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Abstract

This research paper describes an experiment based on Gibson & Gibson, to assess whether direct and immediate feedback impacts perceptual learning. Perceptual learning is relied on in areas such as science education and professions such as medicine, and a better understanding of it, as well as ways to influence aspects like differentiation, accuracy, and efficiency are important, since other, higher level knowledge and skills often build on this foundation. The hypothesis is that providing feedback either confirms, or calls attention to “flaws” in subjects’ perception, leading to “faster sensitization” of it, and therefore faster learning. The experiment consists of a control group and a treatment group, given a task of recognizing a “standard card” in a set of flash cards, some of which are very similar to it but varying in different aspects (size, orientation, lighting). The time it takes, as well as the learning trajectory, to correctly identify the standard object, without making any misidentifications are tracked. The results show that direct, simple, and immediate feedback helps accelerate correct and flawless perception and learning of the manipulated aspects. Some further directions of investigation are suggested.
Introduction
One of the claims or concepts of perceptual learning and development (Gibson, 1969) is that “there are potential variables of stimuli which are not differentiated within the mass of impinging stimulation, but which may be, given the proper conditions of exposure and practice” (pg. 77). Gibson and others also claim that learning happens even without the “classic” reward or punishment and conditioning so fundamental to Behaviorism (Skinner, 1968). In other words, explicit feedback, conditioning, or association are not necessary in order for learning by differentiation and specificity to happen. 

One may focus mainly on stimuli and variables directly embedded in the perceived objects and narrowly interpret Gibson’s assumption that “the environment is rich in varied and complex potential stimulus information, capable of giving rise to diverse, meaningful, complex perceptions” (pg. 75). But humans as “sensitive, exploring organisms” are capable of perceiving different kinds of stimuli not directly embedded in the objects to be perceived, including the direct, specific, and “unrefined” feedback explicitly indicating that our perception was “right” or “wrong”. These additional “channels of stimulation” should not be ignored; they should be leveraged for learning, if possible.
In light of this, I want to see if perceptual learning can be accelerated without losing accuracy, by providing explicit feedback as to the correct perception of an individual. In other words, can perceptual learning be aided (and, yes, become more efficient) when combined with simple but direct feedback.

“Hurrying up things” is often blamed on Western, and more specifically, American society, but in my mind, looking for ways to make perceptual learning more effective and efficient is not necessarily an ill-advised effort, since this kind of learning is very fundamental and basic, on which other types (and opportunities) of learning often rely. Spending significant amounts of time and effort on such a basic skill or ability may not be justified in light of other, higher level skills, knowledge, and abilities which a life-long learner is likely to face in the future.
In the following experiment, the task of correctly recognizing an object (the “standard” object) among other objects, some similar and some different, requires perceptual acuity in order to differentiate between lighting, orientation, and shape variations. In the control condition, no feedback of any kind is given to the subjects as they attempt to correctly recognize the “standard” object, and the experiment concludes only when they correctly and flawlessly (i.e. without misidentifications) do so with all occurrences of that object. In the treatment condition, subjects are given direct and simple feedback (“correct” or “incorrect”) every time they identify the objects as “standard” or “other”. It is hypothesized that providing feedback either confirms or calls attention to “flaws” in subjects’ perception, leading to “faster sensitization” of it, and therefore faster learning.
Various aspects of feedback, including its role, importance, impact, timing, and so on, have been researched and discussed in multiple contexts. I am interested in perceptual learning and the role (if any) feedback should play in the education of young students of science, as these students are exposed to various physical phenomena (e.g. biological specimens, geological samples, astronomical evidence, medical artifacts). More specifically, the question is:  if some of the education in these areas is delivered through tutoring systems, is feedback beneficial in situations involving perceptual learning?
General Description of Experiment


This experiment is based on Gibson’s experiment (Gibson and Gibson, 1955). In order to test perceptual differentiation and specificity, a set of electronic flashcards is created, and to make it closer and more relevant to the context of teaching science, the “nonsense items (scribbles)” of the original experiment have been replaced by images taken from the field of astronomy. The deck is a mix of 4 copies of a “standard” card/object (an image of planet Jupiter. NASA, 1979), with an additional 17 variations of that image (for a total of 21 “Jupiter cards”). The variations are along 3 dimensions: degree of light exposure, orientation, and size. In addition to these 21 Jupiter cards, and similar to the original experiment, 12 cards of other heavenly objects (e.g. other planets and their satellites) are mixed in, for a total of 33 cards.
Two groups of subjects are established: a control group and a treatment group. A subject in the control group is shown the standard image, followed by a run through the randomized deck of 33 cards, and asked to identify the standard cards (4 copies) in the deck. If the subject does not correctly and flawlessly identify the standard card (i.e. identifies it 4 times and only 4 times in the deck), the standard object is shown again, followed by another run through the freshly randomized deck. The experiment concludes only after the subject completely succeeds with the identifications (and with no misidentifications). The number of runs through the deck is recorded, as an indicator of the efficiency (speed) of accurate, and fully differentiated perceptual learning. In addition, the number of correct identifications, as well as incorrect identifications of cards/objects are recorder for each run through the deck, so that a “learning trajectory” can be captured.
The treatment group goes through the same procedure, the only difference being that after the subject indicates whether a card they are seeing is the “standard” card or not, a short feedback in the form of “correct” or “incorrect” is given to them. As in the control treatment, the dependent variable is the number of passes through the deck, which is captured for each subject at the conclusion of their participation. Here again, the number of correct and incorrect identifications of cards/objects is recorder for each run.
Since this experiment is trying to see if direct feedback accelerates perceptual learning, counting the number of times subjects had to go through the deck of random cards before they could correctly and flawlessly identify the standard card is a good indication of efficiency. It is expected that subjects will use the feedback to “fine tune” their perception, by either using the feedback to confirm their perception, or as a “spur” to pay closer attention if they incorrectly identified the object. Through this use of feedback to either strengthen (confirm) their emerging perceptions, or more attentively focus on finding differences, the subjects are expected to become more efficient, as captured by the count of passes through the deck.
In addition, capturing and recording the number of correct and incorrect identifications in each run, enables plotting the “path to mastery”. It is expected that subjects getting feedback will have a steeper up curve identifying the standard objects correctly, and also a steeper decline curve misidentifying non-standard objects, as standard objects. In other words, the feedback will benefit them both ways.

If this hypothesis is confirmed, it would establish feedback as an effective mechanism to be used in efficiently teaching for perception, and could for example, be implemented in tutoring systems in a relatively straight forward manner. That is, in the right context (a question not covered in this paper), this approach would be preferred to a “natural” and “discovery” refinement of perception.
Methods 
Participants

Eight subjects were involved in this experiment (for reasons of convenience and a looming deadline ( ). Since the experiment was designed to find out whether feedback had any effect on beginning science education, school age students were chosen as subjects. All subjects were high school students, two in 9th grade (2 girls), and six in 11th grade (2 girls, 4 boys). None of the subjects had special interest or expertise in astronomy, as determined by asking them. Except for one 11th grade girl who wore contact lenses, none of the students needed glasses/contacts (as determined by asking them). Since the experiment involved visual differentiation, good eyesight is very relevant, and was assumed to be good, as subjectively indicated by the subjects (again, by asking).
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Materials
A “virtual deck of flash cards” was created, using JPG images, at an average resolution of 700 by 800 pixels (and about +/- 70 pixels, see below). The “cards” consisted of one “standard” image (a photo of planet Jupiter, NASA, 1979), and variations of that image along three dimensions: 
1. Degree of light exposure. Three values: normal, overexposed (25% more light than normal), underexposed (25% less light than normal)

2. Orientation. Two values: left, right (i.e., flipped)
3. Size. Three values: ordinary (“standard” size), compressed width (”skinny” compared to the standard, by about 10%), expanded width (”fat” compared to the standard by about 10%). 
This yielded 18 images: a left and right orientation (so 2 images) in normal exposure; ordinary, compressed, and expanded (so 3 for each orientation, for a total of 2 x 3 = 6), and then repeated for underexposure (6 more) and overexposure (6 more).
In addition to the 18 variations on the standard image (planet Jupiter), 12 very different images of other heavenly objects (some planets, some planet satellites, some asteroids) were captured (see appendix). Each one of these objects was quite different from the standard image and its variations in multiple dimensions, like shape, size, color, and surface features.
A “deck” of virtual flash cards was created by combining the 18 “Jupiter cards” with the 12 “different cards”, and 3 additional copies of the “standard” Jupiter card (for a total of 4 “standard” cards), resulting in 33 flash cards (18 + 12 + 3 = 33). See the appendix for a sample of the set.

The deck was loaded into a flash card software (WinFlash Educator) capable of randomizing the cards, and limiting the time each card is displayed, as well as providing or withholding feedback. The timer was set to 5 seconds, like in the original Gibson experiment. Two identical decks, 33 cards each, were loaded into the system, and one was configured to run through the deck without providing any feedback, while the other deck was configured to provide “correct”/”incorrect” feedback after every card. In addition, the standard card (Jupiter) was loaded so it could be displayed for 5 seconds before each run through the deck (in cases where the subjects didn’t correctly identify the cards). Finally 2 “demo decks” consisting of 4 cards each, 2 standard cards and 2 “other cards” (planet Earth, and Calisto) were loaded, so that subjects could practice before the “real runs”. One demo deck was configured to provide feedback, and one was configured to withhold it, so both groups (control and treatment) could have a practice session.
Design
The experiment has a simple designed of a control group and a treatment group. There were 4 teenage high schoolers in each group, and for reasons of convenience there was no perfect balance between the ages (freshmen, juniors) and genders. Each subject was randomly assigned to either the control or the treatment group, and each one participated in the experiment individually (not as part of a group). There was no pre-defined order of subjects taking the experiment, and it was purely based on convenience and subjects’ availability.
Procedure
Each of the subjects was sat in front of a laptop in a room with no other subjects present (i.e. individual participation). The procedure was explained by reading it from paper (see appendix). Then the flash card software displayed the standard card for 5 seconds. After that, either the demo/practice deck with feedback, or the demo/practice deck without feedback was loaded and the subject went through a short run (4 cards), to get used to the display, the buttons, the sequence and the pace of the experiment.

I was standing behind the subject observing their interaction with the software. During the practice run, the subjects could ask questions about how to operate the software and what the various controls on the screen meant, but they couldn’t ask any questions about the cards, the features of the objects, whether their answers were correct, why the software indicated answers as correct or incorrect, and so on. 


When the subjects said they were ready, the deck of 33 randomized cards was run through the software, and the subjects indicated their responses by clicking the “yes” or “no” button on the laptop display using a mouse. Since I was standing behind the subjects, they were not able to see any of my reactions (if any).

After a subject clicked on a response button, either the next randomly selected card would be displayed (in the control condition; no feedback), or the answer screen would show whether the subject’s response was correct or not (in the treatment condition; with feedback), and the process repeated, until all 33 cards were displayed. After showing the full deck, and if the subject had not correctly and flawlessly identified all 4 instances of the “standard” object, they were shown the “standard” object again for 5 seconds, the deck was randomly reshuffled, and each of the 33 cards was displayed again. The process was stopped only after the subject correctly identified all 4 instances of the “standard” object in the deck, without misidentifying any other card. The system captured the number of times the subject went through the deck, as well as both how many correct identifications of the standard card were made in each run (possible values: 0 through 4), and how many incorrect identifications (of the standard or any other card) were made in each run (possible values: 0 through 33).
Coding
The coding in this experiment is straight forward. Each card presented to the subject was either the standard one or a different card. If the subject correctly identified the card as the standard card, the system counted it as a correct response. The minimum possible correct responses are 0, and the maximum correct responses are 4. If the subject incorrectly identified a card, indicating it is the standard card when it was not, the system counted it as an incorrect response. Also, if the subject incorrectly identified a card, indicating that a standard card was not one, the system counted it as an incorrect response. The minimum possible incorrect responses are 0, and the maximum incorrect responses are 33.
Results

At a high level, the results show (Figure 1) that without direct feedback, on average, it took more trials to correctly and flawlessly identify the standard cards. Without feedback, the average number of trials for correct and flawless identification was 5.25, with a maximum of 6, and a minimum of 4. With feedback, the average was 4.5, with a maximum of 5 and a minimum of 3.

[image: image1.emf]Fig. 1 - Number of Trials to Success

0

1

2

3

4

5

6

7

Treatment

Trials

No Feedback

With Feedback






Figure 1


As far as the path toward correctly perceiving the standard cards, figure 2 shows that both with and without feedback, on average, starting with the 4th trial the subjects were able to correctly identify all 4 standard cards, 100% of the time. In the first 3 trials there were some differences in correct identification, but the sample may be too small to determine the significance (if any) of the difference (see discussion below).
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Figure 2


Looking at the path to eliminating similar looking cards (i.e. the number of incorrectly identifying a non-standard card as a standard card, or a standard card as a non-standard card), figure 3 shows that direct feedback helped reduce the misidentification errors. The sample is small, but it looks like the number of misperceptions with feedback was consistently lower compared to the one without feedback. Also, with feedback, the subjects stopped misperceiving after an average of 5 trials, while on average it took subjects 6 trials, to stop misidentifying without feedback.
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Figure 3


Since perceptual learning should take into account both correctly identifying the standard cards, AND also not misidentifying any other cards (i.e. correctly identifying all 4 standard cards without incorrectly identifying any of the remaining cards), it is important to show the “full impact” of feedback, taking into account both aspects of “correct learning”. Figure 4 shows the product (i.e. multiplication) of the percent of correctly identified standard cards by the percent of incorrectly identifying other cards (i.e. (%correct x (1 - %incorrect)) ). The graph shows that feedback improved perceptual learning if we take into account both these aspects, since learning happens both faster (arriving at “mastery” quicker), and at a higher accuracy overall (maintaining a higher [image: image9.wmf]Fig. 4 - Overall learning improvement
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Figure 4

Discussion

Although the sample is small, as predicted, the experiment showed that direct feedback resulted in more quickly achieving mastery at correctly identifying all cards (i.e. the combination of the standard and different cards). However, it seems like feedback may have been more effective in more quickly stopping misidentifications, with no measured effect on accelerating correct identification.
This unexpected result may be due to the small sample, but it seems that the direct feedback helped subjects more quickly avoid incorrect identification of cards, rather than significantly accelerate the correct identification of the standard cards. In other words, the feedback seemed to have a stronger impact on correcting misidentifications, and less of an impact through affirming correct identification, as shown in the graphs capturing subjects’ performance over time (trials). It is as if negative feedback (incorrect identification) alerting subjects to errors they made and making them “more perceptive”, had a stronger impact on performance, compared to positive feedback (correct identification) confirming their “right” perception. But I believe the explanation may be different, and has to do with the ease or difficulty of the task of correctly identifying the standard object, as well as with the potential tendency/temptation of subjects to guess, “just in case”. This experiment (following the Gibson design, 1955) really asks the subjects to perform several tasks. First, they need to differentiate between the objects that look similar to the standard card ( the image of planet Jupiter) and all other, very different cards (other planets and satellites). This is a relatively easy task, and subjects in this experiment performed flawlessly after the 3rd trial. If they incorrectly identified a somewhat similar Jupiter card, it did not have any effect on the score captured in figure 1, as long as they had also correctly identified the standard cards. This is why it is important to not only measure and report this result.
The second task is to differentiate between the standard cards and the cards that look sometimes very similar to it (e.g. a 25% under-exposure to light, or a 10% change in size). Without feedback, the subjects seemed to be hesitant to call out a card that looked similar, as the standard card. Unlike in the first task above, their performance on the second (i.e., not identifying any similar cards as the standard ones) will suffer if the subjects tend to guess. Here, without feedback, they really had to rely on their perception and memory, and the direct and immediate feedback may have been an advantage resulting in better performance.
Looking at the path to convergence on the correct cards (figure 2), the more “erratic” path for the first 3 trials seems to indicate that the subjects without feedback had a harder time deciding if the standard cards were indeed the correct ones. They had to rely on their memory of the standard card, and had to see it after each run, to really solidify their sense that it was indeed the correct card. The feedback group on the other hand, had direct confirmation of their perceptions, and seemed to be able to solidify their perception much quicker, and therefore less erratically converge on identifying the standard card.
General Discussion
This experiment was conducted to find out if direct feedback has a positive impact on learning, specifically perceptual learning. The role, importance, and impact of directive feedback has been discussed and explored by different researchers, and in various situations. In tutoring systems the approach to feedback varies significantly. Some (e.g. Anderson et al. 1985; Goldstein, 1982) took the approach of providing very directive feedback, closely monitoring and tightly controlling the learner by providing feedback every step of the way. Others (e.g. Papert, 1980; Schank and Farrell, 1987) did not track student performance and behavior at all, and did not give any feedback, but rather let students explore and self-correct.

This experiment indicates that in situations of (at least) perceptual learning, feedback may be positively impacting learning and performance, and points to the need to look at feedback as a positive factor in learning in certain situations. In other words, as in many cases, depending on the situation, taking an extreme and consistent stance (e.g. “feedback is always bad”, or “feedback is always good”) is probably not the right approach.


Another potential confusion which this experiment may shed light on is around the question of immediate vs. delayed feedback in tutoring systems. Some researchers (e.g. Schmidt, et al., 1989; Schooler and Anderson, 1990) have shown that providing immediate feedback during the performance of cognitive tasks may disrupt the cognitive process and result in poorer performance. Others (e.g., Chi, et al., 1989) have shown that immediate and direct feedback may inhibit the development of metacognitive skills of error detection, error correction, and self-monitoring in general. Again, it is important to apply the findings to the appropriate situation. Perceptual learning does not seem to be a situation where disruption of cognitive skills, and inhibition of metacognitive skills applies or is relevant (since here we are dealing with a different level).

Part way through the experiment, specifically with the third subject in the control group, I became aware of a more indirect, and unplanned form of feedback present in the experiment. The way the experiment is designed, if a subject in the control group (without feedback after every card) does not correctly and flawlessly identify all cards, the deck is reshuffled and shown to them again. From the point of view of the subject, this is definitely a form of feedback that “something went wrong”, and the third subject really took it to heart, verbally “admonishing” herself, and “pledging” to “do it right this time”. As indicated in the introduction, humans are sensitive, intelligent beings, constantly and subtly perceiving and processing stimuli from the environment. In this case it was clear that while the “no feedback” treatment lacked the immediate feedback after each card, it still had a “larger feedback loop” after each run through the deck, which probably had an effect on subjects’ motivation, level of alertness, and determination to pay more attention and perceive subtler differences. 

Regarding some implications to feedback implementation in tutoring systems, it seems to be beneficial to add feedback to tasks involving perceptual learning. In these cases, the concerns and findings of other research indicating interference with cognitive and metacognitive processes, as well as immediate vs. delayed feedback do not seem to apply.
Looking to the future
From this experiment, it seems that while perceptual learning happens even without feedback or conditioning, direct feedback seems to help improve correctness and accuracy, and accelerate learning. This result suggests that letting learners “discover” and learn at their own pace may not be the most efficient way to improve perceptual learning. As mentioned above, there are numerous contexts where perceptual differentiation and refinement are important, and in these contexts it may be beneficial to leverage the feedback mechanism in order to accelerate learning.


In light of this, it seems promising to explore other ways to improve perceptual learning. One direct extension of the feedback mechanism would be to vary or improve the form of feedback and measure its impact. So, for example, instead of just indicating if a subject’s perception is correct or incorrect, the feedback could point out the difference (or sameness), for example, showing side-by-side the standard card and the different (misidentified) card. This will not only perceptually show the difference, but also conceptually point out the dimension(s) of difference (e.g. light exposure, size, orientation). It is expected that this kind of refined feedback will improve perceptual learning even more, with a potential side benefit of introducing and exposing domain-relevant concepts (the various dimensions). The improvement should be measured not only by efficiency (i.e. speed and rate of learning), but also by the degree of refinement of perception (i.e. do subjects perceive finer differences due to the improved feedback, say, difference in size of less than 10%, or light exposure differences of less than 25%?).

Another aspect to explore would be whether perceptual learning is improved by adding “conceptual cues”. In other words, would differentiation, accuracy, and efficiency improve if conceptual structures were added? So, for example, will the introduction of patterns (e.g. lines, colors, etc.) help? Will the introduction of “gestalt cues” (e.g. arranging the visual elements to be learned in certain patterns or frameworks like circles, rectangles, etc.) help? This comes back to Gibson’s statement above, that humans are “sensitive, exploring organisms” and extending it to not just perceptual affordances, but also to conceptual cues and structures. It is expected that we as learners who are aware of a multitude of inputs, will use multiple avenues and tools to learn.

On the lighter side, a better understanding of perceptual learning and ways to improve it, may shed some light on the (age old) question of whether in a married couple the man usually sees (or does not see) things around the house differently from a woman (e.g. dirty dishes, laundry to be picked up, misplaced pillows on a sofa, and so on). Accelerating perceptual learning (domestication?) and ways to achieve it (with feedback and/or other means) in this context, and its impact on “domestic tranquility” takes on a very concrete and immediate sense of significance (
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Appendix of Materials
The procedure description
The following description was read to both the control and the treatment groups:

This experiment is designed to see how many times it takes to go through a deck of randomized cards, and identify a particular card or object. The deck has 33 cards, and one or more copies of a “standard object” which I’ll show you in a minute. 

Each card will be displayed for you for 5 seconds, and if you think that this is the standard object click on a button saying “yes”, and if you think it’s not, click on the “no” button. If you don’t click on anything, it would be assumed a “no”.

For the control group: after 5 seconds, the next card showing the next object will be displayed, and again, you should click on yes or no, depending on whether you think this is the standard object or not.

For the treatment group: after 5 seconds, a screen with the answer “yes” or “no” will be displayed to indicate if the card just displayed was the standard item. If you clicked on the “yes” button for the standard card or “no” for any other, you’ll see a green checkmark on the answer screen as well. If you misidentified the card, a red cross will be displayed. You will have to click on the “next card” button to display the next card, which again, will be displayed for 5 seconds.

Each card will display an object for 5 seconds, and at the end of the 33rd card the run will stop. Some of the objects are going to be very different from the standard card, and some of them will be pretty close. So you need to pay close attention.
You need to identify correctly the standard card, each time it shows up, and you have to not get it confused with any other card. Remember, you need to look for exactly the right card. It has to match exactly. If you misidentify any of the cards (so for example you say that a standard card is not the standard card, or that another card which is not standard, is the standard card), we will go through another run of the deck, which will be newly randomized.

Before each run, I will show you the standard card for 5 seconds, so you can take a good, close look before the run.

Now, in order to make all this clear, I’ll show you the standard card for 5 seconds, and then I’ll give you a short run of 4 cards to practice with. Remember to click the “yes” or “no” button depending on what you see.
Do you have any questions?

Are you ready to begin?
The objects displayed in flashcards (total of 33)
- 1 standard, 17 variations (total of 18)  
- 3 additional identical copies of the standard
- 12 very different objects

The standard card (Jupiter):
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A variation on the standard card along two dimensions: flipped and skinny
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A variation on the standard card along 3 dimensions: flipped, over-exposed, fatter
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A totally different card:
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A totally different card:
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