers on the various VASS 
items within each of the four profiles. 
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Figure 12: Boxplots comparing the four profiles with respect to the total number of views of a 
given type expressed by respondents in each profile.  
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Students with a folk profile and expressing folk views on 17 items or more 
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Figure 13: Comparison of VASS answers given by two extreme groups of respondents in 
the1999 fall term. 
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Figure 14:  Error bars relating course final grades to profiles with 95% confidence 
intervals (CI). 
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Figure 15: Student VASS scores vs. teacher practice index. 
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Table I 

Taxonomy of VASS – Form P20 

Scientific dimensions                                                                      Item Number 
1. Structure:  Science is a coherent body of knowledge about patterns in nature revealed 

by careful investigation  
 –– rather than a loose collection of directly perceived facts. 

9, 10, 11, 
12, 13 

2. Methodology:  The methods of science are theory-laden, systematic and generic  
 –– rather than idiosyncratic and situation specific. 
 Mathematics is a tool used by scientists for describing, connecting and analyzing ideas 
 –– rather than a source of factual knowledge. 
 Mathematical modeling for problem solving involves more  
 –– than selecting mathematical formulas for number crunching. 

8, 38 
 
26, 37 
 
26, 28 

3. Validity: Scientific knowledge is approximate, tentative, and refutable   
 –– rather than exact, absolute and final.  

14, 15,   
35, 36 

Cognitive dimensions 
4. Learnability: Science is learnable by anyone willing to make the effort  
 –– not just by a few talented people. 
 Achievement depends more on personal effort  and perseverance 
 –– than on the influence of teacher, peers or textbook.  

16 
 
20, 22 

5. Reflective thinking: For meaningful understanding of science, one needs to: 
 (a) concentrate more on the development of generic methods for construction and 

application of scientific ideas  
 –– than on memorizing facts and procedures; 
 (b) examine situations in many ways  
 –– instead of following a single approach; 
 (c) seek knowledge from a variety of sources 
 –– instead of relying on a single authority;  
 (d) continuously evaluate one’s own work for consistency and effectiveness 
 –– instead of just accumulating new information from presumed authorities; 
 (e)  reconstruct new subject knowledge in one’s own way 
 –– instead of memorizing it as given. 

 

25, 27, 29, 
34, 19, 33 
 
30 
 
4, 5 
 

31, 32 
21 
23 

6. Personal relevance: Science is relevant to everyone’s life.  
 –– It is not of exclusive concern to scientists. 
 Science should be enjoyed and studied more for personal benefit   
 –– than for fulfilling curriculum requirements. 

18, 24 
 
6, 7, 17 
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Table II 

Comparison of student answers (in percentages) on six VASS items 
first asked in Likert format then in CAD format 

   Answer 1 2 3 4 5 
Item 

   Answer 1 2 3 4        5 
Item 

Likert 1a 31 52 6 11 0 
Likert 1b 14 32 18 25 11 
CAD 1 21 26 38 11 4 

Likert 2a 33 55 7 4 0 
Likert 2b 35 35 12 14 4 
CAD 2 24 29 26 19 3 

Likert 3a 30 42 7 19 2 
Likert 3b 37 42 7 11 3 
CAD 3 6 21 45 19 8 

Likert 4a 32 42 9 15 3 
Likert 4b 25 53 7 11 3 
CAD 4 17 15 39 19 10 

Likert 5a 20 23 9 31 16 
Likert 5b 50 39 6 4 1 
CAD 5 11 10 13 31 35 

Likert 6a 27 51 12 8 3 
Likert 6b 28 46 17 4 4 
CAD 6 4 13 51 20 11 
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Table III 

Sample Characteristics  
(percentage of participants) 

Grade Level  Education Level Term 

(1999) 1st sec 2nd sec 3rd sec College  Secondary  University

Fall   38  33  12  17   83  17 

Spring   53  29  9  9   91   9 
        

County  Sector  Term 

(1999) Brt-Mtn North South  Public Private  

Fall   36  29  36   54   46  

Spring   43  44  13    35   65  
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Table IV 

Percentages of participants’ answers on VASS Form P99LB in the 1999 fall term 

Recoded response:  
       0 1  
Q6  37 63 
Q7  18 82 
Q8  14 86 
Q9  37 63 
Q10  35 65 
Q11  16 84 
Q12  33 67 
Q13  42 58 
Q14  24 76 
Q15  48 52 
 
Recoded response: 
       1 2 3 4 5 
Q16  2 15 33 40 10 
Q17  6 17 36 31 10 
Q18  4 19 27 30 20 
Q19  2 12 27 33 25 
Q20  4 22 52 17 5 
Q21  16 15 16 31 21 
Q22  12 18 14 39 16 
Q23  7 11 15 40 27 
Q24  9 23 18 28 21 

Recoded response: 
       1 2 3 4 5 
Q25  6 15 28 37 14 
Q26  15 29 31 18 8 
Q27  9 18 15 35 24 
Q28  10 26 34 19 11 
Q29  9 13 15 39 23 
Q30  6 8 7 25 54 
Q31  20 17 12 27 25 
Q32  7 8 15 36 34 
Q33  11 14 32 33 10 
Q34  9 14 46 21 10 
Q35  15 15 19 25 26 
Q36  14 20 14 32 19 
Q37  5 17 22 30 26 
Q38  3 9 19 36 33 

Q39  2 4 6 22 66 
 

Q1  2 12 43 39 5 
Q2  1 10 44 38 8 
Q3  2 7 38 45 9 
Q4  16 41 18 17 8 
Q5  6 29 21 26 19 

  
Answers have been rearranged so that the expert pole is always scored 1 in dichotomous items and 5 
in CAD or multiple-choice items. 
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Number of views (out of 33 items, Q6 through Q38) 
                      Percent of  respondents expressing  a given view type: 
  on CAD items               on dichotomous items             on Entire test 
 Expert Mixed Folk Expert Folk Expert Folk 
 0   3 1   4     
 1   4 3   13   1 
 2   7 8 0 21   2 
 3 0 10 11 1 24   4 
 4 1 15 13 5 20   6 
 5 1 14 15 12 12   7 
 6 3 14 13 20 5   9 
 7 5 12 11 24 1 0 11 
 8 8 7 9 21 0 0 11 
 9 8 4 5 13   0 11 
10 10 4 4 4   1 10 
11 12 2 2     3 8 
12 13 1 2     2 7 
13 10 1 1     5 5 
14 9 0 1     4 2 
15 9 0 0     5 3 
16 4   0     9 2 
17 3   0     8 1 
18 3         10 1 
19 1         11 1 
20 1         10 0 
21 0         8 0 
22           8   
23           5 0 
24           4   
25           2   
26           2   
27           1   
28           1   
29           0   
30           0  
 

Table V 
Distribution of respondents’ views on VASS items in the 1999 fall term 
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Table VI 
Profiling scheme associated with VASS Form P12 (Halloun, 1997) 

Profile Number of Items 

Type Code out of 30 

Expert EP 19 items or more with expert views 

High Transitional HTP 15 to 18 items with expert views 
 

Low Transitional 
 

LTP 11 to 14 items with expert views and an equal 
or smaller number of items with folk views 

 

Folk 
 

FP 
11 to 14 items with expert views but a larger 
number of items with folk views, or 

10 items or less with expert views 
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Table VII 

Respondents’ sum of scores on VASS dimensions in the 1999 fall term 

Dimension Max. Score Mean       (%) S.D. 

Structure 5  3.3 (66) 1.12 

Methodology 21  13.9 (66) 2.51 

Validity 12  7.8 (65) 2.33 

Scientific domain 38  25.0 (66) 3.91 

Learnability 15  9.6 (64) 1.83 

Reflective thinking 55  38.2 (69) 5.65 

Personal relevance 17  11.4 (67) 2.34 

Cognitive domain 87  59.2 (68) 7.15 

Total sum of scores on entire VASS  125  84.2 (67) 8.99 
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Table VIII 
Distribution of view types across VASS profiles 

             Percentile 
Profile   Range  Median  75  95  99 
Total number of Expert views  
Folk  7-17 12 13 16 17 
Low transitional 11-20 16 17 19 20 
High transitional 15-25 20 21 23 24 
Expert 19-30 24 26 28 30 
 

Total number of Folk views      
Folk  5-23 16 18 20 23 
Low transitional 4-16 11 12 15 16 
High transitional 2-12 8 9 11 12 
Expert  1-9 5 6 8 9 
 

Total number of Mixed views      
Folk  0-12 5 6 10 12 
Low transitional 0-14 6 8 11 13 
High transitional 0-14 5 7 10 13 
Expert 0-9 4 6 8 9 
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Table IX 
Chi-Square pertaining to the cross-tabulation of actual respondents’ answers on VASS items 

and respective profiles (’99 Fall data) 

Item             Chi-Square         Significance              
 6 69.65 .000
 7 68.13 .000 
 8 35.28 .000 
 9 35.04 .000 
 10 23.74 .000
 11 2.05 .562 
 12 14.95 .002 
 13 11.57 .009 
 14 12.08 .007 
 15 4.59 .204 
 

 16 19.70 .073 
 17 107.21 .000
 18 52.16 .000 
 19 63.07 .000 
 20 19.48 .078 
 21 65.27 .000 
 22 155.86 .000 
 23 123.86 .000 
 24 89.45 .000

          Item              Chi-Square         Significance   
 25 145.02 .000 
 26 44.93 .000 
 27 113.68 .000 
 28 89.84 .000 
 29 150.54 .000 
 30 222.95 .000 
 31 126.34 .000 
 32 156.90 .000 
 33 88.19 .000 
 34 36.59 .000 
 35 79.99 .000 
 36 58.86 .000 
 37 67.32 .000 
 38 80.16 .000 

 39 49.17 .000 

 1 76.12 .000 
 2 92.20 .000 
 3 53.42 .000 
 4 65.67 .000 
 5 34.42 .001 
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Table X 
Comparison of VASS results before instruction (fall term) and after instruction (spring term) 

Dimension Mean 

Before    After   

S.D. 

Before    After 

 Profile Percentage
Before After 

Structure  3.3 3.4 1.12 1.06 Folk  8 14 

Methodology  13.9 13.8 2.51 2.70 Low Transitional  31 35 

Validity  7.8 7.8 2.33 2.17 High Transitional  45 39 

Scientific domain   25.0 25.0 3.91 3.91 Expert  16 12 

Learnability  9.6 9.9 1.83 1.89   

Reflective thinking  38.2 36.9 5.65 5.95   

Personal relevance  11.4 10.5 2.34 2.54   

Cognitive domain   59.2 57.2 7.15 7.65   

Total sum of scores   84.2 82.2 8.99 9.56   
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Table XI 
Comparison of VASS sum of scores across demographic strata 

Sector Mean S.D. F p 

Public 82.26 8.43   

Private 84.72 8.34   

Total / ANOVA 83.52 8.47 15.10 .000 

County     

North 83.34 8.80   

South 82.46 8.81   

Beirut & Mountain 84.73 7.69   

Total / ANOVA 83.52 8.47 4.58 .011 

Gender     

Girls schools 82.34 7.93   

Boys schools 83.59 9.80   

Mixed schools 84.26 8.46   

Total / ANOVA 83.52 8.47 3.88 .021 
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Profile       Physics Course Grade Q1 Q2 Q3 

Folk   Mean 53.64 3.09 2.99 2.84 
    S.D. 22.35 .78 .91 .99 
Low transitional  Mean 59.93 3.32 3.13 3.21 
    S.D. 22.33 .80 .81 .91 
Low transitional  Mean 67.47 3.63 3.58 3.59 
    S.D. 18.60 .75 .79 .87 
Expert   Mean 77.39 3.88 3.87 3.95 
    S.D. 15.06 .74 .76 .70 
Total   Mean 64.29 3.48 3.38 3.40 
    S.D. 21.15 .81 .86 .94 
ANOVA   F 12.63 26.58 36.07 37.49 

p 000 000 000 000

Table XII 

Achievement indices across VASS profiles


