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ABSTRACT
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The purpose of this paper is to discuss the relationship between elementary science teacher professional development, implementation fidelity, and student achievement. Elementary teachers from a large suburban Texas district participated in a high intensity, sustained professional development program that partners professors of science in a local community college with instructional leaders in the school district to develop and deliver a program focused on improving teacher content knowledge and instructional skills. Teachers in the Texas Regional Collaboratives (TRC) receive approximately 105 contact hours of training over a school year that imbeds science content knowledge training within the context of inquiry-based lessons that can be implemented in the classroom.

High intensity professional development has been found to improve inquiry-based teaching practices and an investigative culture (Supovitz & Turner, 2000). Rigorous research examining the relationship between professional development and student achievement is limited but there is some indication that certain variables of professional development can be correlated to improvements in student learning (Kahle & Rogg, 1996; Tinoca, Lee, Fletcher, & Barufaldi, 2004). Often missing in these studies however is an examination of implementation fidelity as teachers transfer new knowledge to the classroom. This study addresses the gap in the literature by comparing levels of implementation to gains in student achievement on the Texas Assessment of Knowledge and Skills (TAKS) at Grade 5. This research indicates a relationship between the degree of implementation of inquiry based lessons addressed in professional development and year to year gains on the TAKS for students of teachers participating in the TRC.
Copies of the full paper can be downloaded at www.The TRC.org/presentation_library.html

BACKGROUND

The Texas Regional Collaboratives for Excellence in Science and Mathematics Teaching (TRC) is a statewide network of P-16 partnerships that provide sustained and high intensity professional development to P-12 teachers of science and mathematics. This infrastructure of 33 institutions of higher education collaborating with the Texas Education Agency, education service centers, school districts, and business partners has a 16-year track record of designing and implementing professional development. Funding for TRC partnerships comes from the Department of Education’s Math and Science Partnership and yearly goals and objectives are developed in concert with the Texas Education Agency.

In 2003, the State of Texas implemented an Elementary Science Texas Assessment of Knowledge and Skills (TAKS) which was administered to students in the fifth grade. The overall state passing rate in 2003 was 74%. In 2004, the number of correct items needed to meet the state’s passing standard was increased and the passing rate was 69%. The standard was raised again in 2005 and the passing rate fell to 64%. For subpopulations of ethnic minorities, economically disadvantaged students, and students with limited English proficiency, the percentage of students that met standard was substantially lower each year.  Based on this data, the Texas Education Agency partnered with the TRC to provide intensive, high quality, science-content-based professional development for elementary teachers across Texas. 

High intensity professional development has been found to improve inquiry-based teaching practices and an investigative culture (Supovitz & Turner, 2000). Rigorous research examining the relationship between professional development and student achievement is limited but there is some indication that certain variables of professional development can be correlated to improvements in student learning (Kahle & Rogg, 1996; Tinoca, Lee, Fletcher, & Barufaldi, 2004). This study addresses the gap in the literature by comparing levels of implementation to gains in student achievement on the Texas Assessment of Knowledge and Skills (TAKS) at Grade 5. Implementation fidelity refers to the degree to which an intervention or program is delivered as intended (Carroll, et. al, 2007). Stage One implementation fidelity measures the degree to which classroom teachers actually apply the lessons, strategies, curriculum or programs on which they have received professional development to their personal classroom practice. Given the great degree of autonomy that still remains in today’s elementary school classrooms, it is important to acknowledge in any reform that some teachers will simply choose not to apply it in their classroom and the scale or depth of an implementation can never be assumed by evaluators (Rossi & Freeman, 1989). On a deeper level, what is termed Stage 2 in this paper, implementation fidelity refers as well to the degree to which the implemented lesson, etc. matches in both quality and delivery the designer’s intentions (Loucks, 1983). Examining implementation fidelity allows both researchers and practitioners who link professional development to resource allocation and policy decisions to determine if there are specific components of a program that vary in their efficacy at bringing about improvements in student achievement. In the study reported on in this paper, Stage One implementation fidelity is examined to deterimine the degree to which implementation impacts changes in elementary science achievement for fifth grade students. 
PURPOSE

The purpose of this research study is to examine the relationship between Texas Regional Collaboratives (TRC) professional development for elementary science teachers, implementation fidelity, and student achievement.
SAMPLE AND METHODS

Data were collected from 10 elementary campuses in one large suburban school district in Central Texas during the 2005-06 school year. Fourty-two fifth grade teachers participated in the training. Teachers provided regular science instruction to  985 students (7.3% African American, 16.2% Asian American, 61.4% Caucasian, 12.7% Hispanic, and < 3% Other). This sample is less diverse than the general population of students served by the TRC as well as the student demographics of the state of Texas in general.

Table 1. Student Demographics

	Student Ethnicity
	f
	%

	African American


	72
	7.3%

	Asian American





	160
	16.2%

	Caucasian



	605
	61.4%

	Hispanic



	125
	12.7%

	Native American


	2
	0.2%

	Other
	21
	2.1%

	Total
	985
	100%

	* The student demographic information is based on teacher estimates.  Students were not asked to identify their race. 


The focus of this professional development was a pair of K-5 vertically aligned modules developed specifically for the state of Texas termed Bridging II TAKS. Each module was developed using the 5E learning cycle model and a backmapping approach that began with the Grade 5 state standards and designed scaffolding experiences at each grade level to promote precursor concept development each year. Module One focused on Light and Optical Systems with concept development related to topics such as color, reflection and refraction. Module Two focused on Tools for Measuring Matter with an emphasis on measurement, an understanding of the physical properties of matter such as mass or density, and the tools or methods scientists use to measure and compare these properties. Teachers were trained in the Bridging II TAKS materials with each teacher participating in approximately 12 contact hours of professional development. Teachers were also provided with school-based access to kits of instructional materials necessary to implement all of the lessons in the module. An additional 210 teachers were trained in K-4 but were not included in this analysis. Although the state standardized test includes items that address TEKS from Grades 2-5, it is only administered at the fifth grade level.

Teacher received training in the fall of 2005 and spring of 2006. The state assessment (TAKS) was administered in April of 2006. After the TAKS but prior to receipt of the student results, teachers were asked by district personnel to complete a checklist indicating which lessons they had implemented in their classroom prior to testing. TAKS data were collected on a campus level. 
RESULTS

Grade 5 teachers reported the number of lessons they implemented from the Bridging II TAKS modules prior to the TAKS test. Implementation ranged from zero to 100% of the lessons having been taught in the classroom. On each campus in this district, grade five teachers deliver a consistent curriculum in all classrooms. On all campuses except one, every fifth grade teacher had been trained in Bridging II TAKS. Therefore, overall campus scores for the TAKS were representative of every teacher trained. Table 2 summarizes the data for each campus. 

Table 2. Stage One Implementation Fidelity and TAKS scores by Campus

	School
	# of Teachers

Trained
	# of 

5th Grade

Classes

Trained in BIIT 
	Use of BIIT

Module 1

Lessons 

at 5th Grade 
	Use of BIIT

Module 2

Lessons

at 5th Grade
	

TAKS 

2005 

% Meeting Standard
	TAKS 

2006

% Meeting Standard
	TAKS

2005

% Com-

mended
	TAKS

2006

% Com-

mended

	BCE


	36
	5/5
	100%
	100%
	82
	96
	46
	58

	CCE


	28
	4/4
	100%
	100%
	88
	98
	59
	70

	FNE


	22
	4/4
	0%
	0%
	87
	93
	52
	57

	JVE


	25
	4/4
	0%
	0%
	84
	91
	36
	33

	KCE


	25
	4/4
	40%
	46%
	84
	96
	56
	52

	LME


	35
	1/5
	50%
	46%
	95
	98
	65
	65

	LOE


	25
	4/4
	80%
	82%
	74
	86
	18
	30

	PSE


	22
	4/4
	0%
	0%
	85
	87
	46
	37

	SPE
	33
	5/5
	100%
	100%
	82
	94
	43
	57

	WBE


	37
	6/6
	100%
	100%
	70
	81
	32
	23


The percentage “Meeting Standard” refers essentially to the percentage of students passing the test. The passing standard was increased each year from 2003 to 2005 but following the 2005, the standard did not change.  The percentage “Commended” refers to the percentage of students that answered at least 90% of the test items correctly. 

Table 3. 2005 – 2006 Change in Met Standard and Commended Percentage by Campus

	School
	Change in

Met Standard
	Change in

Commended
	Use of Collaborative Training 

	BCE
	+ 14
	+ 12
	· 5th Grade used 10/10 lessons from Module 1 and 11/11 lessons from Module 2 Bridging II TAKS

· Implemented Journaling from training K-5th Grade

· Campus focus Math and Science

· 60+ minutes of daily Science Instruction including:

· hands-on experiences 

· non-fiction reading piece 

· 3-D to 2-D transfer in TAKS format

· reflection. 

	CCE
	+ 10
	+ 11
	· 5th Grade used 10/10 lessons from Module 1 and 11/11 lessons from Module 2 Bridging II TAKS

· Implemented Journaling from training grades 3rd – 5th Grade

· Campus focus Math and Science

	FNE
	+ 6
	+5
	· 5th Grade did not use lessons from Module 1 or Module 2 Bridging II TAKS

· Implemented Daily Journaling/Science Learning Logs and Nonfiction reading in Science 

	JVE
	+ 7
	- 3
	· 5th Grade did not use lessons from Module 1 or Module 2 Bridging II TAKS, but were trained in inquiry techniques

	KCE
	+ 12
	- 4
	· 5th Grade used 4/10 lessons from Module 1 and 5/11 lessons from Module 2 Bridging II TAKS (All of the Engage lessons, and some Explore lessons)

	LME
	+ 3
	+0
	· 5th Grade used 5/10 lessons from Module 1 and 5/11 lessons from Module 2 Bridging II TAKS (All of the Engage lessons from both Modules, and 2 Explore lessons from Mod 1 & 4 Explore from Mod 2)

	LOE
	+ 12
	+ 12
	· 5th Grade used 8/10 lessons from Module 1 and 9/11 lessons from Module 2 Bridging II TAKS (All of the Engage, Explore, and Explain lessons)

· Implemented Journaling Notebooks for reflection

· Campus focus on Science and Math

	PSE
	+ 2
	- 9
	· 5th Grade did not use lessons from Module 1 or Module 2 Bridging II TAKS

· Had 6 Quest Days where all students K-5 rotated through different inquiry based Science lessons 

	SPE
	+ 12
	+14
	· 5th Grade used 10/10 lessons from Module 1 and 11/11 lessons from Module 2 BIIT

· Implemented Reflective Journaling from training K-5th Grade

· Campus focus Science and Math through Inquiry Based Experiences – Participated in Primary Years Program of the International Baccalaureate Program

	WBE
	+ 11
	- 9
	· 5th Grade used 10/10 lessons from Module 1 and 11/11 lessons from Module 2 BIIT

· Implemented Reflective Journaling from training K-5th Grade


Table 3 summarizes the overall change from 2005 to 2006 in both the percentage of students meeting standard and the change in the percentage of students scoring in the commended range during this same time period. It also includes a description of the Stage One implementation of Bridging II TAKS as well as other instructional strategies implemented as a result of TRC training that may have impacted changes in student achievement. For example, six of the ten campuses implemented science journals and a majority of campuses had a focus on the use of inquiry instruction, even if Bridging II TAKS was not utilized. 

For comparison purposed researchers and school district personnel also examined changes in student achievement prior to the intervention by the TRC. Table 4, which is ordered by degree of implementation of BIIT lessons, summarizes these findings. On average, the overall change in % met standard from full implementation campuses prior to BIIT training was 1 point, although three out of four full implementation campuses did improve. The overall passing percentage for these four campuses was 81%. After TRC training, full implementation campuses improved 11.75 percentage points with all four campuses showing double digit gains. For the three campuses that chose to implement no BIT lessons, improvement from 2004 to 2005 (prior to TRC training) averaged 8.3 percentage points for an overall average passing percentage of 85% in 2005. Having a relatively high passing average compared to the state (64%) in 2005 may be one of the reasons why these campuses chose not to change their instruction. In 2006, the average increase in Met Standard percentages for these three campuses was 5.0 percentage points for an average passing rate of 90%. Most interesting were the variations in Commended percentages. Full implementation campuses increased their Commended percentage by seven points from 2005 to 2006 while zero implementation campuses actually showed an overall decrease in Commended scores of 2.3 points for an average Commended rate of 42%.

Table 4. 2004 – 2006 Change in Met Standard and Commended Scores

	Campus
	Use of BIIT

Module 1

Lessons 

at 5th Grade 
	Use of BIIT

Module 2

Lessons

at 5th Grade
	TAKS

2004

% 

Meeting Standards
	

TAKS 

2005 

%

 Meeting Standards
	TAKS 

2006

%

 Meeting Standards
	
	TAKS

2004

% Com-

mended
	TAKS

2005

% Com-

mended
	TAKS

2006

% Com-

mended

	BCE
	100%
	100%
	81
	82
	96
	
	40
	46
	58

	
	
	
	+ 1
	+ 14
	
	+ 6
	+ 12

	SPE
	100%
	100%
	79
	82
	94
	
	34
	43
	57

	
	
	
	+ 3
	+ 12
	
	+ 9
	+ 14

	WBE
	100%
	100%
	64
	70
	81
	
	21
	32
	23

	
	
	
	+ 6
	+ 11
	
	+ 11
	- 9

	CCE
	100%
	100%
	94
	88
	98
	
	60
	59
	70

	
	
	
	- 6
	+ 10
	
	- 1
	+ 11

	LOE
	80%
	82%
	69
	74
	86
	
	20
	18
	30

	
	
	
	+ 5
	+ 12
	
	- 2
	+ 12

	KCE
	40%
	46%
	83
	84
	96
	
	52
	56
	52

	
	
	
	+ 1
	+ 12
	
	+ 4
	- 4

	LME
	50%
	46%
	91
	95
	98
	
	52
	65
	65

	
	
	
	+ 4
	+3
	
	+ 13
	+ 0

	FNE
	0%
	0%
	81
	87
	93
	
	41
	52
	57

	
	
	
	+ 6
	+ 6
	
	+ 11
	+ 5

	JVE
	0%
	0%
	78
	84
	91
	
	33
	36
	33

	
	
	
	+ 6
	+ 7
	
	+ 3
	- 3

	PSE
	0%
	0%
	72
	85
	87
	
	30
	46
	37

	
	
	
	+13
	+ 2
	
	+ 16
	- 9


Figure 1 represents this change in overall met standard rate and commended rate graphically based on the degree of implementation per campus.
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Figure 1. Average Change in Percentage of Students Meeting Standard and Commended by Degree of Implementation of BIIT lessons (2004-2005).

DISCUSSION AND LIMITATIONS

The challenges related to evaluation of professional development are extensive.  On the rare occasions were practitioners attempt to link professional development to student achievement, degree of implementation or implementation fidelity is often not considered. Examination of the data included in this paper indicate that parsing out the impact of implementation, even at Stage One, may reveal some complexity and variability in the data that can guide further decision making regarding the allocation of professional development resources in schools. In the district that is the subject of this paper, less than half of the elementary campuses were participating in the 
TRC program in the first year. After an examination of this data by district administrators, the district chose to add additional teachers and campuses to the TRC as well as require the use of the Bridging II TAKS lessons in the district curriculum. In addition, the Board of Trustees voted to allocate additional school district resources to scale up training for all elementary teachers in the district responsible for science (over 600) and provide kits of instructional materials to insure the implementation of lessons across all campuses, a commitment that was beyond the scope of TRC funding.

Preliminary data for the 2007 administration of the TAKS continue to show promising results with both new schools that have been added to the program as well as existing schools in their second year of participation. Gains are greatest for schools in their second year in the Commended percentage (11 percentage point improvement from 2006 to 2007; average Commended percentage 59%). This is due in large part to the ceiling effect of increases in Met Standard percentages (1 percentage point increase for an average of 93% having Met Standard). 

One notable limitation of this study is the lack of analysis related to the quality of the instruction, or Stage Two implementation fidelity. Though research based lessons have been implemented, an assumption has been made about degree to which the instructional methods used in each classroom (enacted curriculum) actual match the written curriculum. While the instructional specialist did spend time in teachers’ classrooms observing, team teaching, and peer coaching, there was no systematic effort on the part of the district to evaluate the quality of the lessons in individual classrooms. Such an evaluation, correlated in particular to classroom based changes in student achievement, would provide further diagnostic information for a school district and researchers about which components of classrooms instruction may have contributed the most to improvements in student achievement. 

Finally, the comparison of different student groups each year makes statistical analysis of campus gain scores very challenging. Unlike reading and mathematics, science is only tested in a standardized fashion once during the elementary grades. The lack of true prior achievement scores in science for Grade 5 students significantly limits the interpretive statistics that can be applied to analyze the data. 
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