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Introduction

This report provides the local validation of the California Chemistry Diagnostic Test (CCDT) performed by Foothill College in Los Altos Hills, CA.  Overall, the Assessment Office and Chemistry Department at Foothill have both been extremely satisfied with this test, its cut scores, and corresponding placement of students into general chemistry courses.  The analyses provided below suggest that the CCDT is being used effectively and is serving as a strong predictor of student success. Content validity, criterion validity and cut score validity are all established, disproportionate impact is assessed, and the ADA accommodations statement is verified.

Demographic/Background Information

Foothill College was formed in 1957, and has been serving the Palo Alto, Mountain View, Los Altos, Sunnyvale, and Cupertino communities ever since.  Foothill served over 35,000 unique students in the 2002-03 school year, with a Fall quarter of enrollment of 19,372.

In Fall Quarter, 2002, the ethnic breakdown on campus was as follows: White – 36%, Unrecorded/Decline to state – 27%, Asian – 20%, Hispanic – 10%, African American – 3%, Filipino – 2%, Pacific Islander – 1%, Other – 1%, Native American - <1%.  It has been observed that the particularly high rate of “Unrecorded/decline to state” most likely represents a primarily multi-ethnic population.

In terms of gender, in Fall Quarter, 2002, the college had 50% males, 49% females, and 1% unrecorded.

21% of the student body was under the age of 20, 20% between 20 and 24, 14% between 25 and 29, 11% between 30 and 34, 7% between 35 and 39, 11% between 40 and 49, 7% between 50 and 59, and 9% over 60.

In Fall Quarter, 2002, 1,358 students out of the 19,372, or 7% had a registered disability.

Chemistry Placement Process, Course Numbering System, and Overall Placement Rate

Foothill College administered the CCDT to 1,022 students between calendar year 1996 and calendar year 2002, or about 170 tests a year.  Students who receive a 19 or above out the 44 possible points on the test and have a placement into college-level math (higher than Math 105) are placed into Chemistry 1A (General Chemistry). Students scoring 18 or below on the CCDT are placed into Chemistry 25 (Fundamentals of Chemistry).  In the past 3 years, students are no longer automatically placed into Chemistry 25.  They are manually placed into Chemistry 25 only if the math requirement of completion of Math 101 or a high Math placement has been met.  

Overall, for the 1996 to 2002 time period, the placement rate into the higher course, Chemistry 1A, was 71%.  The rate has been slightly higher in the last three years (2000-80%, 2001 – 75%, 2002 – 77%) due to a clarification in instructions to the students during the test.  Many students were taking the test to place into Chemistry 25 in an attempt to avoid the math assessment.  We no longer place into Chemistry 25 with the Chemistry test unless a student has a math placement higher than Math 101.  As such, the number of less qualified students taking the Chemistry placement test has decreased, and, correspondingly, we have observed the increase in Chemistry 1A placement rates.  More importantly, especially given the relatively small sample size, the placement rates have been fairly constant.

Content-Related Validity

During the summer of 2003, three faculty members from the Chemistry department assessed each of the 44 test items on the CCDT as to whether or not each item measured any of the 15 academic skills/knowledge components listed as outcomes of the lower course - Chemistry 25.  If the item was relevant to a given skill/knowledge component, the faculty members then utilized a 0 to 4 Likert-type scale to rate the item’s importance in measuring the outcome, with 4 indicating the item is critically important, 3 = very important, 2 = moderately important, 1 = slight importance, 0 = unimportant.

The 14 outcomes of Chemistry 25 (which would prepare a student for Chemistry 1A) are listed as follows:

· Define terms and laws common to introductory chemistry.

· Recognize the symbols for some of the more common chemical elements.

· Identify the basic types of chemical compounds and reactions (including combustion and acid-base).

· Demonstrate the uses of the Periodic table and some of its trends.

· Calculate simple algebraic solutions to introductory level quantitative chemistry problems.

· Write and balance chemical equations.

· Conduct individually, and in small groups, laboratory experiments that exemplify the course content.

· Evaluate numerical data and word problems using basic mathematics, such as the units cancellation method.

· Interpret laboratory data and draw a conclusion.

· Draw a Rutherford model of an atom or ion.

· Recognize and understand the differences between covalent and ionic bonding.

· Demonstrate an understanding of gases and the gas laws.

· Be able to prepare solutions of known concentrations for acids, bases, and salts.

· Define and mole and its use in chemical equations.

Appendix A provides the matrix of mean importance ratings for each of the 44 items, crossed by each of the 14 learning outcomes.  As the table portrays, each test item was rated as important (mean rating greater than zero) on no less than two different learning outcomes, with the mean number of outcomes rated as important being 4.4.  In addition, each learning outcome was addressed by at least 5 test items, with an average for all the learning outcomes of 14.0 items.  More generally, the Foothill Chemistry faculty is quite comfortable with the match of CCDT items to course learning outcomes.

In addition to the learning outcomes, each instructor was asked the following question: “Does the test question contain any content or language that would be unfair or distasteful to a particular group of examinees?”  No item was deemed to have any unfair/distasteful language or content.

Criterion Validity

A correlation analysis was undertaken to determine the strength of the relationship between the CCDT and success in Chemistry 1A.  Because the cut score for the test has been set at 19 for entry into Chemistry 1A since 1996, only students achieving a score of 19 or higher are admitted to Chemistry 1A (excepting a handful of students who gain entry into 1A through the challenge system).  There were 409 students available for analysis, who had taken both Chemistry 1A and the CCDT since 1996.  The correlation between the CCDT score and success in Chemistry 1A was .351.  Table 1 below provides the success rates for varying ranges of student CCDT scores.

A secondary success measure utilized by the Chancellor’s Office is to implement a scale for success where an A grade = 4 points, B = 3, C/P = 2, and D/F/W/I/NP = 1.  The CCDT was correlated at .490 with this success measure.  Both correlations are statistically significant at the .001 level, and suggest a strong relationship between CCDT score and Chemistry 1A performance; the higher the CCDT score, the higher the success rate.

	Table 1. Chemistry 1A Success by CCDT Score

	
	
	
	
	

	 
	 
	Success
	A Grade
	A/B Grade

	CCDT Score
	N
	Rate
	Rate
	Rate

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	19 - 22
	83
	54%
	11%
	33%

	23 - 26
	97
	70%
	19%
	48%

	27 - 30
	84
	81%
	24%
	61%

	31 - 34
	73
	89%
	47%
	75%

	35 - 38
	54
	98%
	59%
	94%

	39 - 44
	18
	94%
	89%
	94%

	 
	 
	 
	 
	 

	Total
	409
	77%
	32%
	60%

	
	
	
	
	

	* Note: Success is defined as grade of A, B, C, or P; non-success

	    is defined as D/F/I/W/NP
	
	
	


Consequential Validity

In addition to the Criterion Validity established above, Foothill College is engaging in a process to determine consequential validity, as measured by instructor and student satisfaction with the placement system and its individual results.  This survey is being implemented in the latter half of October 2003, and will be analyzed and provided in early November 2003.

Disproportionate Impact and Test Bias

The relative effects of gender, ethnicity, age group, and disability group status on the CCDT test were examined.  While differences exist, they are relatively minor in terms of variance predicted (r2<.025 individually), and in addition are consistent with more general analytical observations of these variables and success in other domains on campus.  Table 2 on the next page provides the mean CCDT scores for each of the ethnic, gender, age, and disability groups.  1,085 students taking the CCDT since 1996 were available for analysis.

	Table 2. CCDT Scores by Demographic Groups

	
	
	
	
	

	 
	 
	CCDT
	
	

	CCDT Score
	N
	Mean
	
	

	 
	 
	 
	
	

	 
	 
	 
	
	

	Males
	588
	25.0
	
	

	Females
	479
	22.6
	
	

	 
	 
	 
	
	

	Asian
	434
	26.0
	
	

	White
	282
	22.7
	
	

	All Other
	361
	22.4
	
	

	 
	 
	 
	
	

	19 or younger
	231
	26.9
	
	

	20 to 29
	726
	23.3
	
	

	30 or older
	120
	22.4
	
	

	 
	 
	 
	
	

	Disability
	32
	23.3
	
	

	Non-Disability
	1,053
	23.9
	
	

	 
	 
	 
	
	

	Total
	1,085
	23.9
	
	


Males performed slightly higher than females on the CCDT, and although the difference is statistically significant, it is small in terms of variance accounted for (r2<.02).  This indicates that 98% of the variance in CCDT scores is attributable to variables other than gender.

Ethnicity is also significant in predicting CCDT score, with the primary difference resulting from the higher scores in the Asian group.  Whites and All Other ethnic groups perform similarly.  Membership in the Asian ethnic group accounted for 5% of the variance in CCDT scores.

Age group is also significantly correlated with CCDT scores, as students 19 or younger scored significantly higher than students 20 and older.  The variance accounted for by age group was 2%.

Finally, disability status was not associated with CCDT score differences, although the sample size for the disability group is relatively small.

All demographic variables were dummy coded and entered into a linear regression model.  The model was statistically significant, and taken together, the demographic variables accounted for 9.7% of the variance.  Again, this indicates that non-demographic variables are responsible for over 90% of the variance in test score.  The primary variables responsible for this predictive ability were membership in the Ethnic: Asian group and the Age: 19-and-Under group.  The relative increased success of these two groups are consistent with numerous other success studies on the Foothill campus, and we are extremely confident that there is not any serious disproportionate impact associated with the CCDT test.

ADA Accommodation Statement
The following statement is made available to students with disabilities:

“Placement tests are available in alternate text format such as: Braille, audio tape, large print, and electronic text. To arrange for disability-related accommodations, please speak with the Assessment Specialist before you take the test, or contact:   
Disability Resource Center / Campus Center 

Room 5801 

949-7038/TTY 948-6025   

e-mail:  dobbinsmargo@fhda.edu “
Cut Score Validation

As mentioned above, as a result of the implementation of a cut score of 19 for Chemistry 1A, only students achieving a score of 19 or higher are admitted to Chemistry 1A (excepting a handful of students who gain entry into 1A through the challenge system).  This presents a challenge for cut score validation, given that students with scores below 19 are rarely enrolled in Chemistry 1A.  Thus, we can examine the relationship between CCDT score and success rate above the cut score, and hopefully will determine that success rates are decreasing as scores approach the cut score from higher scores.  Table 3 provides this information, and, in fact, demonstrates that there is a marked drop in success rates as the cut score is approached.

	Table 3 - CCDT and Success Rates in Chem. 1A

	
	
	
	
	

	 
	 
	Success
	
	

	CCDT Score
	N
	Rate
	
	

	 
	 
	 
	
	

	 
	 
	 
	
	

	19 - 20
	39
	46%
	
	

	21 - 22
	44
	61%
	
	

	23 - 24
	43
	70%
	
	

	25 - 26
	54
	70%
	
	

	27 - 28
	43
	77%
	
	

	29 - 30
	41
	85%
	
	

	31 or Above
	145
	93%
	
	

	 
	 
	 
	
	

	Total
	409
	77%
	
	


Specifically, students scoring just above the cut score, at 19 or 20, have a 46% chance of succeeding in Chemistry 1A on their first try.  The success rate increases to 61% with students scoring 21 or 22, and gradually increases as the CCDT score increases.  In fact, if anything, if we are attempting to achieve a 70% success rate from those students placed into the higher course by a cut score, we may need to investigate shifting the cut score to 23 or 24, above which the success rate is more consistently above 70%.

Summary

This local validation procedure has demonstrated that the CCDT is an extremely effective predictor of chemistry skills as it is utilized at Foothill College.  The faculty is satisfied with the test, its content validity, and its results, and the analyses illustrated that the test has high criterion validity, reliable scores, and little or no disproportionate impact on demographic groups.  Foothill will investigate the possibility of adjusting the cut score to more correctly place students into the appropriate course.

	Appendix A1

Mean Importance Rating for Each CCDT Test Item for Each Learning Outcome
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Item #
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O

	1
	4.0
	3.3
	 
	0.7
	0.3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	4.0
	3.7
	 
	2.0
	 
	1.0
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3
	4.0
	2.7
	 
	2.7
	3.7
	1.0
	 
	2.0
	 
	 
	 
	 
	 
	 
	 

	4
	1.3
	4.0
	 
	3.7
	 
	1.0
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5
	1.3
	2.7
	0.7
	0.3
	 
	4.0
	 
	 
	 
	 
	 
	 
	 
	 
	 

	6
	2.7
	 
	 
	 
	 
	 
	1.0
	 
	3.7
	 
	 
	 
	0.7
	 
	 

	7
	1.3
	 
	 
	 
	 
	 
	 
	 
	1.0
	 
	 
	3.7
	 
	 
	 

	8
	2.7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.7
	 
	 
	 

	9
	1.3
	1.0
	1.7
	 
	 
	3.7
	 
	1.0
	 
	 
	 
	1.3
	 
	 
	 

	10
	2.7
	1.0
	2.7
	 
	1.0
	2.3
	 
	1.3
	 
	 
	 
	3.7
	 
	 
	 

	11
	2.7
	1.3
	3.7
	2.0
	 
	2.7
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12
	1.3
	0.3
	0.7
	 
	1.0
	1.7
	 
	1.3
	 
	 
	 
	1.0
	 
	4.0
	 

	13
	2.7
	1.0
	3.7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	14
	1.7
	 
	 
	 
	 
	 
	 
	 
	1.0
	 
	2.7
	 
	 
	 
	 

	15
	2.7
	1.0
	 
	4.0
	 
	 
	 
	 
	 
	1.7
	 
	 
	 
	 
	 

	16
	1.3
	1.0
	 
	2.7
	 
	 
	 
	 
	1.0
	2.3
	 
	 
	 
	 
	 

	17
	1.3
	1.0
	 
	2.7
	 
	 
	 
	 
	 
	2.3
	1.0
	 
	 
	 
	 

	18
	2.7
	1.0
	 
	4.0
	 
	 
	 
	 
	 
	0.7
	 
	 
	 
	 
	 

	19
	2.7
	1.0
	 
	2.7
	 
	 
	 
	 
	 
	1.7
	 
	 
	 
	 
	 

	20
	2.7
	1.0
	 
	4.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	21
	3.7
	1.3
	 
	4.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	22
	2.7
	1.3
	1.0
	4.0
	 
	 
	 
	 
	 
	 
	1.0
	 
	 
	 
	 

	23
	1.3
	 
	 
	 
	2.0
	 
	 
	2.7
	 
	 
	 
	 
	3.7
	0.7
	 

	24
	2.7
	1.0
	0.7
	4.0
	 
	 
	 
	 
	 
	1.0
	 
	 
	 
	 
	 

	25
	2.7
	1.0
	 
	3.7
	 
	 
	 
	 
	 
	1.0
	 
	 
	 
	 
	 

	26
	1.3
	0.7
	 
	1.3
	1.3
	 
	 
	1.3
	 
	 
	 
	 
	2.3
	1.0
	 

	27
	2.7
	 
	2.3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2.0
	 
	 

	28
	2.7
	1.3
	2.3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2.3
	 
	 

	29
	2.7
	1.0
	1.0
	 
	1.3
	1.0
	 
	1.0
	 
	 
	0.7
	 
	4.0
	0.7
	 

	30
	1.7
	 
	 
	 
	 
	 
	1.0
	 
	0.3
	 
	 
	 
	0.7
	 
	 

	31
	2.3
	 
	 
	 
	 
	 
	 
	 
	1.0
	 
	 
	 
	1.3
	 
	 

	32
	2.7
	2.3
	1.3
	1.0
	0.3
	1.0
	 
	1.0
	 
	 
	1.0
	 
	0.7
	1.0
	 

	33
	2.3
	 
	 
	 
	 
	 
	 
	 
	1.0
	 
	 
	1.0
	 
	 
	 

	34
	1.7
	 
	 
	 
	 
	 
	 
	 
	0.3
	 
	 
	 
	1.0
	1.3
	 

	35
	1.3
	 
	 
	 
	 
	 
	1.0
	1.3
	2.3
	 
	 
	 
	 
	 
	 

	36
	1.3
	 
	 
	 
	 
	 
	1.0
	1.3
	2.3
	 
	 
	 
	 
	 
	 

	37
	1.3
	 
	 
	 
	 
	 
	1.0
	1.0
	2.3
	 
	 
	 
	 
	 
	 

	38
	0.7
	 
	 
	 
	 
	 
	1.0
	1.0
	1.7
	 
	 
	 
	 
	 
	 

	39
	1.3
	 
	 
	 
	3.7
	1.3
	 
	1.3
	 
	 
	 
	1.0
	 
	1.3
	 

	40
	1.3
	 
	 
	 
	2.7
	 
	 
	1.3
	 
	 
	 
	2.3
	 
	0.7
	 

	41
	 
	 
	 
	 
	4.0
	 
	 
	1.0
	 
	 
	 
	 
	 
	 
	 

	42
	 
	 
	 
	 
	4.0
	 
	 
	2.3
	 
	 
	 
	 
	 
	 
	 

	43
	 
	 
	 
	 
	4.0
	 
	 
	1.3
	 
	 
	 
	 
	 
	 
	 

	44
	 
	 
	 
	 
	2.7
	 
	1.0
	2.3
	1.0
	 
	 
	 
	 
	 
	 


Appendix A2 

Key for Learning Outcomes:
· A = Define terms and laws common to introductory chemistry.

· B = Recognize the symbols for some of the more common chemical elements.

· C = Identify the basic types of chemical compounds and reactions (including combustion and acid-base).

· D = Demonstrate the uses of the Periodic table and some of its trends.

· E = Calculate simple algebraic solutions to introductory level quantitative chemistry problems.

· F = Write and balance chemical equations.

· G = Conduct individually, and in small groups, laboratory experiments that exemplify the course content.

· H = Evaluate numerical data and word problems using basic mathematics, such as the units cancellation method.

· I = Interpret laboratory data and draw a conclusion.

· J = Draw a Rutherford model of an atom or ion.

· K = Recognize and understand the differences between covalent and ionic bonding.

· L = Demonstrate an understanding of gases and the gas laws.

· M = Be able to prepare solutions of known concentrations for acids, bases, and salts.

· N = Define and mole and its use in chemical equations.

Column O – Does the test question contain any content or language that would be unfair or distasteful to a particular group of examinees?  (0 = No, 1 = Yes)

