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Cognitive performance under time constraints is influenced by multiple
factors, including physiological parameters such as hemoglobin (Hb)
concentration and red blood cell (RBC) count, which affect oxygen delivery
to the brain. However, the extent to which these variables predict
performance when task speed is changed remains unclear. This study
investigated whether Hb, RBC, age, and sex influence performance when
task speed is changed from a normal pace (1X) to a faster pace (2X). An
experimental non-randomized controlled trial was conducted among healthy
adult participants divided into two study groups: Group A (1X speed) and
Group B (2X speed). Hb and RBC levels were measured using standard
laboratory procedures and task performance scores were recorded for both
groups. Data were analyzed using independent t-tests, Pearson’s
correlation and chi-square tests, with significance set at p < 0.05. Higher
task speed (2X in Group B) significantly reduced performance scores (p <
0.001). No statistically significant correlations were observed between Hb or
RBC levels and performance in either group (p > 0.05). Task speed is a
dominant determinant of performance, with faster speeds causing marked
decline irrespective of Hb, RBC, age or sex. These findings suggest that
within healthy, non-anemic populations, baseline Hb and RBC have limited
predictive value for short-term cognitive performance under speeded
conditions.

Introduction

Background

The way that students consume instructional

retrieval for later use depend heavily on memory,
especially working and short-term memory. The
speed at which learning material is presented can
influence how effectively information is processed

content has changed as a result of the broad
usage of digital platforms in education. Because
online videos are so flexible, students can change
the speed at which they play them to fit their
schedules and tastes. Faster video playback may
increase productivity, but its effects on memory
retention and cognitive processing are still up for
discussion. Information encoding, storage and

and retained [1].

Cognitive Load Theory postulates that human
working memory has limited capacity, and when
the presentation rate of information exceeds this
capacity, learners may experience overload,
leading to reduced comprehension and retention
[2,3]. Studies have shown that accelerated video
playback can lead to cognitive strain by reducing
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the time available for rehearsal, reflection and
integration of new knowledge with existing
schemas [4].

On the other hand, some research suggests that
moderate acceleration such as 1.25X or 1.5X
speed may not significantly impair comprehension,
especially for learners with higher prior knowledge
or strong self-regulation skills [5,6]. In fact, faster
playback can increase learner engagement by
maintaining attention and reducing boredom
during slower-paced instructional segments [7].
This creates a balance between cognitive
efficiency and overload, which is crucial in
designing effective e-learning experiences.

Gender differences may also play a role in how
learners adapt to video playback speeds.
Research has suggested that males are more
likely to adopt time-saving strategies, such as
accelerated playback, when under academic or
professional pressure [8]. Meanwhile, females
may prioritize comprehension and accuracy over
speed, which could influence their choice of
playback rates and subsequent memory
performance [9].

Despite these realizations, there is currently a
dearth of empirical research, particularly in varied
learner populations, that establishes a direct
correlation between playback speed and assessed
cognitive outcomes. Instead of using actual
memory recall scores to assess cognition, the
majority of research concentrate on
comprehension or satisfaction. Furthermore, in
video learning studies, variables including age,
physiological health markers (e.g., hemoglobin,
RBC levels) and previous exposure to the topic
matter are rarely considered concurrently.

The present study tried to address this gap by
comparing cognitive performance between two
groups exposed to different video playback
speeds, while also accounting for demographic
and physiological factors. This research also aims
to provide actionable insights for educators and
learners in optimizing their e-learning strategies for
both efficiency and retention.

The pace of information delivery has become an
important area of investigation in modern learning
environments, particularly with the rise of e-
learning and online platforms that allow adjustable
playback speeds. Prior research has suggested
that playback at normal or slightly increased
speeds (e.g., 1.25X-1.5X) may not significantly
compromise comprehension for many learners
[10,11]. However, evidence is mixed when
playback reaches higher speeds (e.g., 2X), where
cognitive load appears to surpass the learner’'s
processing capacity, leading to diminished recall
and understanding [12,13].

Physiological parameters, such as hemoglobin
(Hb) and red blood cell (RBC) levels, play a critical
role in oxygen delivery to the brain and overall
cognitive functioning [14]. Higher Hb levels have
been associated with improved attention and
memory performance, whereas reduced
oxygenation capacity can impair mental efficiency
[15]. Despite this, few studies have directly
examined whether baseline hematological markers
predict or cushion against performance decline
under varying learning conditions such as altered
playback speeds.

Sex and demographic differences also warrant
consideration. While some studies have identified
minor gender differences in working memory and
learning efficiency, others suggest negligible or
inconsistent patterns [16,17]. This highlights the
importance of systematically testing these factors
to establish whether they meaningfully interact
with playback speed effects. In addition, the role of
adaptive learning technologies continues to grow.
Recent work suggests that digital learners often
adopt faster playback to save time, yet they may
not fully account for the cognitive trade-offs
[18,19]. Understanding whether physiological
factors such as Hb and RBC alter these trade-offs
can provide a novel perspective, bridging cognitive
psychology with biomedical determinants of
learning.

Research on video playback speed and its
cognitive implications has gained increasing
attention of scholarly community. Studies suggest
that learning effectiveness is not solely dependent
on content, but also on the pace of information
delivery [5]. Faster playback can sometimes
enhance efficiency but may strain working memory
and reduce comprehension [4]. On the other hand,
slower playback may aid recall but risks
disengagement [18].

Several studies support the cognitive load theory,
which explains how working memory capacity
limits the processing of instructional material
[20,21]. When video playback exceeds optimal
speed, learners may experience cognitive
overload, thereby reducing retention and
comprehension  accuracy [9]. Interestingly,
individual differences such as prior knowledge,
gender and cognitive style influence how playback
speed affects learning. For example, a study by
Murphy and colleagues [22] demonstrated that
high-ability learners could sustain comprehension
at 2X speed, while novices performed significantly
worse. Similarly, Mo et al (2022) [23] found that
attentional control and working memory span
influenced the relationship between playback
speed and learning success.

Furthermore, digital learning environments have
increasingly adopted playback controls, allowing
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learners to adapt speed based on preference and
cognitive readiness [24]. This flexibility is
consistent with self-regulated learning theory,
which highlights the learner's ability to adjust
strategies for optimized performance [25].
However, while self-pacing aids motivation, it does
not fully eliminate memory-related constraints [26].

Studies comparing gender differences in learning
preferences suggest nuanced interactions
between biological, psychological and
environmental factors. For example, Gaisey et al
(2024) [27] reported subtle differences in how
male and female students process rapid visual-
verbal content, which may reflect broader cognitive
styles rather than pure memory limitations.

In brief, existing research underscores the
complex interaction between cognition, speed of
audio-video playback and individual learner
factors. Against this backdrop, by empirically
testing memory outcomes at different speeds, this
study will contribute to refining instructional video
design and optimizing digital learning strategies.

Methods
Study design

An experimental non-randomized controlled trial
design was employed to investigate the
relationship between hemoglobin concentration
(Hb), red blood cell (RBC) count, and cognitive
performance under two playback speed conditions
(1X and 2X). The study was conducted in a
controlled laboratory setting to minimize external
distractions and ensure consistency across
participants.

Study setting

The study was conducted in the Department of
Physiology, Jawaharlal Nehru Medical College and
Hospital, AMU, Aligarh after approval from
Institutional Ethics Committee (IECJNMC/1181,
dated 26/08/2023).

Participants

A total of 150 (Group A-75, Group B-75)
participants were recruited through purposive
sampling from 1%t year MBBS students studying at
Jawaharlal Nehru Medical College and Hospital,
Aligarh.

Inclusion criteria were: both genders, age between
18 and 25 years, normal or corrected-to-normal
vision and hearing, and no known history of
neurological or hematological disorders.

Participants with anemia (Hb < 12 g/dl for females,
< 13 g/dl for males), recent illness, or use of
cognitive-enhancing substances were excluded.
Written informed consent was obtained from all
participants prior to enroliment.

Interventions

1. Upon arrival, participants completed a
demographic  questionnaire  (age,  sex,
education).

2. Blood samples were collected for Hb and RBC
analysis.

3. Participants were seated in a sound-attenuated

room with standardized audio-visual
equipment.
4. Group A completed the watching-

comprehension task at one playback (1X)
speed while Group B was subjected to same
task at two playback (2X) speed.

5. Cognitive test scores were recorded for each
participant subsequently.

Objectives

The present study was aimed to evaluate the
impact of playback speed (1X vs 2X) on cognitive
performance, while exploring whether Hb and RBC
levels, as well as sex, influence or predict these
outcomes. By integrating cognitive performance
measures with physiological data, this study
provides new insights into whether biological
markers can explain variability in tolerance to
increased playback speeds in learning contexts.

Outcomes

Physiological parameters

Hemoglobin (Hb) concentration was estimated by
Sahl’'s acid hematin method. RBC count was
determined by manual cell counting using an
Improved Neubauer hemocytometer following
appropriate dilution with RBC diluting fluid. The
cells were counted microscopically in the
designated counting area, and the RBC
concentration was calculated using the standard
hemocytometer formula and expressed as
cells/mms,

Cognitive performance task

Participants completed comprehension-based
watching tasks using recorded educational
content. Each group was presented under one of
two playback speed conditions:

e Group A - Normal speed (1X)
e Group B - Accelerated speed (2X)

After watching, participants completed a 15-item
multiple-choice comprehension test. The total
number of correct answers served as the
performance score (range: 0-15).

Statistical methods

Descriptive statistics (mean + SD) were computed
for all variables. Paired t-tests were used to
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compare performance scores between groups.
Pearson’s correlation was used to examine
associations between Hb, RBC and performance
scores in each group. Multiple linear regression
was performed to assess the predictive value of
Hb, RBC, sex and age on performance. Statistical
significance was set at p < 0.05. Analyzes were
conducted using IBM SPSS Version 20.0 (IBM
Corp., Armonk, NY, USA).

Results
Participants

A total of 150 (Group A-75, Group B-75)
participants were recruited from 1St year MBBS
students studying at Jawaharlal Nehru Medical
College and Hospital, Aligarh.

Baseline data

Participants’ age range was 18-25 years; mean
age in Group A was 18.91 + 1.27 while in Group B
it was 19.37 + 1.33 years. A significant sex
distribution difference between the groups was
found (x2 = 12.46, p = 0.0004).

Outcomes and estimation

The mean scores, age, hemoglobin (Hb) and red
blood cell (RBC) counts for participants in Group A
(IX speed) and Group B (2X speed) are
summarized in table 1. On an average,
participants in Group A demonstrated higher
memory scores compared to Group B. Hb levels
were marginally higher in Group A, whereas RBC
counts were almost identical between groups.

Table 1: Descriptive statistics for Group A (1X

speed) and Group B (2X speed)

Variable Group A (1X)  Group B (2X)
Score 10.54 £ 2.10 7.84 + 2.36
Age 18.91 £ 1.27 19.37 £1.33
Hb (g/dlI) 11.58 +2.18 11.17 +1.78
RBC (x10°/uL)  4.27 £ 0.43 4.27 +0.44

Numbers are presented as mean + S.D.

Independent sample t-test revealed significant
differences in cognitive scores and Hb levels
between Group A and Group B. Participants
scored significantly higher at 1X speed (Group A)
(M = 10.54, SD = 2.10) than at 2X speed (Group
B) (M = 7.84, SD = 2.36), t(74) = 11.89, p < 0.001,
Cohen’s d = 1.37 (large effect size). Mean Hb
values were significantly higher in the 1X condition
(Group A) (M = 11.58, SD = 2.18) compared to the
2X condition (Group B) (M = 11.17, SD = 1.78),
t(74) = 2.79, p = 0.007, Cohen’s d = 0.32 (small-to-
moderate effect). No significant difference was
observed between groups pertaining to RBC
counts, t(74) = 0.18, p = 0.856.

Score Distribution by Playback Speed
14t e

12

1X Speed 2X Speed

Figure 1. Distribution of task performance scores
by playback speed. Box-and-whisker plots
illustrate the distribution of performance scores at
normal playback speed (1X) (Group A) and
increased playback speed (2X) (Group B). The
median performance score was higher at 1X
speed than at 2X speed, with a clear downward
shift in the score distribution under faster playback
conditions. The plot demonstrates the substantial
reduction in task performance associated with
increased playback speed.

Pearson’s correlation coefficients for cognitive
scores, Hb and RBC counts in both conditions are
shown in table 2. No statistically significant
correlations were detected between scores and
physiological measures (Hb, RBC) in either group.
Pearson’s correlations indicated no statistically
significant association between Hb or RBC levels
and performance scores at either playback speed
(@l p > 0.05). A weak, inverse relationship
between Hb and RBC was observed at 2X (r = —
0.21, p = 0.07), consistent with borderline findings
from earlier pilot testing.

Table 2: Correlation coefficients (Pearson’s r) with

p-values in parentheses
Relation Group A (1X)

Group B (2X)

Score — Hb 0.05(0.67)  0.12 (0.31)
Score — RBC 0.07 (0.55)  -0.02 (0.86)
Hb — RBC 0.20 (0.09)  -0.18 (0.12)

Ancillary analyses

Regression analysis

Multiple regression models tested the predictive
role of Hb, RBC, age and sex for performance at
each playback speed.

e Group A (1X Model): F (4,70) = 0.59, p = 0.67,
Adj. R?2 < 0.01. None of the predictors
significantly explained score variance.

e Group B (2X Model): F (4,70) = 0.81, p = 0.52,
Adj. R2 < 0.01. Predictors again were non-
significant.
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A combined mixed-effects model (Score ~ Hb +
RBC + Age + Sex + Speed + HbxSpeed +
RBCxSpeed) revealed:

e Speed effect: B = -2.70, p < 0.001. A significant
lower score at 2X.

e No significant SpeedxHb (p = 0.48) or
SpeedxRBC (p = 0.81) interaction effects.

Interaction Plot: Hb x Speed
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Figure 2. Interaction plot of hemoglobin (Hb)
concentration and task speed on predicted
performance  scores. Predicted performance

scores are shown across Hb concentrations (12.0-
16.0 g/dL) at normal task speed (Group A i.e. 1X;
blue) and increased task speed (Group B i.e. 2X;
orange). Performance scores remained relatively
stable across the Hb range at both speeds, while
scores were consistently lower at 2X speed,
indicating a marked lower performance with
increased task speed. The parallel trends suggest
no  substantial interaction between Hb
concentration and task speed.

Sex differences

Independent t-tests showed no significant sex-
based differences in performance at either
playback speed:

e Group A (1X): Males (M = 10.38) vs Females
(M =10.70), p = 0.54.

e Group B (2X): Males (M = 7.71) vs Females (M
=8.02), p = 0.53.

The results demonstrate a robust main effect of
playback speed on performance, with a substantial
and consistent lower score when content was
viewed at 2X speed. This aligns with prior
research  (e.g., [12,13]) suggesting that
accelerated presentation can impair
comprehension and recall, particularly for tasks
requiring precise retention. The magnitude of the
speed effect observed here (Cohen’s d = 1.37)
suggests that the cost of doubling playback speed
is not marginal but substantial.

Physiological measures (Hb and RBC) showed no
meaningful predictive value for performance,
consistent with earlier reports [14,15] which
concluded that baseline physiological status exerts
minimal influence on short-term  cognitive
outcomes in time-compressed learning. The lack
of interaction effects implies that the performance
decrement at 2X is generalized across different
Hb/RBC levels and demographic subgroups like
gender.

Interestingly, while Hb levels were slightly low in
Group B (2X), this difference was statistically small
and unlikely to have practical significance in this
context. The absence of sex-based differences
reinforces the interpretation that playback speed,
rather than physiological or demographic factors,
is the dominant determinant of performance in this
study.

Discussion
Interpretation

The present study examined the relationship
between hemoglobin (Hb) concentration, red blood
cell (RBC) count, and cognitive performance in two
groups exposed to two different playback speeds
(AX and 2X). The results demonstrated a
pronounced lower performance scores when the
playback speed was 2X compared to 1X, while
neither Hb nor RBC levels significantly predicted
performance outcomes at either speed. These
findings contribute to the growing body of evidence
on the cognitive costs associated with accelerated
content consumption and the limited predictive
value of basic physiological markers in such
contexts.

The significant main effect of playback speed
aligns with prior research indicating that increasing
playback speed beyond a certain threshold
imposes higher cognitive load, resulting in reduced
comprehension and recall [12,13]. Although prior
studies have suggested that moderate increases
in speed (e.g., up to 1.5X) may not significantly
impair learning in certain populations [4], the
results of the present study suggest that at 2X
speed, the decline in cognitive performance is
substantial and generalized across patrticipants.
This indicates that the human information
processing system may be unable to fully adapt to
the rapid presentation rate, leading to diminished
encoding and retrieval efficiency [28].

Contrary to expectations as per our research
hypothesis, no significant correlation was
observed between Hb or RBC levels and cognitive
performance in both the groups. This finding is
consistent with earlier studies reporting null
associations  between basic  hematological
measures and short-term cognitive task outcomes
in healthy individuals [29,30]. While extreme
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deviations in Hb or RBC — such as those seen in
anemia or polycythemia — can affect oxygen
delivery to the brain and, consequently, cognitive
function [31], the relatively narrow physiological
range observed in this study subjects may have
limited the ability to detect such effects.

Regression analysis further supported the
conclusion that playback speed was the primary
determinant of performance variance, with no
altering effects of Hb, RBC, sex or age. This
suggests that the detrimental effect of speed is
strong across demographic and physiological
profiles, corroborating with the findings of Murphy
and colleagues [13], who reported that individual
baseline physiological characteristics did not have
cushioning effect against comprehension losses at
high playback rates.

Generalizability

From an applied perspective in education sector,
these findings have implications for instructional
and training contexts, especially in an era where
accelerated media consumption is increasingly
common. While students and professionals may
adopt higher playback speeds to save time, the
substantial performance decrement observed in
Group B (at 2X speed) in our study suggests that
comprehension and retention may be
compromised, regardless of individual's
physiological status in young apparently normal
subjects. This supports recommendations to limit
playback speed to moderate levels for tasks
requiring detailed understanding [12].

Limitations

Several limitations must be acknowledged in
interpreting the findings of the present study. First,
the sample size, while adequate for statistical
analysis, may have been insufficient to detect
small but potentially meaningful associations
between hemoglobin (Hb), red blood cell count
(RBC) and cognitive performance. A larger cohort
could provide greater statistical power and
improve the precision of effect estimates [32].
Second, the study was conducted within a
controlled environment, which, while minimizing
extraneous variability, may limit the ecological
validity of the findings when applied to real-world
multitasking or high-speed learning contexts.
Third, the non-randomized controlled trial design
precludes causal inference; randomized controlled
trial or cross-over or before-after designs would be
required to generalize the finding that watching
speed is inversely related to cognition. Also, a
longitudinal cohort study might be more plausible
to assess whether changes in Hb or RBC over
time influence performance. Fourth, only two
physiological variables, Hb and RBC were
measured. Additionally, other physiological and
psychological factors such as iron status,

hydration, motivation and prior experience with
speeded tasks may be more informative. Finally,
while sex differences were examined, the study
did not account for hormonal status which may
influence performance outcomes [33].

Recommendations

Future research could expand on these findings by
exploring additional physiological markers, such as
oxygen saturation, hemodynamic responses and
validated neurocognitive measures, to better
understand the interplay between physical and
cognitive  factors in  accelerated learning
environments. Longitudinal studies could also
assess whether repeated exposure to high-speed
content leads to adaptive changes in
comprehension ability, or whether the observed
performance decline remains constant over time.

Overall evidence

The present study demonstrates that increased
task speed had a substantial and consistent lower
performance scores, regardless of individual
differences in Hb, RBC, age, or sex. While prior
research has suggested that faster presentation
rates can be tolerated in certain learning contexts,
our findings indicate that, at least for this task type,
speed imposes a uniform cognitive loss not
mitigated by baseline physiological status. The
lack of significant predictive value for Hb and RBC
suggests that within a healthy, non-anemic
population, these measures may have limited
relevance for short-term performance under
speeded conditions.

In brief, the evidence suggests that while learners
can physiologically tolerate faster playback, the
cognitive trade-off in comprehension and accuracy
is significant. For applications where retention and
accuracy are critical, maintaining normal playback

speed is advisable regardless of participant
demographics or baseline hematological status.
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