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ABSTRACT

Figure 1: The MOJI system interface design. (1) The keyword-
emoji picker that supports query expansion (2) The emoji
preview that presents emoji prediction (3)The refresh button
for new suggestions

The text-based emoji search, despite its widespread use and ex-
tensive variety of emojis, has received limited attention in terms
of understanding user challenges and identifying ways to support
users. In our formative study, we found the bottlenecks in text-
based emoji searches, focusing on challenges in finding appropriate
search keywords and user modification strategies for unsatisfying
searches. Building on these findings, we introduce MOJI, an emoji
entry system supporting 1) query expansion with content-relevant
multi-dimensional keywords reflecting users’ modification strate-
gies and 2) emoji recommendations that belong to each search query.
The comparison study demonstrated that our system reduced the
time required to finalize search keywords compared to traditional
text-based methods. Additionally, users achieved higher satisfaction
in final emoji selections through easy attempts and modifications
on search queries, without increasing the overall selection time.
We also present a comparison of emoji suggestion algorithms (GPT
and iOS) to support query expansion.
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1 INTRODUCTION
Emojis are important nonverbal cues in text-based computer-
mediated communication. Emojis are used to help express one’s
feelings, lighten the mood, deliver the context, and reduce text
ambiguity [8]. iOS started with 471 emojis in 2008 and reached
3,664 emojis this year, and the complexity of finding the “appropri-
ate” emoji to express the text has increased accordingly. Despite
the increasing scale and complexity of the emoji search process,
the current emoji input interface only allows two search methods:
scrolling through a tray or typing search queries. The scroll method
is a “linear search task” for emojis, which gets harder and more
frustrating as the number of emojis grows [18]. Also, the unpre-
dictability of simple keyword searches creates a challenge for users
attempting to force their mental model to fit with existing keyword-
emoji pairs in the search system. This unpredictability contributes
to the complexity of the search process, despite users expecting the
emoji search task to be straightforward.

In this paper, we aim to understand the difficulties users have
when using text-based emoji search and improve the experience
by incorporating the concept of query expansion and keyword sug-
gestion interface building on existing users’ coping strategies. Our
formative study (N=12) revealed the difficulties of text-based emoji
search and different coping strategies of users when the search did
not produce desirable results. Based on the findings, we developed
MOJI, a keyword-based emoji search support system to curate the
user’s emoji search process by utilizing the concept of query expan-
sion in the information retrieval theory [5]. Our interface design
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supports users to easily explore and iterate the decision of complet-
ing the search keyword and choosing the emoji. The queries were
presented with four keyword categories derived from the user’s
coping strategy in the formative study: synonyms, hypernym, in-
sentence replacement, and serendipity. We also introduce an emoji
suggestion pipeline: iOS condition which retrieves emojis from
conventional iOS emoji suggestion algorithm, compared with the
GPT condition which uses the GPT model to retrieve emojis with
semantically more relevant recommendations for expanded queries.
Our user study (N=12) with three conditions (No suggestion, GPT,
iOS) revealed that our system, MOJI, helped users finalize their
search keyword faster by supporting more lightweight keyword
revisions in a short time.

Our contributions are as follows:

• Empirical knowledge of user hardships and coping strategies
in search-based emoji entry

• Algorithm for content-relevant multi-dimensional keywords
and emojis suggestion

• Interface that supports query expansions and emoji recom-
mendations in non-pervasive, small, and easy-to-use

2 RELATEDWORKS
2.1 Difficulties of Emoji Usage
The studies of emojis have revealed that their ambiguity of inter-
pretation makes the use of emojis challenging. Even simple emojis
like “laughing with mouth open” were perceived to have different
emotions by different readers [14], and presenting emojis in line
with texts did not resolve ambiguity [13]. However, it is unclear
how the ambiguity affects the emoji search process, and its difficul-
ties have not been researched extensively. Previous research has
focused on difficulties of search due to the extended number of
emojis [1, 6, 11, 18] without observing the user’s search behavior.

In this study, we observe and categorize the hardships of the
emoji search process and design a system to support choosing the
emoji that presents the context of text, close to our real-life emoji
usage.

2.2 Query Expansion For Information Retrieval
In addressing the challenges inherent in traditional information
retrieval, Azad et al. [2] identified several complexities. The main
challenge lies in the search system relying solely on exact matches
of index, and uncertainty of query selection until the results appear.
Efforts to address these challenges have led to various attempts at
QE(Query Expansion), especially automatic [4, 9] and interactive
QE [22], which is a method to improve the information retrieval
performance by fetching relevant terms in original query [5].

The difficulties outlined in information retrieval are similar to
that users encounter in emoji search, particularly in the context
of label-based searches. However, there has been no attempt to
enhance users’ text search experience in the emoji domain through
query expansion. In response to this gap, our work aims to mitigate
the identified challenges in emoji search. While the prevalent use
case in emoji text search aligns with the manual QE, we seek to
explore the application of automatic QE to reduce user burdens and
facilitate in obtaining the desired emoji search results.

2.3 Emoji Prediction and Suggestion
There were many attempts to predict and suggest emojis based on
the given text. Machine learning techniques such as support vector
machine and random forest have been used to predict the accurate
emoji [20]. Some tried to replicate the real-life emoji usage, such
as Seq2Emoji [16] predicting multiple emojis to convey diverse
emotions and stories for the main text. Several studies focused on
understanding the context with richer inputs, such as referring to
not only the most recent sentence but also the preceding sentences
in a conversation [10], individual preferences and user gender [23],
and image that is posted along the text [3].

However, most studies on emoji prediction and suggestion pro-
posed the pipeline without considering the user’s search methods
and addressing how the results should be presented. Our system
encompasses the technical pipeline built upon the text-based search
methods that users employ, along with a non-pervasive and easy-
to-use interface.

3 FORMATIVE STUDY
A formative studywas done to find the hardships of text-based emoji
search and people’s strategies for describing ambiguous emojis in
text queries. A total of 12 students from the researchers’ university
participated in this study.

3.1 Method
Each user was required to fill an emoji in each provided blank
embedded in the sentences. Two filling tasks varied by their pur-
poses (public event announcement and personal social media post),
each containing 10-14 blanks. The order and the topic of the tasks
were counterbalanced. The whole task took 10-20 minutes. After
finishing the tasks, the semi-structured individual interviews were
conducted.

To examine the difficulties, the participants were asked to de-
scribe the failure experiences during the text-based search. For
the quantitative measures, we calculated the average number of
revisions in each blank, as these revisions are presumed to signify
difficulties encountered during emoji search. From the observation
and the interview, we summarized three bottlenecks during the
process of emoji search.

3.2 Result
3.2.1 Bottleneck 1: Finding search query candidates. The first bot-
tleneck is in translating the mental representation into search key-
words, as reported by 9 out of 12 individuals.The interviews showed
emojis are not always easily expressed in verbal representation at
first. This is in line with a study showing that emojis are processed
not only verbally but visuo-spatially [7]. Users reported the hard-
ships of converting the visual image of an emoji in mind to a search
keyword. For instance, P6 said, “I have an image of the emoji I wanted
in my head, but it was hard to convert it into words.”. Within this con-
text, people also struggled to find emoji keywords that suited the
given context. P1 mentioned their difficulty as “I couldn’t remember
which emoji keywords would fit this context”.

3.2.2 Bottleneck 2: Predicting search results. The uncertainty of the
prediction of the search result made search query selection difficult.
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6 out of 12 participants said that the keyword-emoji pair used in
a search system is hard to predict because the interpretations of
emojis can be diverse. One participant remarked, “I wondered if I
could find emojis I want when searching with another query.” (P5).
This difficulty was particularly highlighted for the object emojis
in announcement tasks. In these tasks, five blanks (e.g., “hoodies”:
2.833 average revisions) led to more than or equal to 1 average
revision. Users reported that the object emojis tended to have clear
emoji representation in mind and it was difficult to know whether
that emoji did not exist or they were just failing to find it, which
led to repetitive revisions.

3.2.3 Bottleneck 3: Refining search keywords. The third bottleneck
is a time-consuming query revision process for unsatisfactory re-
sults. When their search keywords do not return a proper emoji or
do not show any result at all, users have to change the keywords
or adapt to the result. 7 individuals found this aspect to be par-
ticularly challenging. Examining the individual revision process
of finding satisfactory search results, we analyzed five different
coping strategies. Users tried to search (1) hypernyms or (2) syn-
onyms of the previous search keywords. For instance, when the
search with “hoodies” did not return a result, P11 tried a new search
with “clothes”(hypernym). When searching for “cheer” failed, P6
tried again with “celebrate” (synonym). They also utilized (3) other
keywords appearing in the sentence, which means that users chose
different words or phrases in the sentence to represent the emoji.
Sometimes, users accepted the (4) unexpected search result as a
serendipity. This includes cases where users enjoyed putting words
with less semantic similarity but with similar sounds, such as “ham-
ster” for “ham”. Giving up on the text-based search and (5) browsing
from the entire emoji tray was also a common coping strategy.

4 SYSTEM DESIGN
In our formative research, we found that users struggled at three
points when using emoji text search. Based on these findings, we
derived the design goals for our proposed system.

• DG1: Reduce the cognitive load on users by supporting them
in selecting their emoji search query candidates.

• DG2: Enhance the predictability of search results for each
search query through emoji recommendation.

• DG3: Reduce the amount of time users spend refining their
search queries by supporting search query expansion.

To support the DG1, our interface provides initial suggestions for
search query candidates. Second, our interface displays keyword-
emoji pairs, presenting emoji previews for each suggested search
query. Lastly, to support DG3, our keyword suggestion methods
were based on the four query refinement strategies identified in
the formative study. We also added the refresh button to offer users
a simple way to find better results when the results are unsatisfied.
The interface design is described in Fig 1.

We implemented the query expansion and emoji recommenda-
tion pipeline to support our interface. The workflow of technical
pipeline is illustrated in Fig 6. At first, we generated a set of query
samples based on the seed query, which was the single word nearest
to the input place. Based on this seed keyword, the suggestions of
queries include four categories: synonym, hypernym, in-sentence
replacement, and serendipity (homonym). To support the query

expansion, the language model (OpenAI’s GPT-3.5-turbo-1106) was
prompted to suggest search queries based on each method. For syn-
onyms and hypernyms, the model was directly asked to produce
them, while serendipity was explained as a keyword that either
reuses parts of the seed keyword or sounds similar to them. In the
case of in-sentence replacement, the model is requested to pick the
words that appeared in the sentence that will be fun and meaningful
to describe. To guide the model, each prompt was augmented with
1-2 manually checked examples. The example of prompts of query
expansion is provided in Appendix Table 2.

For the emoji recommendation, we built the pipeline with two
design options to compare a GPT-generated emoji recommendation
with the iOS default emoji recommendation. In the iOS condition,
we used an Apple script and the default Apple emoji finder to re-
trieve the emoji recommendation results by providing our collected
query sample. We deleted the queries that did not find any emoji
search results. In the GPT condition, we used OpenAI API in the
Python server, prompting the language model to suggest 7 emojis
for each query in our query sample. An example of keywords and
emojis suggested in the recommendation process for the iOS and
GPT options is provided in Appendix Table 1.

In total, 20-30 queries and corresponding emojis were collected
for each input. To limit the number of displayed recommendations
at once, we set a rule to distribute the queries from different coping
strategies. In this rule of arrangement, at most five queries are
presented at once. Synonyms and hypernyms, the more popular
strategies adopted by users, appear earlier than the in-sentence
replacement. At the same time, 1-2 serendipity queries are always
displayed. The interface that incorporates this full pipeline was
built with React.js [19] and Next.js [15] for user experiments.

5 EVALUATION
We conducted a user study to evaluate MOJI’s effectiveness in help-
ing users cope with difficulties encountered during the emoji search
process. We focused on measuring the impact on user difficulties
identified through our formative study, which are 1) increased entry
time for emoji searches due to the conversion of image-to-text for
finding search keywords, and 2) an increased number of revisions
caused by unpredictable search results, leading to continuous ad-
justments of keywords to generate the desired emoji output.We also
3) compared the difference between GPT and iOS emoji suggestion
outputs that better support the search query expansion.

5.1 Participants
We recruited a total of 12 participants from the researchers’ univer-
sity, all of whom had experience with emoji searches and were users
of iOS mobile phones. The study lasted around 40 to 60 minutes,
and participants volunteered to take part. Our study was approved
by the university’s Institutional Review Board (IRB).

5.2 Procedure
All study sessions were conducted in person. We set up our system
on the researcher’s mobile phone to maintain a consistent environ-
ment for the keyboard, initializing the customized user settings in
the emoji suggestion keyboard.
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We conducted a within-subject study with three conditions: base-
line, GPT, and iOS. For the baseline condition, we used the existing
iOS default emoji search interface to compare our system. We chose
the iOS emoji search interface as our baseline due to its widespread
usage and familiarity among users, recognizing the significant in-
fluence of users’ habitual usage patterns. The order of the task
conditions was counterbalanced as described in the Appendix Ta-
ble 3b, and participants were not initially aware of the distinctions
among conditions. In each task, participants were presented with 12
sentences, each sentence containing an empty blank, which users
were instructed to fill in with an emoji that came to mind. Three
different sets of 12 sentences were created manually by researchers
for each task. The sentences were shown one by one to indepen-
dently measure the time for each single emoji search. The task for
each condition was constructed with two types of paragraphs: one
about announcement posts, and the other about personal posts on
social media, with each paragraph consisting of six sentences.These
scenarios were created to simulate text-writing situations where
emojis are commonly used. There were no predefined answers for
each blank.

To examine users’ search behavior, we asked participants to
utilize at least one search function for each blank in the system
across all baseline, iOS, and GPT conditions. We allowed users to
browse through the emoji tray after experiencing search failures for
each blank. After each condition, participants completed a survey
regarding their experience with the task using the system. The sur-
vey questions described in the Appendix Table 3a were consistent
across all conditions. The questionnaire focused on the usability
of the system interface, satisfaction with the search process and
search results when using the system. The questions included the
USE questionnaire [12].

Our hypothesis regarding the effectiveness of our system focused
on measuring the hardships encountered during the emoji search
process, including search query entry time, emoji entry time, and
the number of revisions.

• H1. Users will spend less time completing search keywords
and entering the emoji with our query expansion systems
(GPT and iOS conditions).

• H2. Users will revise their search queries less with our query
expansion systems (GPT and iOS conditions).

To assess user search behavior and satisfaction with the emoji
suggestion of the GPT condition compared to the iOS condition,
we also investigated the final emoji keyword choices made within
the system in both conditions.

• H3. Among keyword suggestion systems, the rate of keyword
choice recommended by our system corresponding to the
final selected emoji will be higher in the GPT condition
compared to the iOS condition.

5.3 Metrics
Based on our hypothesis, we identified metrics to measure during
the emoji search process. To test the first hypothesis, we measured
the search keyword entry time, which represents the time spent
entering the complete search keyword. This measurement aims to
quantify the cognitive load users experience when deciding on a
search keyword. Additionally, we measured the emoji entry time,

representing the time spent entering the final chosen emoji to quan-
tify the overall search load. For testing the second hypothesis, we
measured the count of search keyword revisions that users encoun-
tered during a single emoji entry. In the case of the third hypothesis,
we counted the final choices of search keywords within our keyword
suggestions to compare the utility of suggested emojis between
the GPT and iOS conditions. To capture these metrics, we logged
user clicks and typing activities within our system. Specifically,
for search keyword entry time and emoji entry time, we recorded
all the timestamps when users started to look at each question,
typed in or clicked on each search keyword, and selected the final
emoji. For final choices within the suggestions, we also logged the
keywords selected during revisions, as well as the final keyword
choices made by users.

5.4 Results
5.4.1 Entry Time. To assess users’ load in searching for emojis,
we incorporated measures of both search keyword entry time and
emoji entry time during the search process. As the data collected
from the experiment did not conform to the normal distribution,
we applied Friedman’s test for analyzing search keyword entry
time and emoji entry time. Our analysis revealed a statistically
significant result for search keyword entry time (p < .05) across
different conditions (Fig 2a). This suggests that users experienced
reduced load for completing the search keywords with our keyword
suggestion system. However, there was no statistically significant
difference in emoji entry time (Fig 2) indicating that there were
minimal differences in total search load between the baseline and
our system.

5.4.2 Search Keyword Revisions. We compared the number of
search keyword revisions for single emoji entries to examine the re-
vision behavior of emoji searches within our system. Using Welch’s
ANOVA test, we compared the revision counts, revealing a statisti-
cally significant difference in mean among the three conditions (p
< .05) in Fig 3. Subsequently, we conducted pairwise Games-Howell
tests, indicating a significant difference between the baseline and
GPT (p < .01), as well as between the baseline and iOS (p < .05). Both
GPT and iOS conditions exhibited higher revision numbers com-
pared to the baseline. To examine the factors behind the increased
search keyword revision attempts using our system, we looked into
the logs of the revision search keywords. The log of the search revi-
sion flow showed repetitive keywords, showing that users looked
into the same three to four search keywords over and over again
such as [’Style’, ’Shape’, ’Image’, ’Art’, ’Vi(Vi-su-al)’, ’Style’, ’View’,
’Al(Vi-su-al)’, ’Shape’, ’Su(Vi-su-al)’, ’Style’, ’Shape’, ’Image’, ’Art’,
’Vi(Vi-su-al)’]. This behavior implies that people had attempted to
explore and compare the recommended emojis corresponding to
the search keyword. Additionally, in the post-experiment survey,
P2 mentioned that “It was fun to explore what emojis were included in
those suggested keywords!”. This statement also suggests a potential
factor contributing to increased search revision numbers in our
system.

5.4.3 Final Search Keyword Choice. To assess the utility of sug-
gested emojis between the GPT and iOS conditions, we measured
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(a) Time completing the search keyword

(b) Time completing the emoji selection

Figure 2: Entry time measures

the counts of final keyword choices made within our system cor-
responding to the final selected emoji. The Wilcoxon signed-rank
test was conducted to compare the GPT and iOS conditions, reveal-
ing that the proportion of final choices made within the system
did not significantly differ between the two suggestion conditions
(Fig 4). However, looking into the search log for each question, we
found out that the users in the iOS condition tried to use the text
search feature directly without attempting to try out our suggested
keywords. In the iOS condition, 5 participants tried to use the text
search feature directly, while only 1 participant directly tried out
the text search feature in the GPT condition. Related to this find-
ing, the post-survey also shows users’ greater satisfaction with
GPT condition keywords compared to the iOS condition keywords.
Among the seven participants who noticed differences between
GPT and iOS conditions, six individuals reported being more satis-
fied with GPT keywords. P12 noted, “First condition (GPT) felt like
the keywords were more relevant and expanded the scope of emoji
usage, whereas the last condition (iOS) felt a bit random.”. This result
shows the implication of the query expansion ability in GPT and
iOS conditions. Due to the emoji recommendation method relying
on exact matches of keyword-emoji pairs in the iOS condition, even
though we used the same sample of search keywords in both condi-
tions, the iOS condition had more keywords that failed to support

*
**

Figure 3: Search keyword revision counts per each entry

n. s.

Figure 4: Number of final search keyword choices made
within system suggestion

high-quality emoji recommendations for each search keyword. The
finding suggests that the GPT condition is better at following the
flexible query expansion flow similar to humans.

5.4.4 SatisfactionQuestionnaire. We also analyzed the satisfaction
questionnaire presented to users after each task. Among the six
satisfaction factors (Speed, Relevance, Humor, Usability, Learnabil-
ity, and Enjoyment), the results indicated statistically significant
differences among Speed, Usability, Learnability, and Enjoyment
(Appendix Fig 7a). These findings suggest that users were satisfied
with our system in terms of its speed in searching, ease of use,
learnability, and overall enjoyment compared to the existing emoji
search system. Regarding questions comparing satisfaction with
recommended keywords and emoji samples between GPT and iOS
conditions, users expressed greater satisfaction with GPT keywords
with statistical significance (p < .05) as described in Appendix Fig 7b.
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However, there was no statistical difference in satisfaction with
emoji samples.

5.5 Discussion
5.5.1 Needs of “Predictable, but Diverse” Emoji Recommendation. In
previous emoji recommendation research, metrics such as accuracy
and speed that assess how quickly users can find the emoji theywere
thinking of have been used for evaluations[10, 17, 21]. However, 5
over 12 of the participants cited various emoji recommendations as
a benefit of our system such as “Some of the recommendations were
emojis that I don’t use often, so I was able to use new and witty emojis.”
(P10). Since one of the reasons for using emojis is to create fun and
lively texts [8], users are open to emojis that they think would fit
well even though it was not intended to be used at first. This result
suggests that metrics about the ability to support diverse emoji use
are also valuable when evaluating emoji recommendation systems.

5.5.2 Enhancing Usability by Unveiling Query Expansion Process.
Through the study, we found out that our system enhances the us-
ability of the emoji search system by revealing the query expansion
process. Displaying the search query used for emoji suggestions
led to increased explainability of the interface, and participants
were able to get a glance at the quality of the recommendation and
know whether they were satisfied with it. P3 noted that “In the first
condition(GPT), I was able to select emojis from the recommended
keywords without feeling any need to search, but in the latter condi-
tion(iOS), I did manual search because I couldn’t see any appropriate
keywords at first glance.”. Our study extends the work to improve
the explainability of the embedded search algorithm by unveiling
the query expansion process, resulting in enhanced user usability.

6 CONCLUSION
In this study, a novel interface and pipeline for text-based emoji
search was proposed. From the formative user study of the existing
emoji search interface, we found the difficulties of textual emoji
search and users’ coping strategies for unsatisfactory results. Based
on these findings, a system to support the user’s keyword search
query expansion and emoji selection was designed, which is simi-
lar to the user’s existing search flow. This system suggests search
keywords based on the observed coping strategies and seamlessly
mixed with the existing emoji search interface. The design options
with two search algorithms (a language model’s semantic search
and traditional dictionary-based search) were evaluated through
the within-subject user study. With our system, users could try
more diverse search keywords within less load for deciding each
keyword compared to the baseline. Semantic emoji search results
from GPT were more satisfying than the iOS results, presenting pos-
sibilities of different design options in algorithm design for future
study. The initial attempt to integrate query expansion and recom-
mendation together in the existing interface with non-pervasive
design would contribute to researchers and designers who work
on various search interfaces.
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A FORMATIVE STUDY

Figure 5: Formative Study Results - Bottlenecks in emoji text search process

B SYSTEM DESIGN

Table 1: An example of query expansion and emoji suggestion. The search results from iOS Emoji may differ from it because it
is translated. *A mascot character of the university **Same letter with [col](lection) in Korean

Task sentence

Nike and Nub-juk-e* have a new collaborative collection [emoji].
Emoji Recommendation

iOS GPT
Synonym Costume ������ ������ ♀ Costume ���� ����, Design ������� ���� 

Hypernym Event 🥳 ��� Event ������� ������, Product ������ ���������

In-sentence replacement New ��� New ��� ��� , Collaborative ������ ���

Serendipity Curl** ��� 🥳 Curl** ������� ♀ �����

Table 2: An example of prompts using in pipeline (synonym). The prompt is augmented with 1-2 manually checked samples of
[role, content]

Prompt

Synonym Based on the input keyword,
suggest five answers that could be used to search for emoji to depict the similar
concept.
for each answer, suggest 7 emojis.
Format response as a json dict: the key should be each answer, and the value should be
list of corresponding emojis.
"role": "user", "content": "Input is '" + keyword + "'"
"role": "system", "content": [example of emojis]
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Figure 6: System pipeline for query expansion and emoji recommendation

C EVALUATION

(a) The survey questions of the 7-Likert scale. *Questions only for evaluation on
our interface (iOS, GPT)

Questions

Speed This allowed me to ”quickly” find the emoji I wanted.
Relevance This made it easy to include emojis that ”fit the context”.
Humor This made it easy to include ”witty and funny” emojis.
Usability This emoji input method is easy to use.
Learnabil-
ity

This emoji input method is easy to learn.

Enjoyment This emoji input method is pleasant to use.

Keyword* The keywords suggested for emoji search were
satisfactory.

Emoji
Preview*

The sample emojis presented next to each keyword
bubble were helpful in determining keywords

(b) Description of counterbalanced task order

Task Order 1st 2nd 3rd

Sentences Text 1 Text 2 Text 3

Condition 1 Condition 2 Condition 3

P01, P07 Baseline iOS GPT
P02, P08 Baseline GPT iOS
P03, P09 iOS Baseline GPT
P04, P10 iOS GPT Baseline
P05, P11 GPT iOS Baseline
P06, P12 GPT Baseline iOS

C.1 Results

**
**

**
**

**
**

(a) Satisfaction toward Speed, Relevance, Humor, Usability, Learnability, and Enjoyment
factors among all conditions

*

(b) Satisfaction toward keywords and emoji list
among GPT and iOS conditions)

Figure 7: Responses of post-survey satisfaction questionnaire
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