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Abstract

This essay addresses the use of graphing calculator and spreadsheet technologies in the area of Algebra.  Through the examination of research pertaining to the implementation of graphing calculator and spreadsheet technology, attention is given to how these technologies affect and are affected by learners and learning, the learning environment, curriculum and instructional strategies, and assessment for Algebra.  The essay presents findings that address the importance of instructional strategies that are conducive to effective graphing calculator and spreadsheet use, including a focus on using multiple representations, investigatory activities, and a focus on deep conceptual understanding.  Discussion of the necessity for social and sociomathematical norms for a classroom environment utilizing these technologies, as well as challenges such as introduction of a computer programming environment are identified in the section pertaining to the learning environment.  Analysis of the research on outcomes for student learning presents findings of the positive affects graphing calculators have on the learning and understanding of variables and functions, as well as the affects spreadsheets have on students’ understanding of variables and their ability to generalize symbolic rules to represent situations.  Limitations in the nature of the research pertaining to spreadsheets affects on student learning compared to peers without access to this technology are identified as a weakness in making determinations about the use of this technology.  Examination of the research on graphing calculator use identifies that the implementation of this technology can be beneficial even when assessment may occur without the use of a graphing calculator, and shows no Algebra topics where the use of graphing calculators are detrimental to performance on assessment.  Levels of implementing graphing calculators on assessments, is also discussed.  Failure of research to provide comparisons between groups using spreadsheet technology in instruction and groups not using this technology hinders the ability to make decisions pertaining to the effects of this technology on standardized assessments.  Challenges for assessing spreadsheet work in the classroom, and the need for rubrics to assess this work are also discussed.  The essay presents how this information will affect personal practice in the Algebra classroom, and its application for future Algebra instruction.    
Introduction
In The United States current education system, Algebra serves as a valued topic in mathematics.  Algebra is often referred to as a gatekeeper topic because of its influence on future academic opportunities and outcomes.  As of 2007, 17 states, plus the District of Columbia and the Department of Defense Education Activity, require students to complete Algebra I in order to graduate (Reys, Dingman, Nevels, & Teuscher, 2007).  In addition students who take Algebra I and Geometry are more likely than their peers to go to college (Riley, 1997).  With the value placed on students’ completion of Algebra I, it is important to consider ways in which teachers can help students to achieve success in the Algebra classroom.
Utilizing technology to enhance instruction is one opportunity for improving student performance in Algebra.  Two specific technologies deserve attention for this aim of improved Algebra performance, spreadsheets and graphing calculators.  The reasoning for consideration of the potential benefits of utilizing spreadsheet technology to enhance instruction is the availability of this technology.  As of 2005, the number of students per instructional computer with internet access was 3.8  (U.S. Department of Education, 2005).  The prevalence of computers makes access to spreadsheet programs feasible for classroom use.  In addition, familiarity with computer programs, such as spreadsheets, is considered a valuable skill in today’s technological society.  Ball and Stacey (2003) point out that spreadsheets allow people in the workforce to quickly solve some algebraic problems by implementing methods that used to be considered cumbersome when completing by hand.  

The reasoning for considering how graphing calculators can be used to enhance instruction and learning, is the increase in use of graphing calculators.  The 2000 NAEP (National Assessment of Educational Progress) found that the use of graphing calculators amongst eighth graders had increased since 1996 (Paulson, 2000). In addition, graphing calculators are allowed for usage on some state assessments and NAEP allows 12th grade students to use graphing calculators on the mathematics assessment (National Center for Educational Statistics, 2008).  Because students and teachers are using this technology in the math classroom, and because some assessments are allowing students to utilize this technology, there needs to be a focus on how graphing calculators can enhance instruction and learning in the classroom.
This paper aims to address the use of spreadsheets and calculators as technology tools that can enhance student learning in the Algebra curriculum .  A great deal of information exists on recommendations for activities that utilize these technologies, as well as suggestions on how to implement them in the classroom, however the focus of this paper is primarily on research looking at the effects of implementing these technologies.  Decisions regarding the use of graphing calculators and spreadsheets in the algebra classroom will be based on this evidence.  Through examination of research pertaining to the use of calculators or spreadsheets in the mathematics classroom consideration will be given to how the technology pertains to current Algebra curriculum and how these technologies influence instructional strategies.  Following this will be a discussion of how these technologies can affect the learning environment as well as how the learning environment influences the use of these technologies.  Using information from multiple studies, the opportunities and the possible trade-offs of using these technologies for learners and learning will be presented.  The final focus will be on how the use of these technologies pertains to current assessment practices and how graphing calculators and spreadsheets may influence assessment in the Algebra classroom. 
Curriculum and Instructional Strategies

Adaptation of Oliva’s (2005) definition of curriculum, to apply specifically to the Algebra classroom, provides us with a framework for considering how graphing calculators and spreadsheet use affect and apply to the curriculum.  Considering curriculum as the plan for all of the experiences a student encounters in the mathematics classroom (Oliva, 2005), one must take into account how use of calculators and spreadsheet technology can be incorporated meaningfully into the plans for student’s learning experiences.  In order to determine the experiences that are desired, it is beneficial to begin with a set of goals or standards to consider for the Algebra classroom.  For this reason, the NCTM (National Council of Teachers of Mathematics) Standards and Expectations for Algebra will be utilized throughout this paper as the guiding goals for the experiences and outcomes of a student in the Algebra classroom (NCTM, 2004). 

For some educators, mathematics instruction focuses on “a collection of rules and procedures that make computations more efficient” (Kastberg & Leathham, 2005, p.26).  However, examination of NCTM standards for Algebra, find little focus on computation and procedure but rather activities and outcomes such as; understand(ing), model, investigate, explore, analyze, and represent (NCTM, 2004).  This is not to suggest computation and procedures have no place in the Algebra curriculum, but rather that experiences set forth for student learning should go beyond these levels of learning.  Those teachers who believe graphing calculators are a means to promote understanding of Algebra concepts, as opposed to just tools for performing computations and procedures students have already learned to complete by hand, allow students to use calculators more frequently in the classroom (Kastberg & Leatham, 2005; Doerr& Zangor, 2000).  This means that if the aim of implementing this technology into the classroom is to enhance understanding and student learning, rather than just minimize the time spent conducting computations or learned procedures, the curriculum should focus on increased planned learning experiences that utilize this technology.  
Within the curriculum teachers should develop activities, and learning experiences where students utilize the calculator to investigate, create a deeper understanding, model, form different representations of the problem and/or solution, as well as other experiences that will enhance student learning.  The importance of frequent planned implementation of this technology is supported by research that has found that limited access may result in gains on assessments but that these gains do not appear to be conceptual, or that students with limited access may not use the graphing calculator for assessment because of lack of comfort with the technology (Kastberg & Leatham, 2005).

Use of spreadsheets to enhance curriculum and instruction requires the implementation of thoughtful tasks allowing students to investigate the concepts which underlie the goals of learning activities utilizing spreadsheets.  Studies examining the effectiveness of implementing spreadsheets for enhancing Algebra instruction and learning, involved clearly organized activities that would allow for student exploration and discussion.  The focus of the research that will be discussed later in this paper was on activities which allowed for student investigation.  This indicates that curriculum and instructional strategies that promote investigation, discussion, formation of hypotheses and testing of these hypotheses would be a necessary form of instruction for the implementation of the spreadsheet use referred to in this essay.  
Although the use of spreadsheet technologies may result in the formation of procedures and rules to be used for Algebra, instruction using spreadsheet technology will not focus on presenting these procedures and rules but rather forming an understanding of them, and creation of these procedures and rules through personal investigation.  Instruction with spreadsheet technology will require an ability to be familiar with how to scaffold activities in the spreadsheet environment, and the frequent assessment of where students are in their investigation in order to correctly guide them if necessary. 
Learning Environment

Implementing the use of calculators and spreadsheets into the Algebra learning environment requires that the teacher have an awareness of how these technology tools can influence the learning environment as well as how the environment can influence the use of these tools.  Here the learning environment of the Algebra classroom is considered as the physical space, the agreed upon behaviors, expectations and understandings, as well as the tasks used to reach the goals of the class (Bottino & Chiappini, 2002). Similar to curriculum and instructional strategies, these technology tools require diligent environmental planning and awareness in order to optimize their outcomes on student learning.

The use of a calculator in the Algebra classroom requires an environment that supports the advantages this technology brings to the classroom.  One aspect of such an environment is a focus on having students explore and develop multiple methods of problem solving through the use of the calculator.  For example, this may include having students solve problems using equations, graphs, and tables.  A study that examined strategies for solving algebra problems with the opportunity to use a graphing calculator found that students who used a greater number of representations to solve a problem were more likely to get the correct answer (Herman, 2007).
Key to an environment that has students utilize multiple representations is making sure that students have an understanding of each representation, and the reasoning for using different representations.  Doerr and Zangor (2000) found that one of the constraints pertaining to student use of graphing calculators was students’ attempts to use the calculator for solving problems without an understanding of the calculator capability they may be using, or the problem they are attempting to solve.  These aspects of graphing calculator use illustrate the importance of the development of both social norms and sociomathematical norms for the Algebra learning environment (Yackel & Cobb, 1996).  These norms refer to students’ recognition that in conjunction with the use of graphing calculators is an expectation that they will explain the reasoning and justification of their use of the graphing calculator in finding a solution or investigating a problem, and that these explanations and procedures will follow rules for what is considered an acceptable methodology of explaining reasoning and justification (Yackel & Cobb, 1996).  Students will also recognize the importance of identifying what is mathematically considered to be an acceptable implementation and solution method using the graphing calculator, as well as consideration of what solution methods are appropriate for given types of Algebra problems. 

One limitation in using calculators is the personal nature of this device.  This personal nature may result in a failure for group interaction when students use this technology (Doerr & Zangor, 2000).  As a teacher it will be important to adapt the physical environment as well as have agreed upon behaviors that allow for better communication amongst students and within groups when utilizing graphing calculators.  In addition, the use of an overhead screen which displays the calculator may be a beneficial addition to the classroom environment because it allows all students to be able to view what is being discussed or investigated.  The weakness of this tool is the inability for students to see what keystrokes are being used to create the results displayed on the graphing calculator screen. 

Spreadsheet use provides an interesting challenge to teachers in that it presents a new learning environment for students, that of the computer programming environment.  As part of the implementation of spreadsheets into the Algebra classroom, students must become familiar with the norms set forth by the program which “requires the user to communicate by means of a restricted code governed by formal conventions” (Ainley, 1996, p.406).  It is crucial that students come to understand how to operate in this environment in order to be able to participate effectively in the tasks provided in this computer programming environment.  It is also important that students understand the social and sociomathematical norms of the classroom pertaining to their learning in a computer programming environment.  Clear expectations for acceptable investigation and solutions, as well as how to communicate these are essential for successful implementation of this technology tool in the Algebra classroom.  

One advantage of the use of spreadsheets, when compared to graphing calculator use involves the ability to create a more group and sharing oriented learning environment.  Many of the tasks utilized in the research on spreadsheet use involved students learning in groups or pairs (Sutherland & Rojano, 1993; Tabach and Friedlander, 2004; Wilson, Ainley, & Bills, 2004).  This learning can be facilitated by the ability for groups to easily collaborate through shared viewing of a spreadsheet, or transfer of a spreadsheet from one learner’s computer to another.  Again, this use of group or pair learning necessitates the presence of appropriate norms for such activities.  Additionally, technologies are available that allow a teacher to access the spreadsheets students are working on as a method of monitoring student investigations or to share student work with the rest of the class.    
Learners and Learning

The research available pertaining to the effects on learners and learning of using graphing calculators consists of data comparing the outcomes of student who used graphing calculators with that of students who did not have access to graphing calculators on different topic areas.  Research on spreadsheet use focuses more on examination of how learners use spreadsheets for mathematical activities and the learning outcomes of spreadsheet use for individual students.  Using this information, one can consider how Algebra instruction can lead to increased learning through the implementation of calculator and spreadsheet technologies.

Critical to success in Algebra and future mathematics is a strong understanding of algebraic variables.  Variables are utilized in concepts throughout secondary mathematics curriculum.  Graham and Thomas (2000) point out that students “often adopt their own multiple interpretations of variables which do not correspond to the meanings conventionally used in mathematics” (p.266).  With the importance variables hold in understanding numerous Algebraic concepts, as well as other mathematical concepts, it is essential that students’ knowledge of variables matches the mathematical meaning of variables.  In their research Graham and Thomas (2000) created a teaching module aimed to teach the concepts of a variable.  Using pre and post-test to evaluate students understanding of the use of letters to represent a specific unknown, generalized number and variable, students who had participated in the module using graphing calculators had significantly greater gains in comparison to a control group which did not use graphing calculators (Graham & Thomas, 2000).  This study demonstrates the potential to enhance learning of the critical concept of variable, as well as address an area of mathematics where learners demonstrate misconceptions, through the use of graphing calculators with a focus on developing an understanding of the purpose of variables.   

Learners’ ability to analyze, represent, identify, and understand functions are crucial to the goals and standards of Algebra (NCTM, 2004).  Research has given attention to the affects that using graphing calculators has on student learning pertaining to functions.  Ruthven (1990) compared parallel math classes who only differed in that the project group had permanent access to graphing calculators, whereas the control group did not have access to graphing calculators.  Based on the research, Ruthven (1990) found that students who had access to graphing calculators performed better than their control group peers on items that required algebraic descriptions of graphs, but no difference in performance on items requiring students to interpret verbally-contextualized graphs.  This research demonstrates the potential benefits on learning of having technology that can allow students to more readily investigate the relationship between graphs and specific functions.  Additionally, research comparing a group of students in an Algebra course that incorporated the use of graphing calculators with control classes that covered the same topics but without a graphing calculator, found that students in experimental classes had better understanding of the modeling, interpreting, translating, and reifying aspects of functions (Hollar & Norwood, 1999).  These findings suggest the value of implementing graphing calculators for the purpose of addressing multiple aspects of the standards and goals for student learning related to functions in Algebra.  
In addition to these research findings, a meta-analysis examining the effects of calculator use on student achievement found that on testing that did not allow calculator use students who had received instruction with calculators performed better than their peers on operational skills and selection of correct strategies for problem solving.  Additionally, on testing that did allow calculator use, students who had received instruction with calculator use had improved operational, computational, understanding mathematical concepts, and problem-solving skills.  Students who received instruction without calculators did not show improvement in comparison to their peers who had used calculators, in either testing setup (Ellington, 2003).  These findings suggest aspects of learning that can be enhanced through the implementation of calculator technology.  Additionally the lack of advantageous findings for the exclusion raises questions of how much one should limit the use of calculators.  This is not to suggest that a calculator should be used for all mathematical concepts being taught in the Algebra classroom, but it does suggest that for many concepts exclusion of graphing calculators for fear of it having a negative impact on student learning may not be warranted.
In addition to concepts and skills where research has shown beneficial effects of graphing calculator use on student learning, there is also research pertaining to how the use of calculators affects students’ attitudes.  A meta-analysis of research on this topic found that students who used calculators in their classroom reported more positive attitudes toward mathematics compared to students who had not used calculators in their classroom (Ellington, 2003).  Conversely other research found that students viewed the calculator solely as a computational device and were overwhelmed by having to learn its features in addition to the mathematics of the course (Herman, 2007).  This second piece of research may indicate the importance of making learners aware of the advantages of utilizing graphing calculator technology for mathematics learning, as well as making the reasoning for use of graphing calculators clear.  Also, feelings of being overwhelmed by the use of the technology may indicate the importance of frequent inclusion of the technology so that students have plenty of opportunity to become familiar and comfortable with the technology.  This is supported by findings that students with the most frequent use of calculators for homework and quizzes had higher scores on NAEP 2000 (National Center for Educational Statistics, 2008).  
Research pertaining to the effects of spreadsheet use on learners and learning related to standards for Algebra typically uses analysis of student activities in the spreadsheet environment and focused primarily on the use of spreadsheets for creating symbolic rules for given situations, generalizing patterns with symbolic rules, developing an understanding of variables, and modeling problems with tables and graphs (Ainley, 1996; Sutherland & Rojano, 1993; Tabach and Friedlander, 2004; Wilson et al., 2004).  The findings of this research demonstrate that using spreadsheets students in the studies are able to successfully achieve these learning objectives.  Additionally, the ability of spreadsheets to provide immediate feedback, in the form of a numerical answers, to students during their investigations of these concepts allowed students to check their answers and scaffold their investigations (Wilson et al., 2004).  This research presents limitations in its application to learners and learning because of the lack of comparison groups, assessments of learning, and inability to generalize findings to larger groups of students.            

Assessment

Implementing the use of graphing calculators and spreadsheet technologies requires consideration of how learning involving these technologies effects assessment used in the Algebra classroom.  Additionally, it is important to consider how current assessment may dictate the use of these technologies.  Although spreadsheets are not a tool available for students to use in state Algebra assessments, states do have differing regulations on whether or not calculators are allowed on state assessments, including no calculator use, use on sections deemed calculator active, or full use.   It is necessary to be aware of whether the inability to use spreadsheets and the varying regulations towards graphing calculator usage on assessments place students at a disadvantage for performance on these assessments compared to peers instructed without these technologies.  Such a case could affect the implementation of these technologies in the classroom depending on assessment procedures within a particular state or district.

Use of graphing calculators in the Algebra classrooms presents the need for some adjustments to assessment in order to adapt to the implementation of the technology.  Three types of assessment items are identified pertaining to calculators; calculator inactive, calculator neutral, and calculator active, with inactive pertaining to those items, where using a calculator serves no advantage, and calculator active requiring the use of a calculator (Beckmann & Thompson, 1999).  These different names do not imply that a learning environment that utilizes calculators must adhere to one specific type of problem. Rather, consideration of the goals and standards that are being assessed, and what form best demonstrates student mastery should dictate the type of item used.  As part of the identification of when to allow graphing calculator use, a teacher must be aware of what level of calculator use is appropriate for not only standardized or unit assessments, but also daily homework assignments, class activities, and other work which is used to assess students’ level of mastery.  Teachers should give thoughtful consideration when developing both summative and formative assessments as to how use of, or restriction of graphing calculator use, affects the outcomes demonstrated by students on an assessment.  One concern pertaining to assessment and the use of graphing calculators, are the capabilities to store information beyond that which is expected to be available.  Teachers must be conscientious of these capabilities and take the necessary steps to ensure that assessment is not invalidated by use of such capabilities.

As stated earlier, a concern with implementing the use of calculators is how the students who are instructed with graphing calculators will perform on assessments that may restrict the use of these calculators.  Teachers may be apprehensive to use graphing calculator technology in the classroom on the basis that it will not be available to students for certain assessments.  Examining research on the use of graphing calculators provides information on performance of students, who had instruction with calculators, on assessments where calculator use was not allowed.  In the previously mentioned meta-analysis by Ellington (2003),  the data showed that when calculators were used for learning but not on the assessment students operational skills and selection of strategies for problem solving improved, and no advantage or disadvantage was shown pertaining to computational and conceptual skills, compared to peers who had been instructed without calculator use.  Hollar and Norwoods’(1999) research on the impact of calculator use on function understanding tested students understanding of functions on an assessment that did not allow calculator use.  Students who had used graphing calculators during instruction had higher mean scores on all components and on the total score for the function test compared to their peers who had not been instructed with graphing calculators.  Students in the calculator group also scored slightly higher on the departmental final examination (though not at a significant level), which did not allow calculator use, in comparison to their peers who were instructed without the calculator (Hollar & Norwood, 1999).  Graham and Thomas (2000) included assessment items pertaining to traditional simplifying skills in their testing to determine if students who had received instruction with calculators would perform at a lower level on these items than their peers who had received instruction without calculators.  Their findings showed that the calculator group did at least as well as their peers on these items (Graham & Thomas, 2000).  Based on the data from these pieces of research it would appear that using graphing calculators to enhance student learning of certain concepts or skills does not hinder student performance on assessments that do not allow calculator use.  This information does not suggest that graphing calculators should then be used for all skills and activities in the Algebra classroom.  Item by item analysis may show that there are trade-offs in the use of graphing calculators for instruction.  However, this does suggest that one cannot write-off the use of graphing calculators in the classroom on the basis that they are not allowed on assessments such as end of year state testing.  Until research becomes more available that identifies more clearly specific problem types that benefit from the use of graphing calculators and those that do not, it is important that the teacher give deep consideration to the concepts and skills underlying learning goals and standards.  This will aide in determining if the use of graphing calculators will enhance understanding whether or not students will be able to utilize the graphing calculator in future assessment contexts.    

 As previously stated state assessments do not allow the use of spreadsheets for completion of the assessments.  Therefore it is important that the learning that occurs through the use of spreadsheet technology is able to be applied in the testing format.  Wilson et al. (2004) found in their research that spreadsheet use can help students generalize problems in a paper and pencil environment, which is an environment similar to many state and standardized assessments.  This information suggests potential application of the learning through the use of spreadsheet technology to standardized assessments pertaining to Algebra.  However, due to the nature of the activities used in the research and the methodology of research, there is not clear evidence for comparison between students who learn through the use of spreadsheet technology and students who learn the same concepts without the use of spreadsheets.  This limitation makes it impossible to make any definitive statements about whether to use this technology in lieu of other instructional activities or methods.

Assessing the work of students through spreadsheets requires diverse methods of data collection and assessment.  Much of the assessment in the investigations relies on observation of student discussion and investigational strategies.  Use of activities similar to those presented in the research would likely require the use of well planned out rubrics which identify the key elements of students’ investigation through the use of a spreadsheet.  
Impact on Personal Practice

My deeper conceptual understanding of graphing calculator and spreadsheet technologies has implications for my practices pertaining to curriculum and instructional strategies, the learning environment, learners and learning, and assessment as an Algebra teacher.  Consideration of the research available pertaining to these technologies plays a crucial rule in my plans to implement these technologies into these aspects of my practice.  
Based on the findings of my examination of research pertaining to graphing calculator use, I feel that graphing calculators have potential for enhancing all four of the previously mentioned areas.  Overall the findings will affect the amount of graphing calculator use incorporated into my Algebra teaching.  My previous practice tended to focus more on the use of graphing calculator technology as a tool for speeding up computations and procedures that students had already mastered.  Student access to graphing calculators was limited to activities where I felt that graphing technology could speed up computations and procedures that were not new to the learners.  My conceptual understandings will lead to more thoughtful incorporation of the graphing calculator into the Algebra classroom, with a focus on using the tool to support investigation and deeper understanding of variables, functions, and Algebraic relationships.  
Through the use of the backward design process in my development of the curriculum for my Algebra classroom, I will have the opportunities to incorporate my conceptual knowledge of learners and learning, the learning environment, curriculum and instruction, and assessment with the use of graphing calculators.  Beginning with a focus on the standards and goals for Algebra learning in my mathematics classroom and I will be able to incorporate research of the benefits of graphing calculators into determining which standards necessitate this technology. Examples of NCTM Standards that research cited in this paper supports using graphing calculators to achieve include; “model and solve contextualized problems using various representations, such as graphs, tables, and equations; develop an initial conceptual understanding of different uses of variables; and develop an initial conceptual understanding of different uses of variables.  After consideration of the standards and goals for Algebra, I intend to develop assessments that consider how to best determine that students possess mastery of the standards and goals for Algebra.  The development of assessment will include consideration of how graphing calculators can support measurement of student understanding, including purposeful use of both calculator inactive and calculator active items.  Based off of evidence expected to demonstrate learning I will be able to develop lessons for instruction that will best guide students to achieving the goals of my Algebra classroom.  The deeper conceptual understanding of how graphing calculators can support learning and instruction will be used to create a learning environment and instructional strategies that allow students to use calculators to gain deeper understanding and knowledge of concepts such as variables, and functions.  Part of this instruction will include creating a learning environment that includes qualities such as emphasis on problem solving, construction of meaning, and investigation of concepts, which have been found to be aspects of a learning environment where graphing calculators are used effectively (Cavanagh & Mitchelmore, 2003).       

Examination of the research available pertaining to implementing spreadsheet technology into the classroom, showed limited data to support using technology to address learners and learning, the learning environment, curriculum and instructional strategies.  The failure of the studies to provide evidence that using spreadsheets led to improvement in these areas when compared to instruction that does not use spreadsheet technology does not validate incorporating spreadsheet technology into the classroom.  Compounding this factor is the necessity to introduce students to the computer programming environment and the rules that apply to this environment.  This aspect of spreadsheet use represents a cost of instructional time without clear evidence that the resulting educational outcomes validate this cost.  Although the research did not promote changes to my practice in order to implement this technology, there are additional aspects of the technology that could be investigated for positive outcomes on Algebra learning and instruction.  The abilities to use the adaptive spreadsheet environment for quickly creating tables and graphs may have potential uses for Algebra, especially considering ability to use this technology for group and whole-class investigations.  Additionally, considering methods of implementing the technology through teacher guided activities and investigations that may not require students to be fully educated in the computer programming environment may provide a compromise that allows benefits of the technology to be implemented with limited costs to instructional time.  
Conclusion


Investigation of research focused the implementation of graphing calculator and spreadsheet technologies in the Algebra classroom provides information pertaining to their potential influence on learners and learning, the learning environment, curriculum and instructional strategies, and assessment.  Consideration of the available data suggests support for implementing graphing calculators to address topics related to variables and functions based on advantageous outcomes of students using the technology compared to those instructed without graphing calculators.  Research pertaining to utilizing spreadsheet technology to enhance Algebra instruction is limited in its applicability based on the lack of assessment of student learning and comparison with groups not instructed using this technology.  Implementation of both technologies present the need for adaptations to curriculum, instructional strategies, assessments, and environments in order to achieve the optimal outcomes of using these technologies.    
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