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Abstract

In the past decade, Singapore population has grown older with more elderly and fewer
younger people. As such, government encourages research initiatives providing solutions to
improve mental health and memory functions. In this paper, we discuss an within-subject
experiment that we carried out to measure the impact of humour on information retention in
senior citizens interacting with a chatbot. The recall and recognition rates of both humorous
and non-humorous responses supported the hypothesis that humour aids recognition, but
could not provide strong support for recall. We hope that studies going forward can assist the
innovation of intelligent systems for other target groups and uses as well.
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1. Introduction

It is expected that the proportion of the population who are elderly in Singapore will
grow from 28% in 2030 to 47% in 2050 [1]. The growing elderly populace, com-
plemented by changing family structures, rising divorce rate and estranged familial
relations has resulted in the number of solitary elderly aged 65 and above rising
from 14,500 in 2000 to 42,100 in 2014 [2]. As such, it is crucial to aid elderly in
Singapore, especially solitary elderly, take care of their physical and mental health.

In spite of several attempts to solve the problem, it still persists not only in Singa-
pore, but various other countries across the globe as well [3]. This could be because
the current solutions to target loneliness and well-being of senior citizens, such as
senior activity centres, therapy and support groups are often inaccessible [4]. Other
solutions, such as robotic companions, may also be ineffective due to their high cost
and unfamiliarity for digital immigrants who have had to adapt to the use of tech-
nology late into their lives [5]. Moreover, interactions with these companions often
feel very mechanical, and the companion can often seem patronizing [6].



As such, a humorous personal companion chatbot, integrated with Facebook Mes-
senger, was chosen to solve the problem. Humour has been shown to enhance both
mental and physical health by moderating stress and elevating mood [7]. Specifi-
cally, the incorporation of relevant semantic humour, in the form of word play, into
information has been proven to augment the memory retention of the information
[8]. Moreover, research has proven that the incorporation of humour into artificial
intelligence makes interaction seem more human-like [9].

6:00 Wil T -
<0 Health Advocado °

Exercise? | thought you said extra
fries. Just kidding, what would you
like to do today?

While exercising, do remember to
exercise caution as well. Consuit
your physician or other health care
professional before starting any of
the routines given to determine if
itis right for your needs. If you
experience faintness, dizziness,
pain or shortness of breath at any
time while exercising you should
stop immediately.

Exercise comes in many forms. |
can tell you about low, medium
and high intensity workouts, which
would you like to check out first?
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Let's start out easy! These are my
favourite low intensity workouts:

1. Low impact standing workout
2. Low impact seated workout
3. Walking

Just choose one to find out more!

eoE ¢ ® W

9

Fig. I Health Advocado in the exercise advisor mode

The chatbot was deployed on Facebook Messenger (Fig. 1) as it is inexpensive to
use and can be easily accessed anywhere, as long as the user has a Facebook account
and an internet connection. Moreover, the platform is the most familiar social net-
working site among our target group of people aged 60 and above [10]. Facebook
has also been employed by other humorous chatbots popular amongst Singaporeans,
such as ‘The Bus Uncle’ [11].

We had two main objectives when developing the chatbot, to investigate the effect
of semantic humour in artificial intelligence on memory, and to incorporate our
findings into a humorous personal companion for senior citizens.

While there have been numerous studies conducted on the effect of humour on
memory [8], we wished to see if this effect is replicated in artificial intelligence,



which is characterized by inflexibility of responses and lack of context [12]. Hu-
mour in conversation with chatbots is a relatively new topic on which little research
has been done, hence we hope that our research paves the way for new studies to be
conducted.

It was hypothesized that humour in an interactive system would improve retention
and recognition of the information provided by the system.

2. Design and Implementation

The most significant problems faced by the target group included malnutrition,
physical injury, decline in cognitive health and social isolation [13] [14]. To combat
these problems, the following features were built into the personalized chatbot:

1. A conversational buddy able to sustain conversation with users over a range of
topics and also able to provide emotional companionship and casual banter

2. A meal advisor that provides users with information on healthy ingredients, res-
taurants and recipes in a concise and funny way, to motivate them to take care of
their nutrition

3. An exercise planner presenting users with personalized exercise regimes in a hu-
morous way to help them recover from injuries as well as reduce the risk of injuring
themselves again

4. A memory lane feature allowing users to reminisce the past Singapore via old
photos, to use their cognition and reduce the rate of memory loss and cognitive
decline [15]

5. A set of games helping users combat loneliness and enhance their memory, cre-
ativity and language skills.

Some chatbot utterances included humour, mainly in the form of puns and word-
play, such as “corn is an a-maize-ing corn-lesterol corn-troller”. The puns made did
not rely too heavily on culture or background, thus making the humour more uni-
versal. Puns and wordplay were also simpler to implement in a text-based system.
The puns were augmented with relevant emojis as a visual form of humour and
communication.

3. Methodology

To test the impact of humour on memory and recollection, a study was conducted
with participants of age 60 and above with moderate to high English proficiency.
The study was adapted from the experiment in “Memory for Information Paired
with Humorous, Relevant Jokes” [8].

A pilot study with five participants was first conducted in order to detect and correct
possible problems in the experimental set-up. Based on this pilot, we simplified our
questionnaires and gave users more time to interact with the chatbot.



Participants were first given a brief introduction to the project, told that the study
aimed to test the effectiveness of the chatbot, and then were guided on how to use
the chatbot through a short video and explanation.

Participants were then asked to interact with the meal advisor portion of the chatbot
for 20 minutes. It provided information about 18 different items from three catego-
ries; healthy ingredients, healthy recipes and healthy restaurants. Half of the infor-
mation was presented in a humorous way, and the other half in a non-humorous
way. Humorous and non-humorous statements were randomly spaced throughout
the interaction. Participants were provided with scenarios to guide their interaction
with the chatbot.

Participants were then given 10 minutes to complete a demographics and user ex-
perience questionnaire. This served to not only see their overall experience in inter-
acting with the chatbot, but was also a filler task before the recall test, allowing us
to more reliably distinguish between memory of humorous and non-humorous state-
ments. Testing them immediately after the interaction could introduce test biases as
they would still be able to recall the most recent replies regardless of the presence
and quality of humour in the reply [16].

After the above questionnaires had been completed, we administered a recall test,
where participants had 5 minutes to write down as many of the 18 presented facts
as they could remember from their interaction with the chatbot. A recognition test
then followed, where participants were presented with facts and tasked to recognize
whether they have seen the fact in the chatbot earlier. 9 fake facts and 18 fact lures
were added to the recognition test to increase the task difficulty. Fact lures refer to
facts that are true, but were not presented by the chatbot during the interaction.

While the recognition test only tested participants’ ability to recognize a piece of
information as being familiar, the recall test measured their ability to retrieve related
details about the information from their memory.

Lastly, participants were asked to rate how funny the jokes were. This served to
verify that the humour was perceived as intended.

4. Results and Discussion
8 users participated in our final study. All participants were above the age of 60,
from either Singapore or Malaysia, and rated themselves to have a relatively high
level of English proficiency.

4.1. Evaluation of Humour



The mean humour rating given to each statement was calculated (Table 1), with 1
being not funny at all and 5 being very funny. The columns highlighted in yellow
are non-humorous control statements, included for comparison.

Evaluation of Humour

Marrow
Corn Oats Milk Spinach Kelp Tuna Sardine Blueberry  Avocado Nut Dosirak ~ Wafuken Noodles

Mean 4.25 2.50 3.75 3.63 3.00 2.63 3.63 413 2.75 3.87 4.00 3.88 3.75
No. of Samples 8 8 8 8 8 8 8 8 8 8 8 8 8
_Std. Deviation 707 1.414 1.389 1.408 1.414 1.506 916 641 1.488 641 926 1.126 .886

Table 1. Humour ratings for each statement

The non-humorous statements were consistently rated lower than humorous state-
ments. This shows that the humorous statements were likely considered funnier by
the target group. However, some humorous statements, such as those about spinach
and sardines, were given comparatively lower scores. This could be because some
puns are considered funnier than others.

4.2. Recall test

The Shapiro-Wilk test for normality was also conducted on the total number of hu-
morous and non-humorous facts accurately recalled by participants, out of 9 humor-
ous and 9 non-humorous facts. (Table 2).

Shapiro-Wilk Test for Normality

Shapiro-Wilk
Statistic df Sig.
Humorous .882 8 .197
Non-humorous 724 8 .004

Table 2. Shapiro-Wilk test for normality for recall test

The data for non-humorous statements recalled is not normally distributed (p=0.004
< alpha=0.05). Thus, the Wilcoxon signed rank test was used to compare between
related samples instead. (Table 3).

Non-
Humorous humorous

Median 1.00 .00
Wilcoxon Signed Rank Test

Test Sig.

1 Related-Samples Wilcoxon 2517,
Signed Rank Test

Asymptotic significances are displayed. The significance
level is .050.

Table 3. Wilcoxon Signed Rank Test

The median for humorous statements recalled is higher than the median for non-
humorous statements recalled. However, this difference is not significant (p =



0.257). This could be attributed to the floor effect, as many participants found the
test very difficult, and hence most obtained very low scores. As a result, the test was

unable to show a significant difference in the scores for humorous and non-humor-
ous statements.

4.3. Recognition test

Data was collected on the mean number of humorous statements and non-humorous

correctly identified, out of 9 each. The data was normally distributed (p = 0.204,
Shapiro-Wilk test with alpha=0.05) . (Table 4).

Shapiro-Wilk Test for Normality

Statistic df Sig.
Humorous (True) .884 8 .204
Non-humorous (True) .952 8 731

Table 4. Shapiro-Wilk test for normality for recognition test

Hence, the paired sample t-test for related groups was conducted on the data. (Table
5).

Paired Samples Statistics

Std. Std. Error
Mean N Deviation Mean
Pair 1  Humorous (True) 6.63 8 1.923 .680
Non-humorous (True) 5.88 8 1.553 .549
Paired Samples Correlations
N Correlation Sig.
Pair 1  Humorous (True) & 8 .843 .008

Non-humorous (True)

Table 5. Paired sample t-test

From the table, the mean for humorous facts identified is higher than mean for non-
humorous facts identified. This difference is statistically significant (p = 0.008).

4.4. User Experience

The mean response to each statement was calculated, with 1 being strongly disagree
and 5 being strongly agree. (Table 6).

User Experience

The It is easy to The
My information The understand The chatbot response of

experience on the terminology the is fast in the chatbot It is easy to

with the chatbot is used is information responding is accurate correct my

chatbot is well understanda  provided by to my according to mistakes in

pleasant organised ble the chatbot messages my query the chatbot
Mean 4.00 4.00 3.88 4.13 4.25 4.38 4.13
Std. Deviation .756 E535) .835 .641 .886 .744 .641

Table 6. User experience ratings



On average, users were satisfied with our chatbot, however, some found the termi-
nology used by the chatbot to be confusing. Specifically, users did not understand
the meaning of words such as “antioxidants”. Some users also requested more
graphics and more detailed information. We took this feedback into consideration.

4.5. Discussion

The results we obtained seem to support the hypothesis that humour, in the form of
puns and wordplay, in an interactive system does improve recognition of previ-
ously-seen information. There is also some evidence to support the fact that this
humour improves our ability to recall, although those results are not significant
enough to draw any conclusions.

However, we are aware that our sample size is too small to draw indubitable con-
clusions. The study should be repeated with a larger sample size in order to smooth
out biases such as the subjective nature of humour and difference in language pro-
ficiency of participants, which affects their comprehension of certain keywords
within the chatbot’s responses. Participants could be recruited from senior activity
centers, and incentives could be provided to participants to take part in our study.

5. Conclusion and Recommendations for Future Work

This research has numerous real-world applications due to the growing market for
such products aimed to improve the health and well-being of senior citizens, espe-
cially as the world continues to face the problem of an ageing population. To opti-
mize the usefulness of the chatbot as a personal companion and helper, semantic
humour is incorporated into it. Currently, there is no comprehensive research done
on the impact of humour in interactive systems on its effectiveness. As such, we
hope our research on the impact of semantic humour in chatbots on recall and recog-
nition paves the way to develop more intelligent systems for other target groups and
purposes.

Furthermore, as humour is intrinsically related to language and culture, the language
used by the chatbot should be periodically updated to reflect that of the older gen-
eration at the time. More work can also be done to programme the chatbot to auto-
generate humour as well. The chatbot could also be enhanced to generate puns, that
make use of phonetics and semantics, rather than sticking to a fixed set of humorous
statements.
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