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ABSTRACT

Background: Mindfulness is increasingly used to support cognitive and emotional functioning in high-stress academic settings.
Dialectical Behavior Therapy (DBT) combines mindfulness with distress tolerance, cognitive flexibility, and emotion regulation skills
that may strengthen attentional control. However, controlled evidence using objective cognitive measures remains limited in South
Asian university populations.

Methods: A one-group pre-test—post-test design was used with 50 undergraduate students (aged 18-25 years) purposively
recruited from a Pakistani university. Participants completed the Stroop Color and Word Test (SCWT) before and after a structured
six-session DBT-based mindfulness training program covering core mindfulness, distress tolerance, cognitive flexibility, and stress-
management skills. Pre- and post-intervention scores on nine SCWT indices were compared using paired-samples t-tests.

Results: Word-reading time fell significantly, from 15.19+5.19 to 12.89+3.93 seconds (t(49)=2.691, p=0.010), as did letter-reading
time, from 32.38+10.07 to 26.10+9.33 seconds (t(49)=3.596, p=0.001), and letter-reading errors, from 0.74+0.99 to 0.40+0.78
(t(49)=2.084, p=0.042). Color-naming time, the remaining error scores, and all three interference (conflict) scores showed no
significant change (all p>0.05).

Conclusion: A brief DBT-based mindfulness program improved basic processing speed and selective attention but left higher-
order executive control and interference resolution largely unchanged. The training is a feasible, low-cost way to strengthen
foundational attentional processes in university students. However, longer or more intensive programs may be needed to affect
more complex executive functions.
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INTRODUCTION

University life brings academic workload,
performance pressure, and major life changes,
all of which draw heavily on students’ attention
and self-regulation. Mindfulness-based
interventions have become common in higher
education for exactly this reason, and meta-
analytic evidence shows they produce small-to-
moderate improvements in student distress,
anxiety, and dispositional = mindfulness
compared with passive controls®. Related work
suggests that mindfulness training also builds
resilience, which in turn softens the
psychological impact of academic stress?.

Mindfulness does more than ease distress; it
has also been linked to change in core cognitive

processes such as attention and cognitive
flexibility. A meta-analysis of 87 studies found
that meditation practice most reliably
strengthens the brain’s executive-control
network, with weaker and less consistent
effects on alerting and orienting®, and cognitive
flexibility itself is now understood as a trainable
capacity supported by fronto-parietal brain
networks?. Even a single guided mindfulness
session has been shown to speed up Stroop
task reaction times in people with no meditation
experience®, and comparable single-session
studies have found matching gains in conflict-
resolution speed alongside changes in frontal
neural activity measured through functional
near-infrared spectroscopy®.
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Effects of DBT-Based Mindfulness on Cognition

Dialectical Behavior Therapy (DBT) pair
mindfulness with distress tolerance, cognitive
flexibility, and emotion regulation skills, and its
group-based skills format has moved well
beyond its clinical origins into non-clinical, help-
seeking groups’. Reviews of DBT skills groups
report modest but consistent benefit across
several stress- and  regulation-related
outcomes®, and stand-alone DBT skills
protocols have reduced impulsivity-related
behavior in non-clinical adult samples®0. The
mindfulness module of DBT trains people to
notice thoughts and sensations without
judgment and to keep returning attention to the
present moment, what DBT calls the “Wise
Mind.” That skill set maps fairly directly onto
what the Stroop Color and Word Test (SCWT)
demands: overriding an automatic reading
response in favor of a slower, less automatic
color-naming response, which is essentially a
behavioral test of selective attention and
inhibitory control.

Even so, the evidence on whether brief
mindfulness training changes objective
cognitive performance, rather than just self-
reported mindfulness or distress, is mixed.
Several brief, online, or single-module
programs report gains in processing speed and
attention with no matching change in higher-
order executive control*-13, and a recent 31-
day randomized trial found that an online
program improved mindfulness and
metacognition but produced no measurable
change on any cognitive or affective outcome!4.
A systematic review of mindfulness-based
interventions in tertiary students reached a
similar conclusion, describing cognitive benefits
as inconsistent across trials and generally
backed by low-quality evidence?®.

In Pakistan, adapted mindfulness training has
already shown good feasibility and acceptability
in reducing student stress!t. However,
controlled evidence of its cognitive effects,
measured objectively rather than through self-
report, remains limited. This study examines
whether a brief, structured DBT-based
mindfulness  training  program  changes
cognitive performance, specifically processing
speed, selective attention, and interference
control, in university students, using a pre-test—
post-test design with the SCWT as the main
outcome measure.

METHODOLOGY

This study used a one-group pre-test—post-test
design to track changes in cognitive

performance following a structured DBT-based
mindfulness training program, comparing each
participant's own scores before and after
training rather than against a separate control

group.

Fifty undergraduate students aged 18—25 were
recruited from a Pakistani university through
purposive sampling. To be included, students
had to be enrolled full-time, fall within the target
age range, and have no history of neurological
illness or psychotropic medication use. Anyone
with a current, diagnosed neurological or
psychiatric ~ condition, or prior formal
mindfulness or DBT training, was excluded.
The final sample (24 male, 26 female) spanned
all four undergraduate years and four broad
fields of study (Table 1); most participants lived
with family (72%) in nuclear households (62%).

Cognitive performance was measured with the
Stroop Color and Word Test (SCWT), a long-
established neuropsychological measure of
selective attention, processing speed, and
inhibitory control. Participants read printed
words, read color names printed in mismatched
ink, and named the ink color itself while trying
to suppress the more automatic reading
response®14, This produced nine indices in
total: time and error scores for word reading,
letter reading, and color naming, plus three
interference (conflict) scores capturing the cost
of overriding the dominant reading response.

The intervention ran across six weekly sessions
of about 90 minutes each, preceded by a
baseline orientation session. Training moved
from core mindfulness skills and “Wise Mind”
awareness, through distress-tolerance skills
(STOP, TIPP), cognitive flexibility and mindful
decision-making exercises, and finally to stress
management and relaxation techniques such
as progressive muscle relaxation and paced
breathing, and concluded with a consolidation
and evaluation session. Combining
mindfulness  with  distress-tolerance and
emotion-regulation modules in this way is the
standard DBT skills-training format, and it has
already shown measurable benefit for
impulsivity- and stress-related outcomes in
non-clinical and student samples®®.
Participants kept homework logs between
sessions to support daily practice, and each
session began with a brief group review of what
they had noticed since the last session.
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The SCWT was administered individually in a
quiet, distraction-free room before the first
training session and again after the sixth
session, by an assessor who was not involved
in delivering the sessions. Participants were
identified only by code throughout the study,
and they were free to withdraw at any point
without penalty.

Prior to data collection, the study protocol was
approved by the Foundation Research Forum
Institutional Review Board (IRB No. 2025/056).
Before participating in the study, all participants
were informed of its purpose, procedures, and
voluntary nature, and then signed informed
consent forms. All data were coded rather than
named, and confidentiality was respected
during data processing and analysis; data were
processed only for research purposes.

The data was analyzed using SPSS. Sample
descriptive (means, standard deviations, and
frequencies) were used to summarize the
sample, and paired-samples t-tests were used
to compare the pre- and post-intervention
scores across each of the nine indices of the
SCWT, with a significance level of p<0.05.

RESULTS

Table 1 summaries the sample's demographic
profile (N=50). Participants were fairly evenly
spread across academic years, close to an
even gender split (48% male, 52% female), and
represented social sciences, business and
management, medical and health sciences,
and computer sciences.

Table 1. Demographic Characteristics of Participants (N = 50)

Variable Category n %
Age Group 18-20 years 18 36.0
21-23 years 22 44.0
24-25 years 10 20.0
Gender Male 24 48.0
Female 26 52.0
Academic Year 1st Year 12 24.0
2nd Year 15 30.0
3rd Year 13 26.0
4th Year 10 20.0
Field of Study Social Sciences 16 32.0
Business & Management 12 24.0
Medical & Health Sciences 11 22.0
Computer Sciences 11 22.0
Family System Nuclear 31 62.0
Joint 19 38.0
Residence Status Hostel 14 28.0
Living with Family 36 72.0
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Table 2 sets out the paired-samples t-tests
comparing pre- and post-intervention SCWT
scores. Word-reading time dropped from
15.1945.19 seconds at pre-test to 12.89+3.93
seconds at post-test (t(49)=2.691, p=0.010),
and letter-reading time dropped from
32.38+10.07 to 26.10+9.33 seconds
(t(49)=3.596, p=0.001). Letter-reading errors
also fell, from 0.74+£0.99 to 0.40+0.78

(t(49)=2.084, p=0.042). Color-naming time
decreased but not significantly (t(49)=1.435,
p=0.158), and neither word-reading errors
(p=0.860) nor color-naming errors (p=0.288)
changed. None of the three interference
(conflict) scores, for words, letters, or color,
shifted significantly either (all p>0.05), though
the letter-conflict score came close to a
significant increase (t(49)=-1.941, p=0.058).

Table 2. Paired-Samples t-Test for Pre- and Post-Intervention Stroop Color and Word Test Scores

(N =50)
Variable Pre-Test M (SD) Post-Test M (SD) t (49) p
Time — Read Words (s) 15.19 (5.19) 12.89 (3.93) 2.691 0.010*
Time — Read Letters (s) 32.38 (10.07) 26.10 (9.33) 3.596 0.001**
Time — Say Colour (s) 23.14 (9.28) 20.98 (6.51) 1.435 0.158
Errors — Read Words 0.24 (0.52) 0.22 (0.55) 0.178 0.860
Errors — Read Letters 0.74 (0.99) 0.40 (0.78) 2.084 0.042*
Errors — Read Colour 0.96 (1.11) 0.70 (1.34) 1.074 0.288
Conflict — Words 1.04 (0.20) 1.06 (0.24) -0.444 0.659
Conflict — Letters 1.06 (0.24) 1.16 (0.37) -1.941 0.058
Conflict — Colour 1.40 (0.50) 1.46 (0.50) -0.724 0.472
*p<0.05, **p<0.01
40 7
B Pre-Intervention
35 p = 0.001% S Post-Intervention

30 1

25 A

Time (seconds)
N
o

Word-Reading
Time (s)

Figure 1 shows this pattern across the three
timed indices. Word-reading and letter-reading
times both fell after the intervention, while color-
naming time barely moved, suggesting the
benefit sat mainly in the more automatic
reading tasks rather than the harder color-
naming task.

Combined, this suggests a moderate
improvement in basic processing and selective
attention (word- and letter-reading time) and in
letter-reading errors but not in any
corresponding measures of color-naming, in

Letter-Reading
Time (s) Time (s)

p=0.158 (ns)

Colour-Naming

the more challenging errors, or in interference
resolution.

DISCUSSION

This study aimed to determine whether a brief,
structured mindfulness training program based
on DBT affects objective cognitive function in
university students. The first of these
hypotheses was supported: training was
significantly ~ correlated  with  enhanced
processing speed and selective attention in
both word and letter reading, as well as fewer
letter-reading errors. The second hypothesis
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was only partially supported, as the scores for
color-naming and the more difficult error scores
did not increase or decrease, nor did the three
interference scores, indicating that the training
did not significantly impact higher-order
executive control.

These results fit a wider, and increasingly
mixed, literature on mindfulness and cognition.
Brief and digital mindfulness formats have
repeatedly helped student mental health and
self-reported attention problems’2, and a
similar short programme for nursing students
improved perceived stress and dispositional
mindfulness over eight weeks!2. But direct
transfer to standardized cognitive tasks looks
less dependable: a recent 31-day randomized
trial found gains in mindfulness and
metacognition but nothing on any cognitive or
affective measure!, and a systematic review of
mindfulness interventions in tertiary students
came to a similar conclusion, calling the
cognitive evidence inconsistent and generally
weak!>. What we found here, improvement on
the simpler, more automatic reading measures
but not on colour-naming or conflict resolution,
fits that pattern, and may simply reflect how
short six sessions is next to the sustained
practice usually needed to move higher-order
inhibitory control®3.

The gain on basic processing measures makes
sense given what the DBT mindfulness module
actually  trains: present-moment, non-
judgmental observation, which is close to the
sustained, undistracted attention that speeds
up simple word- and letter-reading. Single-
session and brief mindfulness protocols have
produced similar acute gains in reaction time
and conflict-resolution speed on the Stroop task
in non-clinical samples?2-23, which supports this
explanation. The lack of change on interference
scores fits, too; mindfulness-based stress-
reduction work has reduced experiential
avoidance and impulsivity without necessarily
touching more effortful control processes over
a short intervention window?*. A comparable
pattern turns up in a randomized trial of
mindfulness-based stress reduction, which
protected academic persistence without
changing how students appraised academic
stressors, suggesting mindfulness training can
help with specific, narrow outcomes without
reshaping everything about how students
function?.

Strengths

Compared with subjective self-report, this study
employed an objective, standardized
neuropsychological measure (SCWT);

provided a manualized DBT intervention with
explicit session content; and employed a within-
participant design that controlled for differences
in cognitive ability among individuals at
baseline. The short duration and group nature
of the program also make it possible to run it as
a routine university counseling service.

Limitations

No control/comparison group was used in this
study, reducing the ability to determine cause-
and-effect; some of the improvement may be
due to practice effects (taking the SCWT twice)
rather than the intervention. The findings are
not generalizable beyond the one sampled
institution, were non-random, and only six
sessions were conducted, which may not have
been sufficiently long to measure change in
higher-order executive functions. Similarly,
using only one behavior, without a self-report or
a neurophysiological measure to accompany it,
provides limited insight into the results.

Recommendations

Future research should employ randomized
designs with active or waitlist comparison
groups to control for differences due to
repeated testing and to distinguish the effect of
the intervention itself from that of repeated
testing. The longer, more intensive DBT-based
mindfulness programs should be studied to
determine whether changes in interference
control and other higher-order executive
functions are possible after sustained practice.
Larger samples with more sites across varied
disciplines and institutions would improve
generalizability, and the SCWT could be
combined with  self-report  mindfulness
measures and, if available, neurophysiological
measures (e.g., EEG or fNIRS) to provide more
information about cognitive change.

CONCLUSION

This study showed that a six-session, short
DBT-based mindfulness training program had a
significant effect on basic processing speed
and selective attention performance, measured
by the Stroop Color and Word Test word
reading and letter reading times, but had a
negligible effect on interference control and
color naming times, the more challenging error
measures, in university students. Teaching
basic attentional skills with DBT might be a
viable and cost-effective intervention in
academic contexts, whereas it is premature to
overestimate its efficacy for higher-order
executive functions. It is reasonable to suggest
that a short mindfulness intervention,
developed using DBT, can be incorporated into
counseling and study-skills courses as
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interventions to support students’ cognitive and
emotional well-being; however, longer and
more controlled trials are required to determine
if longer-term mindfulness practice can expand
these benefits to more complex executive-
control processes that have a greater impact on
academic outcomes.
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