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Abstract

One of the purposes of standards-based state assessments is to provide a yearly measurement of a state’s progress.  Each state may use their assessment to determine the proficiency level of each district.  The purpose of this paper is to address how the data are often misinterpreted when administrators or teachers attempt to use state assessment as individual diagnostic tests at the subdomain level for students rather than focusing the interpretation on the general population of the school/district or as a measure of a student’s overall skill level on the particular construct.  Furthermore, a Monte Carlo simulation study was performed to examine the unreliability of diagnosing a student’s weakness based on four content areas of a thirty item multiple-choice test.  The size of the four content areas (i.e. strands) ranged from 5, 7, 8, and 10 items.  Preliminary results indicate that unreliable inferences are drawn when the subdomains are constructed with few items, typically observed in statewide assessments.  

INTRODUCTION

School districts across the nation are facing many challenges while attempting to meet the NCLB act requirements.  One of the most important challenges is raising the achievement of all students to a level of proficiency as defined by individual states through a statewide assessment system (Linn, 2005).  Because there exists much misinformation or a general deficit in understanding types of assessments, and in particular high-stakes testing, more often than not, district administrators and teachers are remiss in the utilization of the data (Cizek, 2001).  This usually occurs with misinterpretations or just general misuse of data, which ultimately undermines the purpose of the test and the validity of the test scores (Sireci, 2005).    

The primary motivation underlying statewide assessments is to determine whether a student has met a minimal standard in a particular content area.  These tests are designed to reflect how well districts and schools are teaching students to a level of proficiency (Linn, 2005).  This is accomplished through the use of criterion-referenced tests, which are tests that align to content domains or specific subject areas (Sireci, 1998).  These specific subject areas, which are defined by the state’s curriculum frameworks or curriculum guidelines, may range anywhere from a skeletal outline to a full-length text.  These frameworks specify the strands of the knowledge content, and those strands are comprised of the standards, which are the specific content descriptors of each subject or content domain (Sireci, 1998).  A criterion-references test is an appropriate assessment when trying to establish how well the student performed compared to an established set of criteria determined by a body of work (Hambleton, Zenisky; 2003). 

A standardized test consisting of multiple-choice and constructed-response items is often used to perform statewide assessments.  Such tests are predominately unidimensional, even though they contain unique content areas. The intent is to measure the skill of a particular content domain, and the assumption of unidimensionality purports that the items are measuring the one ability required to master the specific content.  As Hambleton (1996, p.912) explains “Unidimensional, dichotomously scored IRT postulates (a) that underlying examinee performance on a test is a single ability or trait, and (b) that the relationship between examinee performance on each item and the ability measured by the test can be described by a monotonically increasing curve.  This curve is called an item characteristic curve (ICC) and provides the probability that examinees at various ability levels will answer the item correctly.” For example, in mathematics, there may be several content areas, as indicated by the test blueprint, measuring Geometry, Algebra, or Measurement; however, overall, the test measures mathematical skills.  Unidimensionality within a set of items describes how well the student grasped the overall skill as relayed by the content domain.  As stated by Hambleton and Zenisky (2003, p.387) in reference to these types of tests, “emphasis has shifted from the assessment of basic skills today; the number of performance categories has increased from two to typically three or four; there is less emphasis on the measurement of particular objectives, and more emphasis on the assessment of broader domains of content.” Again, the purpose of these assessments is to provide schools and districts with information on the students as a group, and although the test serves its purpose well, it does not provide what some educators would reasonably expect and that is information about what the student does not understand, i.e., diagnostic information. Unfortunately, treating test scores from unidimensional tests as diagnostic is too common. To make matters worse, diagnostic decisions are sometimes being made on only a few items leading to unreliable inferences about a student’s skill level with respect to a particular area.   The purpose of this study is to examine the unreliable nature of diagnostic scores on a unidimensional test.

This study was motivated based upon how teachers often use the results of an individual student’s scores to decide a course of action for that particular student.  For example, a standards-based assessment consists of subject tests that are comprised of groups of items. These groups are aligned to a particular strand, and the items are aligned to a particular standard within the strand.  Suppose a 10th grade mathematics subject test included an item that requires a student to solve for the lengths of the sides of a triangle using the Pythagorean Theorem.  This particular item aligns to one standard (out of perhaps ten standards) within the strand of Geometry (Massachusetts Department of Education, 2000).  Some state assessments report a line item analysis that shows exactly how a student responded on the subject test along with the item alignment to the curriculum strands.  When most teachers receive such detailed information, the natural tendency is to determine a course of study for the student based upon the student’s responses.  In a case where a subject test consists of 40 items, and perhaps 7 items align to the Geometry strand, if a student missed four or more of those items, then most teachers would mistakenly conclude that the student is lacking in the skill area of Geometry.  The problem with this sort of conclusion is that the individual scores are not valid for diagnosing the student because there are not enough items on the test specific to the strand of Geometry.  “Many psychometricians consider construct-related validity evidence to be the most important criterion for evaluating test scores”  (Sireci & Green, 2000, p. 27).  

In order for a test to be used as a diagnostic tool, the test should be multidimensional, and there should be plenty of questions per standard within each strand to provide a reliable indicator of a student’s strengths and weaknesses (Briggs & Wilson, 2003).  The purpose of the present study is to illustrate the potential danger of using a unidimensional test with a limited number of items per strand to diagnose a student’s weaknesses.  
Method

A Monte Carlo simulation study was performed to examine the reliability of diagnosing a student’s weakness based on four content areas of a thirty item multiple-choice test. The size of the four content areas (i.e., strands) ranged from 5, 7, 8, and 10 items. The three-parameter logistic model (3PLM) was used to generate dichotomous item responses for 21 unique values of 
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. The item parameter values came from a statewide assessment test and are reported in Table 1.

_______________________

Insert Table 1 about here

_______________________

The item parameter values were intentionally selected so that the shape and location of the item information function was comparable across strands.  Dichotomous item responses were generated for 
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-values ranging from -2.0 to 2.0, in increments of 0.2 (i.e., 21 total 
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 values). One hundred response patterns per 
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-value were generated for the thirty items. 

Table 2 reports cut scores within the four strands, which were selected so as to correspond to reasonable practice used by teachers.

_______________________

Insert Table 2 about here

_______________________

For example, in the group of five items, a determination was made that if a student only answered 0, 1, or 2 items correctly, s/he would need remediation in the skill area that corresponded to that group. If s/he answered correctly on 3, 4, or 5 items, then it was determined that the student grasped the concepts of that particular skill area.

The proportion requiring remediation was computed for each of the 21 unique
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-values for all four strands.

Results

The following results were obtained for the four strands beginning with the group containing 5 items. Figure 1 illustrates the proportion of students that received “remediation” according to the cutoff score of 2 or fewer correct.

_______________________

Insert Figure 1 about here

_______________________

Given the item parameter values and test characteristic curve (TCC) for the particular strand, it is expected that any student with a 
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-value less than -1.00 will be expected to have a cut score of two or fewer correct, and thus, receive remediation. However, Figure 1 indicates that approximately 20% of the students are not receiving the help they would need, even for students of very low skill level. Interestingly, students who may not necessarily require help are still being placed into remediation, resulting in a waste of time for that particular student. 

Figure 2 represents the proportion of students that received remediation according to the cutoff score of 3 or fewer correct for the 7-item strand.  

_______________________

Insert Figure 2 about here

_______________________

According to the respective TCC for the 7-item strand, examinees with
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-values less than –0.80 should receive remediation (i.e., the expected score is less than 3.)  However, a large proportion of the students with 
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-value less than –0.80 are not receiving additional assistance. In fact, a large proportion of examinees at the lower end of the distribution are not being classified as needing remediation (i.e., approximately 40%).  However, fewer examinees in the middle and upper-end of the distribution are being misclassified as requiring remediation.  


A similar pattern occurred for the 8-item strand (see Figure 3). 

_______________________

Insert Figure 3 about here

_______________________

Examinees with 
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-values less than –0.20 should be classified as requiring remediation for a cutscore of 4 correct; however, a large proportion of examinees were not classified requiring remediation ranging from nearly 80% to 40% for those at the very low end of the distribution.  

In the 10-item strand group, the largest group of items, if five or fewer items were correct, then students were targeted for help.  Again, with a 
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-value less than –0.20, the data show that a large proportion of examinees were not being classified as requiring remediation ranging from 80% to 50%.    

_______________________

Insert Figure 4 about here

_______________________

DISCUSSION

This study indicates the types of errors that may occur when inappropriately using assessment data for diagnostic purposes.  Such mistakes lead to inadequate educational plans for individual students.  Some students who need remediation are not receiving any, and resources are being over-utilized for students who are receiving remediation that really do not need it.  

Educators and administrators should fully understand the purpose of specific assessments, especially large-scale criterion referenced exams, when using the results to determine a course of action.  As outlined by Hambleton and Zenisky (2003, p.392), “It is obvious, then, that the reliability of test scores is less important than the reliability of the classifications of examinees into performance categories.”  The focus should be drawn to the overall improvement of the school or district’s population scores.  This may happen in a number of ways. 

First, district leaders should offer professional development opportunities for educators to expand the knowledge based upon the types of assessments that exist and how the data should be utilized (See the assessment competencies for teachers as organized by the AFT, NCME, NEA, 1990 as cited by Hambleton, 1996 p. 901).  Second, district administrators need to create a team to analyze the assessment results and implement a plan to address weaknesses in the curriculum.  This may be accomplished in part by creating a scope and sequence for each subject or content domain and aligning and/or fixing the curriculum as indicated by the assessment data.  Third, districts need to oversee the methods teachers are using in the classroom, insuring that formative assessment is a working component of the curricular delivery system (Black & Wiliam, 1998, Black et al., 2004).  Fourth, districts need to consistently measure the growth that takes place once change has been successfully implemented through value-added models  (Betebenner, 2004).  Last, districts should use appropriate exams for diagnostic information on the individual level to ensure the success of all students.  

Once steps are in place to actively ensure the success of students within a district or school and change has been implemented where needed, school leaders need to communicate the data and findings to the parents.  The final step in this process is a successful communication of the data to the student and all relevant members of that student’s community.  Reporting these data should be clear, concise, with the appropriate inferences regarding the student’s academic status.  
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Figure 1.  Proportion of students identified as requiring remediation based on a cutscore

     of 2.
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Figure 2. Proportion of students identified as requiring remediation based on a cutscore

     of 3.  
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Figure 3.  Proportion of students identified as requiring remediation based on a cutscore

     of 4.
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Figure 4.  Proportion of students identified as requiring remediation based on a cutscore

     of 5.
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	Item Group
	Item
	Alpha
	Beta
	Gamma

	Strand 1
	1
	1.053
	-.331
	.263

	
	2
	1.529
	.428
	.141

	
	3
	1.056
	-1.228
	.043

	
	4
	.510
	1.136
	.311

	
	5
	1.011
	.699
	.095

	Strand 2
	6
	.731
	-.109
	.307

	
	7
	.769
	.188
	.097

	
	8
	1.697
	.828
	.112

	
	9
	.439
	-.709
	.052

	
	10
	.783
	1.604
	.248

	
	11
	.714
	.010
	.045

	
	12
	1.369
	-.835
	.229

	Strand 3
	13
	.948
	-.041
	.172

	
	14
	.839
	.629
	.200

	
	15
	.788
	-.027
	.109

	
	16
	1.216
	-.403
	.241

	
	17
	1.893
	.421
	.223

	
	18
	2.577
	.799
	.257

	
	19
	1.196
	-.903
	.073

	
	20
	1.991
	.662
	.137

	Strand 4
	21
	.757
	.398
	.263

	
	22
	2.219
	.792
	.260

	
	23
	.872
	-.303
	.352

	
	24
	.576
	-1.075
	.049

	
	25
	2.532
	.656
	.210

	
	26
	.880
	.444
	.066

	
	27
	1.814
	.626
	.177

	
	28
	1.700
	-.270
	.126

	
	29
	1.133
	.454
	.092


Table 1.  Generating item parameters from the 3PLM. 

	Item Group
	Item
	Alpha
	Beta
	Gamma
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	.699
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	.769
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	8
	1.697
	.828
	.112
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	.439
	-.709
	.052
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	.783
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	11
	.714
	.010
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	13
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	30
	1.183
	-.332
	.150
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Table 2.  Cut scores for each strand group.

	Strands – item numbers
	Number of Correct Items for Remediation
	Number of Correct Items for No Remediation 

	Strand 1 – five items
	0, 1, 2
	3, 4, 5

	Strand 2 – seven items
	0, 1, 2, 3
	4, 5, 6, 7

	Strand 3 – eight items
	0, 1, 2, 3, 4
	5, 6, 7, 8 

	Strand 4 – ten items
	0, 1, 2, 3, 4, 5, 
	6, 7, 8, 9, 10
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