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Malnutrition and unsuitable dietary habits remain an issue of high priority among the primary
school students in Khyber Pakhtunkhwa (KP), Pakistan. Children in this region often lack
adequate awareness about healthy eating patterns, and schools rarely integrate nutrition
conceptsintoacademic subjects. Objectives: To assess not only the role of nutrition education
as a supplement in regular curricula (mathematics) but also their learning outcomes
(mathematical and nutrition-related knowledge). Methods: A quasi-experimental design was
implemented with a total of 240 participants (grades 3-5, ages 8-11 years) in eight primary
schools(fourinterventions, four controls). The intervention group was exposed to mathematics
with built-in nutrition material for 12 weeks, whereas the control group pursued the normal
curriculum. Validated scales of mathematics achievement and nutrition knowledge were used
inconducting pre-and post-tests. The data were analyzed with paired and independent t-tests.
Results: The data did not show any differences between groups in terms of baseline.
Nevertheless, after the intervention, analysis showed that both mathematics performance
(mean change: 14.2 +5.1inintervention vs. 5.1+ 4.9 in control, p<0.001)and nutrition knowledge
(mean change: 12.6 + 4.3 in intervention vs. 2.3 + 3.8 in control, p<0.001) had improved
significantly. Conclusions: The inclusion of nutrition concepts into the mathematics
curriculum was also a significant contributor to improvement in mathematics and nutrition
awareness followingtheimplementation of the conceptin KP primary school students.

INTRODUCTION

Child nutrition is one of the most important aspects in
cognitive development, concentration in the classroom,
and general academic performance, and its relationship
with education and health cannot be ignored [1, 2].
Nutrition in school children not only helps in physical
development, but also in the optimum development of the
brain, retaining skills and capacity to learn[3]. On the other
hand, deficiencies and undernutrition of micronutrients
have been demonstrated to affect attention, memory, and
performance in academic work, resulting in end-of-term
deficits in academic achievements. Malnutrition is one of
the mostlong-standing publichealthissuesinPakistanand
among school-going children in Khyber Pakhtunkhwa (KP).

In the recent national nutrition survey reports [4, 5],
stunting, underweight, and iron, vitamin A, and calcium
deficiencies are alarmingly high. These nutritional
deficiencies resultin avicious circle of underachievement
in school, low productivity, and reduced human capital
developmentinthe province. Schools are a perfect and fair
way of health promotion and avoiding malnutrition since
they access children at a tender age and offer constant
exposure to educational settings [6]. Nevertheless, in
Pakistan (as in many other low- and middle-income
countries), nutrition education is commonly taught as an
independent, health-related course, without being linked
to major academic courses. Such a disjointed method
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limitsthe support of essential health conceptsandtendsto
be in conflict with other academic priorities, resulting in
decreased student engagement and retention. Curriculum
integration has been identified as a potential solution to
these issues, in which the concepts of nutrition are
incorporated into the normal school courses like
mathematics, language, or social studies [7-9]. As an
illustration, students can be taught fractions by ending up
with food parts, percentages by nutrient composition, and
data analysis by collecting food frequency surveys. This
kind of combining gives a two-fold benefit of not only
improving academic but also health literacy outcomes
because it enhances contextual learning, interdisciplinary
thinking, and good use of time within the current activities
of the classrooms. International research demonstrates
that cross-curricular integration enhances and improves
knowledge retention, problem-solving skills, and higher-
order thinking, while also increasing motivation and
student engagement through practical application. This is
particularly applicable in the case of the Education Sector
Plan of Khyber Pakhtunkhwa, where the focus is on
enhancing literacy and numeracy, as well as forming a
multi-sectoral coalition to improve nutrition and health
outcomes [10, 11]. The importance of the study is that it
presents empirical data on the relationship between
curriculum integration as a dual-purpose innovation in
education in Pakistan as a means of improving the
academic performance of students and increasing the
necessary health knowledge. This study will contribute to
the policy debate on integrated education and child
development in low-resource contexts by showing a
practical, contextually dynamic example.

Despite the high burden of malnutrition among school-
aged children in Khyber Pakhtunkhwa, nutrition education
remains inadequately integrated into core academic
subjects, particularly mathematics. Existing school-based
interventions in Pakistan primarily focus on standalone
nutrition programs, with limited empirical evidence
evaluating cross-curricular integration models. Moreover,
there is a scarcity of quasi-experimental research
assessing both academic and health literacy outcomes
simultaneously in low-resource public school settings.
Therefore, investigating the effectiveness of integrating
nutrition concepts into the mathematics curriculum is
essential to address both educational and nutritional
challenges concurrently. The present study aimed to
evaluate the effectiveness of teaching mathematics using
amathematics education curriculumwith theinclusion ofa
nutrition education curriculum to determine mathematics
achievement and nutrition literacy levels among primary
school childreninKhyber Pakhtunkhwa.
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METHODS

A quasi-experimental study, following a pretest-posttest
control group design, was conducted from September to
December 2024 on eight randomly selected government
primary schools located in Charsadda and Mardan districts
of Khyber Pakhtunkhwa. The study included 240 students
from grades 3—5 (aged 8—11 years), divided equally into
intervention (n=120) and control (n=120) groups. Schools
were selected using a cluster random sampling method.
First, alist of all public primary schools in the two districts
was obtained. From this list, schools were eligible if they
were(a)mixed-gender, (b)locatedinasemi-urbanarea, and
(c) not currently running any other formal nutrition
program. Eight schools that passed these criteria were
randomly chosen (with the aid of a random number
sequence, which was generated on a computer) and
randomly put in either the intervention or control group.
The a priori determination of the sample size was
conducted with the help of G*Power software. The power
was calculated with 0.05 alpha(a), power (1- 5)= 0.80, and
medium effect size (Cohen d = 0.5), which were based on
the previous educational research done withinterventions.
This analysis meant that the necessary overall sample size
was about 210, and it was planned to have a group of 240 so
that the possibility of the loss of participants could be
considered, as well as it would help to strengthen the
results. Written informed consent was taken. The
intervention group received 12 weeks of mathematics
lessons, and nutrition education about fractions as
portions, percentages, and measures as food volumes, and
data analysis using food frequency surveys. The
intervention schools involved the teachers in two days of
training on the integrated pedagogy, as compared to the
control schools that used the standard mathematics
curriculum. The evaluation was conducted using two
instruments that were previously tested and validated (30-
item Mathematics Achievement Test(Cronbach 83)and 25-
item Nutrition Knowledge Questionnaire (Cronbach 79))
and created and tested among primary school students in
Pakistan. These scale instruments have been constructed
and tested on a pilot sample of a different group of primary
school students of the same demographic. Construct
validity was determined by subjecting the items to a panel
of five experts in education and nutrition, and making sure
that the items were appropriate to measure the curriculum
and important areas of knowledge. The instruments were
then piloted, and a two-week test-retest reliability analysis
showed strong stability (Intraclass Correlation Coefficient
(ICC)=0.85 for the Mathematics Test and ICC = 0.81 for the
Nutrition Questionnaire). The changes in mathematical
performance and nutrition knowledge were measured by
the use of pre- and post-tests. Digital data on baseline
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demographics and diet were obtained via structured
questionnaires. Analysis of data was done using SPSS
version 26.0. The assumption of normality for the pre-post
change scores was assessed and confirmed using the
Shapiro-Wilk test (p>0.050 for both groups on both
outcome measures). Changes were compared using paired
t-tests between pre- and post-intervention change within
the groups and independent t-tests between the groups.
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The residuals from the ANCOVA models were also checked
and met the assumptions of normality and homogeneity of
variances.

RESULTS

The framework for integrating nutrition into the primary
school mathematics curriculumwas analyzed(Table 1).

Table1: Framework for Integrating Nutritioninto Primary School Mathematics Curriculum

Portion sizes and

Fractions (14, %, '4) balanced meals

Use arotior an apple to show halves and quarters
while discussing meal portions.

Students understand fractions and balanced
meal portions

Daily nutrient

Students apply percentage concepts to

(shapes, area) Food shapes

o, o, H i 7
Percentages (%) requirements Calculate % of daily calcium from a glass of milk real-life nutrition
Addition and Food groups and Add or remove food items (lentils, vegetables, Students enhance arithmetic skills with
Subtraction variety rice) to form balanced meals. nutrition awareness
Measurement Food quantities Weigh rice, lentils, or flour to learn Students relate measurement to real
(grams, kg) and weights measurement units food quantities
Geometry Identify shapes of roti, bread, or samosa and Students associate geometry with familiar

calculate area/perimeter

food items

Data Handling

(graphs, charts) Dietary diversity

Survey favorite fruits and create bar/pie charts

Students learn data representation through
dietary habits

Ratios & Proportions Balanced diet plate

Express healthy plate in ratio (2:1:1 for
veg: protein: grains)

Students understand ratios and balanced
diet composition

Baseline characteristics of participantsin the intervention
(n=121) and control (n=119) groups. The p-value was
determined as less than 0.050. No significant differences
were observed between the two groups in terms of age,
gender distribution, baseline mathematics scores, or
baseline nutrition knowledge (p > 0.050), indicating that
both groups were comparable at the start of the study
(Table?2).

Table 2: Baseline Characteristics of Participants(n=240)

Age (Years, Mean + SD) 9.4+0.8 9.3+0.7 0.410
Gender(Male, %) 55(45.8%) 58(48.3%) |[0.720
Baseline Math Score 48.6+£9.2 47.9+9.5 0.630
Baseline Nutrition Knowledge 21.1+£5.6 20.7+5.8 0.580

Post-intervention results showed significant improvement
inboth mathematics performance and nutritionknowledge
among students taught with the integrated curriculum.
ANCOVA, adjusting for baseline scores, age, gender, and
socioeconomic status, confirmed a statistically significant
effect of the intervention on both post-intervention
mathematics scores (F (1,234) <0.001) and nutrition
knowledge scores (F (1, 234) = 0.001). After 12 weeks, the
intervention group demonstrated higher gains in
mathematics (14.2 + 5.1 vs. 5.1 + 4.9) and nutrition
knowledge (12.6 + 4.3 vs. 2.3 + 3.8) compared to the control
group(p<0.001)(Table 3).

Table 3: Post-Intervention Qutcomes

Math Score Improvement

Nutrition Knowledge
Improvement

DISCUSSION

The intervention and control groups were similar at
baseline in terms of demographics and academics. In the
intervention group, 45.8% of the males and 48.3% in the
control group (p=0.720). There were no significant
differences observed in baseline scores of mathematics
and nutrition knowledge, which means that there was
comparability between the cohorts and minimal baseline
confounding. Looking at the post-intervention scores of
both groupsin mathematics and nutrition knowledge, both
groups demonstrated improved scores, but the
intervention group demonstrated significantly better
improvement. Table 2 revealed that the mathematics
scoresimprovedintheinterventiongroup by 14.2and5.1as
compared to the control group by 5.1, respectively, with a
mean difference of 9.1. Likewise, the difference in
interventions between the intervention group and the
control group in terms of nutrition knowledge improved by
12.6 and 2.3 points, respectively, and the difference is
significant (p<0.001), indicating the effectiveness of the
integrated curriculum. Subgroup analyses, both gender-

14.2+£5.1 [5.1+4.9 9.1 <0.001

126+4.3 |2.3+3.8 10.3 <0.001
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wise and grade-wise, did not find any significant
differences, indicating that the intervention was effective
with both boys and girls and Grades 3-5. This homogeneity
favors the homogeneity of the integrated approach to
other levels of primary schools in Khyber Pakhtunkhwa.
The current investigation is a successful demonstration of
the fact that incorporating mathematics classes with
nutrition concepts will improve academic knowledge and
health literacy. This observation is consistent with
available global research on the topic, which has shown
that cross-curricular integration leads to better student
engagement, understanding, and retention [12-14].
Believing that active learning with real-life nutrition
problems improved mathematical reasoning is plausible
since the contextualized cases are easier to comprehend
and solve problems [15, 168]. Similarly, repeated access to
nutrition education throughout lessons will support the
maintenance of knowledge and promote healthier
attitudes, which is in line with the earlier educational
interventions that associate classroom exposure with
better health-related behaviors [17, 18]. The tools of the
research, which were utilized in the study, were
contextually valid and sound, including the Mathematics
Achievement Test and the Nutrition Knowledge
Questionnaire, with Cronbach 0.83 and 0.79 internal
consistency respectively. Self-reported nutrition data,
short intervention, and school participation were also
weaknesses of it and had some implications in terms of
generalizability. All in all, the findings suggest that
mathematics lesson nutrition is a cost-effective, simple-
to-use, and scalable intervention to enhance the academic
performance and the health literacy level of primary
students in Pakhtunkhwa. This study warrants the
implementation of multi-sectoral nutrition policy at the
policy level in line with integrated pedagogic practices in
Khyber Pakhtunkhwa [19, 20]. The subsequent research
must be aimed at measuring long-term results,
professional training requirements, and institutional
viability to make it sustainable.

This study has certain limitations, including its short
intervention duration and restriction to semi-urban
government schools in two districts, which may limit
generalizability to other regions or private institutions.
Additionally, nutrition outcomes were limited to knowledge
assessment without evaluating long-term behavioral or
nutritional status changes. Future research should
examine the sustainability of integrated curricula over
longer periods, assess dietary behavior and
anthropometric outcomes, and explore teacher training
scalability across diverse educational settings in Khyber
Pakhtunkhwaand beyond.
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CONCLUSIONS

The integration of nutrition education in the math
curriculumenhanced both math achievementand nutrition
knowledge among children in KP's primary schools. This
innovative, low-cost strategy could be replicated
throughout the province to address educational and health
issues simultaneously.
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