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Abstract

It has been observed that people’s performance changes upon the feedback they have received.
In particular negative feedback has been shown to improve performance on some tasks. It has been
found that this relation can change due to a person’s Working Memory Capacity. The experiment asked
participants to perform a digit span memory task to measure their Working Memory Capacity (WMC).
Then, they took a free-recall memory test to assess their normal recognition abilities. The free-recall
tests measured the percentage of thirty words shown to them that they recognized seeing in a grid of 60
words. After this free-recall test, participants were given feedback on their performance and told it was
from the APA database of students who had done the free-recall test in 2010. The feedback was either
positive (“Top 20% of others”) or negative (“Bottom 40% of others”), randomly assigned. They were
then asked to perform the second, similar free-recall test. The interaction between Feedback and Test
Time (F (1, 32) =9.55, p=0.004) showed that those given negative feedback performed slightly better on
their second test, and those given positive feedback performed significantly worse on their second test.

The possible reasons for this effect are discussed.
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The Role of Working Memory Capacity on the Effects of Positive & Negative Feedback on

Memory Tasks

If you are able to read this, more than likely, you’ve been a student at some time in your
life. And as a student, you’ve been subjected to tests, homework, essays, and quizzes. One
thing all these have in common is the grade we get back on it. All students have received good
grades as well as bad grades. It is not difficult to remember the feelings one felt getting a good
grade or a bad grade. Clearly, there was a different reaction a student would have, depending
on the grade. These grades were our feedback from our teachers of how we did. Feedback is
how we know whether what we do in school is correct or incorrect. Feedback is an essential
part of effective learning. It helps students understand the subject being studied and gives
them clear guidance on how to improve their learning. This relationship is seen to be consistent

regardless of what grade a student is in, their socioeconomic status, race, or school setting.

Feedback is known to have a significant effect on improving performance. There have
been several studies done to examine the effects of feedback on students. In 1987, an
experiment using 50 undergraduate pairs were assigned a goal to be attained as teams on a
perceptual speed task lasting 15 min. Group and individual task feedback, given after 7%
minutes, significantly improved performance for those subjects (Matsui, T., Kakuyama, T., &
Onglatco, M. U., 1987). More recently, Butler and Roediger (2008) presented a study that found
students given feedback on a multiple-choice test increased the positive effects of multiple-choice
testing, such as retention duration, and decreased its negative effects; that is being misled by false
answers. This feedback was a report of how well the students had done objectively on the test.

These experiments can show that feedback does improve performance on tasks. And if the
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purpose of school is to improve the performance of its students, as this experimenter believes

it is, than there is an importance to studying the effects of feedback.

The studies mentioned above have only used accurate feedback; that is, feedback given
to the participant without differentiating between the effects of positive or negative. Most
feedback given, however, is either positive (the student has done well) or negative (the student
needs to improve). These different kinds of feedback can have an effect on people. Karten
(2012) posted about the effects of negative feedback when she discussed the compliment
sandwich. The compliment sandwich is a technique used by employers to talk employees about
their performances. It entails beginning with a positive aspect of their work, a criticism, and
ends with another positive aspect. Karten (2012) stated that the negative feedback in the
middle of the “sandwich” causes the receiver to perceive it as a threat, whether to their GPA,
job security, etc. This threat to the individual causes stress. The effect of this stress, what
Karten refers to as Retroactive Interference, causes the critique to forget about the first
compliment they were given. Also, because of the stress increase, the negative feedback also
becomes more memorable than the compliments, for which Karten coins the term Proactive

Enhancement. This can show the clear effect negative feedback has on subjects.

Positive also affects those who receive it. Harackiewicz (1979) presented a study that gave
students two different kinds of task (task-contingent and performance-contingent) and half of each
condition received positive feedback half way through the task. Harackiewicz was studying intrinsic
motivation with feedback across different tasks. His participants were placed into one of two rewarding

tasks: task-contingent and performance-contingent. For half of each condition, participants were given
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positive feedback on their performance. Harackiewicz found that intrinsic motivation increased among

those given positive feedback regardless of the task condition they were in.

While the effects of positive and negative feedback are evident, there was not much
research on which type was more beneficial for improvement. Van Dijk & Kluger (2011)
proposed that the two different kinds of feedback work differently, and that they depend on
what kind of task the participants are receiving feedback on. So Van Dijk & Kluger identified two
different task categories: prevention tasks (those requiring perseverance and attention to detail
such as math or rote memorization) and promotion tasks (which require some creativity for the
subject to express themselves such as art or theater). When they conducted their 2x2 study
giving the two task types positive or negative feedback, they found that performance in
prevention tasks significantly increased with negative feedback and performance in promotion
tasks significantly increased with positive feedback. This may suggest that different assignments
in school may be better done with different kinds of feedback from the teacher. A student who
paints a picture responds well to positive feedback. And a student who does problems on math
homework would respond better to negative feedback. This study shows that positive and
negative feedback, though they work similarly, have different effects on different people. Also,

they can have different effects depending on different types of tasks.

Van Dijk & Kluger (2011) found that responses to feedback can differ from situation to
situation. But these effects can also differ from person to person. Some people can take
negative feedback and fuel themselves toward improvement, while others feel discouraged and
defeated by it. There are other factors that have been shown to influence the effectiveness of

feedback. In 2010, Schmeichel & Demaree composed a study testing working memory capacity



The Role of Working Memory 6

as an indicator of emotional regulation. They tested the hypothesis that people with higher
working memory capacity more effectively engage in spontaneous

emotion regulation following negative feedback, relative to those with lower working memory
capacity. Participants were randomly assigned to receive either no feedback or

negative feedback about their emotional intelligence. They then completed a disguised
measure of self-enhancement and a self-report measure of affect. Their experimental condition
and working memory capacity interacted such that those with a higher working memory
capacity predicted self-enhancement and less negative affect following negative feedback.
What this means is that those with higher working memory capacity are more inclined to resist
negative feedback and their performance decrease less after negative feedback.

This study using working memory capacity did not examine the effects of positive
feedback. A study about the effects of positive versus negative feedback would help to
determine the best way to motivate students, employees, or anyone to perform better
mentally at tasks. But there needs to be a distinction of which kind of feedback is better
regarding memory tasks. The research suggests that a memory task is a prevention type task,
thus will have performance increased via negative reinforcement. But it is common practice to
encourage students with positive feedback as to inspire them to do better. This study seeks to
answer are whether working memory capacity is an indicator of the susceptibility to positive
feedback, along with negative feedback; Also, in a prevention task like a memory test (as Van
Dijk describes) whether or not positive feedback increase performance as well. The
experimenter of the current study submits that students given negative feedback on a

prevention task, such as a memory task, will increase in performance and those given positive
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feedback will perform worse. Further, those with higher working memory capacities will be less

influenced by the effects of feedback, whether it is positive or negative.

Method

Participants

The 34 (24 women, 10 men) participants of this study were all students at Hanover College,
ranging from ages 18-22. The participants were obtained by a sign-up sheet in the hallway, pooling from
the Hanover College’s student body. A great majority were instructed by professors of their classes that

they would receive extra credit upon doing psych studies on campus.

Tasks

The first task of the study is a measure of Working Memory Capacity. The
Memory Span test will be reworked to present the participant with a series of single-digit
numbers (size 14, Arial font, black) on a white background. The participants begin a trial by
clicking the "Next trial" button. A window appears on their screen and on the left of the
window a sequence of items will appear, with each item presented for one second. After the
full sequence has been presented, the buttons on the right will show labels for item names,
including those just shown. The participant's task is then to click on the buttons just shown in

the same order that the items were presented.
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Figure 1. This is a screenshot of the number pad participants saw

and used during the Digit Span test.
After the participant has finished clicking on all the buttons to recreate the list, they click on
"Next trial" to start the next sequence. The experiment includes only one type of stimuli:
numbers. In each trial your task is simply to report the items you saw, in the order they were
presented. Being correct means that you both recall all the items in the sequence and click on
the buttons in the same order the items appeared in the sequence. Any mistake (recalling too
many items, recalling too few items, or recalling items in the wrong order) counts as Incorrect.
The Memory Span test is showing the participant a random series of 4 single-digit numbers in a
series flashing from one to another on the monitor. After the numbers are shown, the
participant clicks on a number pad the exact order of the numbers. If correct, the number of
digits increases by one (from 4 to 5, 5 to 6, etc.). If incorrect, the number of digits decreases by
one. Once there have been several correct and incorrect answers, the programs displays its
estimate of the participant’s Working Memory Capacity, or how many numbers they could

retain in the working memory at one time.

The second task of the study will be a recognition memory task. The participant will be
shown 30 words (those gather from the Teacher’s Wordbook of 30,000 Words; all words were
listed as occurring 100 times for every million words spoken in the English language) (size 14
font, Arial, black, on a white background. The words will appear in a series, one after the other
and were on screen for 3 seconds each. After the 30 words have been presented, the
participant will be shown a 60 word grid containing the words they have just seen as well as 30
new words. The participant will be asked whether or not they have seen the word before by

clicking on the words they recognized seeing. An example of the grid is shown below.
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SALT MILE HARDLY HAIL
FATE METHOD HAIR DESERT
ENGLAND FACE MILLION CAR
OBTAIN DIFFICULT BAND FAIR
BAD CALM IMPROVE FAT
YOUTH IMMEDIATE CAPTAIN BEAST
HANG HIDE CAME ACCORDING
HANDSOME TASTE ELEMENT ELSE
DIAMOND FAMILIAR DINNER PARIS
QUITE GUIDE CATCH BEE
RUSH FACT BAR FACTORY
BALL ELECTRIC GRAIN BARE
HEAVY BEACH GIFT WEST
SELL MURMUR MESSAGE QUEEN
GRADUALLY GIVE BANK EFFECT

Figure 2. This is a screen shot of the grid participants saw as they
seleceted what words they did or did not recognize by clicking on
the ones they have seen before.

The third task of the study is identical, but new, to the recognition memory task
mentioned above. The participant will be presented 30 simple words (size 14, Arial font, black)
on a white background. These will be 30 new words; that is none of them will be used in the
first recognition memory task. The words will appear in a series, one after the other. After the
30 words have been presented, the participant will be shown 30 words of identical properties
to the words mentioned prior. Half of these words will be from the first 30 words they just
witnessed, and half of them will be new. These second 30 words will also have not been used at
any previous point in the study. The participant will be asked whether or not they have seen the

word before. The results will be collected to see whether the first or second recognition

memory task had more correct responses.
Equipment

The equipment used was on a website written in Java, on a computer monitor of a

Gateway E4300 model, running on Windows 7, on a Generic PnP Monitor from Gateway.
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Procedure

The procedure begins with participants taking a small Memory Span test to test their

working memory capacity.

Memory Span First Memory Second

Feedhack Memo
Test ™| Recognition [* i "y

Recognition

Figure 2. This is a diagram of how the procedure followed in the experiment.

Participants first performed the memory span task, then performed a Free

Recall test first, then a second one after receiving feedback on the first.
After this test, participants were told they were going to take a free-recall test, and then they
would receive feedback on that test, and finally told to take a similar free-recall test again. First,
they are given a set of 30 words in a flashing series, one after the other. They are then given 60
words in a grid, including the 30 they have just seen and 30 new words. They are given 30
seconds to select as many of the 60 words presented they recall seeing. Before beginning, they
are also told that the percentage they get correct on the first test will appear and be compared
to the APA’s database of psychology students who took this test in 2010. They will then be told
to what closest percentage they fall compared to these other students. The feedback they
receive was to be either positive (“you fall in the top 20%) or negative (“you fall in the bottom
40%). These values were selected because there was fear that a participant who performed well, and
knew they did well, would become suspicious if the negative feedback was too low. Also, these values
were judged as extreme enough to provide a reaction, though not too extreme to arouse suspicion. This
feedback was randomly assigned regardless of what the participant actually scored on the test. After
the feedback, the participants perform the same Free Recall test with 30 new words to be

recalled and a grid of 60 words with those 30 and 30 additionally new words. The percentage
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correct on the second trial is recorded as well. After this, the test is complete and the

participants are shown a debriefing form on screen.
Results

Participants given the task to measure their working memory capacity scored between 4
and 7 units of information could be stored in their working memory at one time. The results of
the current study were run through a 2x2 Analysis of Variance (ANOVA), with factors of
Feedback, and Test Time. The ANOVA showed that, taking all participants, there was a
significant main effect of Test Time (F (1, 32) =4.33, p=0.046) though not for Feedback (F (1, 32)
=0.126, p=0.73). This means that there was a significant direction of the effect that went down
after the feedback was given. There was also a significant interaction between Test Time and
Feedback (F (1, 32) =9.55, p=0.004). As Figure 3 shows, the positive and negative feedbacks
both altered the performance of second task from the first. Specifically, those given positive
feedback did significantly worse on their second trial than their first. Those given negative
feedback, on average, improved their performance in the second test than the first, though this

was not significant.
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Figure 3. This graph shows the proportion of the words
participants correctly recognized in the first and second
memory task. The different lines indicate the type of
feedback they received.

The results mentioned above were then run through 3x3 ANOVA with Working Memory
Capacity now included. There was one participant who scored 7 on the Memory Span task. This
participant’s results were changed to a 6 as to fit with the other participants to run the ANOVA
because the analysis could not run with a category with one sole participant. The results
showed that there was a possibly significant interaction between the Feedback, Test Time, and
WMC (F (1, 30) =3.91, p=0.057).

Table 1. This table contains all factors run in the 3x3

ANOVA and their respective values. There seems to be a

very close to significant interaction between Working
Memory Capacity, Feedback, and Test Time.

Effect Values
WMC F(1,30)=0.739, p=0.40
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Feedback F(1,30)=0.026, p=0.87

Test Time F(1,30)=0.083, p=0.78

WMC:Feedback F(1,30)=0.011, p=0.92

WMC:TestTime F(1,30)=0.346, p=0.56
Feedback:TestTime F(1,30)=2.47, p=0.13

WMC:Feedback:TestTime F(1,30)=3.91, p=0.057

This would mean that the significant interaction between Feedback and Test Time was reduced
slightly when calculated across the three different Working Memory Capacity results, as shown

in Figure 4. The graph shows an effect opposite to that of the current study’s hypothesis. At the lowest
WMC, the lines of the differences are almost flat. This displays little to no change in Percentage in either
feedback condition. As the WMC increases, the slope of the line increases as well. The positive feedback
line becomes more negatively sloped, meaning that the decrease in scores after feedback is becoming

larger. And the negative feedback becomes more positively sloped upward, meaning that the scores are

increasing more after feedback.
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Figure 4. This graph shows the proportion of the words

participants correctly recognized in the first and second

memory task, as divided by what their Memory Span score

was.

Discussion
There was a clear effect on participant’s memory capabilities by which kind of feedback

they received. Those who received the positive feedback did significantly worse on the memory
test after they received the feedback. Those who received negative feedback tended on
average to perform better after they received the feedback. The results do support Van Dijk’s
research that in a prevention task that only negative feedback would improve performance,
although not by a significant effect. The effects of the positive feedback condition could be
explained as case of loafing, the source of which would be the experimenter. Because
participants were told they performed very well, they felt they were quite capable of this task
and thus did not try as hard on the second test. Also, it’s possible that when a participant hears
that they have done well, their memory relaxes. The mind cannot maintain everything that is
going on at once, so if feedback tells it that the memory does not need to try so hard, it will
divert its attention to other matters. Negative feedback, though not as great a change as
positive, does show a trend toward increasing the score after feedback was given. A reason for
this may include a desire to improve their performance, either for their own pride or because
they do not wish to see themselves in a negative light. Also, the Karten (2012) article reported

that negative feedback activates more brain activity than positive, and so the increase brain

function and activity may have led to a more active memorization of the words shown.
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The possible interaction between Working Memory Capacity, Feedback, and the Test
Time showed that there may be some determining factor there as well in how a participant
reacts to feedback. As Figure 4 shows, there is a trend that as the Working Memory Capacity
increase, the slope of the lines becomes greater, either more downward or upward. This means
that the difference between the first and second trials of participants was greater as their WMC
increased. This may suggest, alternatively Schmeichel & Demaree’s research that the higher the
Working Memory Capacity correlated with a greater resistance to the effects of feedback, that
the higher the WMC the more susceptible to feedback’s effects, regardless of whether it was
negative or positive. It is also possible that the task type may have influenced this effect. The
results from Schmeichel & Demaree (2010) were done regarding emotional intelligence. It was
most likely a promotion task they were testing with rather than a prevention task used in the
current study. It may be that working memory capacity is an indicator of resistance to feedback
effects in promotion tasks and an indicator of susceptibility to feedback effects in prevention
tasks.

The Memory Span test is a limitation because it measured the numbers participants
could retain in their working memory after their first incorrect response up until their next
incorrect response. This may have limited participants who made a minor slip up on a series
instead of an error in memory. This could mean there was inaccurate construct validity with the
Memory Span test. However, the results of this study were significant independent of this.
Unfortunately, there were more participants with a Working Memory Capacity of 5.00 (N=19)
than there were of the other two occurring results, 4.00 and 6.00, combined (N=7 and N=8,

respectively). This may have centered the data on one level of WMC.



The Role of Working Memory 16

For future research, the findings of this study are not certain to reflect when using a
promotion task like acting, orating, drawing, etc. The study by Schmeichel & Demaree (2010)
showed working memory capacity as an indicator to less susceptibility to negative feedback
about emotional intelligence. It may be said that one’s emotional intelligence is more closely
related to a promotion type task than a prevention one, as Van Dijk (2011) defines them. Also,
the impact of the feedback given could be increase with an authority figure. As we know from
Milgram’s (1961) obedience experiments, authority figures do impact participants. If this study
were carried out with a more authoritative figure delivering the feedback, perhaps the
influence of the feedback would have a greater effect.

If this research is taken to examine how we use feedback, it would emphasize that
individuals have different degrees to which feedback affects them. With students, for example,
the type of feedback should depend on whether the assignment they have is a promotion or
prevention task. Also, the feedback needs to be handled differently depending on the individual
student. Students’ reactions to feedback effects vary from person to person. Therefore, there
cannot be a singular technique teachers are taught to give feedback to a student; they must
adjust it to fit each student’s temperaments. And this can be applied not only to the academic
field, but also to the work environment and any situation where learning and improving is

greatly dependent on the feedback one receives.
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