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Abstract
This experiment measured the effects of color on memory recall. The study was conducted at Longwood University with participants ranging from the ages of 18 to 24.  There were three levels of the independent variable: black color font for the control group, bright green font, and dark green font. The dependent variable was the number of words correctly recalled by each participant. Participants viewed a PowerPoint list of 15 words for 20 s, and then were asked to write down as many words as they could remember for 30 s. A one-way analysis of variance (ANOVA) was conducted to show that color had no effect on memory. The results of the one-way analysis of variance (ANOVA) did not support our hypothesis that bright colors will have more words recalled than black or dark colors. An independent t-test was conducted to test if there was a significant different between male or female, but the results showed there were no significant differences between sexes.
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The Effects of Color on Memory 


In recent years, studies have been conducted to understand the effect that color has in enhancing memory. Many educators use color within their lectures or PowerPoint presentations in order to attract the attention of students and help students retain the information. Highlighters are a frequent tool students use to study key points, however, studies have been conducted to find out the effectiveness of color as a study aid. Advertisers have also been utilizing colors as a way to attract consumers and become prominent in their memory. Many companies, such as McDonalds, use bright colors to attract the attention of their consumers. Researchers have been conducting experiments on color in order to determine if color affects consumer buying. 


In order to test the use of color as an effective tool, researchers have been conducting experiments with color backgrounds and interruptions. For example, in a study by Nemes, Parry, Whitaker, and McKeefry (2012), color backgrounds and a delay stimulus were presented to participants in order to find out how long items can be stored in short-term visual memory. The participants viewed a reference stimulus for 380 ms, with a pause period of 5 s that is interfered by a stimulus for 2 s. At the end of the 2 s, the test stimulus was presented for 380 s. The participants focused on a cross at the center throughout the whole experiment. The reference stimuli were four main color categories red, green, blue, and yellow hues. The test stimuli were four alternative colors where the colors appeared to be blue, green, yellow, or red.  The results indicate that memory is prone to interruptions from colors, and color can maintain in short-term memory for a long period of time (Nemes & et.al, 2012). These results suggest that color is capable of being retained in visual memory for a certain amount of time, and can be remembered for a greater duration than items that are viewed longer. 


Since color is found to remain within visual memory for a long duration, advertisers have been experimenting with bright colors with in ads and logos. Experimenters Huang, Lin, and Chiang (2008) believed color to have a huge effect on memory and the ability to remember seeing things such as brands and logos. Their study displayed results that indicated that individuals are more likely to remember items combined with a bright color. For this reason many things, such as advertising companies, try to fight for our attention. One way they are able to grab and hold our attention is through the use of font color in their marketing ploys.


As well as in the media and advertisements, academic institutions use color as a way to increase students’ attention. In many academic institutions, professors encourage their students to use a highlighter to study or to change the color of the ink their using in their notes to help process the important information a lot quicker. Studying notes is more effective when using colors that are not the usual black ink. In a study by Isarida and Isarida (2007), the background color of the information was tested to see its effect on memory. Each participant was assigned to a group of words viewed on a background of light red and light green, or light yellow and light blue. Each pair of colors changed once the word was shown to the participants. The results suggested that the items of the same color and the same background are more likely to be accurately recalled. The findings support the idea that color is important to memory, and the effect of the font being a bright color other than black increases memory retention.

In order to view the impact color has on memory recall, an experiment by Wiswede, Russeler, Haselbach, and Munte (2006) combined color and vocabulary together. Lists of words were presented in either a different background color or in a different font color. After a period of time, the participants were asked to recall the words that were presented to them. The results of the experiment found that words with a different font color were more accurately recalled than words with standard font and an arousing background. Similar to the past experiments, this experiment tested the effect color has on one’s ability to recall important information. Our hypothesis was that brighter colors are more easily remembered and recalled than darker colors or black font. Therefore, we designed this experiment to test the amount of words from a randomly generated list of words participants could freely recall. Depending on the color of the font, the amount of words correctly recalled should vary. According to our hypothesis, bright green words should have the most words recalled over dark green and black font.

Method

Participants


For this experiment, there were 99 students who voluntarily signed up online via an online system to participate in this study. There were 80 females and 19 males. Forty-three of those participants were freshmen, 30 were sophomores, 17 were juniors, 8 were seniors and one was listed as “other.” They ranged in age from 18 to 24 with a mean age of 19.04 and a standard deviation of 1.20. Participants were treated in an ethical manner as per the guidelines set by the Longwood University Human and Animal Subjects and Research Review Committee, and Psychology majors were offered one point extra credit for participating in research.

Materials and Procedure
 
In order to test the effects of color on memory, there was a desktop computer with projector technology that was used to display the PowerPoint which showed the grid of random words in different color fonts (see Figures 1, 2, and 3).  Participants viewed the PowerPoint and then wrote as many words as they could recall in the given amount of time on the provided answer sheet (see Appendix B). Participants walked in the room and sat at a table they chose. They sat waiting quietly until all participants were present or until it was time to begin the experiment. Participants then viewed the PowerPoint of the list of words. After 15 s, the slide changed for a three second delay and then the participants were prompted to write all the words they could remember on the piece of paper provided to them by the experimenters. Participants had 30 s to record the words that they could recall freely. After viewing the PowerPoint, participants filled out the demographic portion of the answer sheet and returned the papers to the experimenters. They were then debriefed as to the true purpose of the study.
Results

The number of words correctly recalled by participants was analyzed with a one-way analysis of variance (ANOVA). The results from the analysis revealed that there was no significant difference in the number of words correctly recalled between the different font color groups, F(2, 96) = 0.465, p = .629. The mean number of words recalled for the control group was M = 4.55 words and the SD = 1.70, the light color font group was M = 4.58 words (SD = 1.42), and was M = 4.27 words and SD = 1.05 for the dark color group. See Figure 1 for a bar graph representation of the results. An independent t-test was also conducted to determine if there was a significant difference between sexes. The independent t-test showed that there was no difference in memory between males (M = 4.58, SD = 1.77) and females (M = 4.45, SD = 1.33), t(97) = 0.355, p > .001. See Figure 2 for a graphic representation of the t-test results.
Discussion

The results of this experiment did not support the hypothesis that items containing a bright color will more likely be correctly recalled than the items that contain a neutral or dark color. The results indicate that people could recall about the same amount of words regardless of having a bright color or a dark color font. However, the results attained from the experiment did not reflect past research results. In past research, participants are more likely to remember items combined with a bright color, especially in items that are part of advertisements (Huang et al., 2008). Bright colors are used because the colors arouse individuals, which attract their attention or focus. The use of bright colors in font attracts the attention of the individual and remains longer in short –term memory, rather than dark font and an arousing background. An arousing background will bring attention of items around the word rather than the actual word (Wiswede, Russeler, Haselbach, and Munte (2006).

Although our research experiment follows all proper guidelines set by the IRB, and procedures that prevent invalid results, there still could be steps taken to prevent an unsupported hypothesis. Participants could have been given a deceptive title in order to avoid practice effects, and biases. The different lightings in each room could have affected the amount recalled because on certain days it would be cloudy or sunny. In a cloudy situation the words are seen in a darker setting changing the brightness of each color. 

For future research, the participants could be tested on memory by having different color font such as a bright yellow versus a dark red. Bright yellow font may have a more recalled than dark red because of the difference in mood. Also researchers could try conducting the study with a change in the amount of time that participants were given to look at the words, and the amount of time allotted for recall. The amount of time allowed for each individual may have been too short and some words may not have been seen. Researchers could conduct the experiment in the future with the use of a deceptive title. A deceptive title could eliminate individuals from getting prepared to memorize words, therefore eliminating practice effects. 

In past research, a distractor element is in use in order to test if color can remain in short-term memory for a long period of time, and how well the color can attract participants’ attention. In a study by Kim (2010) the participants are playing a video game and on the screen, pictures appear throughout the game as a distractor. The pictures could easily attract the attention of the participants, which affects the working memory of the participants. The disruption of the pictures affect the short-term memory of the participants, however, the color pictures are better in recall. Using a similar distractor element, could test the effect between light and dark colors in short-term memory, and provide a significant outcome. The distractor element could allow a finding that suggests color is a useful study aid, and maybe effective for students to have a better attention span during class and for study purposes. 
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Figure 1. Grid of words shown to the control group. 
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Figure 2. Words shown in dark green to participants in one of the experimental groups.
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Figure 3. Words in light green shown to participants in one of the experimental groups.
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Figure 4. Mean number of words correctly recalled by participants. No significant difference was found between the different colors of font.
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Figure 5. Mean number of words recalled by gender. No significant difference was found between genders.
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All Longwood University administration, faculty, and students conducting investigations involving human subjects, and all other researchers conducting investigations involving human subjects at Longwood University, must submit a research proposal to be reviewed and approved by the Human Subject Research Review Committee prior to the commencement of research.  Research involving children should conform to the ethical standards found at http://www.srcd.org/ethicalstandards.html.  Some types of human subjects research are exempt from the provisions of state and federal law, however, even research exempt from these provisions must be reviewed by the committee to determine that they are indeed exempt.  Research proposals submitted to the committee must follow the protocols contained in this form and include the following information.  Check those that are included. 
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1) A Title, 
2) The purpose of the research, and 
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    a) The human subjects and the criteria for including them in the research, 
    b) What is to be done with or to them, 
    c) Any possible risks, stress, or requests for information subjects might  consider personal or sensitive, or which may be illegal, and whether or not the only risk to the subjects is the harm resulting from a breach of confidentiality,
    d) the steps that will be taken to ensure the anonymity and confidentiality of the subjects, 
    e) the permissions from other institutions, if required, that will be obtained. 

[X]  A signed, completed copy of this submission form. 

In addition, the research proposal may have to include the following documents.  Check those that are included. 

[X] A copy of the test, survey, or questionnaire, if employed, and if it is not a standardized professional diagnostic tool otherwise specified in the proposal. 

[X]   A copy of the written statement explaining the research indicating that participation is voluntary, if required. (See III. A. below.) 

[X]  A copy of what will be said to subjects before and after the research is conducted, if the methodology requires that the subjects be misled in any way.  (See III. B.) 

[X] A copy of the informed consent statement that will be used, if required.  (See Sec. IV. below.)  A model informed consent statement can be found at the end of this form. 
  
 II. Exemptions
If your research falls into any of the categories of research below, it is exempt from the requirement of obtaining written informed consent and being reviewed by the entire Committee, and only 1 copy of the proposal need be submitted. All others must submit 3 copies of their proposal. If your project conforms to any of the following descriptions, check those which apply:

[ ] 
Research or student learning outcomes assessments conducted in educational settings involving regular or special education instructional strategies, the effectiveness of or the comparison among instructional techniques, curricula, or classroom management methods, or the use of educational tests, whether cognitive, diagnostic, aptitude, or achievement, if the data from such tests are recorded in a manner so that subjects cannot be identified, directly or through identifiers linked to the subjects.

[ ]
Research involving surveyor interview procedures unless responses are recorded in such a manner that the subjects can be identified, directly or through identifiers linked to the subjects, and either (i) the subject's responses, if they became known outside the research, could reasonably place the subject at risk of criminal or civil liability or be damaging to the subject's financial standing or employability or (ii) the research deals with sensitive aspects of the subject's own behavior, such as sexual behavior, drug or alcohol use, or illegal conduct.

[ ]
Research involving survey or interview procedures, when the respondents are elected or appointed public officials or candidates for public office.

[ ]
Research involving solely the observation of public behavior, including observation by participants, unless observations are recorded in such a manner that the subjects can be identified, directly or through identifiers linked to the subjects, and either (i) the subject's responses, if they became known outside the research, could reasonably place the subject at risk of criminal or civil liability or be damaging to the subject's financial standing or employability or (ii) the research deals with sensitive aspects of the subject's own behavior, such as sexual behavior, drug or alcohol use, or illegal conduct.

[ ]
Research involving the collection or study of existing data, documents, records, pathological specimens, or diagnostic specimens, if these sources are publicly available or if the information is recorded by the investigator in a manner so that subjects cannot be identified, directly or through identifiers linked to the subjects.

III. Special Types of Research

A. In addition to the above types of research that are exempt from the requirement to obtain written informed consent and full committee review, the committee may waive the requirement that the investigator obtain written informed consent for some or all subjects for the following type of research. If your research conforms to the following description, indicate by checking.

[  ]
Research in which the only record linking the subject and the research would be the consent document, and the principal risk would be potential harm resulting from a breach of confidentiality.

In the forgoing type of research, the committee may require the investigator to provide the subjects with a written statement explaining the research and indicating that their participation is voluntary. In addition, each subject shall be asked whether s/he wants documentation linking him or her to the research, and the subject’s wishes shall govern. In the case that the subject agrees to be identified in the research, her or his written permission to do so shall be obtained by the researcher.

B. Some research methodologies may require that the subjects be initially misled regarding the purpose of the research, and so require that the consent procedure omit or alter some or all of the basic elements of informed consent, or waive the requirement to obtain informed consent. If your research conforms to the following description, indicate by checking.

[  ]
Research involves no more than "minimal risk" or risk of harm not greater than those ordinarily encountered in daily life or during the performance of routine physical or psychological examinations or tests, research could not practicably be performed without the omission, alteration or waiver, and the omission, alteration or waiver will not adversely affect the rights and welfare of the subjects.

In the forgoing type of research, the committee requires the researcher to provide the subjects with an adequate post-investigative explanation of the purpose and methods of the research, or explanatory debriefing procedure to be undertaken immediately after the conclusion of each subject's participation. The committee requires investigators undertaking this sort of research to furnish the committee with copies of the information that will be supplied to the subject before and after the investigation.

IV.  Written Informed Consent

    Research engaged in all other types of research must obtain written informed consent from the research subjects. Informed consent means the knowing and voluntary agreement, without undue inducement or any element of force, fraud, deceit, duress, or other form of constraint or coercion, of a person who is capable of exercising free power of choice. 

    The basic elements of information necessary to such consent are: 

  1. A reasonable and comprehensible explanation to the person of the proposed procedures of protocols to be followed, their purposes, including descriptions of any attendant discomforts, and risks and benefits reasonably to be expected; 

  2. A disclosure of any appropriate alternative procedures or therapies that might be advantageous for the person; 

  3. An instruction that the person may withdraw his consent and discontinue participation in the human research at any time without prejudice to her or him; 

  4. An explanation of any costs or compensation which may accrue to the person and, if applicable, the availability of third party reimbursement for the proposed procedures or protocols; and 

  5. An offer to answer and answers to any inquiries by the person concerning the procedures and protocols.  

    Informed consent must be obtained in the following manners for the following types of human subjects: (a) competent, then it shall be subscribed to in writing by the person and witnessed; (b) not competent at the time consent is required, then it shall be subscribed to in writing by the person’s legally authorized representative and witnessed; or (c) a minor otherwise capable of rendering informed consent, then it shall be subscribed to in writing by both the minor and her or his legally authorized representative. 
    Legally authorized representative means (a) the parent or parents having custody of a prospective subject, (b) the legal guardian of a prospective subject, or (c) any person or judicial or other body authorized by law or regulation to consent on behalf of a prospective subject to such subject’s participation in the particular human research. 
    Any person authorized by law or regulation to consent on behalf of a prospective subject to such subject’s participation in the particular human research shall include an attorney in fact appointed under a durable power of attorney, to the extent the power grants the authority to make such a decision. The attorney in fact shall not be employed by the person, institution, or agency conducting the human research. No official or employee of the institution or agency conducting or authorizing the research shall be qualified to act as a legally authorized representative. 
    A legally authorized representative may not consent to nontherapeutic research, or research in which there is no reasonable expectation of direct benefit to the physical or mental condition of the human subject, unless it is determined by the human subject research review committee that such research will present no more than a minor increase over minimal risk to the human subject. 
    Notwithstanding consent by a legally authorized representative, no person who is otherwise capable of rendering informed consent shall be forced to participate in any human research. 
    In the case of persons suffering from organic brain diseases causing progressive deterioration of cognition for which there is no known cure or medically accepted treatment, the implementation of experimental courses of therapeutic treatment to which a legally authorized representative has given informed consent shall not constitute the use of force. 
    No informed consent form shall include any language through which the person who is to be the human subject waives or appears to waive any of her or his legal rights, including any release of any individual, institution, or agency or any agents thereof from liability for negligence. 
    Human subject research investigators are responsible for obtaining written informed consent from research subjects in accordance with these specifications, and for obtaining permissions from any other institutions that may be involved in informed consent statement which conforms to these specifications. 

    The Longwood University Human Subjects Research Review Committee must be informed of any violation or alteration of the research protocol.  Continuing research projects must be re-approved annually. 

    The undersigned researcher(s) indicate that the information provided to the committee is accurate and true to the best knowledge of the researcher(s), and that the researcher(s) have conformed to the above guidelines to the best abilities of the researcher(s).   
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Title of Research: The Effects of Color on Memory Recall

· Purpose of Research: The goal of this research is to see if the color of font has an effect on memory recall. The research is being conducted as a senior seminar project, under the supervision of Dr. Stephanie Buchert. 
· Methods and Procedures: 

· Participants: Participants will be Longwood University students who agree to voluntarily participate in the research. The purpose of the research will be explained to the students and they will be asked to participate with the provision that they are free to withdraw at any time without penalty. 

· Procedures:  Participants will come in the room and sit at a table they choose. They will wait until all participants are present or until it is time to begin the experiment. The experimenters will give the instructions to the participants and will supervise the participants until time is over. Participants will view a PowerPoint of a list of words. After twenty seconds, the slide will change and there will be a three second pause. The participants will then be prompted to write all the words they can remember on the piece of paper provided to them by the experimenters. Participants will have thirty seconds to record the words that they can recall freely. After the given amount of time, the experimenters will collect the answer sheets and the participants will then be debriefed. Once debriefed, participants will be free to leave.
· Possible Risks: It is anticipated that participants will be at no physical, psychological, or emotional risk at any time during the research. Nor is it anticipated that participation in the research will place the participants at any risk of criminal or civil liability, or damage the participants' financial standing or employability. 

· Assurance of Anonymity and Confidentiality: Participants will be informed of the voluntary and confidential nature of the research via instructions on the data collection instrument. Participants will also be instructed not to put their name or any identifying information on the instrument. When collecting data from participants, the researcher will immediately place the data in a large envelope, and will not examine any of the data until all data have been collected. Once collected, the raw data will only be accessible to Rossana I. Marchiani, Ashley M. Hitchings, and Dr. Stephanie Buchert. In the event that any information provided by a participant should become known outside the research, it is unlikely that any harm would come to the participant. 

Longwood University 
Consent for Participation in Social and Behavioral Research
I consent to participate in the research project entitled: 

The Effects of Color on Memory Recall

being conducted in the Department of Psychology by 

Rossana I. Marchiani 

Ashley M. Hitchings
· I understand that my participation in this research is voluntary, and that I am free to withdraw my consent at any time and to discontinue participation in this project without penalty.

· I acknowledge that the general purpose of this study, the procedures to be followed, and the expected duration of my participation have been explained to me.

· I acknowledge that I have the opportunity to obtain information regarding this research project, and that any questions I have will be answered to my full satisfaction.

· I understand that no information will be presented which will identify me as the subject of this study unless I give my permission in writing.

· I acknowledge that I have read and fully understand this consent form. I sign it freely and voluntarily.  A copy of this form will be given to me.


Name (Print): _________________________________________ 
  

Date: _________________        Signed: ________________________ 

  
  

I understand that if I have concerns or complaints about my treatment in this study, I am encouraged to contact the Office of Academic Affairs at Longwood University at (434) 395-2010. 
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