Supplementary Material of "Generating Highlight Video of a User-Specified
Length using Most Replayed Data"

A ADDITIONAL EXAMPLES FOR IMPLICATIONS OF MOST REPLAYED DATA AS AN INDICATOR FOR
HIGHLIGHT CREATION

Extending our investigation of the implications of Most Replayed Data (MRD) as an indicator for highlight creation
described in Section 2 of the main paper, we explore its effectiveness using eleven additional videos across various
genres, including sports, documentaries, news, and education. For videos with explicit event timestamps such as
officially marked scores in sports (e.g., goals in a soccer match or points in a basketball game), we analyzed the MRD’s
reflection of key events and calculated its correlation with other known engaging factors (i.e., in-video sound loudness
and live chat frequency) similarly to the main paper. For videos lacking such explicit events or engaging materials
like live chat data or significant variations in in-video sound (common in documentaries and educational videos), we
examined whether the MRD peaks effectively capture important moments from the narrative of the original video. To
achieve it, we first extracted the subtitle files (SRT files) from YouTube. Using ChatGPT-4, we generated a one-sentence
summary of each video’s main narrative with the prompt: “Provide a one-sentence summary that captures the main idea
concisely.”. Next, we identified the top five peaks with the highest MRD values using the find_peaks function from
python scipy library with the prominence parameter set to 0.1. We then extracted the SRT content surrounding each
peak, specifically the sentences containing the peak along with their adjacent sentences. Using ChatGPT-4 again, we
summarized this contextual SRT content with the prompt: "Given the following transcript segments, provide a concise
summary reflecting context in 15 words or less.”. By executing this process, we obtained the key narrative summaries,
MRD graphs, peak scenes, and contextual content of each peak. The following paragraphs provide descriptions of the
analyses conducted for each video.

We first analyzed soccer [16], basketball [22], and ice hockey [25] videos (Figures A1, A2 and A3). Figure Al shows
a strong alignment between key soccer match moments and MRD peaks, with notable spikes in MRD values during
goals (e.g., at 17, 28, 38, 62, 68, and 72 minutes), a close call (34 minutes), and the final decision of the World Cup gold
medal winner (99 minutes). Interestingly, there is a MRD spike at 42 minutes despite no goal being scored at that time.
Further investigation revealed that this spike corresponds to a free kick declared by the referee, a significant event of
the game. Additionally, a smaller peak observed at 36 minutes was linked to a penalty kick awarded by the referee,
leading to the goal scored around 38 minutes. The peak at 56 minutes was determined to be caused by a humorous
moment in which a spectator, dressed in an unusual outfit, ran onto the field, causing the referee to briefly halt the
match. Similarly, Figure A2 shows MRD spikes coinciding with key basketball moments, such as 2- or 3-point shots (at
11, 15, 18, 41, 56, and 62 minutes). These moments include fan-favorite plays such as a crucial 3-pointer made near
the end of the first half (41 minutes) and an alley-oop dunk (62 minutes). Other key moments include fouls (35 and 81
minutes) and the dramatic game finish (88 minutes). In Figure A3, MRD peaks correspond to ice hockey goals (17, 51,
94, 98 minutes) and a power play (25 minutes), which occurred when one team gained a player advantage due to a
penalty caused by the opposing team. Another notable spike (47 minutes) aligns with a close call, where the goalkeeper
narrowly saved a goal. The final outcome of the Olympic match is reflected by a peak at 101 minutes, with the winner’s
medal ceremony following at 134 minutes. Interestingly, there is also a spike at 66 minutes, despite no key ice hockey

event occurring; further analysis revealed that this spike corresponds to a replay of critical first-half goals.



We also examined the correlation between MRD and other known engaging factors, in-video sound and live YouTube
chat frequency. The MRD graph shows similarities to both the in-video sound (blue curve) and chat frequency (gray
dotted curve) graphs. Cosine similarities between MRD and these factors demonstrate high correlations: for soccer
(in-video sound: 0.80, live chat frequency: 0.60), basketball (in-video sound: 0.82, live chat frequency: 0.80), and ice
hockey (in-video sound: 0.91, live chat frequency: 0.73). Among the three graphs, the MRD graph aligns much better
with the events at peak points than the other two factors. For example, in soccer (Figure A1), between 80 and 100
minutes, there are no significant match events, yet the live chat frequency and in-video sound show fluctuations. In
basketball (Figure A2), the live chat frequency shows minimal changes in response to match events. In ice hockey
(Figure A3), aside from a few key moments, the in-video sound and live chat frequency remain largely unaffected by
other key moments, indicating that MRD provides a more reliable representation of viewer engagement around critical
moments in the video than the alternatives.

We also analyzed documentary [18, 20], educational [36, 38], news [21, 23, 24], and speech [37] videos (Figures A4 to
A11). We found that MRD effectively captures engaging points corresponding to the core narrative across these diverse
genres. For instance, as shown in Figure A4, consider a documentary with the following one-sentence summary: “This
documentary follows the life cycle and survival challenges of harp seal pups in the melting Arctic, highlighting the urgent
impact of climate change on their habitat and calling for global action to protect the fragile ecosystem.”. The indicated
MRD peaks correspond to the segments discussing the harp seal pups facing survival challenges in the melting Arctic.
The contextual summary for this peak accurately reflects the critical moment described in the narrative summary. In
addition, MRD peaks shown in Figure A5 highlight the documentary’s central themes and pivotal moments. Similarly,
in educational videos, they correspond to innovative performances that captivate the audience (Figure A6) or key
demonstrations of complex concepts (Figure A7). In news videos, they align with critical coverage of historic events like
groundbreaking spaceflights (Figure A8) or significant policy changes (Figure A9). In the speech video, they highlight
key moments where speakers share profound insights or deliver inspirational messages that deeply resonate with
viewers (Figure A10). In the space phenomenon live broadcast, they coincide with awe-inspiring visuals of celestial
events or expert explanations that engage and educate the audience (Figure A11).

Building on our qualitative assessment, we conducted a quantitative analysis to investigate whether moments with
high MRD values capture key narrative elements more effectively than other video moments. We extracted three distinct

types of points from each of the eight analyzed videos (the same videos used in Figures A4 to A11):

(1) High MRD points: The five highest points that were used in our analysis of eight videos, which were MRD
peaks.

(2) Random MRD points: Five points selected randomly regardless of MRD values.

(3) Low MRD points: Five points selected randomly from MRD values below 0.1.

When selecting random points, we ensured that each point was at least 10 seconds apart from the others. For each type
of point, we extracted the SRT content surrounding each point-specifically, the sentences containing the point along
with their adjacent sentences. Each of the five SRT contexts was summarized by ChatGPT-4 (again using the prompt
"Given the following transcript segments, provide a concise summary reflecting context in 15 words or less.”) and then
concatenated in chronological order to form a single paragraph. We then measured the semantic similarity between
this paragraph and the one-sentence key narrative summary (previously generated by ChatGPT-4 with the prompt
“Provide a one-sentence summary that captures the main idea concisely.”). To calculate the semantic relationship between

two texts, we used the sentence-transformer model all-mpnet-base-v2 [29], a deep learning model that can perform
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sentence-pair regression tasks. We calculated the average and standard deviation of these similarities from eight videos.
The results showed that the high MRD points achieved the highest average similarity (M = 0.744, SD = 0.070), followed
by the random MRD points which can serve as a baseline (M = 0.698,SD = 0.091) and then the low MRD points
(M = 0.642, SD = 0.093).

To supplement our analysis of MRD as an indicator for highlight creation described in Section 2 of the main paper, we
have so far investigated eleven additional videos across various genres (Figures Al to A11). In videos featuring explicit
events, such as goals, we found that the spikes in MRD align with these events, outperforming other engaging factors like
in-video sound and live chat frequency in highlighting key moments (Figures A1 to A3). For videos lacking such clear
events, MRD peaks resonated with viewers, as their content aligned closely with each video’s core narratives (Figures
A4 to A11). Further quantitative comparisons showed that these MRD peaks tend to match a video’s key narrative
elements better than moments with low MRD values. Collectively, these findings suggest that MRD is a reliable indicator

of engaging moments across various video genres.
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Fig. A1. The trend of MRD similar to other known engaging factors and its successful reflection of important events in a soccer
match [16].
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Fig. A2. The trend of MRD similar to other known engaging factors and its successful reflection of important events in a basketball
match [22].
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Fig. A3. The trend of MRD similar to other known engaging factors and its successful reflection of important events in an ice hockey

match [25].

Video description: This documentary follows the life cycle and survival challenges of harp seal pups in the melting Arctic,
highlighting the urgent impact of climate change on their habitat and calling for global action to protect the fragile ecosystem.
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Fig. A4. MRD peaks align with critical moments in the documentary [18] about harp seal pups facing survival challenges in the

melting Arctic. Image source: [18].

Video description: The documentary explores the enduring mystery of George Mallory and Sandy Irvine's 1924 Mount Everest
expedition, intertwining the climbers' ambitious pursuit of the summit with the modern-day quest to uncover their fate and the

elusive evidence that could rewrite history.
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Fig. A5. MRD peaks align with critical moments in the documentary [20] such as the team’s search for the lost camera and their
final steps toward the summit to explore the mystery of Mallory and Irvine’s 1924 Mount Everest expedition. Image source: [20].
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Video description: This presentation demonstrates the athletic capabilities of quadcopters, showcasing advanced control
algorithms and model-based design that allow them to perform acrobatic feats, interact with humans, and handle physical
challenges, raising questions about the future societal impacts of such technology.
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Fig. A6. MRD peaks align with critical moments in the educational video [36] showcasing quadcopters performing advanced acrobatic
feats that impress the audience with applause. Image source: [36].

Video description: The Collatz conjecture, an unsolved mathematical problem proposing that any positive integer will eventually

fall into the loop "4, 2, 1" under a simple iterative process, has confounded mathematicians due to its seemingly random patterns
and lack of proof despite extensive computational testing.
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Fig. A7. MRD peaks align with critical moments in the educational video [38] explaining the definition of Collatz conjecture and its
complexities. Image source: [38].

Video description: The first all-civilian spaceflight by Blue Origin successfully launched and returned, marking a significant
milestone in space exploration and opening new possibilities for accessible space travel.
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Fig. A8. MRD peaks align with critical moments in the news [24] of Blue Origin’s first all-civilian spaceflight. Image source: [24].



Video description: The discussion covered the potential impacts of a Trump presidency on key areas like tariffs, immigration, and
healthcare, with experts debating how these policies could affect the economy, global trade, and social systems.
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Fig. A9. MRD peaks align with critical moments in the news [23] discussing the potential impacts of a presidential policy shift. Image
source: [23].

Video description: Taylor Swift delivers a heartfelt commencement speech at NYU, sharing personal stories, life lessons about
resilience, embracing imperfection, and the value of persistence, while celebrating the graduating Class of 2022.
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Fig. A10. MRD peaks align with critical moments in the speech [37] where the speaker delivers inspirational messages that resonate
with the audience. Image source: [37].

Video description: NASA's coverage of the 2023 annular solar eclipse highlights the beauty and scientific significance of eclipses,
encourages public participation in heliophysics research, and builds excitement for the upcoming 2024 total solar eclipse and related
citizen science opportunities.
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Fig. A11. MRD peaks align with critical moments in NASA’s live broadcast [21] of the 2023 annular solar eclipse, showcasing
awe-inspiring celestial visuals. In this video, YouTube live chat data is provided and plotted as a gray dotted line, with a cosine
similarity of 0.59 between MRD and live chat frequency. The only peak around 66 minutes corresponds to the moment when the
eclipse progressed to form a ring. Image source: [21].
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B ADDITIONAL ANALYSIS OF VIDEO DATA USED IN USER STUDY 1

In this section, we further analyze the user responses per video data used in User Study 1 of the main paper. For each
question on each video data, we conducted Friedman tests, and the results revealed significant differences (p < 0.05)
among the three methods across all questions (Table B1). We performed post-hoc analyses using two-tailed Wilcoxon

signed-rank tests with Holm-Bonferroni correction. Figures B12 to B16 visualize the results.

Table B1. Friedman statistics for Q1, Q2, and Q3 across videos.

Golf [32] Entertainment [40] Tennis [41] Documentary [19] Soccer [31]

Q1: y%(2) 2435 8.96 22.51 25.47 12.70
0Q2: ¥%(2)  37.94 11.07 17.80 9.52 24.74
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Fig. B12. 7-point Likert scale results of three methods for appropriateness (Q1), key moment inclusion (Q2), and overall satisfaction
(Q3) of golf video [32]. Error bars represent the standard error of the mean. Asterisks show statistically significant differences between
pairs of methods (*: p < 0.05;**: p < 0.01; ***: p < 0.001).
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Fig. B13. 7-point Likert scale results of three methods for appropriateness (Q1), key moment inclusion (Q2), and overall satisfaction
(Q3) of entertainment video [40]. Error bars represent the standard error of the mean. Asterisks show statistically significant differences
between pairs of methods (*: p < 0.05;**: p < 0.01; ***: p < 0.001).
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Fig. B14. 7-point Likert scale results of three methods for appropriateness (Q1), key moment inclusion (Q2), and overall satisfaction
(Q3) of tennis video [41]. Error bars represent the standard error of the mean. Asterisks show statistically significant differences
between pairs of methods (*: p < 0.05;**: p < 0.01; ***: p < 0.001).
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Fig. B15. 7-point Likert scale results of three methods for appropriateness (Q1), key moment inclusion (Q2), and overall satisfaction
(Q3) of documentary video [19]. Error bars represent the standard error of the mean. Asterisks show statistically significant differences
between pairs of methods (*: p < 0.05;**: p < 0.01; ***: p < 0.001).
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Fig. B16. 7-point Likert scale results of three methods for appropriateness (Q1), key moment inclusion (Q2), and overall satisfaction
(Q3) of soccer video [31]. Error bars represent the standard error of the mean. Asterisks show statistically significant differences
between pairs of methods (*: p < 0.05;**: p < 0.01; ***: p < 0.001).
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C VIDEO SOURCE USED IN USER STUDY 2

Table C2 shows the original YouTube video sources and their corresponding human-edited highlights (YouTube Shorts)
sources used in User Study 2 described in Section 6.2 of the main paper. The video index in the leftmost column

corresponds to the data used in Figure 10 of the main paper.

Table C2. Video sources used in User Study 2.

Video | Original video | Human-edited highlight
A [28] [1]
B (8] (9]
C [17] [11]
D [26] [27]
E (6] (7]
F [35] [33]
G [13] [14]
H [39] [30]
I [12] [3]
J (5] (4]
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D VISUAL EXAMPLES OF DEEP LEARNING-BASED MRD PREDICTION
We implemented a deep learning-based MRD prediction model [34] to check the feasibility of predicted MRD. An

existing model [42] is trained to predict the importance scores for videos, using the MRD data (datasets of video and
ground-truth MRD pairs are presented by Sul et al. [34]). Figures D17, D18, and D19 illustrate the ground truth MRD,
the predicted MRD, and the smoothed predicted MRD. The data used in these figures are from the inference dataset
in Sul et al. [34]. The smoothing was performed on the predicted MRD using median filtering with a kernel size of 9
after normalizing from 0 to 1. We calculated the cosine similarity between the ground truth and the smoothed MRD,
obtaining high similarity scores of 0.91, 0.88, and 0.92, respectively. These indicate that the predicted MRD graphs
closely resemble the ground truth. Additionally, we included a 30-second highlight created using our method based on
the predicted MRD in the supplementary video!.
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Fig. D17. The graphs of ground truth MRD, predicted MRD, and smoothed predicted MRD of [2].
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Fig. D18. The graphs of ground truth MRD, predicted MRD, and smoothed predicted MRD of [15].
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Fig. D19. The graphs of ground truth MRD, predicted MRD, and smoothed predicted MRD of [10].
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