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Abstract

Many adults in Higher Education (HE) study mathematics intermittently and focus mainly on the
specific points they need for immediate tasks, which makes clear and concise digital explanations
especially useful. This study examines ten years of YouTube Analytics from 38 b-Mat@plicada
videos to understand how learners move through these resources and how those patterns can guide
future redesign. The analysis combines long-term descriptive trends, regression models, a
Curricular Priority Index, and a cluster grouping of videos. Results show that video length is the
factor most closely linked with retention, while making a video public expands its audience
without necessarily increasing how long it is watched. The gradual shift toward mobile viewing
and the clear tendency for students to jump directly to targeted steps match what is often reported
in adult-numeracy and andragogical research, where learners concentrate on resolving a concrete
difficulty rather than following an entire explanation. Based on these findings, the study identifies
which topics should be updated first and proposes practical design suggestions, such as breaking
long explanations into smaller segments, maintaining consistent visual cues, and organizing
material so students can easily locate key steps, illustrating how platform analytics can support
the development of flexible, accessible and pedagogically grounded mathematics videos in HE.

Keywords: Adult numeracy; Mathematics; Andragogy; Lifelong learning; Mobile learning;
Accessibility.

Introduction

Across Higher Education (HE), many adult and returning students approach mathematics in
pragmatic ways: they study in short bursts, focus on the step that helps them complete an
assignment or prepare for an assessment, and revisit foundational topics when gaps become
visible. In these conditions, short, well-structured video explanations can widen access to core
ideas by allowing learners to control pace, pause, and return to specific procedures as needed.
However, while the educational value of video resources is widely documented, research in adult
mathematics education still relies largely on surveys and achievement measures to infer
engagement and less is known about how adult learners navigate mathematics videos at scale
within authentic study routines. This selective, task-oriented engagement is consistent with how
adult numeracy has been described as situated, purposeful practice rather than as the linear
accumulation of procedures (Coben, 2003; Gal et al., 2020; Tout, 2020).

This matters for practice. For adult-education practitioners, the key design challenge is
not simply to “increase viewing time”, but to make resources easy to locate, easy to follow on
multiple devices, and easy to reuse at the point of need. Platform analytics offer a complementary
evidence source for this purpose: they can show which videos are repeatedly consulted, where
attention drops, and how access patterns shift over time, informing decisions about which
resources to revise first and how to revise them. Yet analytics-based studies remain relatively
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uncommon in adult mathematics education, and they are rarely combined with curricular
information in order to prioritise redesign in a transparent way.

The present study addresses this gap by combining YouTube Analytics with curricular
metadata to support evidence-informed decisions about redesign and release strategies for
mathematics videos used in HE. The analysis focuses on two engagement dimensions that are
directly relevant for adult learners’ study conditions: reach (how often a video is accessed over
time) and retention (how much of it is typically watched). Building on principles of segmentation,
modality and cognitive-load reduction (Mayer, 2021; Kay, 2012; Yousef et al., 2014), the study
uses long-term descriptive trends, group comparisons, and hierarchical regression models to
examine whether reach and retention are associated with video length, visibility status and
academic level. To connect engagement with programme needs, a Curricular Priority Index (CPI)
is computed as the product of curricular need (percentage of students who require the topic) and
annual hours watched, and K-means clustering is used to identify distinct profiles that imply
different redesign actions.

The empirical context is b-Mat@plicada, a Portuguese HE initiative created in 2015 to
support Business and Engineering students with diverse prior preparation and limited on-campus
time (Costa & Borges, 2023). The course combines short videos with self-paced online quizzes
and has expanded over time, particularly during the COVID-19 period (Costa, 2017; Costa, 2022).
From the outset, production has followed a deliberately low-cost workflow using widely available
tools (PowerPoint for visuals and Audacity for narration), while maintaining attention to clarity
of layout, sound quality, and visual signalling through colour and highlighting, in line with
established design guidelines (Costa et al., 2021). Prior work on instructor-produced mathematics
videos reports that students perceive such resources as useful and motivating (Nielsen, 2020;
Insorio & Macandog, 2022a), and local evaluations of b-Mat@plicada report similar perceptions
(Costa, 2022; Costa, 2024). Consistent with the broader literature, students tend to use videos as
a complement rather than a substitute for classroom teaching, and face-to-face sessions remain
important for dialogue and clarification (Nielsen, 2020; Gyeltshen & Dorji, 2023).

Most b-Mat@plicada videos are embedded in Moodle and set as unlisted, with a small
subset made public to broaden reach. This mix of access routes makes the case well suited to
studying how adult learners engage with videos under real constraints and how analytics can
inform redesign priorities. A short description of the catalogue (academic level distribution,
curricular alignment, and length profile) is provided in the Methodology section.

Theoretical Background
Adult Numeracy and Andragogical Principles

In the literature, adult numeracy is described as more than the ability to carry out mathematical
procedures. It is framed as a competence shaped by the situations in which adults live and work,
by their personal histories, and by the purposes that motivate them to engage with quantitative
tasks (Coben, 2003; Gal et al., 2020; Tout, 2020). Adults often approach mathematical problems
in a selective and strategic manner: they draw on the concepts they need at a given moment, for
a concrete task, rather than following a full, formal explanation. This way of working is closely
aligned with the main ideas of andragogy, self-direction, relevance, and a focus on solving
meaningful problems (Knowles, 1980).

Studies with adults and returning learners also underline the value they place on clarity
and usefulness. Dalby and Noyes (2016) note that adult students tend to interpret mathematical
explanations through the lens of their previous experiences and professional contexts. Because of



Sidonie F. Costa

this, they respond more positively to resources that offer clear structures, explicit reasoning, and
minimal unnecessary detail, helping to reduce cognitive load. Findings from broader research in
adult numeracy similarly show that stable visual cues and clearly signposted reasoning promote
understanding, especially for learners who may have gaps in prior knowledge.

When these learning processes move into digital contexts, the patterns become even more
visible. Research on online study behaviors shows that adults frequently pause, rewatch, or skip
within videos, behaviors that function as part of their own monitoring and consolidation of
understanding (Grotliischen & Reder, 2020). Framing the present study within this perspective
helps explain why analytics can serve as a useful window into the ways adults organize and
regulate their mathematical study in blended settings. This interpretation is in line with work from
the Adults Learning Mathematics (ALM) community, which views numeracy as a practical
activity embedded in real situations at home, at work, and in education.

Adult-Learner Context and Access Patterns

Because YouTube Analytics does not disclose detailed demographic information, adult learners
in HE cannot be identified individually. However, the structure of Portuguese HE programs in
Business and Engineering, where many students combine study with employment and family
responsibilities, indicates a substantial presence of mature and returning learners. Three design
and analytic assumptions follow from this context. First, time poverty and variability in device
availability are treated as structural characteristics of the cohort; clear, well-structured videos that
display cleanly on mobile screens are therefore essential rather than optional. Second, Moodle-
embedded links are interpreted as indicators of purpose-driven viewing (e.g., exam preparation,
assignment support), analytically distinct from algorithm-generated or exploratory views
originating within the YouTube interface. Third, year-on-year shifts in device usage are taken as
proxies for evolving study habits typical of adult learners, including increasing reliance on mobile
devices for just-in-time revision and flexible study across locations.

Adult numeracy in HE also intersects with wider lifelong-learning agendas. Many
learners arrive with substantial workplace experience yet uneven procedural fluency; materials
that are concise, searchable, and explicitly tied to program outcomes help reconcile this tension.
Within this perspective, b-Mat@plicada functions as a reusable learning infrastructure rather than
an add-on: each video can be revisited at the point of need, on any device, without penalty. This
framing aligns with traditions in adult-numeracy research that situate mathematical practices
within authentic tasks and support sustained participation for time-poor adults.

Linking theory to analytic choices

The adult-numeracy and andragogical perspectives above inform how engagement is
operationalized in this study. First, because adult learners often study under time constraints and
use resources in a problem-driven way, retention is treated as a behavioral indicator of perceived
usability and cognitive load rather than as a proxy for full viewing or completion. This is why
video length and device type are examined as potential constraints on sustained viewing. Second,
since self-direction and immediate relevance are central in andragogy, reach is interpreted as
repeated access at the point of need, and access routes (unlisted access via Moodle links versus
public YouTube access) are considered meaningful markers of purposeful versus exploratory
viewing. Third, because adult numeracy is tied to real tasks and program demands, the Curricular
Priority Index (curricular need multiplied by annual hours watched) is used to connect platform
behavior to curricular importance, providing a transparent basis for redesign priorities. Finally,
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clustering is included to identify distinct engagement profiles that imply different pedagogical
actions, such as micro-segmentation of long recordings, improved signposting, or selective public
release.

Research Questions

This study explores student engagement with b-Mat@plicada videos through three key research
questions:

e RQ 1. How have reach (views / year) and retention (% watched) evolved from 2015 to 2024,
and what external events coincide with major shifts?

e RQ2. Which video attributes, such as length, visibility, academic level and curricular need,
best predict viewer retention and annual reach?

e RQ3. How can the CPI and cluster profiles inform the order in which videos should be
updated or promoted?

Methodology
Context and video catalogue

b-Mat@plicada is a video-supported resource used in mathematics modules for Business and
Engineering students in Portuguese HE. The catalogue analyzed in this study consists of 38 videos
published between 2015 and 2022, covering both secondary-level revision topics and HE topics.
To provide a clear overview of the corpus before presenting the analytic procedures and statistical
analyses, Figures 1 to 3 summarize three descriptive features of the catalogue: its growth over
time by academic level, its alignment with curricular need, and its length profile.
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Figure 1. Evolution of b-Mat@plicada videos by academic level (2015-2022).
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Figure 2. Distribution of b-Mat@plicada videos by percentage of students who require the content.
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Figure 3. Distribution of b-Mat@plicada videos by length (< 7 min vs. > 7 min).

Sample

The sample comprises the full set of 38 b-Mat@plicada videos published between 2015 and 2022.
Most videos are unlisted and accessed via Moodle, while five were made public on YouTube to
expand reach and enable comparison by visibility status.

Data Collection and Instrumentation

The data was obtained from YouTube Studio Analytics, encompassing total views, average
viewing duration, viewer retention rates, and device utilization statistics. The dataset encompasses
the period from the publication of each video until December 2024. Instructor perspectives and
anomalies resulting from assessments or class demonstrations were systematically excluded to
enhance the reliability of the data.

Instrument and Data Analysis

Descriptive statistics were first used to characterize view counts, retention, device use and
year-on-year trends. Inferential work proceeded in four stages. First, a Pearson correlation tested
the bivariate link between video length and the percentage watched. Next, Welch’s
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unequal-variance t-tests, supported by Mann-Whitney checks, compared viewer-retention rates
across visibility status and academic level. In the third stage, two hierarchical linear regressions
modelled viewer retention and annual reach, respectively, as functions of length, visibility,
academic level, years since publication and curricular need. Finally, the unsupervised phase
combined the CPI with a K-means cluster analysis based on standardized length, retention, reach
and need. All data were cleaned and visualized in Microsoft Excel, while statistical tests and
clustering were run in IBM SPSS Statistics 29.

Pedagogical Rationale

The analytical choices were guided by the aim of understanding how adult learners interact with
mathematics explanations under real study constraints. Correlation and regression models identify
which video attributes most influence retention, a behavioral indicator linked to cognitive load
and perceived usefulness for selective, problem-driven learners. The Curricular Priority Index
connects viewing patterns to program relevance, making the analysis pedagogically actionable
for redesigning. The clustering procedure further distinguishes groups of videos requiring
different forms of pedagogical intervention, supporting evidence-informed prioritization.

Video Content and Didactical Approach

The b-Mat@plicada videos follow a structured methodology designed to balance pedagogical
coherence, cognitive-load management, and the practical constraints typical of HE contexts. The
approach builds on prior work describing the project’s production guidelines and is organized
around three design principles: conceptual clarity, step-by-step modelling, and responsiveness to
adult learners’ needs.

All recordings are produced in Portuguese, and no multilingual captioning is currently
implemented.

o Topic Selection. The catalogue prioritizes concepts that adult students frequently struggle
with in first-year mathematics (e.g., matrix operations, derivatives, integration techniques).
These topics were chosen because they involve procedures where worked examples are
particularly effective for reducing intrinsic cognitive load.

o Visual style and structure. All videos use a white background, uncluttered layout, and
minimal text to maintain focus on mathematical reasoning. Key steps are highlighted using
arrows, underlining, or overlays to signal structure and reduce split attention. Each video
begins with a brief title screen and then moves directly into the worked example to avoid
unnecessary cognitive load.

e Didactical model: worked-example orientation. The videos adopt a worked-example format,
presenting procedural tasks in a linear, fully modelled sequence. This supports novice and
returning adult learners, who benefit from clear demonstrations before attempting
independent practice. Pacing is steady and explanations articulate why each step is taken,
reinforcing conceptual understanding.

e Audio and narration. Narration is recorded separately to maximize clarity, with attention to
articulation, pacing, and the avoidance of unnecessary pauses, features consistently valued by
adult learners.

e Length and segmentation. While conciseness is encouraged, some topics necessarily require
longer continuous reasoning to preserve conceptual integrity. In such cases, segmentation is
used only where the logic naturally divides without disrupting understanding.
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Results

Although the Results section reports statistical patterns in a descriptive manner, several
trends have direct pedagogical relevance for adult learners. Where appropriate, brief
interpretive notes highlight how viewing behaviors relate to selective, purpose-driven
study habits typical of adult numeracy contexts.

Comprehensive Descriptive Analysis

Figure 4 shows how the number of b-Mat@plicada videos and their views grew between 2015
and 2024. The course started with nine videos in 2015 and expanded to 38 by 2022. By late 2024,
total views had reached 20 442, suggesting that students increasingly relied on on-demand digital
resources, especially during and after the COVID-19 pandemic.
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Figure 4. Evolution of Published Videos and Views (Percentage) from 2015 to 2024.

Table 1 allows a closer look at how long students stayed with the videos in several key years of
the project. In 2015, when the first recordings became available, the average viewing time was
moderate. The highest value appears in 2016, a period in which no new videos were added but in
which students seem to have revisited the existing material with persistence. The pattern changes
in later years. By 2020, that is, during the COVID-19 shift to remote learning, viewing times were
shorter, and by 2023—2024 they had fallen to under three minutes. This decline is consistent with
the idea that a larger catalogue encourages more targeted and selective use: students watch the
exact segment they need, rather than viewing full explanations from start to finish.

Table 1. Average Viewing Duration in 2015, 2016, 2020 and 2024.

Year Average Viewing Duration (min:sec) Average Viewing Duration (%)
2015 04:06 55%
2016 04:55 64%
2020 03:10 48%

2024 02:59 46%
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Figure 5 shows a clear shift from desktop-dominated viewing (70-85% of views) to greater use
of mobile devices, which rose from 11% to over 20%. Tablet and TV use also increased slightly.
During the COVID-19 period, desktop viewing became more common due to remote learning,
but in later years mobile viewing grew again. This pattern helps explain the drop-in average watch
time, as mobile sessions tend to be shorter and less focused (Guo et al., 2014).
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Figure 5. Distribution of Viewing Devices for b-Mat@plicada Videos (2015-2024).

The shift from predominantly desktop access to a much heavier use of mobile devices is
particularly relevant for adults who tend to study in short intervals. Many tasks associated with
numeracy, such as following symbolic expressions, become noticeably more difficult on small
screens when the visual layout is dense. This context helps explain why overall viewing activity
can increase while the percentage of a video watched becomes smaller. It is not an indication of
reduced interest. Rather, it reflects a focused and economical study strategy in which learners
move straight to the segment that addresses their immediate question and disengage once that
need has been satisfied.

Figure 6 summarizes the “top-of-funnel” indicators behind the view counts. Total
impressions remained below 350 per year until 2022, then rose to almost 1 900 in 2024 after
several videos were made public. Over the same period, the share of impressions generated by
YouTube’s recommendation engine fell from 91% (2017) to 32% (2024), meaning that a larger
proportion of traffic now comes from Moodle links and keyword searches. The Click-Through
Rate (3-13%) stayed relatively stable. Taken together, these trends show why total views
increased but not in proportion to impressions: more videos were shown to potential viewers, but
recommendations declined and the fraction of clicks remained similar.
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Figure 6. Impressions, recommendation share and click-through rate for b-Mat@plicada videos (2015 —
2024).

Comparative Analyses and Rankings
Analysis of Most-Viewed Videos

Figure 7 presents the annual view rate of the five most-viewed b-Mat@plicada videos,
emphasizing significant characteristics such as visibility (green bars denoting public videos;
orange bars indicating unlisted ones), academic level (as shown in parentheses), and video length
(with labels marking whether the length is above or below the seven-minute recommended in the
literature). The five most-viewed b-Mat@plicada videos cover both secondary and HE topics,
with 90% of students requiring these contents as part of their curriculum. Notably, the video titled
“Domain of a Function” achieves the highest viewership, totalling 225 views per year, despite its
duration exceeding nine minutes. In contrast, the other leading videos maintain a length of under
seven minutes, which is consistent with established best practices for audience engagement.
Among the videos analysed, three are categorized as public, whereas two are designated as
unlisted. This distinction suggests that factors beyond mere visibility contribute to the
accumulation of views. Furthermore, three videos concentrate on secondary-level subjects, while
two address HE, underscoring the significant demand for foundational content across various
academic levels.
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Figure 7. Annual view rate (views per year) of the five most-watched b-Mat@plicada videos.
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Analysis of Least-Viewed Videos

Figure 8 shows the annual view rate for the five least-watched videos. As in Figure 7, colors
indicate visibility (public vs unlisted), and labels mark whether each video is shorter or longer
than seven minutes and at which academic level it sits. These low-reach videos mostly cover basic
matrix concepts, such as “Matrix Dimensions and Operations” and “Diagonal, Scalar, and Identity
Matrix”, which attract 158 and 162 views per year, respectively. Their relative simplicity may
reduce the need for repeated consultation. Most of these clips are short (4 to 5 minutes), in line
with engagement guidelines, but “Differential Equations - Applications” exceeds ten minutes and
is required by only 20% of students. This video is clearly the lowest-performing, likely because
it combines greater length with lower curricular relevance.
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Figure 8. Annual view rate (views per year) of the five least-watched b-Mat@plicada videos.

Academic Level: Secondary vs. Higher

The summary presented in Table 2 examines the engagement levels associated with secondary-
level videos in comparison to those of HE content. As previously illustrated in Figure 7 and Figure
8, videos covering secondary-level topics tend to achieve higher visibility among students. The
findings presented in Table 2 provide additional evidence, indicating that secondary topics
achieve marginally higher average view counts (540 compared to 515). This discrepancy may be
attributed to their wider relevance and applicability within the context of the study.

Table 2. Academic Level Comparisons for b-Mat@plicada Videos.

Level Topic Videos (1) Mean Views Mean Average View Mean Average
v P & (+SD) Duration (min:sec) View Duration (%)
540 02:50 58%
Secondary 14 (*270) (£0:45)
. 515 03:20 50%
Higher 2 (+310) (£1:10)

In contrast, videos addressing HE topics demonstrate longer average view durations (03:20
compared to 02:50). This observation implies that students who engage with these videos may
possess a higher level of motivation or necessitate a greater degree of concentration, particularly
when dealing with more intricate subjects such as integration techniques or matrix applications.
Although the view percentages for HE videos are marginally lower at 50% compared to 58%, the
increased duration suggests a maintained level of attention in areas where it is essential.
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The results underscore the necessity of achieving a balance between accessibility and
depth. Secondary-level content tends to draw a wider audience, whereas HE content sustains
engagement when it is pedagogically aligned with the needs of students.

Visibility: Public vs. Unlisted

Figure 7 and Figure 8 suggest that making a video public boosts its reach, but the pattern is neither
uniform nor strictly monotonic, as shown in Table 3. Public clips attract roughly twice as many
views as unlisted ones, about a thousand versus four-hundred and fifty, on average, because they
surface in search results and YouTube’s recommendation feed. Yet once viewers click “play”,
their behaviour hardly differs: the mean watch-time is three minutes thirty-eight seconds for
public videos and three minutes ten seconds for unlisted ones. In other words, setting a video to
public widens the doorway but does not, by itself, persuade students to stay longer; sustained
engagement still depends on content relevance and instructional design.

Table 3. Visibility Comparisons for b-Mat@plicada Videos.

Mean Average View

Visibility Videos () Mean Views (range) Duration (min:sec)
Public 5 ~ 1000 (486-1349) 03:38
Unlisted 33 ~ 450 (160-954) 03:10

Curricular Priority Index

Table 4 and Figure 9 integrate analytics with curricular demand through a CPI. “Domain of a
Function” tops the list (CPI = 1451), reflecting 225 views per year, 90 % curricular need and a
46 % retention rate; it is therefore the single most impactful resource to enhance first. Two other
high-priority items, “Solving a System of Linear Equations by Determinants” and “Rank of a
Matrix”, are HE topics that nonetheless cover core skills required in first-year programs and
generate sustained traffic. By contrast, videos such as “Diagonal Matrix” (CPI < 120; not shown)
combine low reach with modest need, indicating a lower return on investment for immediate
redevelopment. The CPI thus offers an objective roadmap: update or caption the top-ranked
videos first, then progressively address lower-priority content as resources allow.

Table 4. Top-10 videos ranked by Curricular Priority Index (CPI).

Topic Need (%) Views/Year CPI
Domain of a function. 90 225 1451
Solving a system of linear equations by determinants. 90 95 753
Rank of a matrix. 90 135 708
Quadratic Inequalities. 90 162 694
Integration Method by parts. 70 114 626
Function Composition. 90 118 624
Matrix Equations. 90 102 610
Matrix Multiplication. 90 117 491
Immediate Integration: Power Rule. 70 113 476

Determinants (Order n). 90 69 459
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Figure 9. Top-10 videos ranked by Curricular Priority Index (CPI).

Cluster Analysis

A K-means solution with £ =4 maximized the jump in the agglomeration coefficient and yielded
well-differentiated profiles (Table 5). One-way ANOV As confirmed that length, retention, annual
reach and curricular need all varied significantly across clusters (all p <.001).

e Cluster 1 (n = 13) groups short to medium videos that achieve the highest annual reach and
above average curricular demand, but only average retention.

e Cluster2 (n = 4) contains the longest recordings; they register very low retention and the
weakest reach, indicating a clear need for pedagogical redesign.

e Cluster 3 (n=13) comprises the shortest clips, which pair high retention with strong curricular
relevance, though their reach remains below the mean; making these videos public could
extend their impact.

e Cluster4 (n = 8) includes slightly longer than average videos with modest reach and retention
and very low curricular demand; these items are best kept unlisted or condensed into shorter
Ooverviews.

Table 5. Standardized cluster centres for four cluster solution (n = 38).

Topic Cluster 1 Cluster 2 Cluster 3 Cluster 4
(n=13) (n=4) (n=13) (n=28)
Length (sec) +0.38 +1.01 —-0.99 +0.49
Average viewing % -0.12 -2.16 +0.66 +0.20
Views / year +0.92 -0.85 -0.73 +0.11
Need % +0.42 —0.26 +0.62 -1.56

Design implications for adult learners

Several design moves follow directly from the analytics when read through an adult-learning lens.
Long recordings that remain pedagogically necessary are better delivered as short, navigable
segments with chapter markers and searchable transcripts so that viewers can locate the worked
step they need without replaying a full lecture. Openings benefit from explicit use cases that speak
to adult purposes, such as sizing a loan or checking model feasibility in an applied context,
because immediate relevance sustains attention. Captions and compact formula-first handouts
reduce split attention on mobile devices and are inexpensive to maintain. Given that public status
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widens exposure without extending watch time, publication is most effective after micro-
segmentation and context hooks are in place. Finally, pairing clips with one brief, low-stakes task
in Moodle near assessment points supports persistence in longer materials and provides evidence
of learning beyond watch-time metrics.

Implementation should be accompanied by light-touch evaluation. Beyond raw views and
watch time, course teams can monitor micro-indicators such as completion of short follow-up
tasks, use of chapter markers, and caption toggles on mobile. These signals provide actionable
feedback for incremental edits during the semester and are feasible within normal workloads. A
short start-of-term briefing for tutors, covering video signposting conventions, expected use cases,
and how to surface clips in Moodle, can further stabilize practice and ensure that adult learners
encounter a coherent pattern across modules.

Inferential Statistics

Three sets of inferential analyses were conducted to test whether the descriptive patterns held
beyond chance, focusing on length, academic level, and visibility.

Correlation Analysis

Video length correlates moderately and negatively with the share watched (» = -0.36, p <.05): the
longer the clip, the smaller the percentage viewed. These findings echo multimedia-learning
research that favours concise segments (Gilbert, 2015). Even so, a few long videos, most notably
“Integration Method by Parts”, maintained high retention, indicating that topic relevance and
complexity can counterbalance the usual drop-off in attention.

Group Comparisons: Academic Level & Visibility

Secondary-school topics hold attention better than HE ones. On average, students watched 57 %
of each secondary-level clip versus 50 % of each HE video; the gap is statistically reliable (p =
.012) and large in practical terms (Cohen d = 0.83; Table 6a). By contrast, visibility status makes
little difference: public videos (=51%) and unlisted videos (=53 %) are viewed for the same
proportion of their length (p = .52; Table 6b). Curricular relevance therefore has a stronger
influence on retention than public availability, even though public status enlarges the potential
audience.

Table 6a. Viewer-retention difference by academic level.

Statistic Secondary (n = 14) HE (n=24)
Mean (%) +SD 56.93£7.32 49.60 £9.55
Welch t (df) 2.65(33.2)

p (two-tailed) .012

Cohend (95 % CI) 0.83 [0.14; 1.51]

Table 6b. Viewer-retention difference by visibility status.

Statistic Unlisted (n = 33) Public (n =5)
Mean (%) £SD 52.58 £9.87 50.50+5.79
Welch t (df) 0.67 (8.1)

p (two-tailed) .523

Cohen d (95 % CI) 0.22[-0.73; 1.16]
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Multiple Regression (Retention)

A hierarchical regression summarized in Tables 7a and 7b confirms that running-time is the key
determinant of how long students stay with a video. Length on its own explained 37 % of the
variance in viewing percentage; adding visibility, academic level and curricular-need indicators
raised R? only marginally and none of those variables reached significance once length was in the
model. The final equation shows a clear negative slope (B =-0.66, p <.001): every extra minute
reduces the share watched by roughly two percentage points. Diagnostics indicated normal,
homoscedastic residuals and no multicollinearity (VIF <2).

Table 7a. Model-fit summary for hierarchical regression predicting average viewing duration (%).

Block Predictors added R? AR?/AF(p)

1 Length (sec) 0.373

2 Visibility, Academic Level 0.391 +.018/0.52 (.602)
3 Need % of students 0.434 +.043/2.48 (.125)

Table 7b. Viewer-retention difference by visibility status.

Variable B (95% CI) B p

Length (sec) —0.040 [- 0.060; - 0.020] —0.66 <.001
Visibility (1 = Public) +3.01 [-4.88; 10.90] +0.11 443
Academic level (1 =Higher) —3.83[-9.66;1.99] -0.20 .190
Need % of students —0.098 [-0.225; 0.029] -0.25 125
Constant 76.54 [62.07;91.02] <.001

Note. CI = confidence interval. R? adjusted rose from .356 (Block 1) to .365 (Block 3).

Multiple Regression (Reach)

Annual view rate tells a different story (Tables 8a and 8b). Years since publication explain very
little by themselves, but adding length lifts the model fit, and inserting a single dummy for public
status nearly doubles R2. In the final step, the model accounts for almost half of the variance in
yearly views. Being public is the strongest driver of reach, adding about fifty extra views per year
(B=.51,p=.001), while longer videos attract slightly more clicks once age is controlled (§ = .40,
p = .019). Older videos tend to lose traffic, though the effect is not significant, and HE topics
draw fewer views overall. Curricular need again shows no influence.

Resuming, brevity boosts retention, public status boosts reach, and curricular relevance moderates
both effects: students watch secondary-level content more attentively, but they do not stay longer
merely because a video is public.

Table 8a. Model-fit summary for Annual View Rate (%).

Block Predictors added R? AR/ AF(p)

1 Years since publication .028

2 Length (sec) 157 +.129/5.35 (.027)
3 Visibility (Public) 373 +.216/11.73 (.002)
4 Academic Level, Need % of students 458 +.085/2.52 (.097)

Table 8b. Final (Block 4) coefficients.
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Variable B (95% CI) B p

Years since publication -3.43 [-7.65;0.80] =22 .109
Length (sec) +0.101 [+0.018;0.184] +.40 .019
Visibility (1 =Public) +57.39 [+24.07;90.71] +.51 .001
Academic level (1 =Higher) -26.10[-50.03; -2.16] -.33 .034
Need % of students -0.038 [-0.563;0.486] -.02 .883
Constant 81.57[11.75;151.38] .023

Note. CI = confidence interval. R? adjusted rose from .356 (Block 1) to .365 (Block 3).

Discussion
Length and Retention

The results make it clear that video length plays a much stronger role in viewer behavior than any
of the other characteristics included in the model. Once running time is considered, factors such
as visibility, academic level or curricular relevance add very little explanatory value. Both the
correlation and the regression analysis point in the same direction: every extra minute tends to
reduce the percentage watched by roughly two points.

This pattern is consistent with what Guo et al. (2014) observed in large MOOC datasets,
but the relationship is not as straightforward as it may appear. In mathematics, reducing the
explanation of specific topics would undermine the logic of the worked example. Integration by
Parts is a good example: the argument needs to unfold as a single chain and cutting it into
fragments would disrupt understanding. Lin et al. (2016) also noted that students were willing to
watch longer demonstrations when these were essential for solving assessment tasks. In other
words, longer videos can be justified when conceptual continuity matters more than brevity.

The present data also hints at how layout and device type influence drop-off. Mobile
viewing has grown steadily, and dense algebraic notation compresses poorly on small screens.
Clean visual structure and stable framing appear to support persistence even in recordings that
cannot realistically be shortened.

Visibility and Reach

Making a video public had a very clear effect on exposure: the yearly number of views increased
substantially. What it did not do was extend how long viewers stayed. The funnel metrics help
explain the distinction. Once the videos were made public, impressions increased, but a smaller
proportion came from YouTube’s recommendation engine, and the click-through rate stayed
about the same. This suggests that public visibility opens the door to a wider audience, but
engagement still depends on whether the content matches students’ needs.

Adult Learners as Selective, Purpose-Driven Viewers

The selective viewing behavior seen in the data should be understood as a deliberate study strategy
rather than a lack of interest. Adult students tend to search for the exact segment that addresses
the difficulty they are facing and stop once they find it. This behavior is consistent with
andragogical perspectives that emphasize autonomy and immediate usefulness. From the
standpoint of adult numeracy, short pauses, repeated segments and rapid navigation often reflect
points of conceptual doubt rather than disengagement.
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Because of this pattern, lower percentages watched do not necessarily indicate weaker
learning. In the Adults Learning Mathematics tradition, the most important indicator is successful
task completion rather than the amount of content consumed. For redesign purposes, it is therefore
more useful to improve navigation and reduce split attention through clear visual cues, stable
notation, time-stamped chapters and accurate captions than to focus solely on increasing viewing
percentages.

There are also equity considerations. Large international assessments of adult skills, such
as the OECD Program for the International Assessment of Adult Competencies (PIAAC), show
wide differences in numeracy across adult populations. Small additions such as terminology
glossaries or bilingual captions can make the videos more accessible to returning adults and
international students, especially when they are studying on mobile devices.

Cluster Profiles

The four clusters generated in the analysis provide a helpful way of organizing redevelopment
priorities. One group contains short to medium-length videos with high reach and strong
curricular demand but only average retention. A second group consists of the longest recordings
and shows consistently low retention and reach, clearly indicating a need for re-editing or
segmentation. A third cluster includes very short clips with high retention and strong curricular
relevance; these could reach larger audiences if made public. The final group contains medium-
length videos with limited demand, making them less urgent to revise. Together these profiles
offer a practical structure for planning improvements.

Limitations and Implications for Practice

The analysis is based on platform analytics, which capture patterns of attention rather than
evidence of learning. Stronger interpretations will require linking these patterns to assessment
outcomes and to student feedback collected directly in the classroom. The sample is relatively
small, and only a few videos have been public long enough to produce stable reach estimates. The
cluster analysis also relies exclusively on quantitative indicators, which means that qualitative
insights from students could help refine the profiles and clarify how different viewing behaviors
relate to learning needs.

Redesign decisions can still be guided with some confidence. Topics that consistently
appear at the top of the CPI deserve attention first, as they recur across programs and attract
sustained student interest. Explanations should remain economical, except in those areas where
the argument must be developed in a single, coherent sequence. Videos that are both long and
rarely watched offer the clearest cases for restructuring, whether through segmentation or a fresh
recording. After the main quality issues are addressed, releasing selected items publicly is likely
to extend access without altering retention patterns.

The findings also raise questions that cannot be resolved with the present dataset.
Platform statistics do not identify adult learners within the broader HE population, which means
that interpretations must be drawn indirectly from program structures and device-use trends. The
CPI also summarizes curricular need into a single percentage, and it may be helpful in future work
to distinguish between topics that are essential for routine study and those that are particularly
important for adults returning to formal mathematics. Since the current materials are available
only in Portuguese, introducing bilingual captions or short glossaries may help remove linguistic
barriers for international students and older returners.
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A further line of inquiry concerns the place of generative-Al tools in students’ study
routines. As summarization, automated navigation and procedural guidance become more
common, it will be important to understand how these tools shape the way learners use video
explanations, particularly for adults who study in short sessions and often focus on specific steps
rather than whole examples.

Conclusion

This study examined a decade of YouTube Analytics to understand how learners engage with the
38 videos included in b-Mat@plicada. Many of these learners study under tight time constraints
and often return to mathematics after long breaks, which makes their viewing behavior especially
informative. Three broad tendencies appeared throughout the analysis. Shorter videos consistently
held attention more effectively than longer explanations. Making a video public increased the
number of people who accessed it, although it did not lead viewers to watch for longer periods.
Combining reach, retention and curricular demand into the Curricular Priority Index provided a
clear way to decide which topics should be updated first.

The analytical approach also offered complementary insights. The regression models
identified the video features that most influenced viewer behavior, while the cluster analysis
helped reveal groups of videos that share similar patterns of use. This combination exposed a
small set of long recordings that perform poorly and would benefit from being reorganized or
refilmed.

The theoretical lens adopted in the study helps explain several of the trends observed.
The move from desktop to mobile viewing, together with the decreasing influence of YouTube’s
recommendation system, is consistent with the habits of adult learners who study in short intervals
and focus on the specific part of an explanation that solves an immediate need. Selective viewing
therefore appears as a practical strategy rather than a sign of low engagement.

From a practical perspective, the findings support a gradual optimization of the catalogue.
Concise explanations should be maintained, videos with high CPI values should be prioritized
during redesign, and long clips with persistently weak retention deserve particular attention.
Using objective indicators such as the CPI helps distribute effort where it is most useful.

The study also has several limitations. Analytics show patterns of attention but not
learning, and they do not distinguish between younger and older students or between full-time
and working learners. Future research should relate these viewing behaviors to assessment results,
gather qualitative feedback from students and explore how emerging Al-based study tools, such
as automatic summaries or step-by-step assistance, influence the way learners navigate and
interpret mathematical explanations in blended-learning environments.

Ethics and data stewardship

The analysis relied on aggregate, non-identifiable platform data and followed institutional
guidance for educational analytics. In keeping with good practice, only course-level summaries
were exported; no attempts were made to infer individual characteristics or link analytics to grades
at the student level. Future iterations will extend transparency by sharing anonymized dashboards
with teaching teams and by consulting students on preferred accessibility features. This approach
balances evidence-informed improvement with respect for privacy, consistent with the values of
adult education.
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