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Introduction


In New York State all students are required to successfully pass at least one Regents Exam in a science to graduate from high school. Students desiring a Regents Diploma must successfully complete two Regents exams. For many students this means studying Living Environment and then Chemistry. Accepting that exams are only one form of assessment providing at best partial insight into the knowledge that students have about a science, they remain one of the forces driving curriculum in New York State and as such should be a focus of study. In this work-in-progress we plan to examine our understanding based on an ethnographic study of the learning of students as they participate in a Regents-based chemistry course and the performance of students on their final Regents exam. Catherine is a university researcher and Jim a teacher-researcher and teacher of the classes upon which this study is based. Jim writes about the exam:

June 22, 2005 The Physical Setting: Chemistry Regents

With the state and the city emphasis on teacher accountability, student performance on standardized exams is extremely important.  If both the student and the teacher have done their job, I do not see any reason for the Regents exam to be any challenge to the students. So the results of my students’ performance on the exam were disappointing.  Out of the 58 students that participated in the exam, only 13 passed with a 65 or higher, with a total of 25 passing with a 55 and higher.  My question was why, why didn’t the students do as well as I expected they would do? Even the students that passed just passed the passing mark. The majority of the passing grades were less than 70. Jim, Reflections, June 2005
This is the question that framed our approach to this study. Catherine wrote in her reflections after we met to discuss the performance of the students on the Regents exam. 

Even people I expected to do well like Henry and the two girls who made me welcome when I first arrived (“Your girls” as Jim calls them) achieved in the 70s and many students achieved between 55 and 65. I was surprised that students hadn’t done better but the language of the first question was enough to put my teeth on edge, “wave-mechanical” model. Cath, Reflections, June 2005

This study is framed around an ethnography of a chemistry classroom in a large urban center. While the students come from diverse backgrounds the school draws its student population from mainly Hispanic (40%), African American (10%), Asian (40%) and Caucasian (5%) communities and Jim’s classes reflect this diversity. Learning styles are as diverse as the student population. A large number of the students in the school are classified with special needs that include physical and learning disabilities. The school adopts an inclusion approach with students so that students with special needs follow the same requirements, the same curriculum and attend the same classes as the rest of the students. However, there was no escaping the fact that we expected the students Jim taught to do better on the exam than they did. Our experiences in Jim’s classroom provided a sense of student engagement and questioning in the learning of chemistry that seemed at odds with their achievement on this exam.

Framing the Study


Our research is informed by the notion that culture is a weave of practice and symbol systems in which users of culture share a semiotic field (Sewell, 1999). Thus in high school chemistry there are practices and symbol systems that are recognized as associated with chemistry. You might assume that a shared understanding of symbol systems would result in a thickly coherent culture. However, even actors who understand the symbol systems that help constitute a culture do not all use these systems in the same way and what emerges is thin cultural coherence and contested boundaries (Sewell, 1999). "What are taken as the certainties or truths of texts or discourse are in fact disputable and unstable" (Sewell, p. 50). 


To the context of learning chemistry students bring resources, some of these resources they can use learning chemistry. These resources can be human, material, or symbolic and the resources that participants bring determine the forms and quantity of capital to which individuals or groups have access (Bourdieu, 1977). Bourdieu differentiates four categories of capital: economic, social (ability to sustain relationships with significant others), cultural (legitimate knowledge), and symbolic (reputation and distinction). Resources can include the forms of capital that students and teachers bring to the classroom, how those resources are valued in the social systems of schools and the resources that are available in schools and classrooms for use by students and teachers in the reproduction of structures. Important structures in this context include the Regents exam for which students are prepared as part of their ongoing education in high school chemistry and the New York State core curriculum in Physical Science - Chemistry.

Resources frame cultural structures upon which practices are enacted and which enact practices. Concurrently, the cultural structures of school chemistry are composed of cultural schemas and resources. Cultural schemas represent rules for group action, norms, beliefs and cultural practices that are enacted through space and time (Sewell, 1992). In chemistry classrooms, cultural schema can represent expectations about appropriate methods for generating chemistry knowledge and the types of behaviors that are valued. Seiler (2001) builds on Schwarz (1987) and Bourdieu (1977) when she talks of the contexts of science learning and evaluation as fields where power relationships shape the practices and symbol systems that are enacted. Fields are sites at which agents such as students make use of resources to order meaning. A goal of teaching and learning science is that students come to recognize and use specific practices and symbol systems as science or scientific. Deciding which practices and symbol systems constitute school science is a political act determined by powerful groups that seek to impose their ideas about scientific symbol systems and the practice of science in high schools. In a Regents chemistry classroom the core curriculum and the Regents exam exert powerful influences on classroom practices. When we speak with students they often tell us that their goal is to pass chemistry, which involves them negotiating a score of 65 on the Regents exam. 


Our knowledge of science makes us aware that because symbol systems are continually being enacted by practice they are always open to transformation. Meaning comes from both practice and narrative. Therefore in a different science classroom and in a different context the way students interpret practices and symbol systems will be a little different even though consistencies exist and we expect they would be able to understand the symbol systems and practices that are being used. The symbol systems that are important for being able to make sense of the Regents chemistry exam will include those from chemistry and also those from other forms of discipline-based understanding. One criterion of learning might be how students come to adopt the practices and symbol systems of chemistry. How students react to these symbol systems is an area of interest to us.

The Participants


Jim was the chemistry teacher-researcher of the students that provided the focus for this study. This study took place in his first year of teaching. However, he had a long prior association with the school. As his reflections indicate:


My experiences at (this school) have been some of the most important in helping shape my life goals as well as being some of the most memorable experiences of my life. I am no longer a tutor there, but rather a teacher in a school that has changed my entire life. As I have assumed the role of a teacher, I have also taken on the challenge of understanding how to teach science effectively. Working at (the school) for four years prior to teaching was an extremely beneficial experience, which helped to make transition from tutor to teacher much easier than if I hadn’t had such a prior experience. While the transition was relatively smooth, the job is still an uphill battle, as I still encounter obstacles that I must find my way around in order to teach chemistry in a meaningful way. 
Jim, Reflections, December 2004

He was interested in being part of an ethnographic study because of his desire to broaden his options as a chemistry teacher and make a difference to the learning of the students he taught. He is a popular teacher and students gather in his classroom during their lunch period to work on problems or just hang out. In order to help students to prepare specifically for the Regents exam, Jim organized afternoon and Saturday morning tutoring sessions in the final month of the academic year, the earliest he was available to run these sessions. A small number of students were able or willing to avail themselves of this structure, which involved students revising for the forthcoming Regents exam by working through past Regents exams. 


Catherine was a university-researcher who visited Jim’s chemistry classes two or three times a week for an academic year. She constructed field notes and interacted with students to gain an understanding of the sense students were making of chemistry. At the end of each class Catherine and Jim reflected on the class and the observations they had made and discussed options for action. During lunch Catherine and Jim met with students to talk about their understanding of the chemistry content. It was through these interactions that Jim and Catherine gained an understanding of the chemistry learning of the students in Jim’s chemistry classes.


The students participated willingly and openly and one Deshawn, and African-American student, helped us to understand the exam from a student perspective. Deshawn was a hard working student who maintained a high level of achievement in his courses but found the exam to be a challenge as his comments indicated. 

The Context


Certain structures enacted in the school are not necessarily conducive to an integrated approach to learning chemistry. For example within the school, scheduling of chemistry over a week is organized into five “lecture” periods of 44 minutes and one “laboratory” period of 42 minutes during period 6. However for a specific student, the chemistry teacher who teaches the student in the “lecture” periods might not teach them in the laboratory period. The student participation rate in the laboratory sessions was very variable. Sometimes the laboratory would be filled to its capacity but for other laboratory classes it was almost empty. Students are required to complete 30 hours of laboratory work to qualify to sit for the Regents exam but the laboratory sessions were scheduled after lunch and a number of students found other activities to do at that time that were perhaps more attractive than completing a laboratory activity. It was only towards the end of the year that there was a concerted effort on the part of some students to complete the requisite laboratory hours so that they could sit for the exam. Also, Jim’s chemistry classes were reasonably large. Two had over thirty students making movement through the classroom during class time to work with specific students difficult. The data for this study comes from three chemistry classes.

Methodology and Data Sources


Our study is an ethnography accepting that fields can be sites of struggle where powerful interests seek to ensure that the meaning they ascribe to practices and symbol systems is accepted by all. For example in the exam field, chemistry is represented from a particular perspective that does not provide opportunities for other voices to be heard. Thus, chemistry can be taught as a rhetoric of conclusions that leaves no space for students to practice inquiry or model building (Erduran, 1998). Fusco (2001) describes school science as an individual endeavor of manipulating symbolic knowledge that is abstracted from everyday life and as we hope to show in our analysis this is currently the case in the Regents exam. In classrooms, students should have opportunities to engage in active construction of science through practice. In high school chemistry, as practiced in schools that are required to prepare their students to sit for a Regents exam, prior exams tend to constitute a dominant resource and they are resources that support a power dynamic in which one set of practices and a restricted symbol system are enforced.


Critical ethnography (Barton, 2001) provided us with the tools for examining interactions involving practices and symbol systems enacted at specific fields that included the classroom and the examination. In trying to make sense of student achievement we discussed the cultural schema that in concert with resources informed the development of “achievement” structures within the school. For example, Jim believed there was little incentive – external motivation – for students to do well in the Regents exam. If students passed the Living Environment Regents exam, which is the science they tend to study first in high school, they are not required to pass more Regents exams in science to achieve their high school diploma. We asked if there were norms or cultural schema in the structure of school practice that implicitly communicated the value of completing a first Regents exam in a science but did not place nearly as much value on completing a second Regents science. Jim indicated that math teachers believed the school valued humanities and English above mathematics and science. Their evidence was based on structures such as scheduling – in English and Social Science teachers are scheduled in a block or double period – and on the variety of non-Regents courses available to students in the social sciences but not in the sciences or mathematics. 


At the end of our discussion we agreed that we did not know enough about the actual exam to make any warranted assertions about possible relationships between the exam, student learning, and teacher practice. We agreed that we would conduct an item response analysis of the multiple-choice component of the exam. This would provide us with information on the quality of the questions asked in the exam and on the thinking of the students as they responded to specific exam questions (Sadler, 1998). We agreed that we would analyze and categorize the questions on the exam to observe the relative emphasis placed on text-based and symbolic questions in comparison to other types of questions. We would then compare our results. Our initial reading of the exam had already led us to identify some questions that we thought were not questions of chemistry knowledge. For example, there were questions that asked students to identify the positive ion of an Arrhenius acid or positron decay and we wondered at the importance for a general understanding of chemistry for these components of chemistry knowledge.

Results

What does the exam tell us?


The Regents exam is based on the New York State Physical Setting/ Chemistry Core Curriculum and as such the questions are framed by the criteria of the Core Curriculum. For chemistry, there are five standards that are mentioned in the curriculum including analysis, inquiry and design, Standard 1; information systems, Standard 2; and interdisciplinary problem solving, Standard 7. However, not surprisingly, the Standard that receives the most attention is Standard 4, the physical setting, which serves to constitute the “content” of a Regents-based chemistry course. Standard 4 consists of three Key Ideas, which are broken into 110 Major Understandings. One Key Idea is that energy exists in many forms, and when these forms change energy is conserved. Within that Key Idea an example of a Major Understanding is that each radioactive isotope has a specific mode and rate of decay (half-life). Hopefully this brief introduction to the Core Curriculum provides you with a sense of the breadth of content knowledge students need for the exam. The use of a standards-based curriculum implies a criterion-based exam in which the major understandings form the basis of the knowledge students need to be successful on the exam. At least that is the theory. 

Jim commented:
More than 75 percent of the students eligible to sit for the exam actually sat for it. Were they all prepared? By June, I had to admit that not all 58 students that sat for exam were prepared. But they did sit, and I believe that has something to do with the fact they were just trying to satisfy my demand of them to be present. Much of what my students accomplished during that school year was to somehow satisfy my requirement of them. “Mr. Ma, I did your homework!” When my students have accomplished something or completed a task, they are very eager to point out to me that they had done so. For many of my students, I did not believe that they saw the value of the work they had done in their own learning of chemistry. 

The issue of students seeing themselves as science learners remains a focus of our thinking about learning chemistry. We mapped the scores of each student into a grouped frequency distribution, that is, the number of students who obtain a given score range. This confirmed what we already learned: the students did not achieve the scores we expected (see Table 1). 

Table 1

A frequency distribution of student scores in the multiple-choice section of a Chemistry Regents Exam out of a maximum score of 50. 

	Grouped Scores 
	Number of Students

	46-50
	*

	41-45
	

	36-40
	*

	31-35
	*************

	26-30
	*****

	21-25
	*************

	16-20
	****************

	11-15
	*******

	6-10
	**



This grouped frequency table indicated that students’ scores were clumped in the lower two-thirds of the scoring range. Only 2 students scored above 35 out of 50 and one of those had only recently arrived at the school from China. Information of student scores (see Table 1) led us to speculate on the types of questions that were asked and to wonder about the questions that students found to be most problematic. We decided to examine their responses in greater detail using item analysis. We hoped that this would tell us more about the choices that students made for specific questions, which would provide a basis for our further analysis of the questions. We knew that the symbol systems used in exam questions depended very much on the practices and symbol systems valued by the test writers. This suggested that an initial qualitative analysis of questions presented to the students might provide some information on the types of questions that were commonly used on the exam. We developed a classification scheme for questions based on the format of the question and the expected response. This scheme included text-based, numeric/mathematical, symbolic, particulate, and diagrammatic types of questions. 

Text-based questions were almost entirely written in text and the response was also presented as text (see Figure 1).
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Figure 1.
An example of a text-based question. 

As we will examine later, this question (see Figure 1) was problematic for students in Jim’s classes.

Numeric/Mathematical questions required some form of calculation to be conducted (see Figure 2).

[image: image2.wmf]
Figure 2.
An example of a numeric/mathematical question

Symbolic questions required the use of chemical symbols (see Figure 3).
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Figure 3.
An example of a symbolic question

Particulate questions use drawings of submicroscopic particles (see Figure 4).

[image: image7..pict]Figure 4.
An example of a particulate question

Diagrammatic questions are questions that use diagrams of phenomenon from which questions are framed. There were two examples of this type of question in the constructed response component of the exam but none in the multiple-choice component.


We used our classification system to identify the types of questions that were used in the Chemistry Regents exam of June 2005 and to generate a count of each question type (see Table 2). This count was interesting because it provided us with some sense of the relative emphasis placed on various aspects of chemistry communication in the exam. While chemistry education researchers have argued for a de-emphasis on symbolic levels of representing chemistry in chemistry education, this form of representation is emphasized in the exam either as written text or as chemical symbols. The restricted emphasis in question types has implications for pedagogy because chemistry education research suggests that experience with phenomenon such as laboratory experiences and with explanations involving particulate or submicroscopic entities is important if we want more effectively to support students chemistry learning.

Table 2


Identification of question types on one Regents exam

	Types of Questions

	
	Text-Based
	Numeric/ Mathematical
	Symbolic
	Particulate
	Diagrammatic

	Regents Questions
	1, 2, 4, 6, 7, 8, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 25, 26, 36, 46
	24, 29, 35, 39, 41, 42, 45
	3, 5, 9, 12, 14, 22, 23, 27, 28, 30, 31, 32, 34, 37, 38, 40, 44, 47, 48, 49, 50
	43
	

	Total
	21
	7
	21
	1
	0



The analysis of different question types (see Table 2) provided a clearer picture of the relative emphasis in the exam on various question types for the item analysis. However, we needed to tabulate individual student responses for each question because the Regents exam should be criterion-referenced and we were interested in the proportion of student choices within each question (see Table 3). Organizing responses in this way allowed us to observe how students responded to the alternative choices offered for specific questions and whether specific response choices were powerful distracters for the students as they responded to each multiple-choice question. Combined with our classification scheme for the questions, we used this information to begin to analyze student choices especially for questions for which the proportion of correct responses was high or low. This gave us a sense of which questions students seemed to find difficult or easy.
Table 3


Example of how we entered the data for each question based on student responses.

Question 1

	Student Number
	Choice 1
	Choice 2
	Choice 3
	Choice 4

	1
	0
	1
	0
	0

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



The proportions for each response are listed in Table 4. For questions where the correct response was not obvious because there were two equal proportions of student responses, the correct answer is given beside the question number. The questions in bold are the ones on which we would like to focus our analysis for this paper. Almost half the students answered question 2 correctly and we were interested in finding out whether the language of this question might be a factor in supporting the correct response. Only 14% of the students answered question 9 correctly, which made it of interest to us. Finally, question 35 was of interest because 84% of the students answered this question correctly. We could have chosen other questions on which to focus our analysis but these specific questions have a story to tell.

Table 4


Proportion of student responses

	Question #
	Choice 1
	Choice 2
	Choice 3
	Choice 4
	Proportion Choosing Correct Answer

	1
	0.09
	0.3
	0.88
	0
	0.88

	2
	0
	0.45
	0.09
	0.47
	0.47

	3
	0.57
	0.26
	0.07
	0.12
	0.57

	4
	0
	0
	0.31
	0.69
	0.69

	5
	0.04
	0.2
	0.66
	0.11
	0.66

	6
	0.33
	0.24
	0.12
	0.31
	0.31

	7
	0.6
	0.12
	0.22
	0.05
	0.6

	8
	0.12
	0.41
	0.24
	0.22
	0.22

	9
	0.14
	0.34
	0.34
	0.17
	0.14

	10
	0.12
	0.09
	0.43
	0.36
	0.36

	11
	0.45
	0.34
	0.09
	0.12
	0.45

	12
	0.91
	0.03
	0.02
	0.03
	0.91

	13
	0.25
	0.33
	0.23
	0.19
	0.33

	14
	0.55
	0.21
	0.17
	0.05
	0.55

	15
	0.14
	0.52
	0.26
	0.07
	0.52

	16
	0.36
	0.03
	0.41
	0.19
	0.36

	17
	0.41
	0.33
	0.19
	0.05
	0.33

	18
	0.02
	0.17
	0.69
	0.1
	0.69

	19
	0.05
	0.32
	0.11
	0.53
	0.32

	20
	0.09
	0.32
	0.3
	0.29
	0.32

	21
	0.74
	0.12
	0.07
	0.07
	0.74

	22
	0.26
	0.14
	0.42
	0.18
	0.42

	23
	0.19
	0.6
	0.09
	0.12
	0.6

	24
	0.26
	0.39
	0.26
	0.09
	0.26

	25
	0.09
	0.07
	0.14
	0.7
	0.7

	26
	0.25
	0.26
	0.3
	0.19
	0.3

	27
	0.04
	0.16
	0.74
	0.07
	0.74

	28
	0.81
	0.11
	0.05
	0.04
	0.81

	29
	0.14
	0.14
	0.63
	0.09
	0.63

	30
	0.11
	0.33
	0.35
	0.21
	0.33

	31
	0.19
	0.23
	0.18
	0.4
	0.4

	32
	0.14
	0.54
	0.18
	0.14
	0.18

	33
	0.05
	0.93
	0
	0.02
	0.93

	34(4)
	0.28
	0.18
	0.26
	0.28
	0.28

	35
	0.07
	0.09
	0.84
	0
	0.84

	36
	0.37
	0.3
	0.14
	0.19
	0.37

	37
	0.02
	0.4
	0.16
	0.42
	0.4

	38
	0.21
	0.14
	0.42
	0.23
	0.42

	39
	0.23
	0.51
	0.04
	0.23
	0.51

	40
	0.18
	0.19
	0.23
	0.4
	0.23

	41
	0.12
	0.11
	0.63
	0.14
	0.12

	42
	0.61
	0.14
	0.09
	0.16
	0.61

	43
	0.3
	0.16
	0.42
	0.14
	0.42

	44
	0.3
	0.28
	0.25
	0.18
	0.3

	45
	0.16
	0.32
	0.21
	0.32
	0.32

	46
	0.39
	0.25
	0.19
	0.18
	0.39

	47
	0.12
	0.58
	0.14
	0.16
	0.58

	48
	0.07
	0.28
	0.16
	0.49
	0.49

	49(2)
	0.29
	0.29
	0.25
	0.18
	0.29

	50
	0.34
	0.38
	0.16
	0.13
	0.38



Note that we identified question 2 (see Figure 1) as a text-based question. The question seemed relatively uncomplicated, asking students to identify a similarity and difference between subatomic particles; protons and electrons found in an atom. We expected a higher proportion of correct responses. However, as Jim examined the question more thoroughly he noted a difference between the way this question was framed and the way he framed this information in his conversations with students in class. For example, in class he talked about “ positive charge” and “negative charge” rather than the quantity of charge and the sign. We speculate that if the responses had been framed differently to emphasize charge before the size of the size of the charge the proportion of correct responses might have been greater (see Figure 5). 
	Original Question
	Revised Question
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Figure 5.
Reframing the question


This thesis will be tested with the group of current chemistry students. The students’ responses to question 9 (see Figure 6) indicate that students found this question to be the most challenging in the multiple-choice component of the exam. Only 14% of students, 8 from a group of 58, submitted the correct answer. This question asks students to change the chemical name of an ionic compound into its chemical formula. We know from our experience over two years with students that they find this to be a very difficult task. 

Question 9

	 
	 
	Question Choice 1
	Question Choice 2
	Question Choice 3
	Question Choice 4

	N
	Valid
	58
	58
	58
	58

	 
	Missing
	0
	0
	0
	0

	Mean
	 
	.14*
	.34
	.34
	.17

	Sum
	 
	8
	20
	20
	10
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Figure 6.
Examining students’ responses for Question 9

Our analysis suggests why students might find the type of question, illustrated by Question 9, difficult. The answer requires five steps. First, students have to use their reference tables and find the periodic table which they can use to identify the chemical symbols for both titanium and oxide: titanium is Ti and oxide is O. Second, they have to know what (II) means: Ti2+. For many students their prior experiences of Roman notation tend to be more typical everyday experience, such as the Super Bowl, where Roman numerals are used for counting rather than for identifying specific characteristics of an element such as its oxidation number. This commonly results in students using the numerals to count down the oxidation numbers listed for an element in the periodic and selecting the second listed oxidation number, which could be 4, or 5, or 6 rather than recognizing that the II means an oxidation number of 2. Third, they have to use their periodic table to identify the electric charge on the oxide ion: O2-. Fourth, they have to know how to combine this information to form the formula. With Jim the students learned to do this by “criss-crossing”:




Finally, they have to realize that the empirical formula for an ionic compound must be represented using the lowest common denominator, that is, TiO rather than Ti2O2. Jim noted that if Ti2O2 was also a choice for this question the number of correct responses might have been further reduced. 


Working out chemical formula is a complex skill and this year Jim worked with students for a longer period on this skill than he did last year. However, considering that students are expected to know over 100 major understandings for an 85 question exam and there were two questions, including this one, that asked students to demonstrate an understanding of chemical formulas of ionic compounds Jim negotiates a fine line between working with the students on naming of inorganic compounds and assisting them to develop other resources that will be as useful to them as chemistry learners and when they sit for the Regents chemistry exam.


Finally, we examined question 35, which was answered correctly by 84% of the students (see Figure 7). We wanted to understand if we could identify an aspect of this question that would help us to understand the high positive response rate and perhaps use this understanding to assist students to feel more confident when they sat for the exam.

[image: image6.wmf]
Figure 7.
Question 35


A close examination of Question 35 indicated that this question did not require any chemistry understanding to be answered correctly. Additionally, we noted only one possible choice in the responses fell between 141 and 171 and that was the correct answer. We assume the examiners’ goal with this question was to address the major understanding: The succession of elements within the same group demonstrates characteristic trends: differences in atomic radius, ionic radius, electronegativity, first ionization energy, metallic/nonmetallic properties. However, we would argue that this question did not achieve that goal. 


In the following academic year Deshawn agreed to speak with us about his experience of the exam. Catherine had come to know him and his colleague, Bill, during the academic year as she occasionally worked with them in Jim’s class. Deshawn was a hard working student but his weekend job at a casual dining restaurant meant that he was not able to attend the Saturday review sessions. He was keen to be a member of the Honor society and complained to Jim when he thought his grade for chemistry would prevent him from maintaining his membership. He commented that his strategy for preparing for the exam was to try and memorize all the material he had written in his chemistry notebook. He felt that sometimes in class, “we spent more time on stuff” than its role in the exam warranted. He commented that quizzes did not really prepare him for the exam because they tended to be based on chemistry content that they had just studied. Consequently, it was fresh in his mind. He commented the quizzes, “tested on what we just learned.” He learned that “in the process of moving on and learning new things” it was important not to forget the “old things.” Finally, when he was in the exam he did not feel that he had ever seen the understandings before and his strategy of trying to remember what they “had learned that day” did not really help him to answer the questions on the examination paper. 


When Catherine went through the exam with Deshawn he indicated there were certain terms such as “trend” which he did not understand was used in a four-point constructed response question. This term is used explicitly in the core curriculum for chemistry in Standard 1 – analysis, inquiry, and design not the content focused Standard 4 indicating to Jim the need to make sure that he uses such terms with students in his chemistry classes. Deshawn’s comments indicated that in terms of his classroom experiences, he did not feel unprepared for the exam. However, it was clear that he thought of chemistry as a mass of unconnected facts that he had to try and memorize. 

Making Some Changes

With his first Regents exam completed Jim has implemented some changes to the chemistry curriculum that he implements with the students he teaches and in the following sections he outlines what some of those changes. 

Jim: The June 2005 regents greatly affected the way that I teach chemistry in my second year of teaching. 

Reorganizing the Chemistry Curriculum


This past fall, I was determined to rethink my course of action in teaching chemistry. Clearly, there were many elements that were confusing to the students, as even the usual high performing students were stumped by many of the questions. I decided to reorganize the curriculum and devote a different amount of time to certain topics. I am forced to stick to the limits of the core curriculum. For example, last year I spent a fair amount of time on stoichiometric calculations. I would often cover material that was not required based on the core curriculum, but rather calculations that I felt were crucial to their understanding of stoichiometry. I have decided to follow the core curriculum more religiously on this area, and devote less time to this topic and more in other areas such as atomic structure. I have realized that ten months (nine actually) is much too little time to cover all the material outlined in the core curriculum, let alone a more ‘advanced’ curriculum with extra material. 

Using Regents Questions Explicitly 


Another major change that I have implemented is the use of Regent’s questions explicitly from the very first unit. I have used the June 2005 Regents extensively this term in an effort to familiarize current students with the language, style, and context of the questions. It still puzzles me how many students had difficulty on certain questions that I had did not expect they would. In class, they were able to answer my questions and based on my initial assessment of the students’ understanding, these questions would not have posed a problem to them. As we discussed earlier in the paper, a possibility is the difference between the language I used in class and that used on the exam. By introducing Regents questions earlier in the academic year, I hope that students will have more time with the course to familiarize themselves with the language and nature of the questions they are expected to answer. We both remember when one of the students presented with a prior Regents exam question commented, “I don’t understand this. It’s not even in English!”  When the problem was rephrased and explained, the student proceeded to complete correctly the task asked of him.

Making Space for Students to be Challenged


Exams and quizzes currently comprise mostly Regents questions. These exams are not easy for the students. While students find these exams and the questions quite difficult, I need to constantly encourage them to try initially to work out the questions by themselves. “Try these on your own first, and then we will go over them.” Students are very quick to call “I need help!” I do try to assist students to know how to “interpret” the questions, in hopes that they will not be daunted by similar questions on the actual exam. We work on strategies that they can use to begin to work on specific chemistry problems. Of course, there is a fine line between challenge and dispiritedness and it is a line I am still negotiating in the classroom! 

Achieving a Balance?


In the past five months or so, I have done more Regents specific instruction than I had done during all of last year. At times I wonder if the class has become too “test prep.” I wonder if I have focused too much on the exam. The purpose of the exam is to measure student performance and understanding of the material. The exam itself does not take into account the learning environment in which the material is presented. Its goal is not for students to be life long learners of science, nor truly appreciate the material. Just look at the number of text-based factual questions that are present in the exam. There is little room to measure student reasoning of the material. As a result, I am forced to try and combine my desire to make chemistry as enjoyable as possible, while at the same time preparing them for a very high stakes exam. I often wonder, am I preparing my students to be better exam takers or better science learners?

Conclusion


Our experience of working with students and observing their struggles with the Regents exam has encouraged us to investigate this issue further by examining whether the changes that Jim has introduced make a difference in the following year to the students in his chemistry classes. However, there are some issues related to the structure of the exam and the core curriculum that are not currently the purview of individual chemistry teachers.
The structure of the core curriculum of over 100 major understandings presents a splintered representation of chemistry knowledge. The structure of the exam, Part A consisting of 33 multiple-choice questions; Part B-1, 17 multiple-choice questions; Part B-2, 15 constructed response questions; and Part C, 20 constructed response questions reinforces this representation. This leads us to ask if the current exam structure provides students with the best way of demonstrating their knowledge of chemistry. As far as we could ascertain there is a consistency between the language of the core curriculum and the language of the exam but the emphasis on text-based questions reinforces the complexity of the language involved. Such an emphasis imposes a particular structure on how chemistry knowledge is represented and deprives students of an opportunity to communicate in their own words their understanding of chemistry. The lack of any connection in the multiple-choice section of the exam and the experiential world ensure that the knowledge represented, while consistent with the core curriculum, remains disconnected from the world of the students who are completing the exam. We wonder if the examiners would be wary of restructuring the exam so that it makes more connections to the experiential world of students because that might actually make the exam more difficult for students. In its current from, the interaction between the chemistry of the core curriculum and the chemistry of our everyday world seems marginal at best.
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2	Compared to a proton, an electron has


the same sign and a greater quantity of charge


the opposite sign and a greater quantity of charge


the same sign and the same quantity of charge


the opposite sign and the same quantity of charge
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