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Abstract
Background: Traditional teaching methods via faculty lectures lacked interactivity, as seen with text-
based materials. Hence, this research aimed to compare the effectiveness of story-based audio-visual
mnemonics and conventional text reading methods on medical students’ memory consolidation.

Methods: A single-center, systematic random sampling, single-blinded, controlled study was conducted
among 80 medical students in year one. The students were randomly assigned to the text-based (control)
or story-based audio-visual mnemonics (intervention). Then, a test was held immediately, consisting of
ten multiple-choice questions and ten oral recall keywords based on the topic given. The test was
repeated in one week, two weeks, and four weeks later. Both descriptive and inferential statistics were
utilized. The mean score difference between the audiovisual mnemonic and control groups was
determined using a two-tailed unpaired t-test.

Results: This study found that participants who underwent a story-based audiovisual mnemonics method
had statistically signi�cant higher marks in the single-response answer questions compared to
participants who undergone a text reading method. The audiovisual group also spent a statistically
signi�cant shorter time to recall in the oral recall test in comparison to the control group.

In conclusion, story-based audio-visual mnemonics are more effective in medical student’s memory
retention compared to the conventional text reading method.

Background
Memory has two forms; explicit and implicit. Explicit or declarative memory is related to a person’s
consciousness and is reliant on the hippocampus and other parts of the medial temporal lobes of the
brain for its retention (1). On the other hand, implicit memory that is also known as non-declarative
memory does not involve awareness, and its retention does not usually rely on the hippocampus. Explicit
memory is further classi�ed into episodic memory for events and semantic memory for facts (e.g., words,
rules, and language meaning) (2). Semantic memory is also the principle of encoding something into a
meaning, contributing to long term memory. Explicit memories required for activities such as riding a
bicycle can become implicit once learned (3). The stored items in the short term tend to decay over time
(within seconds to hours), short duration. Also, the capacity of this type of storage is limited, and there is
a limitation on how many items can be stored into short term memory (4,5). Long term memory,
distinctively owns the capacity and duration where items can be stored even for a lifetime. It is more
permanent than short term memory, holds limitless storage of all our information learned throughout our
lifetime. The main problem arises when humans face di�culties in retrieving information from long term
storage- in this case, we all need retrieval cues, and it must be closely match the way the information or
particular memory was encoded into long term storage (6). Forgetting is ordinary as human memory is
imperfect because the new information that is acquired each day interfere with the previously stored
memory (7). A study done by D'Eon MF on course evaluation which measures the loss of knowledge
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among the �rst-year medical students concluded that there was a substantial amount of knowledge loss
among his tested subject and failure of memory retention; storing learning content into long term memory
has been identi�ed one of the reasons pertaining knowledge loss (8). According to an assessment of
knowledge retention ability of undergraduate medical students of year one MBBS UMDC, Karachi, it has
been concluded that memory and knowledge retention play an essential role in medical student’s grades.
The study has suggested the medical education system should be customized in a way where medical
students would be able to store knowledge and whatever been taught into their long term memory, which
indirectly achieving effective learning (9). Mnemonics are one of the methods to enhance memory
consolidation. Ancient Greeks developed the basic principle of mnemonics (10). There was much modern
research done on the mnemonics method illustrates the effectiveness of mnemonics as a powerful tool
for memory. (11) Bakken, 2017 stated that mnemonic strategies helped students with intellectual and
developmental disabilities to remember important information. Students in all class levels remember
factual information two to three times more, and these strategies help them to recall information even
after a long time (12). Besides, Mastropieri & Scruggs gave mnemonic instruction and conventional
textbook instruction to seventeen mildly handicapped elementary students who were receiving special
education. They found students who received mnemonic instructions performed substantially better than
those with conventional textbook instruction (13). Apart from that, a study by Mastropieri-1988
incorporating visual and auditory cues, accompanied with memory-enhancing (keyword) mnemonic
method. It has been associated with increased memory retention as learners could convert the visual
mnemonics into meaningful information. With this method, even students with disabilities performed well
(14) However, medical education still evolved as an instructor-centered model (15,16) that detach
students from shaping their educational experiences (17). Traditional teaching methods focussing on
passive learning via faculty lectures lacked interactivity, as seen with text-based materials (18,19). For
years, medical students are loaded with a tremendous amount of information and reading texts, which
leads to stress (20). Hence, this research aimed to investigate the effect of story-based audio-visual-
mnemonics on medical students’ memory consolidation, also to compare the effectiveness of story-
based audio-visual mnemonics and conventional text reading method on medical students’ memory
consolidation.

Methods
The targeted population in this research was �rst-year medical students of MAHSA University. A single-
center, systematic random sampling, subject-blinded, controlled study was conducted to compare the
story based audio-visual mnemonic method with the traditional text-based material on memory retention
among �rst-year medical students. Eighty students out of a total of 160 students registered in Year 1 were
selected by systemic random sampling. The inclusion criteria were year one medical student, both male
and female, and there was no age restriction. The students were randomly assigned to the text-based or
story-based audio-visual mnemonics. They were assigned to use two different types of study materials
covering selected medical topics from different subjects; Microbiology, Parasitology, and Pharmacology.
The students in the audio-visual mnemonic group learned the topics through a story-based audio-visual
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mnemonics tool. Whereas subjects in the control group were given the same topics through reading text-
based materials with basic terms highlighted. The students in the control group were allowed to
repeat/revise their study material within 30 minutes’ duration. Whereas students who were assigned to
the audiovisual mnemonic were allowed to revise/view the audiovisual mnemonics (video) twice. A test
consisting of ten multiple-choice questions and ten keywords oral recall was held immediately after the
session. The test was repeated in one week, two weeks, and four weeks later. The ten multiple-choice
questions and ten oral recall questions were prepared from MAHSA MBBS year one previous tutorial and
past year exams from each department (Parasitology, Microbiology, and Pharmacology). The time taken
for students in group 1 (text-based) and Group 2 (audiovisual) to answer ten oral recall questions were
recorded for all three subjects. While for multiple-choice questions, which was a single response answer,
one mark was given for each correct answer, and the marks were then added up for each subject,
respectively.

Statistical Analysis

Data were analyzed using SPSS software version 23. Both descriptive and inferential statistic was
utilized. Mean, and the standard deviation was reported for numerical variables. Proportions and
percentages were reported for categorical variables. Moreover, a two-tailed unpaired t-test was conducted
to �nd out the mean score difference between the audiovisual mnemonic and control groups. P-value of
less than 0.05 was considered statistically signi�cant.

Results
NUMBER OF STUDENTS

The total number of �rst-year medical students who agreed to participate in the current study was 79.
Participants were randomly assigned to either the text-reading group or the audio-visual group. Table 1
shows the gender distribution in each group.

Table 1: Gender distribution according to the type of intervention (n=79)

  Text-reading (%) Audiovisual (%)

Gender:    

Male 20.25 21.52

Female 30.38 27.85

Total 50.63 49.37

The differences between the two groups in their test scores immediately, one weak, two weeks, and four
weeks’ intervals after the intervention.
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As shown in Table 2, the audio-visual group scored signi�cantly higher than the text-reading group in the
single response answer questions tests conducted immediately, one weak, two weeks, and four weeks
after the intervention. It also shows a progressive increase in the difference between the mean total
marks between the two groups as the time increases after the intervention. It also shows a marked
progressive decrease in the mean score of the text reading group (16%, 24%, 39% decrease after one
week, two weeks, and four weeks respectively, as compared with their immediate mean test scores).
However, the audio-visual group showed a slight increase in the mean score after one week, followed by a
small decrease in the subsequent tests; 2% after two weeks, 2.5% decrease after four weeks relative to
their immediate test score mean.

Table 2: Total marks of text reading group in comparison to the audio-visual group at different time
intervals for three subjects (n=79)

          95% con�dence
interval

Total marks* Mean Standard
deviation

T-test
value

P
value

Lower Upper

Session
1(immediately) :

           

Group 1(text reading) 24.28 2.60 -2.13 0.04 -2.55 -0.08

Group 2( audio visual) 25.59 2.90

             

Session 2(1 week
after)

           

Group 1(text reading) 20.18 4.05 -7.81 0.00 -7.12 -4.22

Group 2(audio visual) 25.85 2.07

             

Session 3(2 weeks
after)

           

Group 1(text reading) 18.23 3.52 -10.50 0.00 -8.10 -5.51

Group 2(audio visual) 25.03 2.07

             

Session 4(1 month
after)

           

Group 1(text reading) 14.98 6.11 -9.75 0.00 -12.03 -7.92

Group 2(audio visual) 24.95 2.11
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The time required by the two groups in the oral recall test at different time intervals

The mean time required for the immediate oral recall test was signi�cantly higher for the audiovisual
group as compared with the text reading group for all of the three subjects tested, as shown in Table 3.
However, as the time interval increases after the intervention, the mean time required for oral recall by the
audiovisual group was signi�cantly lower than the mean time required by the text-reading group after one
week, two weeks, and four weeks for all subjects. With the progression of the time, the mean time required
for recall increases for both groups. However, the % increase in recall time is lower for the audiovisual
group as compared with the text reading group.

Table 3: Time required to recall the answer in the different subjects among the two groups in different
sessions
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          95% CONFIDENCE
INTERVAL

Subject Mean* Standard
deviation

T-test
value

P
value

Lower Upper

Microbiology session 1
(Immediately)

           

Group 1(Text reading) 11.82 1.38 -5.18 0.00 -7.24 -3.18

Group 2( Audio visual) 17.06 6.13

             

Pharmacology session 1
(Immediately)

           

Group 1(Text reading) 12.26 1.28 -3.71 0.00 -8.70 -2.56

Group 2( Audiovisual) 17.89 9.40

             

Parasitology session 1
(Immediately)

           

Group 1(Text reading) 8.70 1.53 -3.55 0.00 -4.88 -1.35

Group 2( Audio visual) 11.82 5.26

             

Microbiology session 2 (1
week later)

           

Group 1(Text reading) 26.20 1.77 5.61 0.00 3.37 7.14

Group 2( Audio visual) 20.94 5.58

             

Pharmacology session 2 (1 week later)          

Group 1(Text reading) 33.23 4.04 11.18 0.00 10.90 15.64

Group 2( Audio visual) 19.97 6.24

             

Parasitology session 2 (1
week later)

           

Group 1(Text reading) 26.08 2.03 13.07 0.00 7.56 10.29

Group 2( Audio visual) 17.16 3.76
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Microbiology session 3(2
weeks later)

           

Group 1(Text reading) 30.70 3.44 6.48 0.00 4.85 9.18

Group 2( Audio visual) 23.68 5.85

             

Pharmacology session 3(2
weeks later)

           

Group 1(Text reading) 36.50 6.90 9.18 0.00 11.41 17.74

Group 2( Audio visual) 21.92 7.21

             

Parasitology session 3(2
weeks later)

           

Group 1(Text reading) 28.59 3.74 5.49 0.00 3.88 8.33

Group 2( Audio visual) 22.49 5.88

             

Microbiology session 4(1
month later)

           

Group 1(Text reading) 44.93 18.29 5.74 0.00 11.37 23.63

Group 2( Audio visual) 27.43 6.00

             

Pharmacology session 4(1 month later)          

Group 1(Text reading) 47.77 21.12 5.90 0.00 13.61 27.70

Group 2( Audio visual) 27.12 6.60

             

Parasitology session 4(1
month later)

           

Group 1(Text reading) 53.21 21.84 7.07 0.00 18.00 32.35

Group 2( Audio visual) 28.04 5.40

*The mean of total time (in seconds) to answer ten questions

Discussion
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This study found that participants who undergone audiovisual mnemonic sessions had statistically
signi�cant higher marks in single response answer questions compared to participants who undergone
text reading. This study also found that participants who undergone an audiovisual mnemonic method
had a statistically signi�cant shorter time required to answer the questions compared to participants who
undergone a text reading method. The mean of the total time required to recall all three subjects after
seven days,14 days, and 30 days later by group 2 (Audiovisual group) is lesser, which means the
participants in this group had achieved the objective of our study; memory is consolidated.

Participants from the audiovisual group felt this method allowed them to remember complex information
to a higher degree and that it was easier to recall answers with picture and story presentation. These
results support previous research in 2003 by Rummel N, Levin JR, Woodward MM, where students were
randomly assigned to the Pictorial Mnemonics method, and free study also depicts the effectiveness of
mnemonics method on students’ memory (21). A study on the comparison of interventional education
between multimedia textbooks, standard lecture, and printed textbook among third and fourth-year
medical students done by M Santer, D. et al. In 1995 illustrated the effectiveness of multimedia-based
education, and students scored signi�cantly higher compared to standard lecture and printed textbook
group although there was no mnemonics method used (22).  

Another study revealed that the use of picture mnemonics into second language vocabulary learning was
helpful to teachers and learners while facilitating reading comprehension (23). In 2014, some imagery
mnemonics on the porphyrin biochemical pathway were designed and tested on fourth-year medical
students of the Icahn School of Medicine at Mount Sinai demonstrated effective results of picture
mnemonics usage and increased memory retention. However, the study did not record any recall time
(24).

The key behind audiovisual method success is the philosophy of evidence-based learning. Pictures are
better than words because audiovisual mnemonics work for improving memory retention; mnemonics
help to apply information better through making new terms more meaningful by associating them with
something familiar and unforgettable and by organizing information and give it context to improve recall.
Audiovisual mnemonics are useful in helping students recall information, and thereby possibly reducing
stress and freeing up more cognitive resources for higher-order thinking. In times of stress, it may become
even harder to access or recall information explaining why there are many mnemonics in safety
situations in which remembering key information with accuracy and speed can be critical (25).

In our study, the time required to recall the keywords for the audiovisual mnemonics group is shorter than
the text reading group. Proportional to the study based learning. When we read the text without pictures, it
will be stored in the long term memory in a single code. On the other hand, audiovisual mnemonics
contains two codes; visual and verbal. Each of them is stored in the different parts of the brain. This dual-
coding nature of images allows the brain to access the visual memory in two independent ways. These
characteristics increase the odds of remembering at least one of them. Therefore, the time taken to
retrieve the memory is shorter among the audio-visual group even after 30 days (26). According to (Harp
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and Meyer), we do not remember the decorative images as well as we do in the informative ones  (27)
mainly because we remember actual words better than abstract ones as the information will be scattered
and di�cult to recall. Therefore, to achieve a shorter and faster recall time, we should use words, pictures,
and audio together in learning. Visual and verbal memories are stored separately in humans’ brains, leads
to memory retention. Hence it justi�es our results, where Audio-visual mnemonics provide better
performance among students (28). According to Moreno and Mayer (2002), students who read while
listening to the text learned the material better than those who only listened. The same goes for the
student's text, accompanied by animations (29).

Conclusions
Story-based audiovisual mnemonics is more effective than the conventional text-reading method on
medical student’s memory retention. Semantic (meaning) correlation is proven as the principle of long
term memory. Hence ‘story-based audio-visual mnemonic could be introduced as an additional
tool/teaching method to improve medical students’ memory retention of basic medical sciences.
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