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Abstract

It was noted in the Algebra I classes of Colton High School of Colton, CA there was a consistent lack of understanding and ability to apply the fundamental Distributive Property.  As this basic principle is crucial to future understanding and success of Algebra I and higher division mathematics, a need for additional intervention and instruction were found necessary.  In an attempt to increase the understanding of and ability to apply the Distributive Property, the researchers of this group decided to introduce technology  as an additional strategy; this strategy would take the form of a series of Power Point Presentations with audio, text, visuals, graphics and animation incorporated into the slides.  The results of the three week action research plan indicated that while using the Power Point lessons, half the students showed improvement.  Further research is needed to determine if the improvement can be fully attributed to the additional instruction or other factors. 
The Distributive Property and Power Point Presentations

Introduction
Overview


At Colton High School in Colton, California, a group of eighteen students in Algebra I have struggled to comprehend the Distributive Property.  These students range from grades nine through twelve and were identified based on the results of a beginning quiz.  A series of teacher created Power Point presentations were used during the three weeks that focused on reteaching the Distributive Property.  The identified students were monitored through quizzes during a three-week period to determine their knowledge after exposure to the Power Point lesson plan.  

Statement of Problems


In two Algebra I classes, it was identified that students were continuing to have difficulty with the understanding of the Distributive Property and were repeatedly failing assessments on such.  This specific property is a building block for other content, so it is important the students have a sound understanding of it.  Previously, various instructional strategies were used with the students, but a new strategy was needed that would capture the students’ interests to reteach them.  

Goals


The goal of the project is to investigate effective ways to increase a group of Algebra I students’ understanding and test scores in relation to the Distributive Property.  More specifically, the goal is to determine how incorporating technology as a tool to provide multimedia presentations on the Distributive Property impacts the student’s understanding and test scores on such.  These are students that have continued to struggle in learning and applying this property in class assignments and on tests.  As part of the study, a series of Power Point presentations about the Distributive Property were developed.  These visuals captured the students’ interests and were used in conjunction with teacher directed and guided lessons.  Practice problems were given as part of the presentations to give the students a chance to apply what they had learned. 

Significance


The research study is significant because high school students need Algebra I to graduate.  If they are having difficulties with a property that is fundamental to the class, it would be expected that they would not pass the class and would then be unable to graduate from high school.  By providing our series of presentations, it will benefit the students in being able to understand the property and use in correctly in assessments.


The research study is significant also because the Distributive Property will be on the California High School Exit Exam (CAHSEE), which high school students need to pass in order to receive a diploma in California.  By aiding them with the presentations, we are helping them to be successful on that part of the exam.


The research study is also significant because, if it is successful, it could be used in beginning lessons rather than as a reteach tool.  If we are able to teach students well the first time, we don’t have to try to correct their continuous mistakes.  It is difficult to break students of their bad habits once they have become concrete in their minds.
Literature Review
Will technology make a difference?


When faced with a deficit in a specific skill area, in this research specifically the skill area of the Distributive Property, there is a desire and need to attempt to remediate it.  The remediation is necessary for the future success of the students in their academic career at the high school and college levels.  The previous, more traditional approaches to remediation were unsuccessful as a whole, thus the consideration of a new approach was imperative.  The approach of this action research team was to utilize technology tools as a new and innovative supplement to the instruction of the Distributive Property in the form of a series of Power Point Modules.  This approach was supported by research that has indicated how technology, if incorporated appropriately, can benefit the learning of mathematics (Dillon-Marable & Valentine, 2006; Qing & Edmonds, 2005).  The attempt in this process was to also ensure the Power Point and multi media presentations were not to replace the direct and guided instruction, rather they were to supplement such in a way that is attractive and interesting to the target audience.  It is clear that technology cannot replace the direct instruction provided in the classroom, but should provide supplementation to such in a manner that is inviting and attractive to the consumer or students (Dillon-Marable & Valentine, 2006; Qing & Edmonds, 2005).
Potential attitudinal and perceptual barriers
  In considering the incorporation of a new approach to instruction, one that included technology, the ability of the students to follow, understand and be attracted to the presentation was to also be considered. The assumption of the targeted high schools students was they were familiar, comfortable with technology and willing to accept it within the classroom instruction and this attitude towards technology would allow the students to utilize the provided PowerPoint modules as a tool for understanding the property in question.  The attitude towards technology and a person’s willingness to use such is imperative in the learning process and must be considered when implementing such in the instruction process ( Stuart, Thomas & Hannah, 2005).  Specifically, the research indicates that a persons previous exposure to and experience with technology was not a determining factor, but the persons attitude towards technology and their willingness to use it were clearly contributors to their success or failure (Stuart et al, 2005).  
The property in question with the targeted high school population had previously been instructed in the traditional format of lecture, homework and other written formats.  These instructional approaches, although traditional, may be viewed as boring to the target population and may have been perceived as just more of the same.  If the perception of the targeted population is as stated, then the result may be their self fulfilling prophecy of they are not good at the property being presented and they are failures.  An attempt was to be made at attracting the student’s attention in a less traditional method involving more interaction, visual aids, colors and graphics.  The visual attraction, as well as the non-traditional, less “boring” approach was hoped to increase the targeted population’s willingness to engage in the learning of the Distributive Property.  The impact of computer-assisted instruction has proven to be positive in that is does provide students with a perception that math is no longer boring, can be fun and may not be difficult (Stephens & Konvalina, 1999).  
Appropriate use of multi media presentations
The addition of technology and Power Point presentations as a multimedia tool alone could not be assumed to be adequate for increasing the students understanding of the Distributive Property.  While Power Point presentations can be very dynamic and attractive to the consumer or student, they can also just support what has already been taught in a non attractive manner.  It was imperative that the Power Point presentations not only be a reiteration of what was already provided to the students and would include more than the examples from the book or definitions from such.  Research (Bayley, 2004) and experience has shown that visual aids alone are not successful with instruction.   To be considered successful, the visual aid must provide stimulation, invite the audience to learn, stimulate thought, should be clear in their purpose, provide support to the concept or skill in question, and operate as a supplement to instruction rather than a replacement for such (Dillon-Marable & Valentine, 2006; Bayley, 2004).  In order to ensure that the Power Points were not perceived by the students as boring and did not support their negative perceptions about the Distributive Property, the modules were created as a supplemental tools that incorporated a variety of colors, sound, animation, interactions, and supported previously learned knowledge in an overview format.  
Additional considerations when implementing technology
Additionally, considerations had to be made regarding what previous research has concluded about the use of technology in the context of instruction of mathematics or remediation of mathematics.  Scholarly reviewed research has provided a strong foundation for use of computer-assisted instruction in the cases of at-risk youth and adults, as well as for remediation purposes (Stuart et al., 2005; Dillon-Marable & Valentine, 2006; Qing 
& Edmonds, 2005), but there is little to no research to indicate the impact of Power Point presentations as an instructional tool.  The research shows that incorporation of technology, visual aids, multimedia presentations and computer-assisted instruction increases scores and knowledge, as well as creates greater interest in subject matter (Stuart et al., 2005; Dillon-Marable & Valentine, 2006; Qing & Edmonds, 2005).  The same research states that any technology used should add attraction and visual interest for the target audience.   Power Point presentations are essentially technological visual aids that allow an advanced level of visual presentation incorporating color, graphics, animation, interaction and simulation.  The ability of Power Point to provide a multi-media and multi-dimensional approach to the traditionally one dimensional instruction was assumed to result in a positive impact on the student.  When visual aids are created with meaning, provide an overview to support the previously instructed topic and provide great stimulation to the visual sense resulting in an attractive and interesting presentation, they can be successful teaching tools (Bayley, 2004).  The primary sense in which a person learns and synthesizes information is through sight.  According to research, 75% of learning through senses is through sight as compared to 3% through smell and taste, 6% through touch and 13% through sound (Bayley, 2004 (Sobanski, 2002)).  With this research indicating the importance of appealing to the learning through the sense of sight, Power Point presentations would be appropriate tools to be used and incorporated into instruction of the Distributive Property.  
Is the hypothesis supported?

Overall, the literature review supports the hypothesis of this action research group and the intent to incorporate the use of Power Point presentations as a supplement to instruction.  The Power Points are to be an added tool or means for the students to learn the Distributive Property and should be perceived as a new and exciting approach to the traditional and possibly “boring” approach.  While literature reviews did not indicate research regarding the specific use of Power Point technology, there is substantial research in the use and incorporation of computer-assisted instructional tools and visual aids, their benefits and appropriate use and role of such.  When viewing Power Point presentations as a technological visual aid and as sharing the components of computer-assisted instruction programs, it can be derived they will provide a positive outcome.

Methodology
Research questions
1.  Does variety in lessons, using sound and animation in Power Point instruction, assist with the learning of the Distributive Property?

2.  Can the use of graphics and animation in Power Point instruction eliminate previous misunderstandings?

3.  Will the use of Power Point instruction raise standardized test scores?

One of the fundamental skills necessary to be successful in Algebra is the ability to identify and properly apply mathematical properties correctly.  One of the basic skills includes the use of the Distributive Property in which either one number or series of terms multiplies several other terms in parentheses.  Even when discussing order of operations, students can cite parentheses as the first in the order to apply.   However, there are some misconceptions and students do not fully understand it.  Students do not recognize parentheses, and often forget to multiply.  When examining student work, several questions arose from the initial analysis of those students who are still having difficulty. We began with the question on why students continue to have difficulties, are there misconceptions that happen in elementary school that prevent understanding, are additional practices the only missing element, and finally the main question is “Do variety in lessons, using sound and animation in Power Point instruction, assist with the learning of the Distributive Property?” 
Background

The subjects were chosen from seventy-six Algebra I students at Colton High School. While Algebra I is a middle school course and freshmen should be advanced to Geometry, half of all students fail the course in middle school and must repeat the course for a passing grade at the high school.  The two classes of Algebra students range in age from fourteen to eighteen, grades nine through twelve. An analysis of the California Standardized Tests from spring 2006 showed that only five of the seventy-six students scored at a level of basic.  The balance of the seventy-one students was a mixture of below basic and far below basic.  At the beginning of the unit on basic skills, it quickly became apparent that some students could master the multiplicative skills used in applying the Distributive Property.  The students in these two classes were given a problem to complete after the traditional lesson teaching the concept.  Seventy five percent of the students could apply the property correctly, and the remaining twenty five percent of the students had problems, which could be described as one of three reoccurring problems.  The research then focused on those eighteen students who were still having difficulty it.

Subjects

The 18 students ranged in age from 14 to 18, ninth grade to twelfth grade.  All but two students fell in the below basic or far below basic band on the California Standardized Tests.  They had specific problems with all basic skills and were unable to consistently be successful in adding, subtracting, multiplying or dividing.  They did not have any number sense; did not understand the value of numbers i.e. that  0.3 is less than 1. They could articulate what the Distributive Property was, and how it worked, but were unable to perform. The failed to recognize their own errors when working in a group and comparing with other students. The typical errors that these students produced fell into three basic categories.
 In half of the problem students, they fail to understand that the number outside of the parentheses needs to multiply all the numbers inside the parenthesis.  Per Example 1 below, students need to remember to multiply both the x and the one by the three.  Half the students remembered to multiply the x, but either forgot or neglected to multiply the one.

 Correct Example 1: 
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  Student Answer 1: 
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Thirty percent of the students made the mistake of combining the items in the parenthesis together before multiplying by the three.  It was concluded that they did not understand that the letter represented a variable and, therefore, could not be combined with a constant.  

Student Answer 2: 
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The balance of the students (twenty percent) demonstrated a combination of the first two wrong answers.

Student Answer 3: 
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Data collection and analysis


Prior to the first Power Point, a problem requiring the use of the Distributive Property was given to the students during their daily warm up activity.  That problem was reviewed and for the 18 students involved, was categorized according to the type of errors committed.  After each Power Point one problem was given the following day to determine the effect of the lesson on the subject students.  This was in addition to the practice problems included in each Power Point lesson.  The problems were collected and examined to determine if the subject students had been successful and if not, the errors were examined to determine if the student had made any change.  
 The study involved using three Power Point lessons, which illustrated the Distributive Property in three distinctive ways.  The first Power Point lesson was then shown to the class. The first PowerPoint included a review of vocabulary and an overview of the previously taught material using graphics and sound. A screen shot from that slide show is shown below:
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The lesson lasted fifteen minutes, students did not ask any questions, and the lesson continued with other material.  At the beginning of the class the next day, the students were given another problem to complete, which required using the Distributive Property and the problem was analyzed to determine if students had been successful. The types of errors produced were noted and compared to the previous performance. During the week between lessons, students were given additional problems, which were reviewed, but were not discussed with students.  

One week later, the second Power Point lesson was given.  This lesson demonstrated the Distributive Property being completed using an area model.  An area model is where an equation is visually displayed using the area of rectangles.  The lesson lasted twenty minutes, and the regular lesson was then continued.  Two days later, students were given problems to complete, which required the Distributive Property. 
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Screen Shot from Second Power Point
Screen Shot from Third Power Point

The final Power Point lesson was given one week later and immediately upon completion the students were given a problem to complete.  Considering that in the previous assessments the problems were given the next day or two days later, additional problems were given the next day to eliminate the possibility that students might remember immediately after the lesson, but quickly forget.  The goal was to assess true understanding in applying the multiplicative rules.  The students were also given problems for the next two days to eliminate the possibilities that the new material was short term only. 

Results and discussions

The results of the three week research are shown in the tables below.  The subjects were categorized according to several factors and the results both before the initial lesson and after each subsequent lesson.

	Initial Unsuccessful Students:
	 
	Total Students
	 
	Far Below Basic
	Below Basic
	Basic

	 
	
	
	
	 
	
	
	 
	 

	Gender:
	 
	Male
	 
	13
	 
	5
	6
	2

	 
	 
	Female
	 
	5
	 
	1
	4
	 

	 
	
	
	
	 
	
	
	 
	 

	 
	
	
	
	 
	
	
	 
	 

	Ethnicity:
	 
	White
	 
	3
	 
	2
	1
	 

	 
	
	African-American
	2
	
	1
	1
	 

	 
	 
	Hispanic
	 
	13
	 
	3
	8
	2

	 
	
	
	
	 
	
	
	 
	 

	 
	
	
	
	 
	
	
	 
	 

	Grades;
	 
	9
	 
	8
	 
	1
	5
	2

	 
	
	10
	
	3
	
	
	3
	 

	 
	
	11
	
	2
	
	1
	1
	 

	 
	 
	12
	 
	5
	 
	4
	1
	 


Error types are categorized by the following reference:

 Correct Example 1: 
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Student Error Type 1: 
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Student Error Type 2: 
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Student Answer 3: 
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	Results of quiz prior to the first Power Point lesson 
	 
	Student results after the first Power Point lesson 
	 
	Student results after the Second Power Point lesson 
	 
	Student results after the Third Power Point lesson 

	 
	
	
	
	# Students
	
	
	
	# Students
	
	
	
	# Students
	
	
	
	# Students
	 

	 
	
	
	
	 
	
	
	
	 
	
	
	
	 
	
	
	
	 
	 

	Students successful
	 
	 
	58
	 
	
	 
	58
	 
	
	
	64
	 
	
	
	66 
	 

	Students  Exhibiting Error Type 1
	10
	 
	 
	 
	10
	 
	 
	 
	8
	 
	 
	 
	5
	 

	Students Exhibiting Error Type 2
	5
	 
	 
	 
	3
	 
	 
	 
	3
	 
	 
	 
	1
	 

	Students Exhibiting Error Type 3
	3
	 
	 
	 
	4
	 
	 
	 
	1
	 
	 
	 
	2
	 

	*difference in number of total students compared in assessments is a result of absenteeism
	
	
	
	
	
	
	
	
	


Analysis
Initially, of the 76 students who were part of this project, 18 students, or 23 percent, were not successful at applying the algebraic problem, which has been referred to as the Distributive Property.  Comparing the data prior to the first Power Point and after each subsequent Power Point, the results are favorable.  After the initial Power Point lesson, there was no change.  The numbers show some slight shift between categories, showing that two of the students may have been trying to correct prior faulty knowledge, but still unsure of the correct procedure.  

After the second slide show lesson, the number of successful students increased by 10.3%.  The second slide show was considerably more animated, included more color and sound, and students enjoyed watching it.  Students asked to replay sections of the slide show during the lesson so they could repeat parts of it.  It is impossible to determine whether this was due to content or the entertainment value.

After the third Power Point, there was an additional 3% shift to the successful student category.  Comparing the pre-Power Point data to the data post lesson three, we see a 14% increase in student understanding of the algebraic property (23 % to 9%).  Whether these increases in understanding can be sustained over a long-term period or whether there is other factors influencing the data are undeterminable.  

It has been advanced that the additional practice during class of this one concept made an appreciable difference in student performance, but it is important to remember that all eighteen students have seen this material several times before.  In the case of the juniors and seniors who participated in the project, they have seen this material during the regular school year and sessions in summer school as well.  It is ingenuous to believe that an additional twenty minutes practice a week in one area that had been covered many times had a significant impact and with just this practice and no other intervention similar results would have been achieve.

Conclusion and Recommendations


While the research failed to conclusively prove the addition of instruction provided by slide show could facilitate success by the Algebra students, 50% of the students who were having difficulty are now successful with that property.  There are several factors which may also account for the changes.  The school offers school wide tutoring, and though the students involved in the study indicated that they did not attend such tutoring, it is possible that they received additional help from other sources.  Several of those students participating in the study were also enrolled in Algebra Support classes which are computer based instruction.  The instructor for those classes informed that students were not working on any section that could influence the results, however additional mathematics instruction could have triggered some increased understanding in the Algebra class. 

Further study is necessary on a larger scale to determine if using Power Point instruction could be beneficial to the students.  Those students should be carefully selected to eliminate any students receiving two math classes a day.  In addition, any such students should be selected according to an Algebra Readiness Test to indicate the areas of improvement needed instead of using the California Standards Tests which tend to combine strands.  Instead of using students from both classes, a control group should be established so that students from both classes could be compared, establishing if improvement is due to additional practice or enhanced instruction. 
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Distributive Property

For any numbers a, b, and c,

a(b + c) = ab + ac



a(b - c) = ab - ac

When a number or letter is separated by parentheses and there are no other operation symbols – it means to distribute by multiplying the numbers or variables together.

Find the sum (add) or difference (subtract) of the distributed products. 
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Let’s try a problem

		The counter indicates how many rows to make.  It has this meaning if it is positive.
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