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Abstract
Background: School feeding programs’ evaluation requires the measurement of food insecurity, a more objective indicator,
within school in low-income countries. The Global Child Nutrition Foundation (GCNF) uses subjective indicators to report
school feeding coverage rates across many countries that participate in the global survey of school meal programs all year
round. Aim: To test the methodological feasibility of measuring a school food insecurity construct as a direct indicator of the
effectiveness and efficiency of school feeding programs. Methods: Two-stage sampling was used during the selection of
schools and 128 schoolchildren with a mean (SD) age of 10.5(1.58) were recruited. Item Response Theory (IRT) and Classical
Test Theory (CTT) approaches were utilized during DSFIES-SM development. Psychometric analysis was utilized to assess the
psychometric properties of the measure of school food insecurity and to establish the construct-level reliability, convergent
and discriminant validity of the DSFIES-SM. Results: DSFIES-SM generated acceptable item-level reliabilities, ranging from .75
to .78. The construct-level reliability of the DSFIES-SM was indicated by Cronbach’s a of .78. Composite reliability was at .77.
Fit measures and tests of model fitness for confirmatory factor analysis (CFA) (RMSEA\ 0.0001; TLI = 1.06; SRMR = 0.043;
CFI = 1.00, p = .85) confirmed that the data fitted the model perfectly. Conclusion: DSFIES-SM consists of twelve questions
with dichotomous yes/no responses. DSFIES-SM has good convergent and discriminant validity. Findings suggest that the items
compose a statistical scale designed to cover a range of severity of school food insecurity. Future replications to establish
other forms of validity across different cultural contexts in low-income countries can be of benefit to the present research.
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Introduction

Food security exists when all individuals have a consis-
tent physical, social and economic access to safe, ade-
quate, affordable, and nutritious foods that meet their
dietary needs including caloric/energy needs at all times;
without compromising their food choices for dignified,
healthier, and productive lives (FAO, 2022; von Braun
et al., 2023). With or without considering food safety,
quantity, and nutritional quality, food insecurity happen
when individuals have limited access to food
(Burlingame & Dernini, 2018; Lopes et al., 2023).
Individuals experiencing food insecurity tend to drift
into hunger, which is an uncomfortable or painful physi-
cal sensation caused by inadequate intake of dietary
energy (Lee, 2022).

Four main food security pillars consist of availability,
accessibility, utilization, and the stability of the first
three pillars (Berry et al., 2015; Jacobi et al., 2020; Peng
& Berry, 2019). The high-level panel of experts on food
security and nutrition have proposed that agency and
sustainability must be added to the food security
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framework (Clapp et al., 2022; HLPE, 2020). Agency
and sustainability when added to the four main pillars
now constitute a six-dimensional food security concept.
The high-level panel of experts proposed that sustain-
ability and agency is very crucial in order to meet food
security and nutrition targets (HLPE, 2021; Whittall
et al., 2023). The shift from a four-dimensional frame-
work poses a measurement challenge for a six-
dimensional food security concept (Burchi & De Muro,
2016).

The measurement of food insecurity is complex and
there is no single instrument capturing all of the dimen-
sions of food security (Manikas et al., 2023). Instruments
such as the household food security survey module
(HFSSM), household hunger scale (HHS), household
food insecurity experience scale (FIES), and among oth-
ers are validated to measure food insecurity at household
level (Cafiero et al., 2018; Pérez-Escamilla, 2012); and
often measure the food accessibility dimension
(Anderson, 2018a, 2018b). To extend the measurement
of food insecurity beyond capturing only the four
domains of food insecurity; that is, worries and anxieties
over foods, inadequate quality of foods, insufficient
quality of foods, and obtaining foods through socially
unacceptable means. A new instrument called the day
scholars food insecurity experience scale-survey module
(DSFIES-SM); in addition to the domains captured by
other instruments also captures the consequences of food
insecurity among schoolchildren.

Food insecurity of children could be measured from
various settings, that is, in homes and in schools.
Existing reliable food insecurity instruments often rely
on parents/guardians’ reports of child food insecurity.
Child food insecurity, therefore, often requires that
household members report the level of food insecurity
experienced by their children who are always in schools
during the survey periods. Self-reports of lived experi-
ences obtained from children in schools is vital to
accurate measurement of food insecurity. Thus, the
DSFIES-SM is a food insecurity measure that captures
food insecurity in the schools settings rather than in house-
holds. To emphasize, the DSFIES-SM is a school instru-
ment capturing the lived experiences of food insecurity
and/or hunger among children while at school. Therefore,
the DSFIES-SM must not be administered to children
who are not within the schools; in these circumstances,
instruments discussed by Frongillo and colleagues in a
commissioned paper should be used (Fram et al., 2015).

Food insecurity measured from the ‘‘schools context’’
is a more objective indicator for monitoring and tracking
the progress toward achieving universal coverage of
school feeding programs. School food insecurity refers to
the state of food insecurity among children whilst resid-
ing in schools. Measuring school food insecurity using

the DSFIES-SM confers an opportunity to children to
self-report their lived school experiences of food security
as they are often left out when such programs are evalu-
ated. This unlocks the potential that schoolchildren’s
voices, the primary beneficiaries of school feeding pro-
grams are heard in the event that school feeding is
evaluated.

Analyzing the estimates of school food insecurity
allows the possibility for the ordinal ordering/ ranking of
schools nationally or regionally. Schools with the highest
share of food insecure and/ or hungry children would be
prioritized for the implementation of support programs
over schools with good food security scenarios.

This paper describes the methodological approach to
the development of the DSFIES-SM as an instrument for
the measurement of school food insecurity, and its psy-
chometric properties. It tests whether it is methodologi-
cally feasible to assess food insecurity in schools.

Literature Review

The main phases of scale development have been consid-
ered during the construction of the DSFIES-SM.
Boateng et al. (2018) and Tay and Jebb (2017) state that
the identification of domain(s) and item generation
should occur in the item development phase, followed by
the assessment of content validity.

Two approaches were used during the DSFIES-SM
item development phase. Thirty-six items were generated
deductively based on the available scholarly work con-
ducted in developed countries on child food insecurity
experiences. The deductive approach focused on an
already-formed conceptualization of food insecurity con-
struct in the context of the developed countries. Because
there are less studies on food insecurity experiences con-
ducted in developing countries especially Sub-Saharan
Africa (SSA).

Deductively generated items (Supplemental File 1)
were derived from a thorough scrutiny of 36 publications
(Arteaga & Heflin, 2014; Ashiabi, 2005; Ballard et al.,
2013; Bartfeld & Ahn, 2011; Bartfeld & Ryu, 2011;
Bartfeld et al., 2009; Benn & Carlsson, 2014; Bernal
et al., 2012, 2014; Bernal, Frongillo, & Jaffe, 2016;
Bernal, Frongillo, Herrera, & Rivera, 2016; Coates et al.,
2003, 2007; Coates, Frongillo, et al., 2006; Coates,
Wilde, et al., 2006; Condon et al., 2009; Fletcher &
Frisvold, 2017; Food and Agriculture Organization of
the United Nations [FAO], 2013; Fox, 2018; Fram et al.,
2013, 2015; Frongillo & Nanama, 2006; Gillespie et al.,
2003; Gundersen et al., 2012; Huang & Barnidge, 2016;
Huang et al., 2015; Melgar-Quinonez, 2004; Melgar-
Quinonez et al., 2006; Nord, 2012; Nord et al., 2002;
Nord & Romig, 2006; Pérez-Escamilla et al., 2004;
Radimer et al., 1990, 1992; Wolfe & Frongillo, 2001).
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The inductive approach was also used because there
was much uncertainty in the dimensionality of the con-
struct in the context of schools in SSA. The 36 items gen-
erated deductively were administered to students who
had studied within the local context of schooling to cri-
tique, appraise, and provide feedback on each item.
Feedback from students was used to inductively modify
the items put forward for the next phase of the DSFIES-
SM development to reflect the school context base of
items.

Inductively fine-tuned items were subjected to the
assessment of face validity to consider how suitable each
phrased item that fitted into the model visually seemed
to be on the DSFIES-SM under development. IK inter-
acted with 12 teachers who were overly competent in set-
ting exams and evaluating the learners across village
schools. The more informal and subjective assessment of
each provisional item was accomplished via direct tele-
phoning of these primary school teachers to endorse each
item’s suitability and suggest adjustments or amend-
ments required for further fine-tuning. These teachers
responded to each item based on their perception that
every village day-scholar could either or not understand,
comprehend, and respond to every DSFIES-SM item
correctly if the question is presented to them individually
as part of a survey questionnaire. Face validation was
performed in accordance with what Boateng et al. (2018)
had previously suggested.

Twelve DSFIESM-SM items (Supplemental File 2)
which had passed face validity were then subjected to
content validation as recommended (DeVellis, 2012;
Morgado et al., 2018; McPhail, 2007) in the second step
of the first phase of DSFIES-SM development. During
the check for content validity, five conditions as stated
by Guion (1977) were highly prioritized.

Six expert judges were asked whether, (i) the school
food insecurity domain (s) were unambiguously defined
(paying special attention to the context), (ii) the beha-
vioral content of school food insecurity experiences had
a holistically accepted meaning (within school context),
(iii) there is an agreement that the school food insecurity
domain (s) were sufficiently sampled (from day-scholars)
based on consensus, (iv) the response content (i.e. yes,
no, I don’t know or I have refused) can be reliably
observed and evaluated after survey administration and,
(v) the content domain (s) were relevant to the purpose
of measuring the school food insecurity experiences.
These conditions were closely emphasized throughout
the process of content validity assessment to ensure that
content relevance, representativeness, and technical qual-
ity are achieved. Content validity indices generated dur-
ing this step are attached as Supplemental File 3.

DSFIES-SM items that had passed content validity
were then administered to 30day-scholars from one

village school and one town school. Cognitive testing
involved the use of the Delphi method. Questions that
had previously been check for content validity were read
repeatedly while checking the understanding of the chil-
dren for each item under question. Items that were inter-
preted differently by the children were further fine-tuned
to reflect the understanding of the children whilst captur-
ing the exact subdomain of the school food insecurity
construct the item intended to capture.

Cognitive interviews were conducted during the third
step of the second phase of DSFIES-SM development in
accordance with Alaimo et al. (1999) example and Beatty
and Willis (2007) approach. Cognitive interviews helped
to (i) determine whether the question (s) were generating
the information that we intended to collect from day-
scholars within school environments, (ii) ensure that day-
scholars (both village and town learners) understand
questions to the authors’ satisfaction, and (iii) under-
stand if day-scholars from both towns and villages can
answer each item in a manner that reflects their own food
insecurity experience at schools. A graphical representa-
tion of how well day school children understood each
item is attached as Supplemental File 4.

This paper focuses on the DSFIES-SM development
and evaluation phases, which included sampling and sur-
vey administration, item reduction and extraction of fac-
tors, tests of dimensionality, reliability, and validity.
Considering the word count limit set by the publisher,
the paper does not discuss the information regarding the
initial steps of the DSFIES-SM development, but rather
concentrates on exploring later phases to determine if it
is methodologically feasible to construct a reliable and
valid measure of school food insecurity.

Methods

Study Area

This study was conducted between August 2020 and
September 2022 in Rakai, a southeastern district in the
central province of Uganda. Rakai town is about
199km, by road, south-west of Kampala, Uganda’s capi-
tal and largest city. Similarly, Rakai is located approxi-
mately 48 km, by road, north-west of the international
border with Tanzania at Mutukula and about 66.5 km,
by road, south-west of Masaka, the nearest large city.
Rakai district was chosen because it is historically known
to have been severely affected by the widely spread HIV
epidemic that started in 1986. This epidemic continues to
be a public health threat, which leaves many children
born to HIV infected parents orphaned (Mafigiri et al.,
2017). Therefore, children are particularly vulnerable to
food insecurity because parental deaths attributed to the
Acquired Immuno-Deficiency Syndrome (AIDS) and
other diseases jeopardizes their ability to maintain a
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consistent access to food. A map showing the study area
is attached as Supplemental File 5.

Participants and Sample Size

Two-stage sampling method was used in this study. Of
the 157 schools located in Rakai district, those most vul-
nerable to food insecurity were chosen based on a

predefined criteria in the first stage of sampling. These
included the schools being government funded, not hav-
ing mandatory feeding programs, and teaching primarily
day-scholars (Figure 1). One hundred twenty-eight (128)
‘‘day scholars’’ who are children leaving home for school
were randomly selected in the second stage of sampling
(Figure 1) to participate in the DSFIES-SM study. Study
participants were aged 9 to 17 years old, and were all

Figure 1. Two-stage sampling framework.
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recruited from village schools were meals were optional
or not mandatory. Most of the children (85.2%) were
aged between 9 and 13 years old. The mean (SD) age of
the sample was 10.5 (1.58) years old.

The analysis of variance test for normality, that is, the
Shapiro Wilk test for normality (p. .05) showed that
data was obtained from a normally distributed popula-
tion. In addition, the sample was heterogeneous in
nature, as it reflected and captured a range of lived food
insecurity experiences at varying degrees, among children
whose schools did not have functional school feeding
programs.

The sample was determined a priori to meet the sam-
ple size requirements for psychometric analysis. The
sample size was dependent on several aspects of the
DSFIES-SM study, which included the degree of varia-
tion between the variables (for both persons and items)
and the level of over-determination (i.e., the ratio of vari-
ables to several factors) of the factors (Memon et al.,
2020). The sample to variable ratio was 10:1 and this
ratio is the minimum recommended by Nunnally since
1978. Guadagnoli and Velicer had suggested that a mini-
mum sample of 300 to 450 is sufficient for acceptable
comparability of patterns (i.e., for factor analysis), but
obtaining such a large sample was not possible because
scale development is always not funded and study
recruitment happened during the COVID 19 pandemic.
Power analysis was determined using G*Power 3.1 (Faul
et al., 2007). The actual power was greater than 95%.
Statistical significance level was set at .05.

Survey Administration

Survey data were collected using the paper and pen/pen-
cil interviewing (PAPI) technique. DSFIES-SM items
were translated and administered to children in Luganda;
the most widely spoken local language in southeastern
Uganda. Survey data demanded paper and pen/pencil
interviewing since villages in the Rakai district had
unstable internet connections and frequent power black-
outs. The paper and pen/pencil interviewing technique
resulted in a lower response rate and some enumerator
errors. Paper and pen/pencil interviews permitted getting
real-time instant feedback and increased the ability to
obtain more data that are confidential from children.
The survey questionnaire is attached as Supplemental
File 2.

Psychometric Analysis

Survey administration received an insignificant number
of missing cases of approximately 2%. Missing data
points were dealt with using item-level multiple imputa-
tion in IBM SPSS version 28. Item level imputation

generated more efficient estimates of full information
maximum likelihoods that were exported from SPSS to
WINSTEPS version 5.1.4 for the computation of fit sta-
tistics. Full information maximum likelihood ratios were
used in place of raw data, for Rasch measurements in
IBM SPSS version 28.

Two theories, Item Response Theory (IRT) and
Classical Test Theory (CTT) were used simultaneously in
the psychometric analysis of the DSFIES-SM. CTT com-
plemented IRT when generating internally consistent,
parsimonious, and fully functional items of the DSFIES-
SM. These theories functioned to produce the latent con-
struct of school food insecurity that the DSFIES-SM
presumed to measure DSFIES-SM items correlated with
each other and they discriminated between individual
cases to contribute significantly to the school food inse-
curity construct.

Generated item difficulty and discrimination indices
were based on CTT, which assumed that the model
formed a food insecurity construct based on observa-
tions and true scores on every domain of interest, that is,
uncertainty, worry, inadequate quality and quantity, and
socially unacceptable behavior. CTT also accounted for
their accompanying random errors. IRT was used to
determine the effect of deleting a given survey item or a
set of survey items when examining the item information
and the standard error (SE) functions for the DSFIES-
SM.

Inter-item and item-total correlations, estimated biser-
ial correlations, reliability statistics for item response
parameters (i.e., Cronbach’s alpha, spearman-brown,
Guttmann half-split) were generated from the model
using SPSS version 28.0. Separation coefficients and fit
statistics (In fit and Outfit mean squares) were generated
by WINSTEPS software during Rasch measurement.
The subject-to-item ratio was sufficient to conduct factor
analysis in SPSS version 28. Factors were extracted to
determine the optimal number of the domains that fit a
set of survey items (and their patterns in each model) for
the development of a measure of school food insecurity.

Measures

The psychometric measure of school food insecurity cap-
tures six sub-domains of the food insecurity construct
which day scholars were able to report; (i) Feelings of
uncertainty or anxiety over food (i.e., as depicted from
items Q1 and Q2); (ii) Perceptions that food is of insuffi-
cient quantity (i.e., as depicted from items Q3, Q4, Q5,
Q6, and Q7); (iii) Perceptions that food is of insufficient
quality (i.e., as depicted from items Q4, Q5, Q6, and Q7);
(iv) Reported reductions of food intake (i.e., as depicted
from item Q6); (v) Feelings of shame for resorting to
socially unacceptable ways (i.e., as depicted from items
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Q8, Q9, and Q10); and (vi) Reported consequences of
reduced food intake (i.e., as depicted from items Q11
and Q12). The school food insecurity construct and its
domains are summarized (Figure 2).

Items of the DSFIES-SM

DSFIES-SM item (Q1) captures the aspect of ‘‘uncer-
tainty’’ within the school context. Unlike item (s) that
captures household uncertainty among family members,

Figure 2. Items of the DSFIES-SM and the domains of the school food insecurity measure.
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day scholars were asked if they want or expect to eat, but
their schools do not provide food. Item (Q1) differs from
the items that capture household uncertainty because day
scholars are socially dependent upon the school pro-
vided, they leave home for school. The schools, govern-
ments, or local authorities, entirely determine whether
children should have access to meals when at school.
Unless if parent led school feeding is possible, households
do send children to school with food, but this is not
always the case in low-income countries. Many house-
holds do not have the surplus to provide children with
while going to school. Even when children do not have
financial resources especially money, they can be sure
that they will eat provided school feeding is actively being
implemented by schools that do get support from the
governments and development agencies or if parents/
guardians to pay money for school food.

DSFIES-SM item (Q2) captures the aspect of ‘‘wor-
ries’’ among day scholars within the school context.
Unlike items that capture household worries among fam-
ily members, worrying among day scholars reflects a
more severe state of food insecurity in the households
that send these children to schools. Those responsible for
school feeding first experience worries. Later on, children
worry once they notice that the school is not capable of
maintaining a consistent access to school meals at either
breakfast, lunch, and or/supper. Day scholars worry
about food running out of their homes before it runs out
of their schools. If households are food secure, day scho-
lars may not worry too much at school because they will
go home to eat. If schools are food secure, day scholars
may not worry too much because they lack food at home
as they will go to school and have access to a lunch,
though not enough for survival. Therefore, worrying
that schools will run out of food is more pronounced if
the children come from food-insecure households.

DSFIES-SM item (Q3) captures the ‘‘affordability’’
aspect of school meals. Unlike equivalent items that
constitute the household food insecurity-experience
scales which ask about ‘‘. not having money to buy or
purchase food.’’ In the context of schools, parents, guar-
dians or caretakers are responsible for paying for school
meals if schools do not receive support from develop-
ment agencies, humanitarian organizations or their
local and central governments. In the parent led school
feeding model, the responsibility of feeding schoolchil-
dren lies in the hands the parents, guardians, and care-
givers by offering support either in-kind or food itself.
Parents, guardians or caregivers within food-insecure
households or household heads at risk of food hardship
cannot afford to pay for school food. Therefore, chil-
dren stay hungry without the period they are at school,
and end up experiencing ‘‘hunger’’ within both their
schools and their households.

DSFIES-SM items (Q4, Q5, Q6, and Q7) captures the
aspect of ‘‘inadequate quality.’’ Items (Q4, Q5, and Q6)
reflected a worse state of food insecurity in schools than
in households. Item (Q7) reflected a worse state of food
insecurity in households than in schools. Item (Q7) asks
if the day scholars wait for school food because there is
no food at home. Day-scholars prefer not to eat ‘‘bad or
poor quality food’’ or ‘‘school food not served on time’’ if
the households are food secure. Children from extremely
food-insecure households wait for school food even if it
is of poor quality unless if eating it leads to food poison-
ing or associated illnesses. For those from food insecure
households, their food preferences are always compro-
mised due to school food insecurity.

DSFIES-SM items (Q8 and Q9) capture the aspect of
obtaining foods through socially unacceptable means.
Item (Q9) reflects a more severe state of school food
insecurity than item (Q8). Day-scholars who begged fel-
low pupils reported not having money to buy breakfast
or lunch foods within the schools. At first the children
will beg their peers but as the experiences become even
more life threatening, children may steal or get involved
in child labor. Day scholars who stole food from other
schoolchildren reported having not eaten at home before
school hours because the households lacked food.

DSFIES-SM items (Q10, Q11, and Q12) captured
both the aspects of ‘‘hunger and starvation’’ in the
schools’ context. Item (Q10) reflected a severer state of
food insecurity in households than in schools. Day scho-
lars shared some food they received at school with family
members because they were already starving at home.
Item (Q11 and Q12) captured the consequences of hun-
ger and starvation among children when in schools. Item
(Q11) reflected the poor grades or class repetitions
because of chronic starvation at school. (Q12) reflected
the physiological consequence of hunger within the
schools. These items (Q10, Q11, and Q12) captured the
severest degree of school food insecurity. The stability of
food security in schools and households is equally
important.

Ethical Considerations

Three months prior to the start of the study, school rep-
resentatives were briefed about the potential benefits and
risks of getting involved in this study. Social, psychologi-
cal, physical, and all other types of harm were kept to an
absolute minimum, for example, the study was conducted
in accordance with the preventive measures to contain
the Covid-19 pandemic. As such, Covid-19 affected none
of the participants during the data collection period.
Written informed consent was obtained from the parent
of each of the 128 children who participated in the study.
Participants were informed about their right to
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voluntarily get involved and their freedom to opt out of
the study or decline to participate at any time. All data
collected during the interviews was anonymized.
Responses provided by the children and or/ schools
remained confidential. Researchers ensured that the
work is free of research misconduct and plagiarism. The
Research Ethics Board of McGill University and that of
Clarke International University in Uganda approved the
study protocol. Approval Reference Number:
CLARKE-2021-121: A.

Results

Item Measures

Descriptive statistics (Table 1) for items of the DSFIES-
SM. Fit statistics are presented in Table 2. Fifty-eight
percent (n=7) (Q11, Q9, Q8, Q10, Q7, Q12, and Q2)
had positive measure values. Forty-two percent (n=5)
(Q1, Q3, Q4, Q5, and Q6) had negative measure values.
Nearly 17% (n=2) (Q5 and Q7) were misfits (MNSQ
values were not within the 0.7 and 1.30 range); and about
33% (n=4) (Q5, Q7, Q8, and Q4) were sensitive to out-
liers. About 17% (n=8) (Q6, Q1, Q10, Q2, Q11, Q12,
Q9, and Q3) fitted the model.

Items Correlations

Correlations between the observations of the DSFIES-
SM items are presented as observed and expected point-
measure correlations or corrected item-total corrections.
DSFIES-SM items had acceptable corrected item-total
correlations between .3 and .6 (Table 3). Standardized
correlation coefficients of unobserved (latent) variables
of the school food insecurity construct (Figure 3) were
modeled during path analysis (Figure 4).

Reliability

Reliability of each of the items that constitute the
DSFIES-SM was assessed. Reliability coefficients are
presented in Table 4. Coefficient alpha (Cronbach’s a)
and coefficient omega (McDonald’s v) values reflect the
reliability of individual DSFIES-SM items. DSFIES-SM
generated an acceptable coefficient alpha (Cronbach’s
a=.78) and an acceptable coefficient omega
(McDonald’s v=.78). Guttmann split-half coefficient
and the Spearman-Brown coefficient of equal and
unequal length were at .77 and .78, respectively, for the
DSFIES-SM. Under parallel model assumption, the test
for model goodness of fit that all components of the

Table 1. Descriptive Statistics.

Survey Items Responses (yes/no)

YES n (%) NO n (%)
Q1. You wish to eat or expect to eat, or you want to eat, but your school does not serve

you food? (Y/N)
113 (88.3) 15 (11.7)

Q2. You are always worried that your school will go short or run out of food? (Y/N) 54 (42.2) 74 (57.8)
Q3. Your parents always do not have money to pay for food at school? (Y/N) 87 (67.8) 41 (32.2)
Q4. Your parents always bring you food because you do not want to eat bad food at

school, your school does not cook good food, or your school does not serve you
food daily? (Y/N)

102 (79.4) 26 (20.6)

Q5. Your parents always pack food for you because your school does not serve you food
on time or your school does not serve you food daily? (Y/N)

128 (100) 0 (0.0)

Q6. You usually skip eating school food because your school always serves spoilt food, the
food is not enough for everyone, or your school does not give you food daily? (Y/N)

63 (49.9) 65 (50.1)

Q7. You usually first eat food at school because there is no food at home, or the home
food is not enough for your family or does not your family have access to food daily?
(Y/N)

49 (38.1) 79 (61.9)

Q8. You always ask or beg eats/eatables/canteen food from your friends/fellow pupils/
fellow children because you do not first eat anything before arriving or reaching
school? (Y/N)

16 (12.8) 112 (87.2)

Q9. You always steal food, grab food, or pick food from any pupil by force because you go
to school without eating anything from home or along the way/route to school? (Y/N)

26 (20.5) 102 (79.5)

Q10. You usually share the food you are being served at school with your family members
because there is no food at home or your family does not have what to cook every
day? (Y/N)

34 (26.5) 94 (73.5)

Q11. You did not go to the next class or repeated a grade because you were starving in the
school? (Y/N)

30 (23.5) 98 (76.5)

Q12. You always stop participating in co-curricular activities because you go hungry at
school? (Y/N)

43 (33.5) 85 (66.5)

Period of recall: ‘‘previous school term or past three months.’’
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DSFIES-SM operated independently of one another, as
far as internal consistency reliability is concerned, was
statistically significant (x2 [76, 128]=141.1, p=.84).

Extraction of Factors

Principle Component Analysis. Dimension reduction by
principal component analysis (PCA) (Table 5) resulted in
the extraction of three principal components from the
dataset. The first, second and third components
accounted for 19.2%, 35.6%, and 49% of the total var-
iance for each DSFIES-SM item loading on the principle
component, respectively. About 33% (n=4) (Q1, Q2,
Q4, and Q9) loaded on more than one principle compo-
nent. Approximately 33% (n=4) (Q1, Q2, Q4, and Q9)
also loaded on more than one component extracted by
PCA. The overall Kaiser-Meyer-Olkin (KMO) measure
of sampling adequacy was 0.81.

Exploratory Factor Analysis. Extraction of factors by
exploratory factor analysis (EFA) (Table 6) resulted in
loading all DSFIES-SM item variables on only one fac-
tor via parallel analysis. Factor loadings in EFA were
generally acceptable and ranged between .3 and .9. EFA
accounted for 23.2% of the total variance resulting from
all DSFIES-SM item variables loading on the first
Factor. Bartlett’s test of sphericity was statistically sig-
nificant (x2 [66, 128]=268, p=.16). Root mean square
error of approximation (RMSEA) was \0.005; the
Tucker-Lewis index (TLI) was .94; these indices sug-
gested that the model was a good fit for EFA at a signifi-
cance level of .05.

Confirmatory Factor Analysis. Confirmatory factor analy-
sis (CFA) at 95%CI (Table 7). Seven indicators
(observed or manifest variables) of the latent construct
of school food insecurity in first factor had statistically
significant association (p\ .05) within the three-factor
CFA model. Four indicators (manifest variables) of the
school food insecurity construct in second factor had sta-
tistically significant association (p\ .05) within the
three- CFA model. Two indicators (observed variables)
in third factor had statistically significant association
(p\ .05) within the three-factor CFA model. The associ-
ation of DSFIES-SM item variable (Q4) in the first fac-
tor of the three-factor CFA was not statistically
significant (p=.14). The associations for Q1 and Q9
item variables in third factor of the CFA model were not
statistically significant (p=.18, p=.07), respectively.

The three-factor CFA model showed positive covar-
iance (Table 8). The covariance estimates between first
factor’s fixed- parameter and the second factor was 0.54,
and the association was statistically significant
(p\ .001). The covariance estimate (.32) between first

Table 2. Item Measures and Fit Statistics.

DSFIES-SM item (s) Measure Model SE

Infit statistics Outfit statistics

MNSQ ZSTD MNSQ ZSTD

Q5 22.25 0.23 1.23 1.99 2.36 3.86
Q7 0.50 0.24 1.17 1.31 2.07 3.43
Q8 1.50 0.29 0.91 20.50 1.41 0.99
Q4 21.49 0.21 1.02 0.20 1.35 1.82
Q6 20.25 0.22 1.07 0.70 1.20 1.16
Q1 22.58 0.24 0.86 21.09 1.16 0.59
Q10 0.92 0.25 0.99 0.01 0.89 20.28
Q2 0.18 0.23 0.90 20.85 0.83 20.80
Q11 1.77 0.31 0.88 20.60 0.67 20.62
Q12 0.45 0.23 0.88 20.97 0.81 20.75
Q9 2.07 0.33 0.83 20.74 0.46 21.00
Q3 20.84 0.21 0.82 22.16 0.80 21.38

Note. MNSQ = fit statistic mean squares; ZSTD = fit statistic standardized as Z-score.

Table 3. Item Correlation Coefficients.

Item

Corrected item-total correlations

Observed value Expected value

Q5 .28 .48
Q7 .34 .49
Q8 .46 .42
Q11 .46 .39
Q9 .46 .36
Q6 .47 .52
Q10 .48 .47
Q4 .48 .51
Q1 .52 .46
Q12 .56 .50
Q2 .57 .51
Q3 .63 .53
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factor and the third factor was not statistically signifi-
cant (p=.16). The covariance estimate between second
factor’s fixed parameter and the third factor was statisti-
cally significant (Estimate= .53, p=.002). CFA
revealed that items loaded at three factors with factor
loadings ranging from .3 to .7. Covariates of unobserved
(latent) variables of the school food insecurity construct
(Figure 5) were modeled during path analysis of the
CFA model. Parameter estimates for unobserved

variables are presented (Table 9) and were statistically
significant at p\ .0001. Fit-measure values were
at \0.001 for RMSEA at 95% CI; 1.00 for comparative
fit index (CFI); 1.06 for TLI; and 0.04 for standard root
mean square residual (SRMR). Tests of model fit
demonstrated a perfect fit between the data and the
three-factor CFA model (x2 [47, 128]=37.2, p=.85).

Discussion

Items

DSFIES-SM items were pretested on children who had
attended either government, private or religious-based
schools in which breakfast and lunch meals are non-
mandatory to them. Day-scholars were staying at schools
for 8 to 10 instructional hours before going back home.
DSFIES-SM items generated measures ranging from
22.58 to 2.07. DSFIES-SM items with negative measure
values were more straightforward than those with posi-
tive values.

Intra- item correlations were generally acceptable.
DSFIES-SM items were not strongly correlated with
each other (Figure 4). Based on the inter-class correla-
tions, the school food insecurity measure captured the

Figure 4. Scree plot of eigenvalues.

Figure 3. Path diagram (based on standardized estimates).
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Table 5. Principal Component Loadings.

Components

Survey Items First Second Third Uniqueness

Q1. Uncertain about accessing food within the school. .37 .38 .69
Q2. Worry that school will run out of food. .45 .47 .57
Q3. Unable to afford to pay money for school meals. .69 .51
Q4. Bad (low-quality) school food, not served every day. .32 .56 .54
Q5. School food (either high quality or low quality), not served on

time or daily.
.86 .27

Q6. Skipped school meals due to food being unsafe, of poor quality
and not served on time.

.59 .56

Q7. Insufficient food at home; inaccessibility to food if the learner
goes back home.

.76 .39

Q8. Learner begged food from someone else while at school. .70 .43
Q9. Stealing food, grabbing, or picking food by force at school. .31 .35 .71

Q10. Sharing food got from school with starving family members. .54 .65
Q11. Chronic starvation causing a repetition of grades .72 .41
Q12. Hunger causing the learner not to participate in school

activities.
.74 .40

Note. ‘‘varimax’’ rotation was used.

Table 6. Exploratory Factor Loadings.

Factor Uniqueness

Q1. Uncertain about accessing food within the school .45 .80
Q2. Worry that school will run out of food .56 .69
Q3. Unable to afford to pay money for school meals .41 .83
Q4. Poor (low-quality) school food, not served every day .52 .73
Q5. School food (either high quality or low quality), not served on time or daily .91
Q6. Skipped school meals due to being unsafe, of poor quality and not served on time .50 .75
Q7. Insufficient food at home; inaccessibility to food if the learner goes back home. .60 .64
Q8. Learner begged food from someone else while at school .45 .80
Q9. Stealing food, grabbing, or picking food by force at school .46 .79

Q10. Sharing food got from school with starving family members .47 .78
Q11. Chronic starvation causing a repetition of grades .50 .75
Q12. Hunger causing the learner not to participate in school activities .51 .38

Note. ‘‘Minimum residual’’ extraction method was used in combination with an ‘‘oblimin’’ rotation.

Table 4. Item Reliability Coefficients.

Mean SD Item-rest correlation Cronbach’s a McDonald’s v

Q1 .70 .46 .40 .76 .77
Q2 .34 .47 .48 .75 .76
Q3 .54 .50 .36 .77 .77
Q4 .63 .49 .47 .76 .76
Q5 .79 .41 .26 .78 .78
Q6 .39 .49 .44 .76 .76
Q7 .29 .46 .52 .75 .76
Q8 .11 .31 .38 .77 .77
Q9 .12 .32 .39 .76 .77
Q10 .21 .41 .42 .76 .77
Q11 .16 .37 .43 .76 .76
Q12 .27 .44 .44 .76 .76

Note. SD = standard deviation.
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domain the DSFIES-SM presumed to measure. Based
on IRT and CTT theories, the DSFIES-SM items do not
measure the same nuance that contributes to the mea-
surement of the school food insecurity construct as
observed from their corrected inter and intra-item cor-
rections that ranged between 0.3 and 0.6.

Items which were most frequently responded too with
a ‘‘yes’’ reflected the least severity of school food insecur-
ity. These items were Q1, Q2 and Q3, thus if these items
receive a ‘‘yes’’ response from the participants, then they
are mildly food insecure. As such, items Q1, Q2, and Q3
capture mild school food insecurity. If day scholars
respond with a ‘‘yes’’ to items Q4, Q5,Q6, Q7, Q8, Q9, in
addition to Q1, Q2, and Q3, and respond with a ‘‘no’’ to
items Q10, Q11, and Q12, then they are experiencing
moderate school food insecurity. Items Q4, Q5, Q6, Q7,
Q8, and Q9 capture moderate school food insecurity.
‘‘Yes’’ responses to items Q10, Q11, and Q12 were the

least prevalent. As such, day scholars who respond with
a ‘‘yes’’ to items Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9,
and in addition to any of the items Q10, Q11, and Q12
are experiencing severe school food insecurity with
hunger.

Children in households and in schools experience food
insecurity in different ways; there is an added layer of
uncertainties, worries, and anxieties if the households
and the schools lack access to food at the same time.
Findings of this study are consistent with the published
research findings on self-reports of child food insecurity
or food insecurity of children being reported by adult
members of the household. These publications include:
Wolfe and Frongillo (2001), Nord et al. (2002), Coates
et al. (2003), Gillespie et al. (2003), Pérez-Escamilla et al.
(2004), Ashiabi (2005), Frongillo and Nanama (2006),
Melgar-Quinonez et al. (2006), Coates, Frongillo, et al.
(2006), Coates, Wilde, et al. (2006), Nord and Romig

Table 7. Confirmatory Factor Loadings.

Factor loadings 95% confidence interval

Indicator(s) Estimate SE. Lower Upper Z p Stand. estimate

First factor
Q1 0.16 0.06 0.05 0.27 2.91 .004 0.36
Q2 0.16 0.06 0.04 0.27 2.67 .008 0.34
Q3 0.24 0.05 0.14 0.33 4.89 \.001 0.48
Q4 0.12 0.08 20.04 0.28 1.46 .144 0.25
Q6 0.27 0.05 0.18 0.37 5.87 \.001 0.56
Q7 0.33 0.04 0.24 0.41 7.56 \.001 0.72
Q9 0.12 0.04 0.03 0.19 2.70 .007 0.34
Q10 0.20 0.04 0.12 0.27 4.87 \.001 0.48

Second factor
Q2 0.15 0.06 0.03 0.27 2.50 .013 0.32
Q8 0.16 0.03 0.10 0.22 5.14 \.001 0.52
Q11 0.23 0.04 0.16 0.30 6.18 \.001 0.61
Q12 0.30 0.04 0.21 0.39 6.76 \.001 0.68

Third factor
Q1 0.09 0.06 20.04 0.21 1.35 0.18 0.19
Q4 0.25 0.08 0.09 0.41 3.02 0.002 0.52
Q5 0.21 0.06 0.09 0.33 3.42 \.001 0.51
Q9 0.08 0.04 20.01 0.17 1.81 0.07 0.25

Table 8. Factor Covariance Estimates.

95% Confidence interval

Estimate SE Lower Upper Z p-Value Stand. estimate

Factor 1 Factor 1 1.00a

Factor 2 0.53 0.12 0.31 0.76 4.60 \.001 0.53
Factor 3 0.32 0.23 20.13 0.76 1.41 .16 0.32

Factor 2 Factor 2 1.00a

Factor 3 0.53 0.17 0.20 0.85 3.16 .002 0.53
Factor 3 Factor 3 1.00a

aFixed parameter.
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(2006), Coates et al. (2007), Bartfeld et al. (2009),
Condon et al. (2009), Bartfeld and Ahn (2011), Bartfeld
and Ryu (2011), Nord (2012), Bernal et al. (2012),
Gundersen et al. (2012), FAO (2013), Fram et al. (2013),

Ballard et al. (2013, 2014), Benn and Carlsson, 2014),
Arteaga and Heflin (2014), Huang et al. (2015), Fram
et al. (2015), Huang and Barnidge (2016), Bernal,
Frongillo, Herrera, and Rivera (2016), Bernal, Frongillo,

Table 9. Skewness, Kurtosis, and Average Variance Extracted Composite Reliability.

Label Estimate SE. Skewness Kurtosis AVE C.R. p

Factor 1 1.114 0.21 53.149 ***
Factor 2 1.085 0.025 42.568 ***
Factor 3 0.968 0.035 27.303 ***

e1 (Anxious) 0.115 0.014 21.26 20.407 0.802 ***
e2 (Worried) 0.255 0.031 0.714 21.390 0.812 ***
e3 (No money) 0.221 0.028 0.033 22.000 0.796 ***
e4 (unsafe) 0.112 0.020 20.205 21.870 0.555 ***
e5 (Little food) 20.013 0.008 20.976 21.060 0.610 ***
e6 (Skip meals) 0.276 0.040 0.465 21.770 0.684 ***
e7 (No food home) 0.243 0.031 1.070 20.816 0.778 ***
e8 (Beg others) 0.138 0.015 2.080 2.390 0.920 ***
e9 (Steal others) 0.170 0.021 2.820 1.490 0.793 ***
e10 (Share with family) 0.204 0.026 1.490 0.222 0.791 ***
e11 (Repeat grades) 0.222 0.024 2.390 3.820 0.913 ***
e12 (Stop school activities) 0.258 0.030 1.074 20.860 0.852 ***

Note. AVE C.R = average variance extracted composite reliability.

***p\.0001.

Figure 5. Path diagram (based on unstandardized estimates).
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and Jaffe (2016), Fox (2018), Fletcher and Frisvold
(2017).

Reliability and Validity

Dropping DSFIES-SM item misfits (Q4, Q5, Q7, and
Q8) decreased the internal consistency (Cronbach’s
a=.70, McDonald’s v=.70) so they were retained in
the model to constitute the school food insecurity mea-
sure. Dropping survey items (Q1, Q3, Q4, Q5, and Q6)
that generated negative measures slightly reduced the
internal consistency of the DSFIES-SM even though
coefficient values (Cronbach’s a=.71, McDonald’s
v=.72) remained acceptable. Dropping survey items
(Q2, Q7, Q8, Q9, Q10, Q11, and Q12) that generated pos-
itive measures drastically reduced the internal consistency
of the DSFIES-SM (Cronbach’s a=.58, McDonald’s
v=.58). Twelve items constitute the measure of school
food insecurity.

Comparing the DSFIES-SM with the Community
Childhood Hunger Identification Project (CCHIP) tool
(Jimenez-Cruz et al., 2003), a categorical- three-point scale
classifying respondents as ‘‘not hungry’’ (score=0), ‘‘at
risk of hunger’’ (score=1–4) or ‘‘hungry’’ (score=5),
both possessed the same reliability (Cronbach’s a=.77).
Comparing the DSFIES-SM with the Townsend Food
Behaviour Checklist (Cronbach’s a=.68), the reliability
of the DSFIES-SM was higher (Townsend et al., 2003).
The reliability of the DSFIES-SM was higher than that of
the Girard four-point tool (Cronbach’s a=.72) (Girard
& Sercia, 2013).

On the other hand, the reliability of the Radimer/
Cornell tool (Cronbach’s a=.94) (Gollub & Weddle,
2004) and that of Household Food Insecurity Access
Scale (Cronbach’s a=.94) (Jimenez-Cruz et al., 2003;
Weiser et al., 2013) were significantly high. Reliability
coefficients for the Kuyper past food insecurity instru-
ment (Cronbach’s a=.84) (Kuyper et al., 2006, 2009),
the Hager two-item screen instrument (Cronbach’s
a=.82) (Hager et al., 2010; Swindle et al., 2013), and
the Cornell Child Food Security Measure (Cronbach’s
a=.81) (Sharkey et al., 2012) were slightly higher than
that of the DSFIES-SM.

The average variance extracted (AVE) of 0.77 is
greater than 0.05 and the square root of AVE is higher
than inter-construct correlation which reflects that the
DSFIES-SM has good convergent and discriminant
validity. These values meet the recommendations of
Fornell and Larcker (1981) for structural models with
unobserved variables and measurement error.

Components in factor analysis were generally accepta-
ble and ranged between 0.3 and 0.9 for total variance in
second component and 49% for the total variance in
third component. Model fit indices justified that the

sample was sufficient to provide meaningful statistically
significant results from all tests of reliability, un-dimen-
sionality, and validity. Model fit indices reached a
threshold acceptable for good model fit, as par the rec-
ommendations of Goretzko et al. (2023).

Recommendation

Both qualitative and quantitative (Rasch) approaches
were utilized. However, the Rasch Differential Item
Functioning (DFI) procedure was not carried out. The
next step would be to assess DIF of the DSFIES-SM
items. The DIF procedure was not done because it
demanded a sufficiently large sample, divided or segre-
gated into subgroups. Due to COVID-19 pandemic, the
DSFIES-SM study could not sample heterogeneous pop-
ulation groups drawn from different geographies.
Therefore, items that constitute the DSFIES-SM were
not retained nor discarded based on the Rasch DIF tech-
nique. Investigations are required to determine if
DSFIES-SM item meanings remain similar across all
geographical regions. Further investigations are needed
to manipulate longitudinal data drawn from sufficiently
large samples (.400persons) to assess test-retest reliabil-
ity, criterion validity, other forms of construct validity,
and to reveal if these findings are reproducible and valid
across all low-income countries.

Conclusion

DSFIES-SM study remains inadequate to base decisions
on, and much more investigations are required, consider-
ing that these study findings provide a foundational
understanding for the school food insecurity measure.
DSFIES-SM proves to be a robust instrument that can
be used to evaluate school feeding programs. School
food insecurity construct is a direct indicator that would
help track and monitor the progress of school feeding in
the context of low-income countries.
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Sampaio, M. D. F. A., Marı́n-León, L., & Panigassi, G.

(2004). An adapted version of the US Department of Agri-

culture food insecurity module is a valid tool for assessing

household food insecurity in Campinas, Brazil. The Journal

of Nutrition, 134(8), 1923–1928.
Radimer, K. L., Olson, C. M., & Campbell, C. C. (1990).

Development of indicators to assess hunger. Journal of

Nutrition, 120, S1544–S1548.
Radimer, K. L., Olson, C. M., Greene, J. C., Campbell, C. C.,

& Habicht, J. P. (1992). Understanding hunger and develop-

ing indicators to assess it in women and children. Journal of

Nutrition Education, 24(1), 36S–44S.
Sharkey, J. R., Nalty, C., Johnson, C. M., & Dean, W. R.

(2012). Children’s very low food security is associated with

increased dietary intakes in energy, fat, and added sugar

among Mexican origin children (6–11 y) in Texas border

Colonias. BMC Pediatrics, 12, 16.
Swindle, T., Whiteside-Mansell, L., & McKelvey, L. (2013).

Food insecurity: Validation of a two-item screen using con-

vergent risks. Journal of Child Family Studies, 22, 932–941.
Tay, L., & Jebb, A. (2017). Scale development. In S. Rogelberg

(Ed.), The SAGE Encyclopedia of industrial and organiza-

tional psychology (2nd ed.). Sage. (pp. 1–5).
Townsend, M. S., Kaiser, L. L., Allen, L. H., Joy, A. B., &

Murphy, S. P. (2003). Selecting items for a food behaviour

checklist for a limited-resource audience. Journal of Nutri-

tion Education Behaviors, 35, 69–82.
von Braun, J., Afsana, K., Fresco, L. O., Hassan, M. H. A., &

Torero, M. (2023). Food system concepts and definitions for

science and political action. In J. von Braun, K. Afsana, L.

O. Fresco &M. H. A. Hassan (Eds.), Science and innovations

for food systems transformation (pp. 11–17). Springer Inter-

national Publishing.
Weiser, S. D., Hatcher, A., Frongillo, E. A., Guzman, D.,

Riley, E. D., Bangsberg, D. R., & Kushel, M. B. (2013).

Food insecurity is associated with greater acute care utiliza-

tion among HIV-infected homeless and marginally housed

individuals in San Francisco. Journal of General Internal

Medicine, 28, 91–98.
Whittall, B., Warwick, S. M., Guy, D. J., & Appleton, K. M.

(2023). Public understanding of sustainable diets and

changes towards sustainability: A qualitative study in a UK

population sample. Appetite, 181, 106388.
Wolfe, W., & Frongillo, E. (2001). Building household food-

security measurement tools from the ground up. The Food

and Nutrition Bulletin, 22, 5–12.

Kasujja et al. 17

https://doi.org/10.1016/j.nutres.2022.01.001
https://doi.org/10.1016/j.nutres.2022.01.001
https://doi.org/10.3390/nu15051074
https://doi.org/10.3390/nu15051074
https://doi.org/10.1186/s12889-017-4166-2
https://doi.org/10.1186/s40066-023-00415-7
https://doi.org/10.1186/s40066-023-00415-7
https://doi.org/10.1093/J.N./136.5.1431S
https://doi.org/10.1093/J.N./136.5.1431S
https://doi.org/10.1186/s41155-016-0057-1
https://doi.org/10.1186/s41155-016-0057-1
https://doi.org/ageconsearch.umn.edu/bitstream/184301/2/tb-1936.pdf
https://doi.org/ageconsearch.umn.edu/bitstream/184301/2/tb-1936.pdf
https://doi.org/10.1016/B978-0-08-100596-5.22314-7
https://doi.org/10.1016/j.gfs.2012.10.006
https://doi.org/10.1016/j.gfs.2012.10.006

