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This document is for students in teacher education programs or who are thinking about the possibility of becoming school teachers. The goal is to help you take increased responsibility for your preparation to make effective and appropriate use of Information and Communication Technology (ICT) during your own education and during your teaching career.

ICT includes computers, calculators, personal digital assistants, cell telephones, audio and video storage and playback devices, digital still and motion cameras, the Internet (including email and the Web), computer games, computer-assisted instruction, distance learning, and so on.

ICT is a powerful change agent. Some of these changes strongly impact curriculum, instruction, and assessment in both precollege and in higher education. This short document focuses on just a few key ideas of how ICT is affecting and will affect you and our educational systems.

This document consists of two parts:

Part 1: Some general background information.

Part 2. Self-assessment, illustrated by calculators in education.

Part 1: Some General Background Information

Essentially all schools in the United States have Internet connectivity. On average, schools have approximately one microcomputer per 4-5 students. Some schools have acquired enough laptop computers so that they have one for each student. Most schools have one or more computer labs. Many schools have one of more COWS (computers on wheels, a mobile cart containing laptop computers), and many have “pods” of 4-5 computers in each classroom. The quality of computers in schools, as well as the amount of software available, varies immensely. 

In addition to the computers in schools, approximately 80 percent of students now have access to a computer at home. Of course, t quality of these home computer systems, as well as their software and connectivity, varies widely.

The typical home in the United States contains a variety of other ICT devices. For example, there is approximately one cell telephone per two people. Other examples include calculators, hand held computer games, iPods and the equivalent product from other companies, DVD and VCR players, TV sets, handheld electronic games, electronic toys, and so on. Our children are growing up in a world where they routinely use ICT devices.

National and State Standards

In 1998, the International Society for Technology in Education (ISTE) published the National Educational Technology Standards for Students (NETS-S). These standards or modifications of these standards have been adopted by most states in the United States (ISTE NETS, n.d.).

ISTE has also developed and published National Educational Technology Standards for Teachers (NETS-T). These standards have helped to shape the ICT in education programs of a very large number of teacher education programs throughout the country. Very roughly speaking, these standards say:

1.
Preservice teachers should meet the ISTE NETS-S for students completing the 12th grade.

2.
Preservice teachers should have ICT knowledge and skills in education that are appropriate to:

a.
working with students who are meeting the ISTE NETS-S for the grade levels the preservice teachers are preparing to teach;

b.
working with ICT in the content, teaching methodologies, and assessment for the discipline areas and grade levels the preservice teachers are preparing to teach.

Many students will read the above material and sort of “bleep over” the statements about standards. Consider an alternative to this. You might ask yourself, “Do I meet the ISTE 12th grade standards for students?” It is easy enough to find out. Just go to http://cnets.iste.org/students/s_profiles.html and browse through the student profiles for various grade levels. You might begin with the profile for grades 3-5. See how well your formal schooling and informal education has prepared you in ICT, relative to the ISTE standards for students. At the current time, the majority of college students do not meet the 8th grade ISTE NETS-S.

The above activity is an example of self-assessment. You can decide for yourself what to do with and about the results. That is, you can take personal responsibility. As you think about this “personal responsibility” situation, think about what you want for the students you teach or will teach. There is substantial research on the effectiveness of children learning to self-assess their work, provide constructive feedback to their peers, taking steadily increasing responsibility for their own learning, and helping their peers to learn.

Important Ideas About ICT and the Disciplines Taught in School

If you become an elementary school teacher, you will teach a number of different disciplines such as language arts (reading, writing, speaking, listening), math (arithmetic, geometry, probability), science, social science, and so on. Note that it is appropriate to talk about a discipline such as science, or to use the word discipline to refer to individual parts of science such as astronomy, biology, chemistry, environmental science, and so on.

Your school may have specialists who provide instruction in art, music, and physical education, or you may also have teaching responsibilities in some of these areas. Your school may have a part time or full time ICT specialist, in which case you and this specialist will share responsibilities in helping your students to meet standards such as the ISTE-S. Many elementary schools do not have an ICT instructional specialist. In these schools, the full responsibility of ICT instruction falls on the shoulders of the regular classroom teachers.

In each subject you teach, you will bring to bear your general knowledge and skills in classroom management, teaching, and assessment. You will draw upon your content knowledge in each of the disciplines you teach. Likely, you know much more about some content areas than about other content areas. For example, perhaps you are a skilled writer, but weak in math, or vice versa. Even this very simple type of self-assessment is helpful. Just because you are stronger in one content area and weaker in another does not mean that your students have the same characteristics. Perhaps you need to give extra thought and effort to helping your students learn the content of areas where your content knowledge and skills are relatively weak.

You will find that each discipline you teach has some specific methods of teaching and assessment. For example, teaching writing is different than teaching math. ICT is useful in teaching and learning both writing and math, but the roles of ICT in these two disciplines are significantly different. Thus, during your preservice teacher education program you will need to learn some discipline-specific ICT-related methods of instruction and assessment. In addition, you will need to learn appropriate methods of classroom management, instruction, and assessment to deal with having a pod of Internet-connected computers in your classroom and in working with students in a computer lab.

Roles of ICT in Problem Solving

Problem solving is part of every discipline. A short book on roles of ICT in problem solving is available free on the Web at Moursund (2004). Alternatively, you may be interested in a chapter-length overview of the field that is available at http://darkwing.uoregon.edu/~moursund/dave/Article-Talks/problem-solving.htm.

Problem solving includes all of the following activities:

•
posing, clarifying, and answering questions;

•
posing, clarifying, and solving problems;

•
posing, clarifying, and accomplishing tasks;

•
posing, clarifying, and making decisions; and

•
using higher-order, critical, rigorous, and wise thinking to do all of the above.

Perhaps the single most important idea in problem solving is building upon the previous work and learning of yourself and others. We have previously mentioned the Web as being a huge and rapidly growing global library. It and other libraries are a repository of much of the accumulated knowledge of the human race.

Besides facilitating storage and retrieval of accumulated knowledge, ICT brings another dimension to problem solving. In many cases, information about how to solve a type of problem can be stored in a form that allows a computer system to actually solve the problem. In other cases, ICT systems can solve parts of a problem and/or be a major aid to the overall process of solving a problem.

As an example, consider a spreadsheet. A spreadsheet can be used to develop a model of a budget, or it can be used to develop an electronic gradebook. Using a spreadsheet representation of a problem, one can ask “What if” types of questions, and get quick answers. But wait, there’s more! Spreadsheet software includes built-in facilities to draw a variety of graphs. With little effort on the user’s part, the computer can produce a circle graph, a bar graph, and so on to represent results from spreadsheet calculations.

A somewhat different way to think about roles of ICT in problem solving is to think about what aspects of problem solving can be automated through use of ICT and ICT-using automated machinery. This idea is illustrated in the Venn diagram of Figure 1.
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Figure 1. ICT versus people.
The point to this diagram is that there are many things that people can do better than ICT systems, and vice versa. Our educational system needs to think about its goals from the point of view that ICT systems, computerized robots, and computerized factory automation systems are getting steadily more capable. We need to prepare students for adult life in a world where such aids to problem solving are becoming more and more available. 
Increasing Student Expertise in Various Disciplines

Figure 2 contains two different expertise scales. Each student has a particular level of expertise in a discipline. The expectation is that the efforts of you and the student will move the student more to the right on the scale for each discipline you teach.
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Figure 2. Discipline-specific expertise scales. 
The second of the two expertise scales is particularly important to a teacher. The level of expertise in ICT your needs as a student or in your personal life (perhaps a 2 on the scale) is apt to be quite a bit lower than the level of expertise you will need in your professional life as a teacher (a 3 or 4 on the scale). A teacher helps others to learn. A teacher diagnoses learning difficulties and errors in performance. A teacher provides feedback designed to help both a whole class of students as well as individual students.

We have used the term discipline a number of times in this document. Let’s delve more deeply into this topic. Each discipline can be defined by its unique combination of its characteristics, such as those listed in Figure 3.

•
The types of problems, tasks, critical analysis, and rigorous thinking activities it addresses. 

•
Its accumulated accomplishments such as results, achievements, products, performances, scope, power, uses, and so on.

•
Its methods of storing, communicating, and using its results, and its methods of demonstrating varying levels of expertise. 

•
Its history, culture, language (including notation and special vocabulary), and methods of teaching and learning. 

•
Its tools, methodologies, and types of evidence and arguments used in solving problems, accomplishing tasks, etc. 

Figure 3. Some of the defining characteristics of a discipline.

Notice that each discipline includes solving problems, accomplishing tasks, and critical and rigorous thinking. The nature of the problems and tasks varies considerably from discipline to discipline. However, gaining increased expertise in using critical and rigorous thinking to solve challenging problems and accomplish challenging tasks is a theme that runs through every discipline and one of the really Big Ideas in education.

From an ICT point of view, a related Big Idea is that ICT provides a wide range of tools and methodologies designed to help in solving challenging problems and accomplishing challenging tasks. Such uses of ICT are now thoroughly intertwined within every discipline.

This means that as a teacher is teaching a specific discipline, the teacher is interested in the students gaining discipline-specific knowledge and skills, and the teacher is also interested in students learning to transfer some of the new knowledge and skills to all disciplines they have previously studied. Transfer of learning is one of the most important ideas in education. Good teachers are good at helping students improve their skills in transfer of learning

Transfer of Learning

In the world outside of school, most problems and tasks that a person encounters are interdisciplinary. Thus, there is a marked contrast between how students are taught and how they are expected to perform (outside of school) because of their education. From a teacher point of view, the expectation is that students will readily transfer their new learning from one discipline to another, from school to non-school settings, and across the years, as students learn new content in the future. Of course, at the same time teachers realize that this is a very difficult thing for most students to do.

This provides another chance for you to practice self-assessment. Think back to some courses you have taken in the past. Analyze how well you remember the content of these courses, how well you have transferred this knowledge to other disciplines, and your confidence level in being able to use this “old” knowledge to solve current problems and accomplish current tasks. 

The insights you gain by type of self-assessment are quite useful in planning the curriculum, instruction, and assessment that you use or will use in teaching. There is a good chance that many of your students will experience the same types of transfer of learning difficulties that you have encountered. Thus, if you teach in the way that you were taught, there is a good chance that you will perpetuate this type of failure in our educational system.

Transfer of learning is an area where the learner needs to take considerable responsibility for his or her own learning. There is no way that a teacher can provide individual help to each individual student in transferring new knowledge and skills to each area the student has previously studied in school and outside of school. Thus, as a teacher, you want to help your students learn to self-assess their transfer of learning and to help them get better at transfer of learning. A relatively modern theory of transfer of learning and how to teach for transfer is called the High-Road, Low-Road theory. You can learn more about this in OTEC (n.d.).

Here is an activity you can use to gain some insight into your knowledge and understanding of disciplines and transfer of learning. Select two different disciplines you are preparing to teach. For each, think about how well you know the discipline from the point of view of the five bulleted items in Figure 3. Then think about your current knowledge and skill in dealing with the following tasks: 

•
Explain what each of the two disciplines is in a manner that communicates effectively to your potential students and their parents.

•
Give examples of problem-solving, task-accomplishing, or higher-order critical and rigorous thinking ideas that might be taught in one of the disciplines but that you feel should also transfer to the other discipline.

This is a challenging activity, and it helps to illustrate why teaching is a challenging occupation. Suppose, for example, you selected writing and math as two disciplines to think about. Both of these disciplines require careful and rigorous thinking. In both, a large problem or task can be accomplished by breaking it into a collection of smaller problems or tasks. Both require making use of written language as an aid to the brain in organizing one’s thoughts and in communicating the results of this thinking and organization. Both make use of diagrams or pictures to help in the thinking and communication processes. 

The Discipline of ICT

ICT is a large and growing academic discipline. At the community college, college, and university levels, there are hundreds of different degree programs in various components of this discipline. For example, there are programs in Computer and Information Science, Computer Engineering, and Multimedia. Moreover, programs of study in many other disciplines include ICT courses that may be part of a minor or major. Architecture and allied arts, business, journalism, and math provide good examples of this.

ICT in education is concerned both with aspects of ICT that cut across many different disciplines, and aspects that are particular to specific disciplines. You know, for example, that the Web is a very large library and that a search engine and a browser make it possible for relatively young students to make use of this global library. Accessing information from a library is an idea that cuts across all disciplines. It is a way to learn from and build upon the accumulated knowledge of the human race.

As another example, you know that communication via reading/writing and via speaking/listening is important in each discipline. ICT provides powerful aids to these forms of communication. Cell telephones, email, and word processing provide good examples of such ICT. Clearly, these ICT tools are useful aids to solving the problems and accomplishing the tasks in each discipline.

However, the nature of problem solving and the types of problems one works to solve varies considerably from discipline to discipline. Go back to the two disciplines you thought about earlier in this subsection. Think about what constitutes an increasing level of expertise in understanding and solving the problems and accomplishing the task of each of the disciplines. Think about your knowledge and skill in using ICT to help solve the problems and accomplish the tasks within the disciplines.

Roles of ICT in Teaching and Learning a Discipline

ICT has brought us both computer-assisted learning (CAL) and distance learning (DL) that can be carried out by use of telecommunications and other ICT. ICT has brought us highly interactive intelligent computer-assisted learning (HIICAL) that can be delivered over the Web. The nature and extent of the available materials, as well as their effectiveness, varies from discipline to discipline.

There has been extensive research on both CAL and DL. The findings have supported a steady increase in the use of these two aids to instruction and learning. Chapter 6 of Moursund (2005a) provides introduction to the literature in this area. In very brief summary:

1.
In many different subjects and grade levels, CAL helps students learn faster and better, as compared to traditional methods of whole class instruction. Part of the reason for this is that CAL provides a type of individualization of instruction that is not readily achieved by a teacher doing who-class instruction. Another strong point of CAL is that it can provide immediate feedback in a manner that helps a student to self-assess.

2.
For many students, DL is as effective or more effective than traditional classroom instruction. Part of the reason for this is that DL can provide students with access to instruction in a time-convenient manner, cover topics or full courses that are not conveniently available through traditional instruction, and proceed at a pace that is geared to the personal needs of a student.

In your preservice teacher education program of study, you will take a number of Teaching Methods courses. These courses should provide you with some exposure to discipline-specific CAL and DL materials.

Each time you make use of the Web to find, retrieve, and use information, you are making use of a form of CAL and DL. 

Finally, think about the Help features built into the operating system and the various application programs found on a typical microcomputer. These can be thought of as a type of CAL. They are designed to provide timely help in answering certain types of hardware and software questions that occur to you as you are using a computer system.

ICT and Goals of Education

This section contains several ideas that are very important to you as a student and as a potential teacher.

Education is a very large and complex field. Different people tend to have considerable differences in opinion about the goals of education. Figure 4 contains a short list of widely accepted goals. You should be aware that there are many more goals; this short list is designed to capture the underlying essence of many of the goals.

G1.
Acquisition and retention of knowledge and skills.

G2.
Understanding of one's acquired knowledge and skills.

G3.
Active use of one's acquired knowledge and skills. Transfer of learning. Ability to apply one's learning to new settings. Ability to use one’s acquired knowledge and skills to analyze and solve novel problems.

G4
To develop the knowledge and skills to be a self-reliant and lifelong learner. This includes learning to learn, learning one’s strengths and weaknesses as a learner, and learning to self-assess one’s learning.

Figure 4. A short list of goals of education.

You have been a student for many years. Thus, you have had the opportunity to view at first hand how our educational system works to achieve these goals within a variety of different disciplines.

Spend some time thinking about the general goal G2 of understanding the disciplines that you study in school. What does it mean to “understand?” Can a computer system have understanding? You might answer this set of questions by claiming that only a human can have understanding, and thus the answer to the second question in “no.” However, you might want to delve into this a little more deeply.

For example, a computerized automatic pilot can fly an airplane. This automatic pilot computer system has a high level of capability within a very narrow area. It does not understand flying an airplane in the sense that a human does—but it can do an excellent job of flying an airplane.

The field of Artificial Intelligence (AI) is a subfield of Computer and Information Science. With the aid of progress that has been made in AI and progress in building faster and more powerful computers, there is a steadily growing collection of areas in which a computer system has machine-like understanding that allows it to compete with and perhaps out perform human experts. For example, a computer beat the reigning world chess champion in a match held back in 1997. Computers are now routinely used to check the credit worthiness of people applying for loans, quickly producing recommendations that are then acted upon by loan officers. Artificially intelligent computer systems are now routinely used in many thousands of different problem-solving and task-accomplishing situations.

The point to such examples is that while computer systems do not (yet) have understanding in the sense that humans have understanding, computers can solve lots of problems and accomplish lots of tasks as well as or better than humans. The number of such problems and tasks is steadily growing. It is clear that AI will be of growing importance in education. Moursund (2005b) is a book on AI in education that is available free on the Web.

This discussion about understanding and AI suggests that we need an educational system that prepares students to work with ICT systems in a world in which ICT systems are steadily growing in capability and in AI. It also suggests that our educational system needs to place increased emphasis on things that people do better than ICT systems. One of these areas is to understand what it means to be human, to have human emotions, human values, and human cultures. Computer systems do not understand art, music, horseback riding, hiking, soccer, and so on in the sense that humans do.

Summary of Part 1

ICT is a large and rapidly discipline of study. In the K-12 schooling, ICT is both an important discipline in its own right, and a component of each discipline in the curriculum.

ICT provides a wide variety of aids to teaching and learning. In addition, ICT provides a variety of aids to problem solving in each discipline.

Many states have adopted ICT goals for their students. Success in achieving these goals is highly dependent on the regular classroom teacher, even in schools that happen to have an ICT specialist.

Good teachers and good teaching are very important in our school system. However, it is also important for students to learn to take an increasing level of responsibility for their own education. The elementary school students you will teach in the future face a lifetime of rapid change in science and technology. They need to learn to learn and become skilled in the learning needed to deal with such change.

Part 2: Self-assessment

Part 2 focuses on the self-assessment component of Goal 4 given in Figure 4. There is substantial research to support the effectiveness of self-assessment and the value of helping students learn to assess their own work.

This section will help you to learn more about self-assessment. As with this whole document, the focus is on ICT and ICT in education. An extensive example in this section is based on the type of inexpensive handheld calculators that are commonly used at all educational levels.

Assessment and Evaluation

Assessment and evaluation are two different (but related) ideas. Assessment gathers information. Evaluation interprets the information according to values, standards, and so on. 

It is relatively common to talk about three forms of evaluation: formative, summative, and long-term residual impact. Formative evaluation allows timely feedback that can be incorporated into a process, project, or procedure in an ongoing basis. Summative evaluation is done after a process, project, or procedure has been completed, and it provides information about the overall results. In school settings, a single letter or number grade is often used to summarize the evaluation. Long-term residual impact evaluation looks at the situation a substantial period of time—frequently months to a year or more—after the summative evaluation has been done, and reports on the continuing (residual) impact.

Here is a way to think about assessment from a self-assessment point of view. Select some subject area or topic that you have studied recently. Ask yourself the following list of questions. How can I (a learner) tell if I have learned well enough:

• 
to serve my current needs, and so that it increases my knowledge of myself as a learner?

•
so that it will stay with me, for use in the future and as a foundation for additional learning in the future?

• 
to transfer my new knowledge and skills across disciplines and to new (perhaps novel) situations where it is applicable?

• 
so I have some insight into what I don't know, why I might want to learn some of the things that I don't know but might want to know, and pathways to doing the learning?
The questions in the list are general-purpose, self-assessment questions. You can use them in any course you are taking or in any unit you are studying in a course. Notice that you are unlikely to find such questions on a final exam in a course. Your personal learning goals may be quite different than a course instructor has in mind. Moreover, it is difficult for a course instructor to accurately measure your progress in achieving the types of goals listed in the set of questions.

Assessment by Self and Others

Learning is a personal process that goes on inside your brain and the rest of your body. Each learner is unique, and the learning process for each learner builds upon his or her previous learning.
Your brain is naturally inquisitive and is a lifelong learner. You are the single most important component of your learning environment. Over the years, you have learned a great deal about yourself as a learner. You know some of your strengths, weaknesses, preferred learning styles and environments, and so on.

As a preservice teacher, you might want to think about whether your teachers and other components of our informal and formal educational system have done help you acquire knowledge and skills about yourself as a learner. Can you think of things that might have been done better? For example, are you skilled at metacognition—thinking about your thinking processes? With appropriate help, even kindergarten students can gain considerable skill in metacognition. 

Think about a course you have taken in the past. You had some reasons for taking the course. You can think of these reasons as being goals that you hoped to accomplish by taking the course, and/or goals that taking the course might help you to accomplish. At the same time, the instructor had some goals for the course, and probably the institution or department offering the course had some goals.

The point is, there are goals that you set for yourself, and there are goals set by others. Typically, there is an overlap between the sets of goals. In self-assessment, you want to develop skills and accuracy in assessing how well you are doing both in the goals that you set for yourself and in the goals set by the course instructor and program of study.

Research on Self-Assessment

Self-assessment, at a conscious and at a sub-conscious level, is a routine and ongoing human activity. Self-assessment is a very important idea in education that often does not receive the attention it deserves. This is true even though there has been considerable research that supports the value of students learning to self-assess.

Here is some quoted material from a detailed analysis of the research literature (Black and Wiliam, 1998).

Many successful innovations have developed self- and peer-assessment by pupils as ways of enhancing formative assessment, and such work has achieved some success with pupils from age 5 upward. This link of formative assessment to self-assessment is not an accident; indeed, it is inevitable.

To explain this last statement, we should first note that the main problem that those who are developing self-assessments encounter is not a problem of reliability and trustworthiness. Pupils are generally honest and reliable in assessing both themselves and one another; they can even be too hard on themselves. The main problem is that pupils can assess themselves only when they have a sufficiently clear picture of the targets that their learning is meant to attain. Surprisingly, and sadly, many pupils do not have such a picture, and they appear to have become accustomed to receiving classroom teaching as an arbitrary sequence of exercises with no overarching rationale. To overcome this pattern of passive reception requires hard and sustained work. When pupils do acquire such an overview, they then become more committed and more effective as learners. Moreover, their own assessments become an object of discussion with their teachers and with one another, and this discussion further promotes the reflection on one's own thinking that is essential to good learning.

Thus self-assessment by pupils, far from being a luxury, is in fact an essential component of formative assessment. When anyone is trying to learn, feedback about the effort has three elements: recognition of the desired goal, evidence about present position, and some understanding of a way to close the gap between the two. All three must be understood to some degree by anyone before he or she can take action to improve learning.

A Calculator Example

Earlier parts of this document have provided quite a few example of self-assessment. This section provides a detailed example.

In a recent visit to a Dollar Store, I bought two different models of solar powered calculators at a dollar apiece. These were the widely used 6-function 8-digit calculators with keys for addition, subtraction, multiplication, division, square root, and percent. They also had four keys for working with a memory storage location: M+, M-, MR, and MC.

You probably own one or more calculators. For more than 25 years, they have been recommended by the National Council of Teachers of Mathematics for integration into the math curriculum at all grade levels. They are now widely accepted in many state and national testing situations.

If you become an elementary school teacher, you will be responsible for helping your students to learn to make effective use of calculators. If you become a teacher at a higher grade level, you will be responsible for working with students who routinely make use of calculators.

Here is a question to ask yourself. Considering just the inexpensive 6-function 8-digit calculator described above, do I have adequate calculator content knowledge, general pedagogical knowledge, and calculator pedagogical knowledge to appropriately help my students learn to make effective use of calculators in the curriculum areas I am planning to teach?

This section looks at handheld calculators from a self-assessment point of view. It will help you to understand some basic ideas in self-assessment, and it will help you to analyze your current education-related knowledge and skills in the area of inexpensive, handheld calculators. Some of the questions may be ones that you would ask yourself. Others may be ones that a course instructor or program of study might think of. 

Calculators

Here are a few examples of self-assessment questions about inexpensive 6-function 8-digit calculator. These questions were selected to emphasize some aspects of calculators that might be important to a teacher helping young students learn to use a calculator and then routinely using a calculator. 

1.
What do you suppose it means for a calculator to be classified as 6-function? In the math courses you have taken in the past, you learned about the idea of function, and you know that this is one of the more important ideas in math. Does the word mean the same thing in math as it does in describing a calculator? This is an important question, partly because it relates to transfer of learning between math and calculators. 

Suppose that after thinking about this question for a while, you are not sure whether the word function means the same thing in math as it does when describing a calculator. Perhaps this is because you can’t quite remember what a function is in math.

You have just done a self-assessment. Now, what do you do with the results? When you get to be a teacher, you will certainly expect your students to develop knowledge and skills in looking up information on the Web.

Do you suppose that you could find a useful definition of the word function on the Web? Do a self-assessment on this. You are drawing on your knowledge of the nature and extent of the Web as well as your knowledge about your knowledge of how to make effective use of the Web.

I just did a Google search on the word function and got 362 million hits. That is not very helpful. Obviously, I need to refine my search. Next, I tried a Google search on math function. This resulted in about 25 million hits.

Next, somewhat in desperation, I used the search expression, What is a mathematical function? I still got about 25 million hits, but the first page of hits included a reference to a definition and discussion in Wikipedia, the free encyclopedia. Should I trust a definition from a free encyclopedia?
What might you be learning from this example? First, you probably can self-assess at a personally useful level on the topic of functions in math and in a calculator. Second, you probably know how to use the Web, but you may not know if you will be successful in trying to look up math and calculator stuff on the Web. You can self-assess on this by doing a sequence of searches, perhaps like I just illustrated. Third, you have been given the opportunity to think about how you, personally, deal with a self-assessment situation and results from the self-assessment. 

2.
On my 6-function, 8-digit calculator, 1 ÷ 3 = 0.3333333. Do you think the results for 2 ÷ 6 and 10 ÷ 30 will the same as for 1 ÷ 3? Why? 

You might wonder why I would even ask such self-assessment questions. I did so because the calculator number system and the calculator number line are different from the “real” number system and number line. 

On the real number line, continuing to add 1 to a number produces a larger and larger number. On my 8-digit calculator, if I add 1 to 99999999 I don’t get a larger number. Instead, I get an E for “error.”

3.
Here is a more challenging example. Use an 8-digit calculator to calculate the mean of the two numbers 6.0000001 and 6.0000003. You would expect that the mean (found by adding the two numbers and dividing by 2) would lie between the two numbers. However, your calculator will produce 6. as the answer. How can that be? How is it possible for a calculator to make such as obvious “error?” Does this mean that one cannot trust results produced by using a calculator? How would you explain this situation to a student or to a parent of one of your students? 

A calculator can be thought of as a limited-purpose computer. It employs the same type of electronic circuitry as does an electronic digital computer. Thus, it is appropriate to think about the “weird” calculator example given above, and the way that computers do arithmetic. This transfer of ideas or transfer of learning from calculator to computer may be a little disconcerting to you. 

4.
A store is having a sale. The price tag of each item in the special sale is marked with a percentage off. In addition, the store is offering a 3% discount to people pay cash for their purchase. Explain how you would go about using a calculator to determine the bill for a person who bought 12 tubes of toothpaste (list price $1.84, discount 25%) and 16 tooth brushes (list price $2.05, discount 30%) and paid cash. 

If you are like most people, you make use of both pencil and paper, and a calculator, in doing this computation. You use the calculator to do some computation, and then you write down the results. You do some more calculations, and write down the result. This process involves keying some of your results back into the calculator. which increases the chances of making a keying error.

Alternatively, this problem is easily solved without use of pencil and paper, if you know how to use the M keys and the % function. 

This example was chosen for two reasons. First, it illustrates use of the memory feature and % features of the calculator. Second, it illustrates that these features of a calculator are not trivial to learn and then to remember how to use at a much later date.

If your self-assessment determines that you don’t fully understand how to use the calculator memory and % features, what might you do about it? How about go into a “teach yourself, using a trial and error approach?” Trial and error is one of the more important ideas in problem solving in math and in many other disciplines. It is sometimes called guess and check. In this situation, your brain and the calculator’s performance provide the feedback from a trial.

Now, expand on this trial and error learning situation. Think about when you have successfully used this approach to learning. Think about what you want your current and future students to learn about this mode of problem solving and learning. These are transfer of learning types of questions.

5.
You know that a computer has a lot of memory. In what ways is a computer’s memory similar to and/or different than the memory location in a calculator that is being addressed by the various M keys? Would a calculator be better if it had more than one such memory location?

This is a transfer of learning type of question. Do some self-assessment on what you have learned about a calculator that might transfer to computers, and vice versa. 

6.
You know that students make computational errors when doing paper and pencil arithmetic. It is very rare for a calculator to have an electronic malfunction that causes it to make an error in an arithmetic calculation. However, students frequently make errors when using a calculator. Do some self-assessment on your knowledge and skills in about why students make errors when using a calculator, and in detecting errors you make when using a calculator. Then think about how this relates to self-assessment of your work in other areas. The latter is a transfer of learning question.

7.
Look back at the defining characteristics of a discipline given in Figure 3. Self-assess your knowledge of the calculator discipline from the point of view of these defining characteristics.

As an example, what do you know about the history of calculators, and how this ties in with the abacus, paper and pencil arithmetic, and other aids to calculation? Why do you suppose that an inexpensive calculator has a square root key? (When was the last time you found the need to calculate a square root?)

8.
What are the similarities and differences between a 6-function calculator and a laptop or desktop microcomputer? Give some examples of problems and tasks that one might solve or accomplish using a computer, but not an inexpensive 6-function 8-digit calculator.

Okay, we are done with your self-assessment in the use of and teaching about 6-function 8-digit calculators. The chances are that found some holes in your content knowledge and in your content-pedagogical knowledge in this discipline.

Now the question is, who is responsible for addressing these holes in your knowledge? One approach is to assert that it is the university’s responsibility during your current program of study. “They” should tell you exactly what calculator content knowledge you should have, and they should teach you the calculator pedagogical knowledge and skills that you will need when you become a teacher.

A second approach is to think carefully about your own responsibilities. This situation provides you with an opportunity to be an independent, self-sufficient, intrinsically motivated learner. You can practice learning on your own and in taking responsibility for your own learning. As you do this learning, you can examine your strengths and weaknesses as a learner of the calculator discipline. You can learn more about your preferred learning style or styles in this content area.

Earlier we have discussed the Web as a large, global library. You know how to use a search engine and a browser. Do you think you can find information on the Web that will help to answer the seven questions given above? This is a difficult challenge. Probably you have not received any formal instruction on how to use the Web to find information about calculators, calculator arithmetic, and calculator pedagogy. This provides you with a good opportunity to test and expand your Web knowledge and skills.

It also gives you the opportunity to think about discipline-specific Web-based knowledge and skills. Each discipline is different. One aspect of learning a discipline is learning to make use of the accumulated knowledge within that discipline. Among other things this means learning to read write, retrieve information, understand, and make use of the accumulated information. 

Summary

Being a teacher is an awesome and demanding responsibility. As a teacher, you will find that you never know all the things that might be useful to know, and that you never have enough time to do as well as you know you can do.

Now that ICT (including the Web) is readily available to students, as a teacher you are increasingly likely to encounter situations in which some of your students know some of the content material better they you.

Many teacher education programs of study have adopted ICT goals for their preservice teachers. The ICT-related coursework and ICT integrated into non-ICT courses varies widely from program to program (ISTE SIGTE, 2005). The teacher education programs are experiencing widely varying levels of success in helping their students to achieve these goals. 

ICT does not change the basic goals of education. However, it adds some content, pedagogy, and assessment to each discipline. This means that every teacher needs:

•
Relatively broad-based general content knowledge and skills, especially within the disciplines they teach.

•
General pedagogical knowledge and skills.

•
General assessment and evaluation knowledge and skills.

•
ICT pedagogical knowledge and skills within the disciplines they teach.

•
Discipline-specific ICT knowledge and skills within the disciplines they teach.

•
ICT-related assessment and evaluation knowledge and skills within the disciplines they teach.

Your general preservice teacher education program will give you a lot of help in learning the first three bulleted items. Your Teaching Methods courses and your ICT courses will give you some help in learning the last three bulleted items.

However, a great deal of the responsibility for learning the three ICT areas will fall on your shoulders. Thus, it is especially important that you set personal goals for your ICT in education learning, and that you self-assess progress you are making toward these goals.
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An Assignment

It is assumed that you know how to use a word processor at a level that meets a number of your personal needs. This assignment is to do self-assessment on your word processing knowledge and skills from the points of view of your personal needs and your (eventual) professional needs as a school teacher.

Here are a few examples of questions that you might use for part of this self-assessment process.

1.
Most schools in the United States teach Process Writing based on a six-step process: a) brainstorming; b) organizing the brainstormed ideas; c) developing a draft; d) obtaining feedback; e) revising, which may involve going back to earlier steps; and f) publishing. Do self-assessment on your knowledge and skills in making effective use of a word processor in Process Writing and in teaching Process Writing in a word processing environment.

2.
Nowadays, a word processor is often used to produce a good-looking document that includes pictures and other graphics, and that is designed for good legibility and for effective communication. Do self-assessment on your knowledge and skills in making effective use of a word processor to accomplish these tasks and in teaching students to accomplish these tasks.

3.
Many precollege students—and probably you—make use of a word processor that includes a spelling checker and a grammar checker. How do you suppose a computer is able to detect possible spelling and grammar errors, and then make suggestions that may help eliminate the errors? Do self-assessment on your understanding of these computer capabilities and on your knowledge and skills in teaching elementary school students about these aspects of a word processor. 

4.
It is common to include multi-column, multi-row tables in a word processed document. Most word processors include good provisions to aid in this task. Do self-assessment on your knowledge and skills in both using and in teaching this tables feature of a word processor.

5.
A word processor makes it possible to make use of a wide variety of type faces and sizes. A word processor has many other capabilities that are not available on a typewriter. Do self-assessment on your knowledge about similarities and differences between a typewriter and a computer equipped with a word processor. Place strong emphasis on your knowledge and skill in using features of a word processor that are not available on a typewriter, and on typing rules versus word processing rules. 

Specific Assignment

Read the two-part document Computers in Education for Preservice Elementary School Teachers. Draw upon ideas in this document as well as whatever other resources seem appropriate and useful to you as you write a paper based on the following guidelines:

1.
The paper is to be word processed, spell checked, grammar checked if your word processor contains a grammar checker, and turned in electronically.

2.
The paper should include a self-assessment on your current personal and teacher-related professional word processing knowledge and skills. This should consist of two parts:

a.
The first part should make use of three or four of the self-assessment questions listed at the beginning of this assignment.

b.
The second part should make use of three or four self-assessment questions about word processing that you make up for yourself and that you feel are relevant to you.

3.
The paper should include an analysis of the results from 2a and 2b. This analysis should cover the two topics:

a.
What do those self-assessments tell you about your current word processing knowledge and skills?

b.
What actions are some possible actions that you would consider taking based on these results of your self-analysis in 3a.

There is no specified required length for this paper. It should be of a length that is appropriate to accomplishing the assigned task. Grading will be based on:

	Criterion
	Percentage

	1. Assignment is completed in a high quality “good faith” manner, following the guidelines listed above.
	40%

	2. Self-assessment is done using three or four of the four sample questions given in the assignment.
	15%

	3. Self-assessment is done using three or four questions (that are clearly written and included in your paper) made up by the writer.
	15%

	4. An analysis of what you have learned from doing parts 2a and 2b of the assignment.
	15%

	5. A discussion of some possible actions that you would consider taking based on these results of your self-analysis in 3a.
	15%

	Total 
	100%
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