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Introduction


The following paper is a result of my reflection on the difficulties that adult students face when enrolled in college level developmental mathematics and elementary algebra courses. The curriculum involved in these courses is not new to most of the college students. Many have encountered the mathematics in elementary or high school. Some are repeating the courses due to previous course withdrawal or failure. There are two levels of concern. The first concern is that regardless of how many times the students have encountered the content; they make the same mistakes over and over. The second concern is that the same mistakes are made every semester, regardless of the students involved. This phenomenon piqued my interest.

Upon research and reflection, I turned to one of Lev Vygotsky’s (1978) constructs, fossilized learning, to help me understand what is happening in my classroom. Fossilization, in Vygotskian terms, is both cultural and historic in nature. The struggle of the learning has been lost over time, only the skills or behaviors remain. I propose that fossilization can occur in issues other than the societal or cultural issues that Vygotsky originally described. I maintain that an individual can succumb to “academic fossilization.” In the case of academic fossilization, the connections to the skills and concepts learned in the past have been lost over time. The students are left with the remnants of disconnected skills and concepts, leading to these skills being remembered incorrectly and therefore used incorrectly. Since fossilization occurs in a learning environment, reversal of the process is possible. I propose that, through the process of “unfossilization,” adult students can build new pathways to the older knowledge through the use of parallel learning situations. 
Background

When teaching developmental mathematics and elementary algebra courses to college students, I have observed the same situations semester after semester. Because the students have studied the material contained in these courses while in elementary school or high school, they do not pay careful attention to the material as it is presented. Typical comments include “I’ve had this before, I remember how to do this.” Unfortunately, they are not checking the accuracy of their memory of the concepts involved, just assuming their memory is correct. Therefore, they make the same mistakes over and over. For example, in Elementary Algebra, students will perform the expansion 
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 by applying one of the Laws of Exponents incorrectly, generating 
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. In this example, the student has learned multiplication and exponential operations, but not where to apply the specific processes. What they do consistently remember is that parentheses indicate the Distribution Property, therefore the exponents are “distributed” to the terms inside the parentheses and they confidently state that 
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are not obvious to the students, causing the misapplication of the procedures. 

The adult students may have learned specific algorithms in the past, but did not understand how or why to use these processes. As time passed, the algorithms appear to be meaningless rules, vaguely remembered from prior courses. Schoenfeld (1987) identified this phenomenon when stating that one can make a 

fundamental error in assuming that the student who hasn’t learned a topic yet simply ‘hasn’t learned it yet.’ It may be the case that the student has indeed learned something – a consistent interpretation of the subject matter that just happens to be wrong. In that case our explanations of the right procedure, no matter how clever, may fall on deaf ears. (p. 25)

Rogers (1986) also warned that adult students have spent a lot of energy in acquiring their learning and will not easily change what they feel they already know.

I began to see these types of incorrect responses as a result of stagnant, or incomplete learning, where the connections to the original situations were missing. The students were not even aware that their knowledge was incomplete or incorrect. They were always surprised with the results when they solved these types of problems. In trying to find out the underlying issues to better understand why the students persisted in these very basic errors, I turned to the writings of Lev Vygotsky.

Vygotskian Framework


Vygotsky, a Russian psychologist of the 1920s and 30s, was a bit of a Renaissance man in the fields of psychology and learning, interested in language acquisition, the learning and development of special needs students, and the use of play as a means of learning. Vygotsky saw learning as a social activity where the learner was engaged in collaborative situations, and was assisted, or guided, by a more knowledgeable adult or peer. The social nature of learning was seen even in the earliest stages of adult-child interactions with the development of the gestures of the infant as an initial form of language. Thus, gestures became a communicative tool that led to language development (Vygotsky, 1978, 1986). These gestures needed the interaction and response of the adults for the infant to shape and focus them to create a specific reaction.


The social nature of Vygotsky’s developmental processes can readily be seen in Thornton’s (1995) study of parenting styles. Parent-child dyads were asked to build a pyramid from blocks. Those parents who gave both verbal instructions and modeled the use of the blocks were assisting their children, and provided a problem-solving model for the child to use. Such assistance has been termed scaffolding (Wood, Bruner & Ross, 1976) or guided participation (Rogoff, 1990). The adult contributed whatever level of assistance the child required in order to complete the task at hand. Other parents gave the instructions but did not model the situation, leaving it up to the child to figure out how to accomplish the task. These children experienced frustration and confusion and were not able to effectively build the pyramid. 

Interaction with more capable others brings the learner to a level of problem solving that they could not reach on their own. Less and less support is required as the child moves into the exploratory phase of the task, and begins the solving process. Interaction can still occur in this phase, but it is of a different type. Questioning by the knowledgeable other would redirect the learner without taking over the solution by providing the answer.

By interacting with other students and the instructor, the students would learn new concepts with the help of these other people that they could not learn by themselves. Vygotsky (1978) identified the zone of proximal development, or ZPD, as the difference between what an individual was able to do on their own and what she could accomplish with assistance. Such assistance would be provided by someone who is more knowledgeable on that particular topic, and could be a peer, adult, teacher, or parent. This major construct reflected Vygotsky’s interpretation that learning was a result of social contact and was not an isolated endeavor. The learner would able to move from reliance on others, at the beginning of the learning experience, to knowledge acquisition. The zone of proximal development would expand and shrink as the learning situation warranted. Vygotsky determined that learning could occur with help. One’s potential to learn was at the heart of the zone of proximal development. 

Human learning presupposes a specific social nature and a process by which children grow into the intellectual life around them. They respond to, and are guided by their environment, learning to navigate a very complex social system as they grow to adulthood. In the classroom, the ZPD represents a learning situation that has been designed to challenge the learner. An academic lesson that is too easy, too close to what the learner can accomplish on her own, is not part of the proximal developmental process. Assistance is not necessary in this case. Of course, learning occurs, but not as a result of activity within the zone of proximal development. 

Vygotsky recognized that individuals needed to be developmentally ready to learn, that by presenting tasks that were beyond the scope of the learner, even with assistance, the learning would not take place. On the other hand, Vygotsky also believed that learning leads development (Tharp & Gallimore, 1988; Vygotsky, 1978) by creating the changes in the individual that encourage intellectual growth.

Metaphors as Tools of Explanation

As I continued my readings of Vygotskian and Neo-Vygotskian works, I began to think in images. I found the creation of a visual picture to better understand a construct a unique experience for me (Albert, Bilics, Lerch & Weaver, 1999). As Dickmeyer (1989) explained, these visual images were metaphoric in nature, since they “characterized a phenomenon in familiar terms. To be effective in promoting understanding of the phenomenon in question, the ‘familiar terms’ must be graphic, visible, and physical in our scale of the world” (p. 151). According to Bowers (1980) “metaphors provide the basis for model building and theoretical thought” (p. 272). Dickmeyer cautions that metaphors “bear no real physical resemblance to the process being described” (p. 151) but they help us explain something that initially cannot be verbalized.  Thus began my use of visual images as tools and signs.

I have two metaphors that I use to picture the constructs under discussion in this paper. The first, the air spaces formed in a cylinder by the motion of a piston, has enabled me to visualize the zone of proximal development. The second metaphor, a spider’s web formed the basis of a series of graphics depicting the web of learning, fossilized learning, and unfossilized learning (Albert, et al., 1999; Lerch 1997).

Zone of Proximal Development

As I began reading about the zone of proximal development, I visualized the actions of a piston inside a cylinder (Albert, et al., 1999; Lerch 1997), my first use of a metaphor as a means to visualize a process. The learner enters a problem-solving situation as the task begins, moving into the zone of proximal development. The learning group expands to include the experienced peer or adult, giving the learner the opportunity to move beyond her initial ability with the help of others. The learner proceeds through the problem solving situation, or the ZPD, moving from a reliance on others to self-reliance. 

Using the metaphor of the piston, the zone of proximal development is represented by the area that is expanding and contracting as the piston moves. The air space of the cylinder is the ZPD. As the piston rises, the air space shrinks, which is comparable to the learner acquiring the information needed. Pistons move as long as the motor is operational. The ZPD is also operational as long as the learner requires guidance or assistance from others. The size of the ZPD expands and contracts according the learner’s needs. The zone of proximal development also provides a recursive environment for the learner, where various concepts can be revisited in whatever depth is required to complete the learning process.  The ZPD is at its largest when the problem is introduced – the piston is at the bottom of its cycle providing the largest amount of air in the cylinder. As the piston moves upward – solution of the problem is underway - the air space contracts. The piston moves down again, expanding the air pocket – the ZPD enlarges as difficulties arise in the possible solution and need to be revisited. The ZPD is not a static entity; it is constantly evolving and changing, just as the piston is constantly moving within the cylinder. The metaphor of the piston is a tool to aid visualization and is not meant to be a rigid interpretation of this construct. In Figure 1 the actions of the pistons in relation to the zone of proximal development are presented.
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Figure 1. Piston As Metaphor for the Zone of Proximal Development.

Web of Learning

The second metaphor that I have used is a spider’s web to represent learning. In a spider’s web, each strand passes through many different vertices, providing the interconnectedness and strength of the web. Each vertex has multiple strands radiating out in different directions, thus being connected to more than one strand. As a metaphor for learning, the vertices of the web represent the concepts and skills that have been acquired. The strands themselves represent the learning process itself. Again, each vertex has multiple strands radiating out from it, thus depicting the interconnectedness of the concepts learned. Multiple strands converging on a single vertex represents the linking of the individual bits that make up the knowledge in our memory.  The circular nature of a spider’s web represents, for me, the cyclic nature of knowledge, in that we are able to refine and develop our understandings as more connections are made.

Figure 2. Web of Learning.

Sociocultural Fossilization

For me, an important part of Vygotsky’s theory is the historic nature of learning. Acceptance of prior learning and knowledge implies that connections have been made in the past. These connections do not necessarily stay vibrant. Vygotsky identified certain processes as “fossilized,” referring to those “that have already died away, that have gone through a very long historical development” (Vygotsky, 1978). Fossilization involves the forgetting of the original learning process; the development of the original connections have been lost over time. The struggle of the learning has been lost in the past. Activities stemming from fossilized learning have become routine and require no attention or thought. I see fossilization as occurring in many different contexts: academic, social, cultural, and historical (Albert, Bilics, Lerch, & Weaver 1999).

Sociocultural fossilization occurs as a result of learning on the interpersonal plane, knowledge that has been acquired without being aware of the evident connections. An example of sociocultural fossilized behavior can be found in Benjamin’s (1939) story of the development of a culture that evolved from a fishing to a hunting community. Three sets of skills were necessary for survival as the culture changed. Originally the tribe lived near water and developed great skill in fish-grabbing-with-the-bare-hands. Eventually some members of the tribe moved beyond the river area and discovered the benefits of using a horse to hunt. Horse-clubbing was added to the list of important food gathering skills. As the result of taming horses, the tribe was able to move to different locales. Mountain areas brought new dangers, though. The saber-tooth tiger began to attack the tribe. A third set of survival skills were developed to counter this new threat, that of saber-tooth-tiger-scaring-with-fire. Each of these sets of survival skills was honed over a period of time, becoming an important part of the educational content of the tribe. 

Glaciers eventually covered the earth where the tribe lived, causing the disappearance of the fish, horses, and tigers. As cultures are wont to do, those skills that have been identified as important in the past are maintained even though they no longer serve a purpose. The fish-grabbing, horse-clubbing, and tiger-scaring skills remained part of the educational curriculum. These skills were reduced to “ritualistic magic” found only at the higher educational levels. Eventually the need for the teaching of these topics was challenged. When students asked why they had to learn these skills, they were told they needed to because they represented the accumulated knowledge of their culture and formed the traditions that society wanted every educated person to have. The students saw these skills as “magical” mumbo-jumbo relegated to the realm the colleges. (Benjamin, 1939).

The reasons for the clubbing, grabbing and scaring skills had become lost and only the disconnected behaviors remained. Vygotsky (1978) identified fossilized behaviors as the “end of the thread that ties the present to the past” (p. 64). The apocryphal society of Benjamin’s story no longer remembered why they performed these tasks, just that tradition dictated that they continue. Cultural fossilization is historical in that it requires a great deal of time to develop societal norms, and a great deal more time for the connections in that learning process to be lost.

Academic Fossilization


I contend that fossilization can occur on an individual level, which affects specific learning situations for the adult learner. My students are college age, 17 to 50+, have high school diplomas, and have had mathematics courses for at least eight years of their schooling. Most of these students have placed into developmental mathematics or elementary algebra courses, repeating work that they have already had before. They come to me with a knowledge history replete with incomplete, faded, or lost connections. They remember bits and pieces of the course material and apply it in inappropriate situations, as seen in the algebraic expansion example provided earlier in this paper.


Another example can be found in reducing rational expressions. All students can repeat the litany “Any number divided by itself is one.” This property is used throughout the manipulation of rational numbers, both algebraic and arithmetic. On simple problems the students are able to make use of this property, yet, when reducing the fraction 
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 many students will just cross the numbers out, like so 
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. There is no answer given at all. Other students will suggest zero, since nothing is left.
I contend that academic fossilization occurs when the struggle of the learning has been forgotten, when the purpose is no longer evident.  I also propose that academic fossilization concerns those concepts that were not quite learned in the past, possibly learned for a test, then promptly disconnected from the main body of knowledge. These are the loosely connected bits of information that students remember but use inappropriately. Returning to the web of learning metaphor presented earlier, fossilized learning can be pictured as the disconnected points on the web. The strands have faded away. See Figure 3 for my image of fossilized knowledge. 

Figure 3. Fossilized Learning.

The vertices that are loosely connected on the graphic of the fossilized web represent those concepts that are tenuously connected to a bit of knowledge, their purpose is vaguely recalled. This is the fossilized knowledge. There are places where the web is broken, the vertices are actually gone. This, to me, represents the loss of the connections between concepts over time. The learning struggle has also faded away.
Unfossilization
Once the area of academic fossilization has been identified, the process of unfossilization follows. I use the term “unfossilization” to mean the breaking of the old connections to release the prior learning, just as the casing surrounding an animal or plant fossil is broken up to reveal the remnant that existed eons ago. I propose a process to unfossilize learning and develop new connections by using similar contexts, parallel concepts or processes. New links to the fossilized end points are developed. Connections are made, and new categories are created. The old knowledge is reconnected, the new knowledge is added to the categories, and the students develop a broader understanding of the relationships involved. Unfossilization is not the same as relearning since relearning involves repeating the original process, retracing the same strands. 


Figure 4. Unfossilized Learning.


I also propose that creating parallel learning situations may cause the adult to return to the egocentric speech of the child learner. The struggle of the earlier learning state, and all that that entails is created through these parallel situations. The adult may actually revert to egocentric speech, thinking out loud just as she did as a first grader faced with a difficult two-digit addition problem. Vygotsky (1986) determined that the child’s egocentric speech was a reflection of more realistic thinking. I understand this to be a learner’s a conversation with herself, where the learner adopts the role of teacher as well as learner.  I also see this egocentric outward speech as paired with the inner dialogue in the experienced adult learner, enabling the adult to move more quickly through the problem solving situation. The process of unfossilization encourages the return to egocentric speech by the adult learner. The intrapersonal dialogue is a necessary component that enables the adult to move through the parallel learning situation by also relying on her own reservoir of knowledge. The historical nature of the adult learner cannot be forgotten. She brings to the situation a great deal of academic knowledge that can reduce the struggle to learn these parallel concepts.

Academic Unfossilization

In this section I present two different mathematical situations that I identify as examples of academic fossilization. In each case, I present alternative teaching methods that I maintain counter the fossilized learning through the process of “unfossilization.” In the first example, unfossilization may be accomplished by working on a task that does not appear related to the concept involved. The concepts are not made known to the learner at first. They are presented with a situation that is not familiar to them, causing the adult to pay attention to the problems as presented, a condition Baddeley (1989) identified as necessary for learning. The parallel nature of the learning tasks becomes evident after the concepts are understood. Such a situation is illustrated by the place value example given below. 

A second method of unfossilization would be to present the concepts through a task that the learners have not done before. In this situation, the concepts are evident from the beginning. The learner is presented with an alternative method to learn the required material. The example provided for this method of unfossilization is seen in the use of the Punnett squares detailed below.

Place value is the introductory section in the developmental arithmetic course at many developmental mathematics programs. When presented in the traditional manner the students recognize the material, assume they know it well, and do not attempt to relearn any of it. As Baddeley (1990) reminds us, in order to learn, one must “attend” to the material. I realized very quickly that my students were not attending to these elementary topics, assuming that they knew this subject matter since they had seen place value so many times before. Consequently, their learning remains fossilized. 

When planning, I try to set up situations that the students are not familiar with, have no experience with the material. I identify a zone of proximal development for whatever concept I wish to unfossilize. I want to try to break whatever connections they have from the past so they can create new connections. If students are presented with a parallel learning situation they will not be able to respond automatically. They will have to work with the new patterns, to think through the concepts involved. They are building new pathways of knowledge by working in a different context. This new learning will have to blend with previously learned concepts, and “not be lying on top of the existing patterns leaving them unchanged” (Rogers, 1986, p. 161). The teacher acts as scaffolder, providing relevant information that makes sense to the student, allowing her to “fill in the gaps” of the fossilized knowledge, bridging the old and new.

I teach the concept of place value by using alternative bases and present the students with a set of Base 4 blocks. In my mind I wanted to take the students out of the traditional realm for this topic, the decimal system, and put them into a new mental environment where they could not overlook or ignore the learning situation. I wanted to create a new zone of proximal development for these students. They have all worked with place value many times before, so I wanted a situation that was not familiar to them. The students were placed into working groups and given a set of questions to answer. They were also asked to find patterns that existed between the different size blocks. This situation placed them at the very edge of the ZPD and it was important that I sit with every group to ensure they were beginning to see the connections and not getting frustrated with a novel task. Once I felt that the students have understood the general concepts of position by powers of four and that place value position had an actual shape, I would introduce other bases. The students began to see that the concepts were not specifically tied to any one number system, but were the same no matter what base they were working with. It is at this point that I would introduce base ten. 

Many things came together as the students worked with Base Ten blocks. The translation from one base to another was easily accomplished. They began to have a much deeper understanding of the decimal number system. They finally saw the relationship of the powers of ten to the position on the place value charts. They also began to understand the expanded notation exercises that had caused previous classes a great deal of frustration.

The second situation follows up on the algebraic example described in a previous section of this paper. In order to present a different method for multiplication of polynomials, I developed a procedure using Punnett squares. Punnett squares are used in genetics to represent the distribution of parent genes to the offspring. Binomial multiplication of 
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 is presented in Figure 5. In the first block, the binomials are arrayed before multiplication. The signs stay with the individual terms. In the second block, the individual products are placed in the appropriate cells. Numbers are multiplied as they would be in a spreadsheet, matching column and row.



Figure 5. Punnett Squares used for Multiplication of Binomials.

In the third block, the trinomial product is displayed on the diagonal, with the sum of the like terms in the oval. (See Lerch, 1998 for a complete explanation of the uses of Punnett squares in multiplying and factoring polynomials.)

According to Rogers (1986) “adult students have already invested emotional capital in acquiring their knowledge and experience. They will expend much more time in defending the integrity of their knowledge, so new learning changes will sometimes be strenuously resisted” (p. 159). This is one of the difficulties in presenting alternative methods for a process that students feel they already know. Resistance is strong at first but can be dealt with in class discussions. One of my elementary algebra students who tried the Punnett squares this year commented that he finally understood the multiplication process through the use of this tool. On his test, he was able to work all problems successfully when using the Punnett squares. On the only problem that he worked incorrectly he did not use this new method. 

Sociocultural Unfossilization

My discussion of fossilization began with the example of cultural fossilization so cleverly explained in Benjamin’s (1939) Saber-Tooth Curriculum. In laying the case for the development of the new construct of unfossilization, I turned to the classroom for examples. I would now like to return to a sociocultural example to show that the process of unfossilization transcends the academic environment.

Racial prejudice is, in most cases, a culturally learned response. Reactions are automatic, without thought. Awakening the individual is just as necessary with cultural as it is with academic fossilization. One method to encourage the unfossilization of culturally learned behaviors is to participate in a role-playing situation where one’s customary position is reversed. 

An experiential exhibit in the National Civil Rights Museum, Memphis, TN, presents the visitor with many situations that place the visitor in the role of the civil rights protestors of that period. One of these exhibits allows the visitor to feel, for a moment only, what it felt like to be forced to sit in the back of a public bus circa 1950. After entering the bus, you are encouraged to take a seat. The bus driver, a mannequin, turns to toward you and begins to yell loudly that you must move to the back of the bus. He continues yelling at you for a few minutes, until you move to the back of the bus or get off. Role-playing in any form will awaken some of the faded, fossilized links to learned cultural responses. In cultural or social situations, one of many objectives would be to cause the learner to question how their automatic responses were initially developed. Awareness is the first step to relearning. A total change in belief system would require a much deeper involvement on the part of the learner, with immersion into the role over a period of time.

Implications and Future Research

Part of effective teaching is the ability to reflect on what is happening in the classroom, and to identify any differences in what was planned and what actually occurred. By conducting “systematic, intentional inquiry” (Cochran-Smith & Lytle, 1990, p. 2) within her own classroom, the instructor builds a better understanding of her own practice. As this understanding develops, different teaching strategies may be suggested to better support student learning. As a teacher, I appraise what is happening in my classroom every day. I try to respond to the needs of my students, adjusting my planning and teaching methods to better meet their needs. By observing and thinking about the students’ progress, or lack thereof, I am continually searching for alternative ways to present the material contained in the college level developmental mathematics and elementary algebra courses I teach.


When designing a problem-solving situation, the instructor needs to think through all of the layers of the situation, planning from the general to the concrete as Hedegaard (1990) suggests. The teacher should plan from the general to the concrete so that the students will move from the concrete to the general. Problem solving situations need to develop the requisite knowledge base for the students; therefore concrete explorations should lead to the final problem solving task and solution. Planning involves knowing where the students need to go and what they need to know to get there. This aspect of planning calls for a learning design that supports the assisted learning situation. Initial activities are at the concrete, manipulation stage. Hedegaard indicates that the interaction with the teacher should be thought out as well. What types of questions can the instructor ask to guide the students in new directions? When does the instructor step in and give information to the students, and how much information? Also, when does the instructor stay out of the discussion and let the students struggle on their own? 

The process of unfossilization provides another aspect to consider when planning lessons. Teachers bring their knowledge history to the classroom just as the student does. The curriculum areas that will bring difficulty to the students are part of this knowledge history. By applying the concept of unfossilization to adult learning, the instructor adds another layer of understanding to her own skills. Hyde and Hyde (1991) offer educators advice when stating “we need to make students aware of what they do know and how they know it. We need to be aware of what these conceptions are. We need to be sure [that] the [connections] they bring to mind are appropriate” (p. 6). Planning lays the foundation for the lesson itself, the success of the learning situation, and experiences of the students.

For the purposes of this paper, academic fossilization has been identified only in the field of mathematics. I maintain that all disciplines can benefit from an understanding of both the concept of academic fossilization and the process of unfossilization. Future research in other disciplines would bring to light those concepts that have become fossilized in the adult learner. Such an awareness would inform instructional planning by identifying those concepts that would benefit from the creation of specific zones of proximal development through the use of parallel learning situations.

Conclusion

Through unfossilization, adult learners are made aware of the gaps in their understanding of the concepts and skills under discussion through the use of parallel learning situations. By returning to an interpsychological activity, one that is “object-dependent” (Stetsenko, 1997, p. 11), the adult learner works with specific academic tools that effect the reawakening of the older fossilized concepts. During this phase, the adult returns to the level of egocentric speech, talking out loud in the same way as the youthful learner. The design of a parallel activity allows the adult learner to move more quickly through the ZPD, thus moving to an intrapsychological level that is independent of the academic tools. Unfossilization is completed when the adult makes the connections between the older, incomplete learning and the new parallel situations. The vertices on the Web of Learning are reconnected with new, stronger strands.
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The piston is at its nadir; the air space is at its largest size. 





The piston is moving up, decreasing the air space. 
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