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Abstract 

Previous studies have shown that metaphorical language is more emotionally salient and causes 

significant activation in the regions of the brain involving emotions as compared to literal 

language. Additionally, since research recognizes that emotional events are more memorable, 

this study proposes the question, “Does teaching a concept using metaphorical language increase 

retention rates in children?” The study recruited 30 normally developing children ranging from 

ages 13-17 to participate.  After being randomly split into two groups, participants were taught 

forty concepts (20 in science and 20 in literature). Half of the concepts were taught used 

metaphorical language and the other half used literal language in one group and switched in the 

other. In order to measure changes in scores before and after instruction of the concepts, the 

participants took both a pre-test and post-test. When comparing the scores between the results of 

the tests, there was a higher increase in scores with the metaphorically taught science questions 

as compared to the literally taught questions, however the difference was not statistically 

significant. The literature questions showed higher scores for the literally taught topics going 

against the initial hypothesis.   
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Metaphorical Learning and Increased Retention in Children 

 Metaphorical speech is used around the world by a majority of people in every language. 

Metaphors are used to express countless different ideas and thoughts. However, they can be more 

complicated to comprehend than literal speech.  In order to understand the meaning of 

metaphors, additional expertise and cultural knowledge within the language is required, as is 

higher cognitive processing skills. What is interesting is that if using metaphorical speech is 

much more complicated than literal, why do people use it so regularly? We propose here that 

metaphors lead to retention of knowledge through their emotional properties.  

Metaphorical sentences are more emotionally evocative than their literal counterparts 

(Citron & Goldberg 2014). The use of metaphorical language has a brain activation in various 

parts of the brain. When using a few metaphorical words in the place of literal ones, in either 

sentences or phrases, very interesting activation patterns arise in areas of the brain that could 

provide an answer to this question. Activation in areas of the brain related to the use of 

metaphorical words occurs. For example, when using a metaphorical sentence related to taste 

such as “she was sweet” activates the areas of the brain related to taste such as the lateral OFC 

(Orbitofrontal Cortex), frontal operculum, and anterior insula (Citron & Goldberg, 2014). Other 

patterns of activation increase as well. Activity in areas related to emotion such as the amygdala, 

the hippocampus, and others happen when the brain is engaged in processing metaphorical 

language (Citron & Goldberg, 2014; Citron, Güsten, Michaelis & Goldberg, 2016). It is also 

important to note that all of the increased brain activity in these studies is not due to the 

increased syntactic complexity of the more complicated metaphorical language, but rather it is 

due to the “metaphoracity” of the utterances (Citron, Güsten, Michaelis & Goldberg, 2016). 

Metaphorical sentences have even been shown to elicit strong physical responses such as disgust. 
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Metaphors have provided similar physical reactions compared to when someone is shown 

disgusting visual images (Aziz-Zadeh & Gamez-Djokic, 2016).  Also revealed in research, is that 

metaphorical movement shows an increase in activation when preceded by high emotional 

context, but not for literal movement, further strengthening the relationship between 

metaphorical language and emotional activation of the brain (Samur, Lai, Hagoort, & Willems 

2015).  

 Prior research also shows that high emotional contexts are remembered more effectively 

than their non-emotional counterparts (LaBar & Phelps, 1998; Christianson & Loftus, 1987). It is 

also known that the amygdala and hippocampus play some role in memory (Mcgaugh, Cahill, & 

Roozendaal, 1996). The increased activation found in both the hippocampus and amygdala found 

when using metaphorical language could also lend itself to better retention, since those areas are 

also related to memory. It is also possible that since metaphorical sentences are more emotional 

that the relatively high emotional context they give could help them be remembered more 

effectively.    

Synthesizing the abovementioned two lines of research, namely, metaphors are more 

emotional and emotional information is retained more effectively, we ask the following research 

question: If individuals are taught concepts using metaphorical sentences, will their ability to 

recollect information increase? In particular, an interesting population to look at in the 

relationship between recalling information and metaphors would be children, and the impact it 

might have on their learning and education. In particular children would be an interesting 

population to look at because in they are a population not studied as often in metaphor. 

Additionally, if a significant positive correlation can be found between metaphorical teaching 
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and increased retention rates this study could be used to modify the way children are taught in 

schools to increase their retention.  

 

The Present Study 

The present study investigates whether teaching children concepts using metaphors will 

increase retention of those concepts, as opposed to their literal counterparts. The focus on 

children ranging from ages 13-17 is based on prior research, which indicated that children in this 

age range has a firm grasp on metaphorical language. (Stite & Ozcaliskan 2013, Willinger et. al. 

2017). The hypothesis of the study is the participants will have higher retention and recall of 

concepts taught metaphorically as compared to the concepts taught literally. 

 

Methods 

Participants 

 30 (20 female, 10 male) children ranging from the ages of 13-17 (M= 15.5 years) 

participated in the study. They were recruited from around the local Tucson area. The 

participants were screened beforehand to ensure that they had no language development issues or 

learning impairments. Of the 30 participants, 28 were right handed and 2 were left handed. Six of 

the participants were English-Spanish bilinguals.  Consent from both the parent and child was 

attained by signing a consent/assent form as well as verbal consent. The parents of the 

participants were paid $30 if their child completed both sessions.  

 

Design 
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The recruited students were randomly assigned into two groups. Each group’s questions 

were divided evenly between metaphorical and literal language in a random pattern. One group 

had half of the questions taught metaphorically with the other half as literal ones. The other 

group had the other half taught metaphorically and the other half as literal ones. The study was 

divided into two separate sessions seven to ten days apart in order to test the children’s retention 

of the concepts. 

 

Stimuli 

The stimuli consisted of 20 science and 20 literature topics selected based on what 

children in the age range, 13-17, are learning in a standard public school. For each topic, a 

metaphoric and a literal explanation was created. Examples of literature and science stimuli can 

be found in the following tables. (Table 1,2) In addition, the names of the characters from the 

literature stimuli had their names changed in order to avoid any prior knowledge or cultural 

knowledge assisting the participants. The names in the literature questions where changed to 

random names e.g. Othello to Frank.  

Table 1 

Concept Name Metaphorical 

Explanation 

Literal Explanation 

Lymph Nodes Swollen lymph nodes 

serve as an alarm to doctors 

to indicate a patient is sick. 

Swollen lymph nodes 

are a good indication to 

doctors that a patient is sick. 
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Ionic Bonds In an ionic bond, 

atoms are generous and give 

away their electrons 

In ionic bonds 

electrons are transferred 

between atoms 

Photosynthesis Plants are like solar 

panels when using 

photosynthesis. 

Plants get energy 

from the sun using 

photosynthesis. 

 

Table 2 

Concept Name Metaphorical 

Explanation 

Literal Explanation 

Romeo and Juliet Doug and Stacy’s love 

for each other was as vast as 

the ocean. 

Doug and Stacy’s love 

for each other was immense. 

Othello Frank was consumed 

by jealousy 

Frank was extremely 

jealous 
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Romeo and Juliet Doug was blinded by 

rage and killed Trevor. 

Because of his rage 

Doug and killed Trevor. 

 

Pre & Post-test 

An assessment test was created to gauge participants' science knowledge before and after 

the teaching session. Both the pre & post-test are identical and also include the 5-point Likert 

scale to measure how familiar they fell with the science concepts. A post-test was also created 

for the literature questions. Both the science and literature tests consisted of 18 multiple choice 

questions and 2 short response questions.  

Procedure  

During the first session, the consent and assent forms are signed. The next thing is a 

language background questionnaire to insure the children are eligible for the study. The children 

complete the pre-test, with the science questions. After the pre-test, an instructor taught every 

participant the 20 science and 20 literature concepts, half of the questions using a metaphorical 

explanation the other half using literal explanations.  After seven to 10 days, the participants 

were then brought back to take the post-test, which contains the same questions from the pre-test 

as well as the literature test.  After the post-test was completed, the participants and their parents 

were debriefed. At the end of the debriefing, the parents of the participants were given $30 in 

cash for the completion of the study.  

 

Measures 
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 All of the materials used in this study, the pre-test and post-test were created for this 

study. The tests have both multiple choice and short response questions. The format of the tests 

were designed to attain information into not only how the metaphorical teaching affects retention 

rates, but also if it works more effectively with recognition versus free recall. The 5-point Likert 

scale was used to measure the participant’s perceived increase of familiarity with the concepts, 

and to determine if being taught something metaphorically affects that retention. All of the 

multiple-choice questions where graded and given 1 point for a correct answer and 0 points for 

an incorrect answer. Two independent graders who were not involved in the study graded the 

short response questions. The short response questions were given a score from 0-2 points, 2 

being an answer that exemplifies the correct examples given. A score of 1 was given to an 

answer that somewhat related to the correct examples given and everything else was given a 0. If 

the two graders were not in agreement on the scores, a third person came in as an arbitrator to 

determine the participant’s score. 

 

Data Analytic Strategy 

The analysis of all data was run through IBM’s SPSS. Data involving the science topics, 

a repeated-measures ANOVA was implemented to compare the difference between the two 

groups and their scores on the literally and metaphorically taught concepts. For the literature 

questions, a paired sample t-test to compare the scores between the literally taught questions and 

the metaphorically taught concepts was created. The Likert scale data was analyzed using a 

Split-Plot ANOVA. 

 

Results 
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 When examining the results of the study increases in scores were found in some 

results however, the results were not significant. With the science multiple choice questions both 

the literally taught and metaphorically taught topics showed an increase on scores between the 

pre-test and the post-test. With the literally taught questions on the pre-test they had and average 

score of M=.6193, SD=.1944, and the metaphorically taught questions had an average score of 

M=.5830, SD=.1661. At the post-test 7-10 days later, the scores for both the literally taught 

(M=.7460, SD=.1707) and metaphorically taught (M=.7570, SD=.1639) ended up at around the 

same percentage score correct. However, the metaphorically taught questions improved at a 

higher rate, at 0.174 as compared to the .1267 in the literally taught questions. (Table 3, Graph 1)  

Table 3 

Descriptive Statistics 

 
group Mean Std. Deviation N 

Science Multiple Choice 

Before 

Metaphorical .5830 .16609 30 

Literal .6193 .19435 30 

Total .6012 .18017 60 

Science Multiple Choice After Metaphorical .7570 .16386 30 

Literal .7460 .17065 30 

Total .7515 .16596 60 
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Graph 1

 

When using the Split-Plot analysis to compare the significance between the results of the 

two groups resulted in a p value of p=.326 meaning that the difference between the increase of 

two is not statistically significant. (Table 4, Graph 2) 

The short response science section also showed an improvement between both the 

questions taught metaphorically and those taught literally. The literally taught questions in the 

pre-test had an average score of M =.0667, SD=.3652 and improved to an average of M=.2667, 

SD=.6915, giving an increase of .2. In the metaphorically taught group, the pre-test had an 

average of M=.2667, SD=.4498. The post-test scores had an average of M=.7667, SD=.8172. 

The increase in between the pre and post-test in the metaphorically taught group is 0.5 (Table 5, 

Graph 3). 

Table 5 
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Descriptive Statistics 

 group Mean Std. Deviation N 

Science Short Response Before Metaphorical .2667 .44978 30 

Literal .0667 .36515 30 

Total .1667 .41850 60 

Science Short Response After Metaphorical .7667 .81720 30 

Literal .2667 .69149 30 

Total .5167 .79173 60 

 

Graph 3 

 

When using the Split-Plot analysis to compare the significance between the results of the 

two groups resulted in a p value of p=.113 meaning that the difference between the increase of 

two is not statistically significant (Table 6, Graph 4) 
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The short response literature questions resulted in scores that were contrary to the 

hypothesized result. The literally taught literature questions had an average score of M=.6000, 

.4983 and the metaphorically taught questions had an average score of M=.4333. SD=.7739. The 

participants performed better on the literature questions taught literally compared to those taught 

metaphorically by .1667. (Table 7, Graph 5) 

Table 7 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 Literature Short 

Response Literal 

.6000 30 .49827 .09097 

Literature Short 

Response 

Metaphorical 

.4333 30 .77385 .14129 

 

Graph 5  

 

When comparing the difference between the two groups using a paired t-test resulted in a 

p value of .297, meaning that the difference between groups was not significant. (Table 8) 
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Table 8 

 

Paired Samples Test 

 

Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 

1 

Literature Short 

Response Literal 

– Literature Short 

Response 

Metaphorical 

.1666

7 

.83391 .15225 -.14472 .47805 1.095 29 .283 

 

The multiple-choice literature questions resulted in similar results as the short response 

questions in that the average score for the literally taught (M=.4963, SD= .2330) multiple choice 

questions was high than the metaphorically taught (M=.4507, SD=.1953) questions. (Table 9, 

Graph 6) 

Table 9 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 Literature Multiple 

Choice Literal 

.4963 30 .23296 .04253 

Literature Multiple 

Choice Metaphorical 

.4507 30 .19532 .03566 
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Graph 6

 

Comparing the differences does not result in a significant difference, it results in a p 

value of .352 (Table 10) 

Table 10 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 Literature Multiple 

Choice Literal 

.4963 30 .23296 .04253 

Literature Multiple 

Choice Metaphorical 

.4507 30 .19532 .03566 

The Likert scale data showed improvement in both the literally taught and metaphorically 

taught science topics. In the metaphorically taught questions there was an increase from an 

average familiarity rating of M=28.1. SD=6.0421 out of a possible 50 to M=30.0333, SD=.757. 

With the literally taught questions the before average was M=28.5, SD=6.0043 and it increased 
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to M=32.6, SD=7.0349. The literally taught questions increased more than the metaphorically 

taught questions with a difference of 4.1 vs 1.9333. (Table 11, Graph 7) 

Table 11 

Descriptive Statistics 

 group Mean Std. Deviation N 

Before Metaphorical 28.1000 6.04209 30 

Literal 28.5000 6.00431 30 

Total 28.3000 5.97537 60 

After Metaphorical 30.0333 7.75701 30 

Literal 32.6000 7.03489 30 

Total 31.3167 7.45493 60 

 

Graph 7 

 

When comparing the before and after of both groups using a split plot ANOVA we can see that 

the difference between the before and after resulted in a p-value of p=.095 which is not a 

significant difference. (Table 12, Graph 8) 
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Discussion 

The purpose of this study was to look at whether or not teaching children concepts using 

metaphorical language would help them retain the information better than if it was taught 

literally. The results showed that for the science topics that there was more of an increase in pre-

test vs post-test scores in the metaphorically taught questions versus the literally taught 

questions. However, this difference was not found to be statistically significant. This is true of 

both the science short response and science multiple-choice questions.  

The literature questions came up with a result contrary to the initial hypothesis and had 

the literally taught questions result in high scores in both the multiple choice and in the short 

response. Neither of the differences were found to be significant.  

When looking at the Likert scale data we found that both the literally taught and 

metaphorically taught questions showed an increase in both sets of questions, with the literally 

taught group increasing more than the metaphorically taught group. The difference of the 

increases is not statistically significant. This particular result is interesting because it seems that 

the students feel more familiar with the topics if they were taught the topics literally despite that 

the results show that if they were taught it metaphorically they scored better on average. 

 The hypothesis of this study was not supported by the findings of the study. While 

positive results were found that showed a higher improvement rate in the metaphorically taught 

science multiple choice and short response question as opposed to their literal counter parts, the 

differences were not statistically significant. Even further from the hypothesis was the literature 

questions, they showed that the literally taught questions in both multiple choice and short 

response resulted in high scores than the metaphorically taught counterparts. One possible 
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explanation for this could be that the literature topics needed more context as compared to the 

science topics, instead of just a sentence that was taught maybe a singular short story would help 

the participants remember the topics instead of 20 disjointed short sentences they got. The short 

story could provide more context and details to remember which could help improve their scores. 

 Another possible thing that could address some of the findings of the study, in particular 

the rate of improvement between short response questions and multiple-choice questions is that 

science multiple choice answers involve recognition whereas short response answers involve 

recall. This could mean that the more involved and deeply processed knowledge might have 

more to do with metaphor as discussed in previous literature that involved metaphorical priming 

and multiple choice and short response questions (Schwartz et al 2006). 

 

Limitations 

Due to the limited time and funds available, only 30 students could fully participate in the 

entire study. If possible, with more participants we could achieve a statistically significant 

difference between the metaphorically and literally taught questions. Another thing that could 

improve the study would be an addition of more short response questions. They were initially 

included to see if there was any difference between the types of recall that the metaphorical 

teaching would improve. In the data that was collected, there was a much larger increase in the 

pre-test and post-test scores, the science short response increase being. 5 versus the multiple 

choice being .174. These results could possibly mean that the metaphorical teaching was more 

effective on free recall answers.    

Future Research 



Metaphorical Language and the Effects on Retention 19 
 

Future studies in the area of the impact of metaphorical language on retention could 

utilize the findings and methods of this study as a foundation. Future studies could increase the 

number of participants to insure a broader and more genuine look at the impact of metaphors and 

leaning in the 13-17 year age group. Another thing that could be done is to add context to the 

literature stimuli by doing the teaching with a singular short story rather than 20 disjointed 

sentences.  Additionally, change the vocabulary in some of the literature stimuli, some words, 

like cunning, were unknown by most participants. Finally, increasing the number of short 

response questions in the tests is highly suggested in order to determine if statistically significant 

results can be obtained when comparing metaphorically taught concepts versus literal concepts.  
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Table 4 

Tests of Within-Subjects Effects 

Measure:   MEASURE_1   

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Paramet

er 

Observe

d Powera 

Science Multiple 

Choice 

Sphericity 

Assumed 

.678 1 .678 39.56

6 

.000 .406 39.566 1.000 

Greenhouse-

Geisser 

.678 1.000 .678 39.56

6 

.000 .406 39.566 1.000 

Huynh-Feldt .678 1.000 .678 39.56

6 

.000 .406 39.566 1.000 

Lower-bound .678 1.000 .678 39.56

6 

.000 .406 39.566 1.000 

Science Multiple 

Choice * group 

Sphericity 

Assumed 

.017 1 .017 .981 .326 .017 .981 .164 

Greenhouse-

Geisser 

.017 1.000 .017 .981 .326 .017 .981 .164 

Huynh-Feldt .017 1.000 .017 .981 .326 .017 .981 .164 

Lower-bound .017 1.000 .017 .981 .326 .017 .981 .164 

Error(Science 

Multiple Choice) 

Sphericity 

Assumed 

.994 58 .017      

Greenhouse-

Geisser 

.994 58.00

0 

.017      

Huynh-Feldt .994 58.00

0 

.017      

Lower-bound .994 58.00

0 

.017      

a. Computed using alpha = .05 
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Graph 2 
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Table 6 

Tests of Within-Subjects Effects 

Measure:   MEASURE_1   

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Paramet

er 

Observe

d Powera 

Science Short 

Response 

Sphericity 

Assumed 

3.675 1 3.675 14.06

9 

.000 .195 14.069 .958 

Greenhouse-

Geisser 

3.675 1.000 3.675 14.06

9 

.000 .195 14.069 .958 

Huynh-Feldt 3.675 1.000 3.675 14.06

9 

.000 .195 14.069 .958 

Lower-bound 3.675 1.000 3.675 14.06

9 

.000 .195 14.069 .958 

Science Short 

Response * 

group 

Sphericity 

Assumed 

.675 1 .675 2.584 .113 .043 2.584 .353 

Greenhouse-

Geisser 

.675 1.000 .675 2.584 .113 .043 2.584 .353 

Huynh-Feldt .675 1.000 .675 2.584 .113 .043 2.584 .353 

Lower-bound .675 1.000 .675 2.584 .113 .043 2.584 .353 

Error(Science 

Short Response) 

Sphericity 

Assumed 

15.150 58 .261      

Greenhouse-

Geisser 

15.150 58.00

0 

.261      

Huynh-Feldt 15.150 58.00

0 

.261      

Lower-bound 15.150 58.00

0 

.261      

a. Computed using alpha = .05 
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Graph 4 
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Table 12 

Tests of Within-Subjects Effects 

Measure:   MEASURE_1   

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powera 

Likert Scores Sphericity 

Assumed 

273.008 1 273.008 22.325 .000 .278 22.325 .996 

Greenhouse-

Geisser 

273.008 1.000 273.008 22.325 .000 .278 22.325 .996 

Huynh-Feldt 273.008 1.000 273.008 22.325 .000 .278 22.325 .996 

Lower-bound 273.008 1.000 273.008 22.325 .000 .278 22.325 .996 

Likert Scores * 

group 

Sphericity 

Assumed 

35.208 1 35.208 2.879 .095 .047 2.879 .386 

Greenhouse-

Geisser 

35.208 1.000 35.208 2.879 .095 .047 2.879 .386 

Huynh-Feldt 35.208 1.000 35.208 2.879 .095 .047 2.879 .386 

Lower-bound 35.208 1.000 35.208 2.879 .095 .047 2.879 .386 

Error(Likert 

Scores) 

Sphericity 

Assumed 

709.283 58 12.229      

Greenhouse-

Geisser 

709.283 58.000 12.229      

Huynh-Feldt 709.283 58.000 12.229      

Lower-bound 709.283 58.000 12.229      

a. Computed using alpha = .05 
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