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Abstract. Working memory plays an important role in human activi-
ties across academic, professional, and social settings. Working memory
is defined as the memory extensively involved in goal-directed behaviors
in which information must be retained and manipulated to ensure suc-
cessful task execution. The aim of this research is to understand the effect
of image captioning with image description on an individual’s working
memory. A study was conducted with eight neutral images comprising
situations relatable to daily life such that each image could have a posi-
tive or negative description associated with the outcome of the situation
in the image. The study consisted of three rounds where the first and sec-
ond round involved two parts and the third round consisted of one part.
The image was captioned a total of five times across the entire study. The
findings highlighted that only 25% of participants were able to recall the
captions which they captioned for an image after a span of 9-15 days;
when comparing the recall rate of the captions, 50% of participants were
able to recall the image caption from the previous round in the present
round; and out of the positive and negative description associated with
the image, 65% of participants recalled the former description rather
than the latter.
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1 Introduction

The quest to understand the human brain and the workings of human memory
has intrigued philosophers and researchers for centuries. Memory is one of the
most important aspects of what makes us human, and yet it is one of the most
elusive and misunderstood of human faculties. Memory can be pictured as a
small filing cabinet with separate memory folders where information is kept, or
as a brain supercomputer with enormous capacity and speed [31]. To retrieve
a memory from the past, different areas of the brain collaborate. For example,
let’s consider the act of driving a car which is recreated by the brain from many
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different areas: the memory of how to get from the current location to the end of
the block, the memory of how to operate the car, and the memory of driving the
car while following the safety rules, which all come from different parts of the
brain. Each memory element (sights, sounds, phrases, and emotions) is encoded
in the same portion of the brain that created that fragment in the first place,
and recalling a memory effectively reactivates the neural patterns that were
established during the original encoding [31]. A lasting memory in the brain is
created when all the different types of memory work together to form it. The
popular Atkinson-Shiffrin model defines a 3 step model for memory including
sensory memory, short-term memory or working memory, and long-term memory
[2].

Working memory, in particular, has been a fascinating area of research since
its introduction in the 1960s [5,15]. Various studies about memory in the fields
of psychology, biology or neuroscience have not been able to completely out-
line a categorization of memory in terms of its functionality and mechanism
[4,11,33]. Working memory has been gaining a lot of importance in mundane
human activities such as in academic, professional and social settings [25]. To
understand the basic definition of working memory, one must first understand
the difference between long-term memory and short-term memory. Long-term
memory is defined as a vast store of knowledge and a record of prior events [11].
Long-term memory capacity varies from situation to situation and from person
to person. Short-term memory is the ability of the human mind to hold a finite
amount of information in a very accessible state, temporarily [2]. The main dif-
ference between long-term memory and short-term memory is the duration of
the situation of information stored and the capacity of the information stored
[7]. The former has a huge capacity to retain information for a long duration
and the latter is limited by the total number of chunks of information that can
be stored at a time [11].

Working memory is not completely different from short-term memory. Work-
ing memory is defined as the memory extensively involved in goal-directed behav-
iors in which information must be retained and manipulated to ensure successful
task execution [9]. Miller et al. [32] proposed the term working memory to refer
to memory as it is used to plan and carry out behavior. An example of a common
use of working memory is recalling partial calculations while solving a mathemat-
ical problem. The information stored during this process is stored only for that
instance of time and is discarded from memory when the purpose is served. The
factors related to the amount of time the information is stored change depending
on the situation in which the information is perceived. Working memory assess-
ments have been found to correlate with intellectual aptitudes (particularly fluid
intelligence) better than short-term memory measures, and possibly better than
assessments of any other psychological process [13,14,19,28,33].

One of the most important characteristics of working memory is its limited
capacity [3,12]. Working memory capacity helps to predict fluid intelligence and
attentional control [20,22]. For visual objects, this value has been estimated
to be three or four visual objects [30,34,39,40]. Studies which examine visual
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working memory by sequentially presenting items have shown that the informa-
tion is either completely stored or entirely forgotten [27,37,41]. Many studies
have shown that as the number of objects to be stored in working memory
increases, the precision gradually decreases and it is worse for a sequential array
of objects than a simultaneous array of objects [1,6,29].

An important question to examine is the effect of positive and negative infor-
mation on visual working memory. Various studies have shown that emotional
content increased the chances of retaining the information for a long period of
time [8,17,24]. Various experiments conducted to examine the link between emo-
tion and working memory by inducing a change in the mood of the participants
have shown a change in cognitive task performance [18,23,38]. Spies et al. [3§]
and Cheng et al. [10] have demonstrated that negative mood hinders the perfor-
mance on tests of problem solving, working memory and attention. This may be
due to intrusive thoughts and worries which distract participants from the task
at hand [21,36]. Individuals may be more likely to direct attention consciously
toward emotional stimuli or to elaborate on emotional information because of
its personal relevance [16,26]. Depending on the task at hand, having additional
emotional stimuli can ease, if task-relevant information is processed, or weaken,
if task-irrelevant information is processed, working memory capacity and perfor-
mance of an individual. Perlstein et al. [35] have shown that emotional content
has hindered the performance on working memory tasks.

In the proposed study we examine the effect of image captioning with descrip-
tion on the working memory of humans. We aim to understand the impact of
positive and negative outcomes on working memory associated with a neutral
image, and understand the impact on long-term memory as well. We hypothesize
that positive descriptions will be retained for a longer period of time compared
to negative descriptions associated with the outcome of an image. We would
also like to understand if additional information associated with the image helps
the participants in retaining the image captions for longer time in the working
memory.

2 Experimental Setup and Methodology

2.1 Participants

The total number of participants enrolled in this IRB-approved study was 65
undergraduate and graduate students from Arizona State University between
ages 17-27. All participants were well acquainted with the English language
and had basic computer usage skills. We used data from 50 participants for the
analysis after dropping records with missing entries.

2.2 Procedure

Eight neutral images were selected where each image could have a positive and
negative outcome. All images comprise situations from everyday life. Each image
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is associated with two descriptions: a positive description, which is the result of a
positive outcome of the situation shown in the image, and a negative description,
which is the result of a negative outcome of the situation shown in the image.

The study consisted of three rounds performed with a minimum gap of three
days to a maximum gap of five days between rounds. The first round consisted
of two parts. In the first part, an image was randomly selected from the set of
eight images, and was displayed to the subject to be captioned. In the second
part of the round, the same image was displayed but along with a positive or
negative description. The participant captioned the image again after reading
the description associated with it. In addition, a question was asked to see if
the participant understood the description correctly. The number of positive
and negative descriptions were kept equal. Round 2 also consisted of two parts.
The only difference between the first and second round was that the description
in the first round was chosen at random for each participant whereas in the
second round, the description was opposite of the description displayed in the
first round. For the third or final round, the participants were given the same
images without any descriptions and were asked to caption the image. The time
taken to complete each round was noted (Fig. 1).

Experiment  About Account Logout

Part One

Question: 1/8
Time Taken: 13 secs

Caption the image

Fig. 1. Part-1 interface of Round-1 and Round-2 of the image captioning study.
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About Account Logout

Part Two

Please read the description before you
caption as this description changes in each
round.

Sasha likes to explore cooking different dishes.
She wishes to invite her friends home over this
weekend for a get together. So she begins to
experiment making a new dish looking at the
cook book. Half way through the cooking
process, Sasha realized that the dish seems
incomplete and waits to taste the final
outcome. As she takes her first bite of the final
dish, she finds the dish is missing something
essential and all the ingredients are not mixed
well to taste good. She is disappointed to call
= her friends for the dinner.

Time Taken: 69 secs
Caption after reading the Description
test
2 ®
4

Is the description Positive or Negative?

Positive v

=

Fig. 2. Part-2 interface of Round-1 and Round-2 of the image captioning study.

About

Round Three

Question: 1/8
Time Taken: 53 secs

Caption the image

Which description from the past 2 round do
you remember the more ? Positive or
Negative?

Positive Y

{ Next

Fig. 3. Round-3 interface of the image captioning study.
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2.3 Data Analysis

Each subject inputs 5 captions for each of the 8 images. The first caption is
named Round-1 Part-1 (R1-P1), the second caption is named Round-1 Part-2
(R1-P2), the third caption is named Round-2 Part-1 (R2-P1), the fourth caption
is named Round-2 Part-2 (R2-P2) and the fifth or final caption is named Round-3
(R3) (Figs. 2 and 3).

We propose to analyze the captions to test for similarity and to evaluate
sentiment. It is possible that two captions from the same user are similar in con-
text but differ in language. To account for such cases, we used the HuggingFace
BERT Sequence Classification pre-trained model [42] to identify contextual sim-
ilarity. We also used the HuggingFace BERT Sequence Classification pre-trained
model to identify the sentiment of the caption.

The main purpose of conducting different rounds of the experiment with
regular intervals of time is to observe the recall span and retention span of the
image captions when additional information like description is provided with the
image. The possible combinations for this purpose considered are the ability to
remember captions from R1-P2 in R2-P1, from R2-P1 in R3 and from R1-P1 in
R3.

3 Results

3.1 Round-1 Part-1 (R1-P1) vs. Round-3 (R3)

Figure4 shows that only 25% of the captions, i.e., 101, were contextually the
same, and 75% of the captions, i.e., 299, were contextually different for R1-P1
and R3. Figure 5 shows the trend in the number of the participants who captioned
the image contextually the same and different for each image from the image
dataset. It is interesting to note that even after looking at the same image five
times in total, and captioning it four times before R3, 75% of participants could
not recollect the first caption they used to caption the image.

3.2 Round-1 vs. Round-2 and Round-2 vs. Round-3

Round-1 (R1-P1 and R1-P2) vs. Round-2 Part-1 (R2-P1):

Figure 6 shows that of the participants who finished Round-1 (R1) and have seen
the images twice, 36% of the participants, i.e., 143, captioned the image in R2-P1
contextually the same as in R1-P1; 13% of the participants, i.e., 54, captioned
the image in R2-P1 contextually the same as in R1-P2; and the rest, 51%, of the
participants, i.e., 203, captioned the image differently from the previous round.
Figure 7 shows the trend in the number of the participants who captioned the
image in R3 contextually the same as R1-P1, R1-P2, and the rest different for
each image from the image dataset.
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Round-1 Part-1 Vs Round-3

= The caption is same  ® The caption is different

Fig. 4. Distribution of image captions from R1-P1 which are contextually the same as
R3.

Round-1 Part-1 Vs Round-3
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Fig. 5. Trend in the number of participants who captioned the image in R3 contextually
the same as R1-P1 and different for each image from the image dataset.
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Round-1 Vs Round-2

HR1-P1is contextually the
same as R2-P1

M R1-P2 is contextually the
same as R2-P1

¥ None of the both

Fig. 6. Distribution of image captions from R1-P1 and R1-P2 which are contextually
the same as R2-P1.
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Fig. 7. Trend in the number of participants who captioned the image in R2 contextually
the same as R1-P1, R1-P2 and not the same.
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Round-2 (R2-P1 and R2-P2) vs. Round-3 (R3):

Figure 8 shows that of the participants who completed Round-2 (R2) and have
seen the images four times, 37% of the participants, i.e., 146, captioned the
image in R3 contextually the same as in R2-P1; 15% of participants, i.e., 61,
captioned the image in R3 contextually the same as R2-P2; and the rest, 49%,
of participants, i.e., 193, captioned the image differently from the previous round.
Figure 9 shows the trend in the number of participants who captioned the image
in R3 contextually the same as in R2-P1, R2-P2, and none of both, i.e., the rest
are different for each image from the image dataset.

Round-2 Vs Round-3

M R2-P1is contextually the same
as R3

B R2-P2 is contextually the same
as R3

¥ None of the both

Fig. 8. Distribution of image captions from R2-P1 and R2-P2 which are contextually
the same as R3.

An interesting observation is that even after seeing the image with extra
information like the description associated with the image in R1 and R2, the
majority of participants tend to remember the image caption they captioned in
R1-P1 and R2-P2 respectively.

3.3 Trends in Round-1 Part-2 and Round-2 Part-2

Figure 10 shows that among the total number of participants whose image cap-
tion from R1-P2 is contextually the same as R1-P1, 67% of participants, i.e., 36,
captioned the image with respect to the positive description associated to it, and
33% of participants, i.e., 18, captioned the image with respect to the negative
description associated to it.

Figure 11 shows that among the total number of participants whose caption
from R2-P2 is contextually the same as in R3, 56% of the participants, i.e., 34,
captioned the image with respect to the positive description associated to it,
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Round-2 Vs Round-3
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Fig. 9. Trend in the number of the participants who captioned the image in R3 con-
textually the same as R2-P1, R2-P2 and not the same.

Impact of Description from Round-1
Part-2 on Round-2 Part-1

M Positive description

M Negative Description

Fig. 10. Impact of positive and negative description from R1-P2 on R2-P1.

and 44% of the participants, i.e., 27, captioned the image with respect to the
negative description associated to it.

It is interesting to note that out of the captions remembered by participants
from R1-P2 and R2-P2, positive descriptions tend to have more impact on par-
ticipants, causing them to remember the image caption for a longer duration
compared to negative descriptions.
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Impact of Description from Round-2
Part-2 on Round-3

M Positive description

™ Negative Description

Fig. 11. Impact of positive and negative description from R2-P2 on R3.

4 Discussion

Only 25% of participants were able to recall the captions which they captioned
for an image after a span of 9-15 days. It is interesting that even though the visual
working memory capacity of a human is considered to be three to four objects,
participants tended to retain some of the information for 9-15 days. This may be
due to the fact that some participants were able to relate the situations from the
images leading them to correlate the image with one or more experiences from
their past, consistent with [16,26]. Due to this, even though the images were of
no purpose to them, they tended to remember the captions for a long period
of time, posing an interesting question to examine whether the image captions
were saved to working memory or long-term memory. One other possible reason
for retaining the image caption would be due to the additional information, i.e.,
the description, provided with the images. If providing description is a potential
reason for participants to retain the information, it is fascinating to note that
if the hypothesized reason behind remembering the image caption is that of the
description, participants tended to recall the image caption which was captioned
without the description.

When comparing the recall rate of the captions between the first and second
rounds, and the second and third rounds, more than 50% of participants were
able to recall the image caption from previous rounds. Out of the 50%, an average
of 36% of the captions recalled were the image captions which were captioned
without seeing the descriptions. This helps to understand that even after seeing
extra description related to a given image, the first impression of the image
made on participants has more impact and a higher chance to be retained in
the working memory than the caption which had been captioned after seeing
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the description. This also leads to the question that given an image without any
description, why is it easy for a human to perceive the image than the description
associated with it and relate it.

The primary purpose of using two different descriptions for an image was
to understand the impact of the sentiment of the description on image caption-
ing. As hypothesized, out of the participants who recalled the image caption
with description in R2 and R3, an average of 60% of participants remembered
the caption associated with the positive description rather than the negative
description. We may conclude that given two outcomes, one positive and the
other negative, the human brain on average tends to remember and retain the
positive information corresponding to the situation rather than the negative
information. This also leads to an interesting question that the working memory
capacity of a human tends to change with the sentiment of the objects associated
with it, which is consistent with [8,17,24,35].

5 Conclusions

The findings from the results highlight that participants tend to retain informa-
tion for longer periods than the expected duration for working memory, which
may be because participants were able to relate the images with their every-
day life scenarios. Figure 10 and Fig. 11 give insight that the positive description
enabled participants to retain and recall more information than the negative
description associated with the image. The inferences from this study are limited
due to there being no evidence of the mood of each participant while partici-
pating in the study. Even though there are some limitations to this study, the
results contribute to the growing research on working memory.
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