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Abstract

This paper focuses on finding out which representation of the cognitive system is more accurate to our actual method of thinking. The three views explored are cognitive offloading, the environment as part of cognition and symbolic cognition. The task used to test the theory was a series of Tangram puzzles. The result data supported the environment as part of cognition as the viewpoint best explaining cognitive processes.
Introduction

There is much controversy over how cognition works. Embodied cognition, cognitive offloading, and symbolic cognition are all widely accepted views of cognition, yet there is no definite answer as to which theory is correct. This study focuses on examining the difference between the three on a simple task (Tangram puzzles).

Embodied cognition claims that cognitive processes are centered around the body’s interaction with the world. Being able to interact with the environment affects your overall performance.

Wilson’s paper discusses 6 views of cognition. The first claim is that cognition is situated – taking place in the context of a real world environment, inherently involving perception and action. The second is cognition is time pressured – the idea is raised of simple robots that have to perform real time responses to environmental stimulation: such as walking on uneven surfaces or navigating a cluttered room. The claim is that greater cognitive complexity can be built up from successive layers of procedures for real time interaction. 

The 3rd claim says that we offload cognitive work unto the environment, exploiting it to reduce cognitive load. The 4th claim takes the third claim even further to say that the environment is part of the cognitive system, that cognition is actually distributed across the interacting elements: mind, body and environment. The 5th idea states that cognition is for action. This means that the purpose of the mind is to guide action. Perception and memory must be understood in terms of their ultimate contribution to situation-appropriate behaviour.

The last view is that the off-line cognition is body-based. This explores the theory that even when you take the environment away, mental activity is grounded in mechanisms (sensory processing and motor control) that evolved for interaction with an environment. 

The traditional view of cognition says that the mind is an abstract information processing system, where the physical connections to the world were of little importance. The perception and motor control mechanisms are thought to be simple input/output devices, not significant when contemplating the core cognitive processes. 

“This stance was evident in the early decades of human cognitive psychology, when most theories of human thinking dealt in propositional forms of knowledge. During the same time period, artificial intelligence was dominated by computer models of abstract symbol processing. Philosophy of mind, too, made its contribution […] According to Fodor, central cognition is not modular, but its connections to the world are. Perceptual and motor processing are done by informationally encapsulated plug-ins providing sharply limited forms of input.” (Wilson)

The reasoning behind the environment having a consequential role in cognition is that the interaction between the environment and the mind is too continuous for the mind to be the sole factor in meaningful analysis. Also, we have limited working space in our minds so in order to reduce the cognitive workload, we find it necessary to use the environment to hold / manipulate information.

The theories most testable out of these are third and fourth claims. Cognitive offloading and the environment as part of cognition. In addition to the classic idea of symbolic cognition, these are the three theories to be investigated in this paper.

There will be three groups to represent each theory. Group one represents the symbolic theory. Group two represents cognitive offloading. Group three is embodied cognition. Performance is measured in time till each group feel they solved a puzzle and the percent that had the right answer. If symbolic theory is correct, there should be no significant difference in performance between all three groups. If the cognitive offloading theory is correct, participants of group 2 will use the paper and pencil to assist in their solving of the problem and they will outperform group one. If the cognition occurs in the environment, not only should group 3 outperform groups 1 and 2, but the tangrams given to the group will be mostly/completely assembled when they say that they have the solution.

Based on literature, group 3 should perform the best in terms of time and % correct. If using the tangrams were just another case of cognitive offloading, then the performance of groups 1, 2 and 3 should be similar.

For the easy difficulty problems, it is expected that the performance of each group to be similar, but as the difficulty increases, group one should fall behind in time because of the limits of working memory and for the hardest difficulty problems, some participants will find it hard to even complete the problems.
Method
Participants and Apparatus
12 participants (8 male, 4 female). All participants were between 18 and 21 years of age. All subjects were familiar with tangram puzzles, but none had tried any in recent years. Tangrams are sets of 7 cardboard pieces used to form shapes. 

Procedure
The task used to test these theories was a series of Tangram puzzles. Subjects were divided into three groups. Group one was used to represent the symbolic model. Group two looks at the offloading cognition perspective. Group three was formed to examine the interactive environment perspective.

Each group was given a picture of a figure and a sheet showing the tangrams available for solving the puzzle. They were all given the same instructions: “You will attempt to solve this puzzle (within 3 minutes) by figuring out how to arrange these tangram pieces to form the finished picture. The moment you feel that you have the solution, let me know. At that point, you will be given an outline of the figure and a marker which you will use to draw in the tangram shapes.” A demonstration using a square and three triangles was shown to them to show how they would mark down their answer. Participants were then given a series of 5 tangram puzzles of varying difficulties.

In addition, Group two was given a sheet of paper and a pencil during the solving portion of the task. Group 3 was given physical tangram pieces corresponding to the ones in the picture.

Results
The tables below list both the original data and data where the participants who ran out of time while completing task (timeout).

Speed performance
Group 1 had the fastest average time solving the puzzles at 107.35 seconds. Group 2 solved the puzzles at an average of 118.75 seconds. Group 3 solved the puzzles at an average of 136.4 seconds. With timeouts removed, Group 1 averaged 93.18 seconds, Group 2 had 62.3 seconds, and Group 3 averaged 86.21 seconds.
Accuracy performance
Groups 1 and 3 had an average accuracy of 45% correct. Group 2 got on average 55% correct. With timeouts removed, Group 1 averaged 55% correct, Group 2 averaged 70% correct, and Group 3 averaged 87.5% correct.
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Discussion
The results show that, contrary to expectations, the group representing symbolic cognition has the fastest average completion time and the same percent correct as the embodied cognition group. However, when the subset of people who did not solve the puzzle in the allotted time frame is removed, it can be seen that the symbolic group has the slowest solve time with the group representing cognitive offloading as the fastest. Similarly for accuracy, the embodied cognition has the highest rate.
This can be explained due to the nature of the task. In the cases where participants timed out, they were given a chance to solve the puzzles. In many cases, this was only a guess and they were likely to get it wrong, lowering the accuracy average of all groups.
Looking at the timeout cases, it can be seen that when participants did it all in their head (symbolic cognition) they took longer and were more likely to fail. I suspect that this is due to the limits of working memory. Participants using the sheet of paper for cognitive offloading had a tendency to catalogue the pieces (for example: assign numbers to each piece or draw pictures of each piece on paper) and try to recreate the figure by redrawing it.

The data shows that the group representing cognitive offloading had the fastest time in the timeout case. I suspect that this is because this group was able to organize their thoughts more quickly than the other two groups. Participants used the sheets of paper to try to redraw and chop up the figures they were supposed to represent. Introspection shows that the most common strategy for symbolic cognition would be to try to dissect the figure based on available pieces. Cognitive offloading would reduce the strain on working memory and allow for a solution to be obtained that much faster.

When looking at the third group, I could see signs of epistemic and pragmatic actions. Participants were rotating and repositioning pieces instead of just placing them down. Kirsh & Maglio (1994) analyzed proceedings in terms of epistemic actions (actions performed to uncover hidden / hard to compute information) and pragmatic actions (actions performed to bring one physically closer to a goal). Following the standard model, the only actions that should be performed are pragmatic ones, and all others should be disregarded. In their study, Kirsh & Maglio showed that epistemic actions can be used to explain actions that would normally be seen as frivolous or unmotivated. Using Tetris they explained that the decision of where to move and how to orient the block must be made before the block falls to far to allow the actions to occur. Their results suggested that people moved and rotated the pieces in order to help simplify their computations.
Concluding, the data suggests that the embodied cognition viewpoint corresponds best to what happens in our minds. If this were not the case, Tangram puzzles performed using the symbolic or cognitive offloading method would have a similar result to the embodied method. 
For future studies, it would be interesting to see this same experiment done with a larger subject pool and the timeout value increased to 5 minutes. Also, it might be beneficial to change the test slightly so that each person performs symbolic, offloading, and embodied tasks in order to get better averages. Some people are more suited to this type of task and would do better than others.
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