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Chapter 1:
Introduction
For the last two decades Guatemala has made considerable efforts to
develop an educational assessment system that responds to international
standards of good practice. This has not always been straightforward. The
interaction of the technical demands, available human and financial resources,
changes in the education system and purposes for which assessment was
developed have led to establish complex relationships. Today the system is
administered by the Dirección General de Evaluación e Investigación Educativa
[General Directorate for Evaluation and Educational Research] (DIGEDUCA),
an evolving organization that has made significant progress as its web-page
testifies (see www.mineduc.gob.gt/digeduca).
The system was created and developed within a particular context. The
original focus was geared toward accountability and monitoring in a context of
limited financial resources and lack of personnel with the necessary
qualifications. While the system overcame these challenges, there has always
been a question about the value it adds to the educational sector. Given the
strained resources in Guatemala, this is a valid question. The assessment itself
might have some positive (or negative) secondary effects, but the exercise of
assessing is not of itself an exercise to bring about change. Assessment systems
provide information that should be used by stakeholders responsible for taking
action.
A good way of thinking about this question is whether current assessment
practices provide the necessary information to make the types of decisions that
are required to improve educational policy in the context of populations that are
heterogeneous in terms of ethnicity, language, and socioeconomic conditions.
There is now sufficient data to explore this issue while also researching
substantive factors known to be relevant in Guatemala: ethnicity, language, socio-
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economic conditions, gender, and the urban-rural divide. This introduction
provides background information on the national assessment system and its
organizational framework (i.e., the role it is expected to play in the educational
system) and then describes the studies contained in the following chapters.

Standardized assessment in Guatemala
The motives to set-up an assessment system in Guatemala were similar to
those noted in the wider Latin-American region and had to do with accountability.
Most of these systems were originally set up as part of the government’s structure,
frequently funded with assistance from international cooperation agencies
(Ferrer, 2006). A brief history of how Guatemala’s system has evolved follows.
In the 1960s the Ministry of Education of Guatemala (MINEDUC)
designed tools to assess the different areas of the national curriculum in the
compulsory grade levels for high-stakes purposes (i.e., decide which pupils would
be promoted or retained). Teachers developed the items, the Ministry assembled
the tests, teachers administered and scored the tests for schools assigned to them
(not the same school as where they taught) and sent the results to the pupils’
schools. The focus was on the performance of the individual pupil and on gaining
a better estimate of his or her level of performance. There is very little information
available from these early large-scale administrations. Data sets of the individual
responses were not aggregated, there is no evidence that the psychometric
characteristics of the tools were examined, and no written reports have survived
in MINEDUC’s archives. This form of assessment came to a halt in the 1970s.
During the following two decades, assessment was the exclusive domain
of teachers. There were no efforts to create standardized systems of assessment
for accountability or pedagogical improvement. In the 1990s a new start was
made when a quality assurance mechanism was piloted. The Sistema Nacional
para el Mejoramiento de los Recursos Humanos y Adecuación Curricular
[National System for the Improvement of Human Resources and Curriculum
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Adequacy] (SIMAC) visited classrooms of pilot schools to verify the delivery of
teaching-learning experiences. To evaluate the SIMAC’s impact on learning, the
Centro Nacional de Pruebas [National Testing Centre] (CENPRE) was
established to develop math and reading tests for administration in the SIMAC
pilot schools. The Programa Nacional de Educación Bilingüe Intercultural
[National Program for Bilingual Intercultural Education] (PRONEBI) did the
same in pilot bilingual schools and continued similar assessment administrations
in reading and math from 2001 to 2003, now as the Dirección General de
Educación Bilingüe Intercultural [National Directorate for Bilingual Intercultural
Education] (DIGEBI).
The CENPRE and PRONEBI assessment projects ran until the mid-1990s
when new loan negotiations with the World Bank triggered the demand for
nationwide standardized assessment (as opposed to the program-oriented small
scale assessment exercises that had been implemented before). The MINEDUC
dissolved CENPRE and delegated the national assessment to the Universidad del
Valle de Guatemala [University of the Valley of Guatemala] that created the
Programa Nacional de Evaluación del Rendimiento Escolar [National Program
for the Assessment of Educational Achievement] (PRONERE). PRONERE
conducted assessment of reading and math in nationally representative samples
to inform on school achievement and provide general feedback on the
interventions initiated under the World Bank loan. PRONERE operated from
1996 until 2001, when the funding from the loan expired.
In the 2004-2008 government cycle, assessment initiatives were taken up
again and PRONERE assessed elementary and lower secondary level pupils in
2004 and 2005 using reference-based tools, while the Universidad de San Carlos
de Guatemala [University of Saint Charles of Guatemala] (USAC) assessed
upper secondary pupils. Simultaneously, the MINEDUC established an internal
assessment unit named the Sistema Nacional de Evaluación e Investigación
Educativa [National System for Educational Evaluation and Research] (SINEIE)
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that by the end of the government cycle had become the Dirección Nacional de
Evaluación e Investigación Educativa [National Directorate for Educational
Evaluation and Research] (DIGEDUCA). DIGEDUCA has continued to assess
pupils in reading and math at all levels of the educational system and expanded
its scope by joining international studies, such as the studies from the Laboratorio
Latinamericano de Evaluación de la Calidad de la Educación [Latin-American
Laboratory for the Evaluation of Educational Quality] (LLECE), the International
Civic and Citizenship Education (ICSS) and the Program for International Pupil
Assessment for Development (PISA for Development).
It is difficult to track the direct impact that these different assessment
projects have had on educational policy, since most decisions taken by various
agencies are the result of multiple factors. However, there are several areas in
which assessment seems to have played a role. For example, since assessment of
upper secondary pupils became a requirement for graduation, the discussions on
educational quality increases around the date of the assessment, frequently
stirring heated debates. Some mass-media outlets develop their own rankings to
debate the characteristics of institutions that score higher (e.g., Revista
Contrapoder at http://contrapoder.com.gt/ranking-de-colegios/edicion2015/).
More recently, DIGEDUCA’s results have been used to adapt the national
curriculum, to provide statistical foundation for national education standards for
the elementary grade levels, and to support the contents of teacher development
modules (see www.mineduc.gob.gt/digeduca). Data provided by DIGEDUCA
are regularly used for cooperation agency reports, loan proposals and situation
analyses. There is less evidence, however, on the extent to which the results are
being used by major government agents (i.e., Minister and Vice-Ministers,
members of Congress, etc.) to make decisions on budget, organizational planning
or prioritization of projects.

14686 - Morales_BNW.indd 8

19-05-17 08:19

Assessment and Pupil Heterogeneity in Guatemala

9

Standardized assessment and education quality in Guatemala
Standardized assessment in Guatemala has been promoted as a mechanism
to stimulate quality education. Defining educational quality sparks polemics due
to the diverse objectives set by various stakeholders regarding what pupils should
learn and be able to do. However, most positions acknowledge that education
produces multiple impacts and that these are achieved as a result of the interaction
of multiple factors. As a result, it has become common practice to define
educational quality in terms of models of relevant dimensions and their
interactions. The school effectiveness model (also called school efficacy model)
(Creemers, 2002; Duffield, 1998), for example, illustrates the interactions
between variables in a manner that can be applied to the education sector in
countries with low Human Development Index scores (Aguerrondo, 2007;
Scheerens, 2001a, 2001b, 2004; Willms & Somers, 2001). The model is
composed of inputs, context and specific pupil conditions, the processes that
occur at the levels of home, school and classroom, and the measurement of
multiple types of results (e.g., cognitive, socio-affective, values) both in the short
term (e.g., achievement, well-being) and the long term (e.g., success in personal
and professional life) (Scheerens, 2000). Two popular representations of this type
of model in the context of low income countries are UNESCO’s model introduced
in the 2005 Education for All report (UNESCO, 2005), and Heneveld and Craig’s
(1996) model of school effectiveness adapted for Sub-Saharan Africa. These
models describe the interactions and relationships of various variables that have
been demonstrated to have statistically significant relationships with educational
outcomes. However, there have hardly been any attempts to test an ample set of
these variables in a single cohort of disadvantaged pupils from low-income
countries and their relationship with interventions that might bring about change
in those variables (Scheerens, Bosker & Creemers, 2000; Wrigley, 2003).
Furthermore, even when the combination of these variables would explain better
positive outcomes, many are not open to educational policy in isolation because
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they require interventions from multiple sectors (e.g., nutrition, overall poverty
rates, and ethnic or gender related exclusion).
Partly in response to the previous criticisms, the effectiveness perspective
has evolved into school improvement models (Teddlie, Stringfield, & Burdett,
2003). This more functionalist perspective looks for gradual improvements and
is concerned with ways of fostering them. These models are amenable to
continuous improvement cycles. Following this trend, the MINEDUC published
El Modelo Conceptual de la Calidad Educativa [The Conceptual Model of
Educational Quality] (Ministerio de Educación de Guatemala, 2006) to describe
the process through which it expects that quality at the classroom level will
improve. The model is cyclic. Expected learning outcomes (or educational
standards) are set and a national curriculum provides the guidelines on what and
how to teach in order to achieve these standards. The system is organized in
different service modalities to ensure that the widest possible proportion of the
population receives the service (e.g., distance learning, face-to-face classrooms,
multi-grade teaching). Pupils in all these modalities are assessed with tools that
tap into the same educational standards and, if a discrepancy is observed between
the expected outcome and the actual achievement of pupils, changes will be made
in the curriculum, the inputs or classroom delivery. The cycle is repeated and as
the level progresses, so does the stringency of the standards. However, while the
model was set up to provide evidence in the levels of achievement that are reached
in each iteration of the cycle, it did not specify how the findings would be used
to decide on the necessary changes.
The main interest of the last 10 years has been in aligning the assessment
standards with the tests and obtaining valid information on the results of pupils
attending different schooling modalities (e.g., distance education, multi-grade,
bilingual education). As a consequence, most of the efforts have focused on item
development, scaling, and logistics to ensure reliable administration of tests. The
yearly cycles of test development, administration, analysis, and dissemination
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have a very tight schedule since they must conform to the school year, critical
dates for legislative and budgetary planning, and waiting periods dictated by the
standard operating procedures of administrative activities. The greater attention
paid to obtaining good quality reading and math test scores has meant that there
are significantly fewer financial and human resources and time to develop and
administer questionnaires, observation tools and other instruments to collect
background information on the pupils, their families and teachers, and on the
activities within schools and classrooms. Therefore, it has been difficult to
identify clear patterns of background conditions and individual pupil
characteristics that lead to reading and math achievement.
That situation has had implications for the way assessment results are
interpreted and used. Educational assessment has become a thermometer to
measure the achievements of the educational system, but to a lesser extent part of
a model to explain how the diverse variables within the education system interact
to bring about such achievements. There is evidence that DIGEDUCA is
attempting to move in this direction, as demonstrated by the increase in reports
available in their web-page where associations are reported between school
achievement and other variables. However, it is clear that a comparative
perspective needs to evolve where greater attention is given to the factors that
create major divides in Guatemalan society and their association with learning
achievement.

A comparative perspective to inform policy
Developing valid tools is decidedly a significant issue in accountability
(which has become a major trend in Latin American assessment; Ferrer, 2006,
2015). Disaggregating this data and exploring its relationship to other factors
would lead to a greater number of meaningful insights. This would allow to
explore whether assessment results provide sufficient information to learn how to
improve the achievements of all children.
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Cross-national assessment initiatives are well known for adopting a
comparative perspective where pupils from each participating country are
considered to form part of a distinct group. Tests are developed to allow for
comparisons across these groups. However, there is evidence to suggest that the
aggregated results of a country are not necessarily the results of distinct
homogenous groups. For example, the report on the 2012 results of PISA with a
15-year-old cohort noted that while the difference between the highest and lowest
performing countries in mathematics was equivalent to six years of schooling,
within countries the difference was as large as seven school years (OECD, 2014).
The opportunities to learn to solve different types of math problems also varied
more within than across countries (OECD, 2014). These results suggest that
comparative analysis within countries would also make sense.
Relevant within-country patterns were also identified in the Progress in
International Reading Literacy Study (PIRLS) (Martin & Mullis, 2013). Research
based on this data found that in less affluent countries, school characteristics have
greater impact on pupil outcomes than in wealthier nations, indicating that
adequate schooling is particularly relevant to compensate for otherwise
unsupportive environments (Petrova & Alexandrov, 2015). These authors also
found that less affluent pupils benefit from attending schools where they have
contact with more affluent children who have greater access to literacy-related
materials. This has implications for the way policy should address the issues of
extreme heterogeneity in income within a country. Not surprisingly, it suggests
that greater investment (e.g., in school libraries) should be directed towards
schools catering for poorer pupils and that a decrease in the stratification of school
populations should be promoted.
Applying the lessons from these cross-national experiences to Guatemala,
it is clear that to draw national policy implications, such as the one described in
the previous paragraph, a comparative perspective within the country is
necessary. To develop a policy that fosters equity within a country, it is necessary
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to recognize the country’s heterogeneity and to design assessments that without
bias reflect the educational achievements of the different groups in the country.
Developing the reading and math assessment instruments required to meet
the psychometric demands of valid testing is an onerous endeavor. However, for
fine-grained information to draw policy-related decisions, high quality tools to
gather information on background variables are also necessary (e.g.,
questionnaires and observation protocols). The background tools should possess
optimum psychometric characteristics, be aligned to the areas where policy
decisions are required, and provide results that can be adapted to diverse types of
audiences. Assessment and research results are usually difficult to communicate
in a way that generates follow-up actions because of the number of stake-holders
involved, the diverse backgrounds of these stake-holders, and the “fuzziness”
often found in policy development (Reimers & McGinn, 1997). Much of this can
be addressed when the policy is clear and the evidence required for
implementation is understood. It is understandable that priority was given in
Guatemala to developing reading and math tools because the policy was to
implement accountability on the types of schooling received. To widen the scope
and provide greater information on other policies, however, adequate background
tools are also required.

The studies
The studies in the following chapters explore substantive issues using the
data collected in standardized Guatemalan national assessment projects.
Originally these projects were developed for accountability purposes, but they
clearly have further potential to offer suggestions on the changes that are required
to improve educational outcomes. Guatemala is a diverse country where ethnicity
is closely associated with area of residence (mainly referring to the urban/rural
distinction), language, socioeconomic status, and gender-based inequalities (see
Beckett & Pebley, 2002; Esquivel Villegas, 2006; Ethnologue, 2005; Jiménez
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Sánchez, 1998; Millennium Development Goals Indicators, n.d.; Richards, 2003;
World Factbook, 2007). Therefore, particular attention is paid to these variables
and their interrelationships with achievement. Three objectives guided the
studies: 1) Use data obtained from national assessment projects of elementary
grades in Guatemala to answer questions with direct implications for the
management of the education system; 2) Conduct up-to-date statistical analyses
to ensure that comparisons between groups that differ in background
characteristics

have

a

solid

psychometric

foundation;

3)

Provide

recommendations as a way to move national assessment forward.
Four separate studies are described here. The first is a review of the
Guatemalan educational context and the implementation of the necessary actions
to assess achievement in that context. The particular circumstances of the country
and their interaction with the logistical and technical demands of valid
educational assessment are reviewed. The perspectives of policy makers
requiring the assessment, test developers responding to those demands and
primary stake-holders making use of the information are considered. The three
remaining studies take an empirical approach and draw from the data of
assessment projects of elementary grades conducted at different points in the
development of the Guatemalan assessment system.
The first empirical study uses data from an early stage of the assessment
system. Ethnicity, gender, the urban/rural divide, and pupils being over-age for
their grade are documented risk factors of poor educational achievement that
often act in concert (Deater-Deckard, Dodge, Bates & Pettit, 1998; Gerard &
Buehler, 1999; Rutter, 1979, 1988, 2001). The way these factors can lead to
distorted results is analyzed by exploring Differential Item Functioning (DIF) in
the assessment tools. An item shows DIF when test-takers of different groups
with the same ability have different probabilities of obtaining a correct answer
(e.g., a boy of the same ability as a girl is more likely to get the answer right)
(Finch & French, 2008; van de Vijver & Tanzer, 2004). Chi-square techniques
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(Mantel-Haenszel and Breslow-Day), Rasch modeling and logistic regression
analysis are used to detect DIF items in Spanish reading tests used in 1999, 2000,
and 2004. Convergence of the methods and a general pattern of educational risk
were explored.
The second empirical study draws data from a period when DIGEDUCA
had already gained a legal framework, a more regular budget, and greater national
attention. An issue closely associated with ethnicity, but frequently neglected, is
explored: the variability of pupils’ assessment results in relation to their
familiarity with the language of the test. Previously there had been testing of
reading and math in the major Guatemalan indigenous languages, but results have
been difficult to interpret. In those exercises the selection of pupils to be tested
was done according to geographical location under the assumption that
communities located in an area where a particular ethnic group is dominant, will
belong to that particular ethnic group and their mother language will be the one
associated to it. However, given demographic shifts, this link between region and
mother language is no longer always the case and, as a consequence, results of
educational tests were usually inconsistent. As a result, tests in Spanish have
dominated. Since a large number of pupils are bilingual, some type of control
measure should be put in place to ensure that test results are not confounded by
the pupils’ competence in Spanish. This has not yet been done. Measures of pupil
competence in Spanish are not available in the datasets obtained, so pupils’ selfreport on their exposure to Spanish was used as a proxy measure. The relationship
of this measure with the achievement in reading tests in Spanish for third and
sixth grade pupils who identify as indigenous or non-indigenous is analyzed
across ethnicities and areas of residence (urban or rural). The findings contribute
to current bilingual policies in two ways. Firstly, it demonstrates that national
assessment can be influenced by variables that are confounded (language,
ethnicity, and socioeconomic conditions associated to the area of residence).
Secondly, it is an initial step in moving away from a perspective of bilingualism
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where pupils are classified dichotomously as either dominant in one language or
the other when in reality their linguistic profiles might be more complex.
The data for the third empirical study comes from a period when
DIGEDUCA had developed sufficiently to join international comparative studies.
There is little information available in Guatemala on the degree to which
assessment results are affected by the interaction between mother language and
the language of the tests. This is true in the case of reading assessment, where a
direct link can be intuited. It is more so in other curriculum areas where, next to
language competence, the degree of reading that has been acquired also plays a
role. Analysis is carried out using data from the Segundo Estudio Regional
Comparativo y Explicativo of the Laboratorio Latino-Americano de Evaluación
de la Calidad de la Educación [Second Comparative and Explanatory Study of
the Latin-American Laboratory for Evaluation of Educational Quality] (SERCE)
to test the mediation and moderation roles of reading between math achievement,
socioeconomic status and language. The model is also tested for consistency
across countries in the region that have sizable indigenous bilingual populations.
The results contribute to further understanding the complexity of the bilingual
contexts and provide inputs for a more targeted educational policy for elementary
grades in ethnically diverse contexts.
Overall, the four studies provide substantive conclusions that can enrich
the information base used by policy-makers, school leaders, and communities in
Guatemala. From the experience of conducting these studies, some
recommendations can be made on how to advance Guatemalan assessment to
inform a wider array of policies. The following chapters present the four studies
described before. The sixth and final chapter summarizes the main substantive
conclusions and provides recommendations.
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Chapter 2:
Assessment in Guatemalan Schools: Promoting a Unified Perspective
between Policy Makers, Test Developers and Primary Stake-Holders

This chapter is based on:
Fortin Morales, A.M., Poortinga, Y.H. & van de Vijver, F.J.R. (2008).
Evaluación y políticas educativas en Guatemala: Hacia una postura común.
Revista Pensamiento Educativo, 43, 223-242.
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Abstract
Educational assessment is on the increase. Policy administrators seek
feedback and support for the decisions they make. They turn to assessment as a
source of such information. Assessment units then need to adopt methods and
procedures that will allow them to provide the type of information and
conclusions that will enhance policy decisions. These methods will also have to
assure the validity of assessments. In culturally heterogeneous countries with
equity-seeking policies, such as Guatemala, assessment poses several challenges.
Validity in diverse societies requires that tests are free of bias from any unwanted
factors and accurately reflect the school subjects that are tested. Current
perspectives on validity suggest that there should be well-supported
interpretations of the data produced by the assessment. Local stake-holders
(especially parents and teachers) and policy administrators will interpret
assessment results according to their background and experience. We suggest that
there should be alignment of perspectives that guide policy, local actions and
validation of the assessment, and that information on this unified perspective
should be disseminated to all in an accessible form.
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Assessment has gained widespread acceptance as a basic tool to monitor
educational quality. In Guatemala, where standardized assessment is relatively new
and educational policy has to battle with poor quality of education and huge social
inequities, the meaningful application of this tool cannot be taken for granted. Testing
needs to be accompanied by information that describes its scope, range of application
and limitations. Different audiences will require the information at different levels of
complexity. However, to communicate effectively the results of the assessments in a
manner that impacts the strategies implemented by the educational system to improve
quality, a common perspective is required that is formulated in coherent and widely
accessible language. A common perspective has to be shared by policy makers, primary
stake-holders (parents as representatives of the pupils’ interests and teachers),
administrative decision-makers and test-developers to assure that policy, actions and
accountability are on the same track, thus allowing assessment to influence decision
making. Assuring this common perspective requires stake-holders to negotiate
common grounds. This paper recounts this process drawing from the experience of
assessment in Guatemala. It also argues that for assessment to produce useful
information to improve schooling in heterogeneous contexts; this unified perspective
should be based on the same arguments that justify the relationship between policy and
the domains it attempts to change.
The article begins with some background information on Guatemala, the history
of assessment in the country and how it has evolved in response to educational policies.
A discussion about the impact of policy objectives on assessment and issues of validity
are presented. The article closes with a discussion on the need for dissemination and
the need to promote a common ground among stake-holders.

14686 - Morales_BNW.indd 19

19-05-17 08:19

20

Assessment and Pupil Heterogeneity in Guatemala

Guatemalan Background and Political Context
The first Guatemalan capital was founded in 1524 as the Spanish Conquest
expanded from Mexico to the Central American isthmus. Society was clearly divided
then into strata and indigenous populations occupied low ranks. Diverse political and
economic conditions supported this stratification well into modern times, even when it
was no longer legally based. Social conflicts erupted and pressure for social fairness
increased gradually. A civil war started in 1960 that had a strong impact in rural areas.
Peace Accords were signed in December of 1996, establishing a demand for actions to
counteract inequities (Gobierno de Guatemala, Unidad Revolucionaria Nacional
Guatemalteca, Naciones Unidas, 1996). A framework for an Educational Reform was
prepared providing general guidelines for greater efficacy and fairness (CCRE, 1996).
Guatemala also signed the 2000 Dakar framework on Education for All.
Guatemala is still an ethnically diverse country. The groups officially recognized
as distinct “pueblos” are the Ladino or Mestizo, Maya, Garífuna, and Xinca. The
official language of the country is Spanish, but 23 other indigenous languages are
spoken by distinct ethnic groups (21 Mayan languages, a Xinca language, and an AfroCaribbean language named Garinagu) (Richards, 2003; Ethnologue, 2005). The
indigenous groups account for around half the country’s population (see Jiménez
Sánchez, 1998; and Beckett & Pebley, 2002; World Factbook, 2007). Mayan groups
are located mainly in rural areas, which remain the less affluent parts of the country.
The Gini Index, an indicator of inequality of wealth distribution, is 55.1 for the country
(UNDP, 2006). Yet, while the index for urban areas approximates 40.5, it reaches 63.0
in rural areas (Porta & Somerville, 2006). Urban areas and Ladino communities also
report higher rates of access to education (Álvarez & Schiefelbein, 2007) and
indigenous populations tend to be of a lower socio-economic level than other groups
(Beckett & Pebley, 2002; Esquivel Villegas, 2006). Differences in income after
graduation favor urban Ladino males (Porta & Laguna, 2007), while Mayan women
are the group with least access to the educational system (Esquivel Villegas, 2006).
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Ethnic differences in income widened between 1988 and 1995, despite the economic
growth in that period (Beckett & Pebley, 2002). Therefore, equity driven policies have
paid particular attention to indigenous, female populations living in rural areas.
Education Policy Objectives
As the demand for greater fairness in education in Guatemala increased,
educational policy has experimented with new methodologies and strategies to improve
quality. Two of these that have persisted through government changes are bilingual
intercultural education and curriculum reform.
Before the 1960s the dominant model to serve bilingual populations was
“castellanización”. This model discourages the use of indigenous languages and favors
Spanish under the assumption that this will facilitate the integration of individuals and
the participation of the nation in the “modern” world (Antillón Milla, 1997). By 1981
the new wave of policies based on fairness and equity established Bilingual and
Intercultural Education (EBI) as the model of choice. In EBI, pupils are educated in
their mother language for the first three years of primary schooling to assure that basic
cognitive and linguistic processes are well established before moving to education
conducted in Spanish. Initial results on EBI showed positive outcomes (Chesterfield,
Rubio & Vásquez, 2003).
The curriculum reform took longer. In 2005 the Ministry of Education published
a new curriculum based on competencies that pupils are expected to achieve instead of
knowledge content (Ministerio de Educación de Guatemala [MINEDUC], 2005).
Standards were published in 2006 to clarify the expected performance of pupils
(Ministerio de Educación de Guatemala [MINEDUC] & Programa Estándares e
Investigación Educativa-USAID, 2006). Testing based on standards requires aligning
assessment items with curriculum content and expected performance levels. However,
in the case of heterogeneous populations, additional conditions for analysis are
imposed, because instruments should permit to make valid comparisons between
groups and set a fair and equal standard for all groups.
Brief History of National Assessment in Guatemala
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Guatemalan school assessment has been influenced by educational policy
objectives in various ways. In 1997 and 1998, nationally representative samples of third
and sixth graders were tested (de Baessa, 1997). In 1999 and 2000 instruments were
also developed in four Mayan languages (K’iche’, Kaqchikel, Q’eqchi’, and Mam) to
test third graders attending EBI schools (de Baessa, 1999a, b, 2000a, b). In 2001, the
sample had to be reduced for budgetary reasons, and following the priority placed on
equity, only rural areas were tested (de Baessa, 2001a, b).
Other stake-holders have also influenced assessment trends. Around 15% of
primary level schools in Guatemala are privately financed. Samples for the 1997 to
2000 period did not include this type of institutions. When in 1999 an attempt was
made to include them, an association of these schools went to court and accomplished
to cease testing. Testing in private institutions would not resume until 2006 when the
participation of the country in an international study required nation-wide sampling.
The subjects tested in the aforementioned period were math and reading.
Different versions of the test were created for rural and urban areas. Since the Ministry
had not developed a detailed curriculum, the contents of tests were chosen from what
experienced teachers considered appropriate for the age and grade level targeted. Tests
were developed to compare a pupil’s performance with the performance of the cohort,
but not to compare their performance with external criteria (i.e. tests were normreferenced).
Throughout the 1997 to 2000 period similar analyses were used, with the total
population split up in subsamples to pay particular attention to vulnerable groups.
Consistent results were found each year (see de Baessa, 1997, 1998, 1999a, 1999b,
2000a, 2000b, 2001a, 2001b). Girls scored lower than boys, in both reading and math
tests. Pupils who were older than the usual age for their grade (i.e., repeaters) tended
to obtain lower than average scores. Urban areas performed around one standard
deviation higher than rural areas. Finally, regions mainly populated by Mayans differed
more from the national trend in reading than in math when testing was in Spanish,
although in both cases they were below urban and Ladino average scores.
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There was no testing during 2002 and 2003 due to financial constraints. The
World Bank loan that required testing and funded the founding of the evaluation
program had extinguished. The 2004 - 2008 administration, however, intended to
develop quality assurance processes that required assessment of pupils. On occasion of
the resumption of testing, adaptations were made to the testing process in preparation
of the publication of a new curriculum. For the first time, pupils were assessed with
tests that set a standard for what was to be seen as an acceptable performance (i.e.
criterion-referenced testing) (Crocker & Algina, 1986).
The curriculum for the primary level grades became available in 2005 and the
new task for the test developers became the alignment of tests and curriculum to assure
that the assessment outcomes would inform about the pupils’ success in attaining the
competencies. This required that the tests contain a large enough number of items to
represent accurately the school subject being assessed. Different test forms were
created that contained common items to make scores comparable among them. The
number of items related to each domain became too large for a single pupil to respond.
Therefore, a "spiraling" procedure was developed. Spiraling refers to the distribution
of several test forms among pupils to assure there are responses to all items of each
domain, while not burdening pupils with lengthy tests (Dings, Childs & Kingston,
2002). It is called spiraling because usually the various versions are handed in
consecutive order to pupils who sit next to or behind each other.
Under these new conditions, the classical psychometric analysis that had been
employed in the past proved inadequate. Classical analysis is based on the relative
frequency of correct answers in an item and the scoring of the various item response
alternatives in a linear combination. Scores at the level of the tested domain are
estimated by adding scores on separate items (Nunnally & Bernstein, 1995). This type
of analysis works with average scores and internal consistencies; it is insufficient when
different groups of pupils have answered test versions with different items, since no
comparisons can be made between versions and groups. Since such comparisons are

14686 - Morales_BNW.indd 23

19-05-17 08:19

24

Assessment and Pupil Heterogeneity in Guatemala

highly relevant to tailor educational programs for all groups, an alternative
methodology was required.
Item Response Theories (IRT) was introduced to address the issue of
comparisons between pupils completing different test versions. IRT provides
information on the patterns of how pupils at different ability levels perform even when
the pupils do not take exactly the same set of items. The assumption is made that a
common latent trait underlies all the items. Making such an assumption provides a
framework for comparing the performance of examinees who have taken different tests
or that are at different levels of performance (Crocker & Algina, 1986). In Guatemala,
IRT was employed to equate test forms in 2006.
Parallel to this development, a method was sought to detect the level of pupils’
achievement compared to the outcomes expected according to the curriculum.
Standards for acceptable performance had been published in 2006 (Ministerio de
Educación de Guatemala & Programa Estándares e Investigación Educativa-USAID,
2006). The first phase of this involved the conditions for item writing and test
assembly. Thereafter, performance levels were set using the Bookmark approach,
which is based on consultation with experts. In this case the experts were in-service
teachers, who were asked to indicate the level of performance of “just passing” puupils
on specific items (MacCann & Gordon, 2004; Buckendahl, Smith, Impara & Plake,
2000; Kiplinger, 1997). This procedure permits to set cut-off points to identify pupils
who have met the standard.
Findings for 2006, analyzed with these new methods, were consistent with
previous reports. Rural areas, female pupils and indigenous groups performed more
poorly than other groups in reading and mathematics (Moreno Grajeda, Gálvez-Sobral,
Bedregal & Roldán, 2008). In 2006 data were also used in a systematic effort to
disseminate results to use them at the school level. Each school where the tests had
been administered received a manual and a table of its results and the Department
(political and geographic division of Guatemala) where it was located. Schools that did
not participate in the assessment only received the Department’s table of results. The
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manual offered suggestions on how to develop an Institutional Plan for improvement
based on the assessment results and local evaluation of the school's situation.
This brief history of Guatemalan assessment shows how the testing processes
attempted to meet the needs of the emergent policies. To complement the pursuit of
equity through bilingual education, the assessment unit that developed the tests began
developing tools in major Mayan languages. The historical overview also shows how
other stake-holders can have an impact on assessment. The non-participation of private
schools, which accounts for 15% of school coverage, meant that samples were not
nation-wide even when geographically the entire country was covered. The attempts to
communicate results to local stake-holders sought to increase the use of the data.
However, so far the impact of this dissemination on the quality of education has not
been examined.
The Interaction of Assessment and Policy
In the previous section several shifts in methodology were discussed that
responded to policy trends. For example, the inclusion of neglected groups required
increasing the scope of the target population. To accommodate these new groups, tests
in Mayan languages had to be developed. Policy trends also emphasized the need for
quality assurance as a regular strategy in education, leading to the writing of standards
and tests. These types of responses require that the unit charged with conducting the
assessments be provided with trained personnel, time, and financial support. If policy
administrators are not ready to provide the necessary resources, assessment projects
will suffer, as experience has shown.
During the 1990s, assessment systems were introduced in many Latin American
countries following the international trend set by many industrialized countries
(PREAL, 2001). Whereas in richer countries the founding of these systems followed a
natural progression, several countries in Central America set their systems in response
to specific demands from a particular administration or the conditions set by
international cooperation agencies and loans. In Guatemala, for example, PRONERE
was established in response to a requisite for a World Bank Loan. When this loan
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expired, the system faced financial challenges. These started in 2000 and were not
solved until 2004. In 2005 a new system was established in response to a national
demand, but as previously, the time-frame provided for the creation of the assessment
unit was less than one year. Setting up an adequate system in such a short time places
a great burden on the technical, organizational, financial and operative capabilities of
all parties involved (Ferrer & Arregui, 2002).
Policies attempt to accomplish positive educational outcomes, but these
outcomes are influenced by a host of factors, particularly in a society with large
inequities. The influence of policy on outcomes is not only complex, but also
constrained by administrative and budgetary factors. For an optimal result, negotiating
and balancing is required between psychometric, political and contextual
considerations (Haddad & Demsky, 1995). Assertive communication can prevent
policy administrators from making decisions that would negatively affect the quality
of assessment.
Psychometricians view assessment as a means for monitoring educational
outcomes. However, assessment can also become part of political processes for various
secondary reasons. For example, pressure groups can demand changes in test structure
without consideration of psychometric concerns, or administrators can require changes
in methods of test administration for financial reasons. These are permanent risks,
because assessment has implications for budgets, receives attention from the media and
may even become a national concern.

Validity, Bias and Equivalence: The Contributions of Expert Test-Developers to
Assessment
The information provided by testing pupils is useful only if it accurately reflects
what they have learned. In other words, assessment needs to be valid. However, in
heterogeneous contexts groups have differential access to educational inputs. Consider
assessing the implementation of EBI. The first language of pupils in EBI is not Spanish
and they are mainly located in rural areas, where there is a lack of conditions to foster
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good education. On the one hand, it could be argued that tests need to accommodate
these population differences; Mayan bilingual pupils from rural areas have been
subjected to different family and cultural experiences, have had access to fewer, or at
least different economic resources, and their schools face different challenges. On the
other hand, it could be argued that tests should be the same for all populations, because
fairness dictates that all pupils should meet the same standards and be assessed in terms
of these standards.
Traditionally, validity has been defined as the usefulness of an instrument, based
on how well it measures what it intends to measure and validation studies have been
classified as predictive (or criterion-related), content oriented, and construct based
(Crocker & Algina, 1986; Nunnally & Bernstein, 1995; Brualdi, 1999). The predictive
model is based on the correlation between the test scores and an external criterion that
is a reflection of the true criterion score. Content driven studies seek a link between the
procedures used to generate the criterion scores and their proposed interpretation based
on a sample of performances in some area of activity as an estimate of overall level of
skill in that activity. The construct model has evolved but has now come to imply the
gathering of evidence for a theory that sketches the presumed nature of the construct
or domain. This conception of validity underwent critical analysis during the 1980s
when a unified model of validation was conceived of, seeking to take into account the
implications of meanings assigned to scores. It was emphasized that interpretations
influence decisions that eventually lead actions with social consequences (Messick,
1994; Brualdi, 1999; Kane, 2006). Although there are ongoing discussions (e.g. see
Reckase, 1998 and Markus, 1998), this broader social perspective has gained terrain.
Under this conception, construct validity encompasses all evidence on the construct as
well as the pervasive role of the assumptions that underlie the interpretation of the
scores (Kane, 2006). Insofar as these assumptions can be challenged, they need to be
based on solid arguments. Six aspects provide the criteria for validity: (i) content, (ii)
substantiveness, (iii) structure in relation to inherent behavioral manifestations of the
construct, (iv) generalizability, (v) external substantiation of consistency between

14686 - Morales_BNW.indd 27

19-05-17 08:19

28

Assessment and Pupil Heterogeneity in Guatemala

empirical observations and meanings given to the scores, and (vi) consequential aspects
of the interpretation (Messick, 1994). There are two major threats to test validity
(Brualdi, 1999). The first is construct under-representation, where the test does not
contain an adequate sampling of the behaviors that relate to the construct. The second
is construct-irrelevant variance, which is caused by variations in the scores between
test-takers that cannot be explained by their differences in the construct.
Such a broad conception on validity highlights the connection between policy
and test development. Policy statements attach a value to certain actions and propose a
relationship between actions and effects conducive to meeting specific objectives.
Therefore, these statements should form the basis for propositions and arguments that
lie behind the test-construction. When tests are developed, an assumption is made that
they will provide interpretable information which can be translated into decisions
linked to specific policies.
Equity enhancing policies require assessment that provides valid information for
different populations. At the same time, the differences that exist between groups are
very likely to lead to the appearance of construct-irrelevant variance. For example,
equally capable pupils from rural and urban areas may not obtain equal scores on an
item depending on whether the setting of that item refers to a traditional farm or a
shopping mall. To prevent such effects, test developers can adapt items to fit local
circumstances, but how does one know whether or not their efforts have been
successful?
Test adaptation (the development of tests for heterogeneous populations) seeks
validity for all populations through the analysis of comparability (or equivalence)
(Matthews-López, 2003). Two concepts are essential to work through constructirrelevant variance in settings with (culturally) different populations: bias and
equivalence.
Bias is a psychometric condition that occurs when differences in measurements
are not a reflection of differences in the target construct. Three types of bias have been
identified (van de Vijver & Tanzer, 2004; van de Vijver & Poortinga, 2005). Construct
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bias occurs when the theoretical construct is different, or inequivalent, for the groups.
In that case it is impossible to arrive at comparable or equivalent test scores. Method
bias concerns all nuisance factors resulting from the method of assessment. The
influence of such factors can usually be detected and eliminated, or at least reduced,
improving the equivalence of scores for the various populations (Van de Vijver &
Leung, 1997). Item bias or Differential Item Functioning (DIF) occurs when anomalies
in specific items, for example due to poor translation, cause differences in scores for
examinees with equal standing on the construct. Bias can be internal or external (or
predictive) (Hong & Roznowski, 2001). External or predictive bias is observed when
the relation between the test and an external criterion differs for each tested group.
Internal bias affects fairness because it occurs when two equally capable pupils have
different probabilities of answering correctly.
A term closely related to bias is equivalence; it refers to the comparability of the
scores. Bias threatens equivalence by making it difficult or impossible to compare
results between groups. To be equivalent, instruments should measure the same
construct in each group, exhibit the same relations among the items (structural
equivalence), share the same measurement unit across populations (metric or
measurement unit equivalence), and have the same origin for all populations (scalar or
full scale equivalence) (van de Vijver & Tanzer, 2004).
Results of analyses on bias and equivalence should be integrated into the
interpretative arguments of assessment conducted in diverse contexts. Bias of the tests
across populations will have an effect on score distributions and, therefore, should have
an effect on interpretations. The interpretations will be affected according to the form
and extent of the bias. If there is only evidence of bias in one or a few items, these can
be eliminated. At the other extreme, when there is evidence of inequivalence of
constructs, separate instruments will have to be developed for all groups to attain high
validity. It is more likely that moderate bias is found; how this will affect validity and
interpretation depends on detailed circumstances, and is beyond the scope of this
article. We like to mention a further contribution of bias analysis to interpretation. So
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far we have referred to cultural or ethnic populations, but the same kinds of analyses
can be carried out for any characteristic on which groups of pupils can be distinguished,
including language spoken at home and size of community (urban, rural). Valid
educational assessment in Guatemala primarily presupposes the application of
procedures to establish the equivalence of a measure for the ethnic groups in which the
measure had been applied.
Although in Guatemala the Mayan population are not a minority in statistical
terms, they are considered as such because of the exclusion they have suffered. Also,
a high percentage of this population attends rural schools that are deficient in aspects
such as infrastructure, availability of text-books and educational equipment (Esquivel
Villegas, 2000, DP Tecnología, 2002). The interpretation of the scores should take into
consideration the extent to which these types of inputs favor or hinder performance.
Other analyses might explore the manner in which formal schooling is accepted by
various groups (e.g. see Fuller & Clarke, 1994). The relevance of these factors for
educational outcomes can be, and has to be, assessed in the process of enhancing the
quality of education.
Dissemination of Results and Arguments on Validity
One of the late phases in educational assessment is the dissemination of the
results. At this stage information is made accessible for stake-holders who will deal
with it in different manners. Just as the researcher did, other stake-holders, including
policy administrators, will interpret the results within a framework of knowledge,
values and beliefs. In the course of this process a given result is susceptible to different
interpretations. For example, if pupils from a minority group obtain a lower score than
the national average, some might interpret the results as further proof of the exclusion
to which that minority is subjected. Others might interpret it as evidence that pupils
from that group have low motivation and do not make enough of an effort. Thus, the
findings should be accompanied by some sort of clarification on the validity of the
assessment, the risk of bias to this particular assessment, and the possible
interpretations to which the data can be subjected. Information on the scope and
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limitations of the study should have an influence on the decisions and
recommendations made by policy administrators.
There is a prior stage where it has to be decided which characteristics of pupils,
teachers and schools are in need of analysis. After all, each analysis requires data which
have to be collected. The types of data collected also require negotiation with policy
administrators. Just as information on factors of exclusion can be collected, a greater
emphasis can be given to variables related to school effectiveness. The planning of
school assessment and follow-up actions requires negotiations, first between policy
makers and assessment experts, and thereafter with all stakeholder groups who have a
role in the data collection or an interest in the findings.
The communication between those responsible for assessment and the
institutions and individuals that will be assessed conveys expectations that have a
significant effect on test administration. The same is true about those who will go into
the field as test administrators and the assessment developers. These conditions are
pretty straightforward, and when appropriate attention is given to them, much has
already been done to control method bias.
Another line of communication attempts to influence the decisions of policy
administrators as part of general accountability processes. Accountability systems that
perform well inform about successes and shortcomings, link assessment outcomes to
official statements of expectations (standards) by employing systematic methods
(measurements of quality, assessments of performance), and create conditions for
follow-up (Hanushek & Raymond, 2001). Assessment results become the measure of
the success or failure of policy action. Communicating results inappropriately can
foster misunderstandings that could negatively affect action. It can also bring forth
conclusions that go beyond the scope of the assessment either in favor or in opposition
to the policies under consideration.
For example, if new text-books are introduced into schools with a novel method
to learn reading and writing, it is unlikely that dramatic results will be observed in the
first year. Results will still exhibit significant effects from other variables, such as
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books available at home. Policy administrators who are held accountable for
assessment results may not be aware of the technical intricacies of assessment and
neglect to account for these effects. Differences in academic backgrounds and
professional priorities between assessment experts and policy developers can easily
create a communication schism (Reimers & McGinn, 1997). While the concerns of
psychometricians might be scientifically oriented, policy-makers’ interests will
concentrate on feasibility, resources, and political impact (Reimers & McGinn, 1997).
Thus, conveying information adequately requires reporting the scope, limitations and
probable interpretations of results. Yet, an overview of national Latin-American
assessment units found that dissemination of results and data analysis had not always
received adequate follow-up in several countries (PREAL, 2001; Ferrer & Arregui,
2002; Ferrer, 2006; Ravela, Wolfe, Valverde & Esquivel, 2006; Wolff, 2006).
Policies state goals and the means to achieve them. They are driven by valueladen frameworks. For example, promoting policies that seek equity is based on a belief
that equity is a better state than a state of segregation. Policies could be designed to
foster segregation, but today they would hardly be considered ethical. For policy
related research to be relevant, it has to be consistent with the policy statements. If
policy seeks equity, the type of research that will make sense is one that looks into
interventions that enhance equity, that prevent inequity or that will help prevent
inequity. The opposite, that policy should be constrained by research, is not true
because research does not provide a framework to value one objective more than
another (Reimers & McGinn, 1997). The justifications that validate the search and use
of certain types of knowledge through assessment should be consistent with the wider
framework that established the rationale for the policy and the more specific one that
stated the plausible interpretations of scores from a test. If such consistency is not
assured, the manner in which assessment can provide feedback to the policy
administrator will be curtailed.
Accordingly, bias, equivalence, and validity adaptation are relevant, not only as
the mathematical indicators of psychometric properties, but especially as arguments to
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clarify the interpretation and understanding of the domains under study. Assessment is
useful for policy when it has clear purposes, a philosophy oriented to building a vision
of shared responsibility for education, a psychometric design of quality, a strong
orientation to support teachers in their task, political willingness to solve the detected
deficiencies, and when it sets the numerical indicators in context (Ravela, Arregui,
Valverde, Wolfe, Ferrer, Martínez Rizo, Aylwin & Wolff, 2008). Valid assessment
provides a useful frame of reference to plan solutions for deficiencies in the educational
system, when results are communicated effectively to those individuals who will share
responsibility. Therefore, the arguments that support the validity of the assessment
should also be accessible to primary stake-holders (teachers, parents and pupils). Their
perspective is local and their specialization in psychometric issues is limited most of
the time. Yet, they are the most direct enforcers or detractors of the policies. If the
arguments are not clear to them, there will be significant difficulties when translating
policy into concrete activities.

Discussion and Conclusions
Assessment has steadily gained attention and support, and the demands and
expectations of what can be achieved with it will probably also augment, potentially
increasing tensions between consumers and producers of assessment information. For
assessment to be a viable option for improvement of educational quality for all, it
should be both feasible and valid. Feasibility implies that logistically and financially it
can be undertaken while conserving those traits that will make it significant (e.g.,
sampling characteristics, administration procedures). Validity implies that assessment
is based on a consistent rationale that successfully links the tools and procedures with
the domains under evaluation. However, usefulness of assessment for policy
administrators is not easy to achieve, as has been pointed out in this paper.
Policies will influence assessment in the sense that they will require the
assessment experts to develop specific techniques to address the targeted needs.
Several examples were provided in the brief history of Guatemalan assessment.
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Standards were created to respond to a new curriculum where competencies replaced
knowledge as the main educational goal. Instruments had to be diversified to have
greater domain representation, requiring multiple forms and spiraled administrations.
This drove for analysis based on IRT models. Unfortunately, the influence of various
stake-holders may be less constructive. An example is the case of the effect the
resistance of private schools had on the Guatemalan national sample.
The valorization and interpretation that stakeholders make of assessment scores
can also be problematic. Policy administrators might have preconceptions on how
assessment works, and expectations about what it can do. These do not necessarily
correspond to sound psychometric practice. However, policy development will
ultimately set the frame of values that dictate the actions taken by a government.
Therefore, psychometricians and test-developers must differentiate the changes in the
design of their assessment that will affect the generalizations from the data (such as
sampling strata) and those that will invalidate them (such as administering tools that
have not been appropriately piloted). When negotiation for resources, timeframes,
conditions of administration and others ensue, the test-developer will know which are
negotiable given a change in scope, and which are not since they would invalidate the
assessment The outcome from this negotiation could alter the scope of the assessment,
but should not alter its scientific approach. This also has implications on how the
information will be used during follow-up. Policy administrators might not be aware
of the changes in the applicability of assessment results due to changes made for
feasibility. For example, due to financial constraints the number of test forms that are
used might need to be reduced. If this prevents the assessment from containing a large
enough sample of behaviors in each component of the domain that is tested, results will
not be provided by sub-component. In that case, a total score will be provided for
mathematics but not separate ones for adding, subtracting, geometry, etc. However,
the policy administrator might find it compelling to provide results for each subcomponent, even when it has been tested by only one or two items. It is the assessmentdeveloper’s challenge to prevent this by communicating appropriately with the policy
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administrator. Otherwise, non-valid results of sub-components will be used to plan
educational interventions.
When assessment is used by policy administrators as an intervention tool
instead of a monitoring tool, or when assessment becomes part of a policy driven
accountability model, it also becomes vulnerable to the influences of pressure groups
and the intention of new administrations to reform or continue previous processes.
Again, insufficient psychometric information on the side of the policy administrators
might influence naïve decision-making. Also, a narrow view limited to technical issues
that does not take into consideration the political background of the decisions could be
detrimental to the feasibility and continuity of the assessment process. In particular,
not involving the primary stake-holders in the effort is likely to weaken the impact of
assessment at the local level.
Current perspectives regard validation as consistent with hypothesis testing and
account for the influence of value frameworks. These positions suggest that validation
should be viewed as an argument that builds up evidence and attempts to counteract
sources of invalidity (see Messick, 1994, 1998; Kane, 2006). The researcher should
establish the modes and channels to clearly communicate the generalizability and the
rationale for the assessment. This can only be done through a common perspective that
links the explanation of how a policy will accomplish given objectives, the rationale
that explains how a specific assessment reflects the assessed domains, the justification
that turns scores into indicators, and the possible interpretations of the data. If this
multi-staged process is not accomplished, policy measures will be disarticulated from
the assessment that provides the indicators of success or failure. In such circumstances
the local stakeholder will also have problems in connecting to national policy. A strong
recommendation can be made to assure consistency of perspectives in policy,
assessment and local actions.
While these ideas and issues are not new and may even seem self-evident,
perhaps a reminder is in order as it is not unusual in some Latin American countries to
find lack of continuity and consistency in policy and technical efforts. Continuity
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cannot solely be defined as the adoption of similar policy statements transcending a
particular administration, but as a consistent maintenance of the rationale and
arguments underscoring policies, their monitoring, and their local implementation.
Nowhere is this more relevant than in relation to education, where success is based on
time-consuming processes that demand consistent and systematic efforts.
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Chapter 3:
Differential Item Functioning and Educational Risk Factors in Guatemalan
Reading Assessment

This chapter is based on:
Fortin Morales, A.M., van de Vijver, F.J.R & Poortinga, Y.H. (2013). Differential
item functioning and educational risk factors in Guatemalan reading assessment.
Interamerican Journal of Psychology, 47, 423-432.
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Abstract
We examined Differential Item Functioning (DIF) indicators for four variables that
repeatedly have been demonstrated to constitute risk factors in primary school
achievement in Guatemala. These factors are over-aged enrollment, urban/rural area of
residence, ethnicity, and gender. We used scores from national reading assessments in
third-grade for this study. Given the instability often reported in DIF literature, we
employed three different approaches (chi-square, Rasch, and logistic regression) and
checked for their consistency with data from three calendar years. We found substantial
evidence of DIF. However, removal of DIF items did not influence differences in test
scores between groups. Findings suggest that educational risk factors act in concert in
this Guatemalan population and, that at least to some degree, they interact to create bias.
We conclude that DIF analysis and test-writing would benefit from taking into account
multiple background risk variables simultaneously.
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Guatemala is an ethnically diverse, multilingual society. Throughout the history
of the country, ethnic diversity has been associated with various social disparities. Since
the 1980s the increase in school enrollment has highlighted the government's belief that
education could potentially contribute to offsetting these conditions. Efforts to monitor
these efforts have included the collection of data on enrollment and school efficiency
and, more recently, educational assessment. Four factors, namely ethnicity, gender,
urban or rural area of residence and school location, and being over the age for the school
grade (over-age) have been documented as risk factors for poor educational achievement
in several countries, with these factors often acting simultaneously and jointly (DeaterDeckard, Dodge, Bates & Pettit, 1998; Gerard & Buehler, 1999; Rutter, 2001; Rutter,
1979, 1988; Sameroff, Bartko, Baldwin, Baldwin, & Seifer, 1998). Educational
assessment results have consistently indicated that these are also variables associated to
lower performance of pupils in Guatemala (de Baessa, 1999a, 2000; Moreno-Grajeda,
Gálvez-Sobral, Bedregal, & Roldán, 2008).
There is also extensive evidence that the aforementioned factors can potentially
create bias in assessment. This is a reason for concern when implementing educational
policies based on assessment data, as interventions might reflect inaccurate
considerations of the pupils' actual potentials and accomplishments. In this paper we
study the case of Guatemala, where these four risk factors are known to be present (de
Baessa, 1999a, 2000a; Moreno-Grajeda, Gálvez-Sobral, Bedregal, & Roldán, 2008) and
presumably are interrelated (Esquivel Villegas, 2006). More concretely, we examine the
relationship of the four factors in producing item bias or Differential Item Functioning
(DIF) in reading tests of third graders.

Educational Risk Factors in Guatemala
Guatemala’s population is multiethnic and multilingual. In addition to the Mestizo
or Ladino and immigrant groups, about 40% of the population belongs to one of some
24 indigenous ethnicities (21 different Mayan groups, Xinca, and Garinagu or Garífuna)
(Richards, 2003; World Factbook, 2011). There are nearly as many languages as ethnic
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groups, in addition to Spanish that is the official language of the country (Richards,
2003). Guatemala is a “mid-development” country as measured by the Human
Development Index with uneven distribution of wealth as measured by the Gini Index
(55.9) (United Nations Development Programme, 2011). The disparities are accentuated
in rural areas, where the poorest segments of the population and most Mayans reside
(Antillón Milla, 1997).
School enrollment statistics show significant proportions of over-aged pupils (being 1.5
years older than the expected age for the grade level of enrollment), particularly in rural
areas (Ministerio de Educación de Guatemala, 2011). The number of pupils enrolled in
school has increased over the last decade, but educational indicators show that urban
areas, males and non-indigenous populations have benefited most (Álvarez &
Schiefelbein, 2007; Esquivel Villegas, 2006). Although global enrollment indicators for
boys and girls are similar, more detailed analysis shows that women still have less access
to school in scarcely populated and predominantly Mayan areas (Ministry of Education,
2011). In summary, being an older pupil, being female, being Mayan and attending a
rural school are usually risk factors. These characteristics constitute risk factors in that
they are strongly associated to the access pupils have to good quality education.

Differential Item Functioning
To compare groups on test scores, there must be sufficient evidence that the scores
of different groups can be interpreted in the same way. Given the differences in contexts
for various segments of the population in Guatemala, the assessment practitioner should
analyze data with a view to identify various forms of bias or inequivalence (van de
Vijver & Tanzer, 2004). Differential Item Functioning (DIF) detection methods are one
of the most relevant and the most frequently examined forms of bias.
An item shows DIF when test-takers of different groups who have the same ability
have different probabilities of obtaining a correct answer (in this study, for example, an
item would show gender DIF when a boy who obtained the same overall score as a girl
is more likely to get the answer to that particular item correct for reasons not related to
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their ability) (Angoff, 1993; Dorans & Holland, 1993; Ellis, 1990; Finch & French,
2008; Uiterwijk & Vallen, 2003; van de Vijver & Tanzer, 2004; van den Noortgate &
de Boeck, 2005; Zenisky et al., 2003). DIF is "uniform" when it favors the same group
across all ability levels and "non-uniform" when the size or direction of the bias effect
varies across ability levels (Jodoin & Gierl, 2001; Welkenhuysen-Gybels, 2003).
DIF often shows poor coherence across computational procedures (Bond, 1993;
Bond & Fox, 2007; Camilli, 2006; Dodeen, 2004; Linn, 1993; Longford, Holland, &
Thayer, 1993; O’Neill & McPeek, 1993; Wiberg, 2007). These variations in statistical
outcomes may result from different data assumptions or methodological variations
(Angoff, 1993; Robitzsch & Rupp, 2008; Jodoin & Gierl, 2001; Linn, 1993; O’Neill &
McPeek, 1993; Scheuneman, 1987; Scheuneman & Gerritz, 1990; Wiberg, 2007). In the
present study we attempted to overcome this by employing three different, but widely
used procedures: chi-square techniques, Rasch method, and logistic regression.
The chi-square or contingency table techniques compare the proportion of
examinees per test score level responding correctly to the item across groups (Crocker
& Algina, 1986). The Mantel-Haenszel statistic and the Breslow-Day test of trend in
odds ratio heterogeneity are chi-square techniques; the former mainly to detect uniform
DIF and the latter non-uniform DIF (Angoff, 1993; Bertrand & Boiteau, 2003; Dorans
& Holland, 1993; Fidalgo & Madeira, 2008; Kristjansson, Aylesworth, McDowell, &
Zumbo, 2005; Narayanan & Swaminathan, 1994; Penfield, 2003). Item Response
Theory (IRT) methods assume that the probability of solving an item correctly is a
function of the total test score, and that this function follows a logistic curve (Jin-Shei,
Teresi, & Gershon, 2005). The curve is defined by one, two, or three parameters
(discrimination, proficiency level, and pseudo-guessing) (Angoff, 1993). DIF is detected
when there is a significant difference between the populations in one or more parameters
of the item characteristic curves (Angoff, 1993; Crocker & Algina, 1986; Thissen,
Steinberg, & Wainer, 1993). The Rasch model is a one-parameter IRT method (Bond &
Fox, 2007) that usually produces results consistent with other multiparameter IRT
procedures (Thissen, Steinberg, & Wainer, 1993). Uniform and non-uniform DIF can
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also be detected by estimating a logistic regression where the right/wrong answer on the
item is predicted by group membership and performance level (Jodoin & Gierl, 2001;
Swanson, Clauser, Case, Nungester, & Featherman, 2002).
DIF research has not been successful in consistently identifying item
characteristics that generate bias. Perhaps the most consistent result has been that highly
discriminating and more difficult items are also more likely to exhibit DIF towards the
non-risk group (Linn, 1993; Scherbaum & Goldstein, 2008). Other than these, good
predictions are difficult as item characteristics can interact to create DIF in some
conditions and not in others (O’Neill & McPeek, 1993). These findings do not lead to
practical guidelines for item writing. DIF identification can also be used to “purify” tests
by removing the biased items (French & Maller, 2007). The desirable outcome is the
removal of items that have a large impact on the results of the tests.

The Present Study
We employed the Mantel-Haenszel chi-square statistic, the Breslow-Day chisquare statistic, Rasch and logistic regression to detect DIF items in Spanish reading
tests used in 1999, 2000, and 2004 in an attempt to establish whether there is a general
pattern of educational risk in Guatemala. To accomplish this we examined the
convergence of DIF indicators across risk factors. To make sure the choice of DIF
detection method is not a factor in determining the convergence, we compared the results
across computational procedures. To understand the impact of DIF in the assessment
results, we explored the influence of DIF removal on the size and direction of group
differences.

Method
Participants
We analyzed data provided to us by the Ministry of Education from the Spanish
national reading tests administered on nationally representative samples in 1999, 2000,
and 2004 among third grade pupils of public elementary schools (DIGEDUCA, 2008).
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Table 1 shows the number of pupils in each group for each year. Age and gender were
reported on the test forms, and were verified by test administrators and teachers. Age
was dichotomized according to appropriateness for the grade level: Those of age 11 or
older were considered over-aged for the third grade. Area of residence was dichotomized
into urban and rural according to the Ministry’s official classification of the schools
(each school serves pupils whose residence is within a three kilometer radius). A large
number of cases in the data sets were missing; individual registries on ethnicity and the
ones available were not always consistent with the main languages spoken in the
schools. Therefore, a proxy was used, based on the density of Mayan pupils enrolled in
public institutions per Department (political division of the country). Pupils from those
Departments that according to the registries of the Ministry of Education of Guatemala
(Ministerio de Educación de Guatemala, 2009) had a Mayan enrollment of 90% or more
were classified as Mayan. Pupils coming from Departments where Mayan enrollment
was 10% or less were classified as non-Mayan. Cases that did not belong to either of
these groups were removed from the data set to estimate DIF by ethnicity. The
Department of Guatemala, where the capital city is located and would have fallen under
the non-Mayan categorization, was also removed due to the high likelihood of mixed
enrollment in schools.
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Table 1. Number of Cases per Risk Factor and Year
1999

2000

2004

Appropriate

3999

5502

2851

Over-age

3022

3446

1733

Urban

3433

4519

1493

Rural

3588

4429

3091

Non-Mayan

1791

2486

1363

Mayan

1841

1699

974

Male

3646

4659

2271

Female

3375

4289

2156

7021

8948

4584

Risk Factor
Age

Area

Ethnicity

Gender

TOTAL

Note. Totals of categories across risk factors do not always add up to total sample size,
due to missing scores.

Instruments and Data Sets
Each test consisted of 40 multiple-choice items. Each item had four response
options, which were converted into a dichotomous correct / incorrect variable for this
study. Original assessment documentation reported Cronbach’s alpha values of .80 or
higher in all data sets and the tests were generally considered difficult for the target
population (de Baessa, 1999a, 2000a; Moreno-Grajeda et al., 2008). Items were written
according to a common set of specifications to attempt replication of the same types of
distractors and contexts. Only items that had been employed in both rural and urban
areas and for which information on the other risk factors was available, were selected
for the analysis. This data set included 80 items (20 for 1999, 20 for 2000, and 40 for
2004).
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Procedure and Analysis
We first conducted item-related analyses to detect DIF and compute the effect
size of the DIF indicators using the computational procedures already described. Then
we investigated the convergence of the indicators across risk factors and computation
methods. Finally, we conducted a “purification” analysis, removing items that showed
evidence of bias. Each of these analysis is further described below.
Estimation of the statistical significance of DIF. We used three computational
methods to estimate the statistical significance of DIF. Firstly, we estimated the MantelHaenszel chi-square and the Breslow-Day chi-square using the software Differential
Item Functioning Analysis System (DIFAS 4.0). Following the suggestion contained in
the manual, an item was flagged for DIF when either of these two indicators was
significant at a Type I error rate of .025 (Penfield, 2007a). Also, we estimated Rasch
indices using Winsteps 3.65 (Linacre, 2006); an item was considered biased when the t
statistic for the difference in logits between groups was significant (p < .05). Finally, we
estimated logistic regression coefficients where the (dichotomous) focal split for each
risk factor was entered as a categorical covariate. The total score and the interaction
between the classificatory variable and the total score were then entered as covariates;
here a significant model for an item implies DIF. We synthesized the results from these
three analyzes by flagging an item as showing DIF for a risk factor when the indicators
for all three DIF identification procedures were statistically significant for that factor.
Estimation of the effect size of DIF. We estimated the effect size of the item bias
estimates to acquire a measure of the magnitude of the biasing effect. For the chi-square
procedures we used the absolute value of the standardized measure of the log-odds ratio
(Camilli, 2006) as it is provided by the Differential Item Functioning Analysis System
(DIFAS 4.0; Penfield, 2007b). For the Rasch procedure we used the average impact on
the person parameter by estimating the absolute value of the quotient obtained by
dividing the difference in logits of the dominant to non-dominant groups by the number
of items in the test (Linacre, 2006). In the case of the logistic regression method, which
does not provide a direct measure of the variance explained by the predictor variables
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(R2), we used the Nagelkerke R2 and compared the values of the full model and the
model explained only by the total score to estimate ∆R2 (Hidalgo & López-Pina, 2004;
Jin-Shei et al., 2005; Jodoin & Gierl, 2001; Swanson et al., 2002).
Convergence of DIF indicators. Once individual items had been analyzed for
the statistical significance of the three DIF indicators, we explored their convergence.
Using the φ statistic, we computed the correlations for item sets between pairs of DIF
outcomes and between pairs of risk factors. Positive correlations across the risk factors
would indicate that there is a tendency for items to behave in similar manner for these
factors. Positive correlations across methods would indicate that these methods show
consistent outcomes with regard to DIF/non-DIF classifications. We also calculated the
corresponding Pearson correlations between effect size measures. As described above,
we did this for the three computation procedures with the same risk factor and for the
four risk factors with the same effect size computation procedure.
Assessing the impact of bias. To evaluate the substantive effect of DIF on the
conclusions drawn from the assessment scores, we compared results for the full test with
results for a purified version from which biased items had been removed. Mean scores
before and after removal of items were compared using a t test for independent samples.
We did this once using the dichotomous classification based on statistical significance,
and once again using the criterion based on the effect size of the items. In both cases an
item was only removed if flagged for all three computational procedures (chi-square,
Rasch, and logistic regression). As criterion for statistical significance, an alpha level of
.05 was used. The criterion to flag an item as biased due to effect size was that the item’s
measure be located in the top 25% among the items for the particular risk factor and
method under consideration. The decision whether or not an item was to be removed
was taken separately for each risk factor. For example, if an item was flagged as showing
DIF for gender but not for age, it was removed when comparing the non-DIF versus DIF
gender split, but was not removed for the age split. To estimate the effect size of these
comparisons we used Cohen’s d.
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Results
We found a high frequency of DIF when flagging items based on statistical
significance (see Table 2). This was true for all four risk factors using any of the three
computation methods. When the statistical significance criterion was used, we found a
fair degree of convergence of DIF indicators between risk factors using the same
computation procedure. The associations were usually stronger between the effect sizes
of the DIF computations (see Table 3). There were two exceptions, the area/ethnicity
correlation using logistic regression effect sizes and the age/gender pair using chi-square
effect size. This is suggestive of risk factors that act in concert.
Table 2. Percentages of Items Flagged for DIF by Risk Factor and Year
Risk Factor

DIF detection
method

Age

Area

Ethnicity

Gender
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1999

2000

2004

(of 20 items) (of 20 items) (of 40 items)

Chi-square

55

75

30

Rasch

85

70

48

Logistic regression 60

65

43

Chi-square

80

80

30

Rasch

80

85

58

Logistic regression 55

75

45

Chi-square

55

45

50

Rasch

80

75

68

Logistic regression 50

65

53

Chi-square

45

50

53

Rasch

55

55

60

Logistic regression 35

15

40
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Table 3. Correlations of Effect Sizes between Risk Factors for Each DIF Detection
Method
Chi-square
Risk factors

Rasch

Statistical

Effect

Statistical

significance

size

Age – Area

.46*

Age – Ethnicity

Logistic Regression
Statistical

Effect

significance size

significance

size

.53*

.39*

.89*

.45*

.47*

.05

-.06

.28*

.44*

.20

.51

Age – Gender

.25*

.08

-.25

.38*

.18

.18

Area – Ethnicity

-.10

-.13

.02

.33*

.29*

.06

Area – Gender

.21

.04

-.29*

.43*

-.02

-.07

.49*

.02

.43*

.20

.38*

Ethnicity – Gender .30*

Effect

*p < .01 (one-tailed)
We also found a fair degree of convergence between detection methods for
the same risk factor. This was true when the statistical significance criterion was used
to dichotomously classify items as DIF (or not DIF), although the convergence became
even stronger when the effect size estimates were used instead (see Table 4). This
suggests that using effect size to assess DIF improves the agreement between methods
and further reinforces the idea that risk factors act in concert.
Table 4. Correlations of Effect Sizes between DIF Detection Methods for Each Risk
Factor
Rasch –

Chi-square –

Logistic regression –

Logistic regression

Rasch

Chi-square

Statistical significance

.14

.32*

.30*

Effect size

.40*

.60*

.78*

Statistical significance

.01

.40*

.09

Effect size

.49*

.73*

.66*

Ethnicity Statistical significance

.12

.34*

.35*

Effect size

.52*

.60*

.80*

Statistical significance

-.16

-.25*

.36*

Effect size

-.06

.55*

.55*

Age
Area

Gender

*p < .05 (one-tailed)

14686 - Morales_BNW.indd 48

19-05-17 08:19

Assessment and Pupil Heterogeneity in Guatemala

49

We checked for the substantive impact of the bias by conducting a “purification”
analysis; i.e., removing items with DIF and checking the consistency of results (see
Table 5). The number of items removed using the statistical significance criterion was
usually larger than the number of items removed using the effect size criterion. We
estimated Cohen’s d to compare the magnitude of the comparison of mean differences
before and after item deletion. As many as 60% of the items required removal (12 items
removed for area in 2000 using the statistical significance criterion) and as few as 5%
(1 item removed for gender in 2000 using the significance criterion and 1 item for age
and ethnicity in 2000 using the effect size criterion). The changes in Cohen’s d as a
consequence of removal of items were always small.
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0.03
0.01

-0.24
-0.08

0.05

0.55

Change in Cohen’s d after
-0.05 0.01
removal (statistical significance)
Change in Cohen’s d after DIF -0.00 0.05
removal (effect size)

< .01

< .01 < .01 < .01
0.71

< .01

3

< .01 < .01 < .01

2

2

3

0.04

7

Ethnic Gender

8

Area

< .01 < .01 < .01

Age

2

12

Area

1

7

0.52

0.73

0.02

0.04

-0.05

-0.03 -0.04 -0.04

0.53

< .01 < .01 < .01

< .01 < .01 < .01

-0.01

0.01

-0.02

0.24

0.91

0.45

3

1

Ethnic Gender

< .01 < .01 < .01

1

10

Age

2000
Number of items = 20

1999
Number of items = 20

0.54

p value of t test before DIF
removal
p value of t test after DIF
removal based on statistical
significance selection
p value of t test after DIF
removal based on effect size
selection
Cohen’s d before DIF removal

# items removed for statistically 7
significant DIF
# items removed for effect size 2

Year

Cohen’s d Before and After Removal of DIF item per Risk Factor

Table 5

50

Age

2

2

4

11

6

3

Area Ethnic Gender

0.67

-0.01 0.00

-0.02 0.00

0.41

0.02

-0.01

-0.03 -0.03

0.06

0.96

< .01 < .01 < .01 0.164

< .01 < .01 < .01 0.73

< .01 < .01 < .01 0.77

5

5

2004
Number of items = 40
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Discussion
In this study we investigated the congruence of DIF indicators for four
background variables that in the Guatemalan context are risk factors for school
performance in reading. This research is relevant to Guatemalan educational policy
development for several reasons. Firstly, it provides information useful for further
developing an assessment system that is sensitive to the needs of heterogeneous
populations. Secondly, the findings support the research on cross-cultural
comparisons regularly undertaken in the country, but that oftentimes lack evidence
of bias-control. Thirdly, and in terms of the wider literature, it provides some
support for the need to continue research on the possible impact DIF may have on
assessment and how to better measure it (i.e., effect size as opposed to statistical
significance).
Since DIF indicators have been found to show low consistency, we
conducted our analysis using three different DIF detection procedures (chi-square,
Rasch, and logistic regression), using both a statistical significance based and
effect size criterion. We found a large percentage of items to be flagged for each
risk factor using any of the three DIF detection procedures when the statistical
significance criterion was used (see Table 2). We found some consistency across
risk factors of indicators drawn with a single method and across methods of the
indicators drawn for a single risk factor. In both cases the degree of congruence
increased when the effect size was used instead of the statistical significance
criterion. Yet, we failed to find any consequential impact from the removal of
flagged items (see Table 5), either when the statistical significance criterion was
used to delete items or when the deleted items were those with the largest effect
sizes.
The latter finding is consistent with previous research where eliminating
biased items hardly had an impact on the effect size of observed group differences
(Meiring, Rothmann & Barrick, 2005; Te Nijenhuis & Van der Flier, 2009; Van
de Vijver, 2011). For example, in a study conducted with South African personnel
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selection instruments, around 50% of the items in the cognitive tests were flagged
for statistically significant DIF indicators (Meiring et al., 2005); numbers were
much lower when bias was defined as medium or large effect sizes. When effect
sizes were used as the classification criterion for removing items, group differences
remained unaltered. However, these findings do not preempt the possibility of
substantial effects of the removal of biased items in the assessment of other
constructs or other cultures.
These findings suggest a paradox. On the one hand, we found that many
items were biased and that, as measured by bias effect sizes, there was considerable
convergence across methods. This convergence seems to provide a firm basis for
item removal. However, we also found that removing biased items did not change
the patterning of score differences across risk factors. Although this purification
might have shown a greater impact at an earlier phase of development of the tests,
in their current form we found that the removal of DIF items did not improve the
adequacy of the assessment. We argue that these results point to a defining
characteristic of education in Guatemala, namely differential access and
opportunities of pupils. As a consequence, groups exposed to more and better
education will do better on educational achievement tests. The differences in
performance between the “privileged” and “underprivileged” cannot be reduced to
item bias. Differences in educational gains of groups of children are so pervasive
that removing items will only have a limited effect on group size differences. The
poor performance of “underprivileged” children in reading achievement cannot be
“recovered” by fine-tuning items. Their poor performance is a valid reflection of
their low levels of reading skills. On the other hand, our results do not suggest that
adaptation of reading achievement tests for use in multicultural settings is
superfluous. A poorly adapted test may well overestimate the performance
differences; however, a properly designed test does not imply automatically that
DIF will not occur or that performance differences between children with a
different standing on risk factors will not be found.

14686 - Morales_BNW.indd 52

19-05-17 08:19

Assessment and Pupil Heterogeneity in Guatemala

53

Our findings also highlight the relevance of approaching the analysis of item bias
in terms of statistical significance and effect size, and ultimately in terms of impact
on group differences in score distributions. Effect sizes demonstrate a greater
convergence of indicators, more clearly demonstrating the extent of the biasing
effect on the assessment resulting from the interaction between risk factors and
particular items, and providing a picture of the contribution of items that have not
been flagged for statistical significance. However, even when effect size is used to
identify the items with the greater biasing effect, item removal might not have a
relevant impact on test results. Impact should be the ultimate criterion. When
negotiating between the diminished biasing effects that the removal of an item
might have on the test, and the loss of construct representativeness, item removal
would make sense only if this purification brings about substantive changes for the
interpretation of test score distributions.
Our findings lead us to believe that from a theoretical perspective it remains
relevant to address multiple potential sources of bias simultaneously when
developing assessment tools. In the context of Guatemala, risk factors seem to act
in concert and might compound each other. As a result, they must not be addressed
in isolation. The lack of substantive impact of the removal of the DIF items in this
study suggests that the effect of the differential access to educational opportunities
for at risk groups is a better explanation than differences in the tests’ representation
of the skill domains.
Two caveats to our study are needed. First, the study centered on
Guatemalan populations, and thus the findings we present are applicable to these
particular groups. Second, in this study the divide for the ethnic risk factor was
based on a geographical classification according to the predominant population in
an area. In future studies an improved classification should be explored. This
would be relevant as the diverse ethnic groups in the country assert themselves as
distinct cultural groups with particular needs.
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Analyzing piloted items at different stages of development would highlight
more pointedly sources of DIF and the impact of the bias across risk populations.
Testing the convergence of DIF across risk factors in items of tests designed to
assess different curricular areas would also improve the diagnosis of the efficacy
of the educational system (Teddlie & Reynolds, 2003). Furthermore, although this
study spans three years following-up on items that share common specifications,
not all items were identical across the years. Studies where the same set of items
is analyzed across years in similar populations would provide further evidence of
the stability of DIF. Lastly, the size of the tests in 1999 and 2000 were relatively
small and longer tests would have provided a better picture of DIF behavior.
Extension of the information could also contribute to determine how DIF varies
across time and which factors increase or decrease as risks to bias.
Despite these limitations, we believe that our study provides important
insights into the interaction of bias and different risk factors. From a practical
standpoint our study has provided evidence to support two suggestions for test
developers. First, it is important to consider multiple background variables. Risk
factors seem to converge and their impact probably compounds. Therefore,
analyzing bias for isolated pupil characteristics might fail to identify all relevant
DIF sources. Second, using the effect size of DIF indicators provides more
practical measures than their statistical significance. Effect sizes show more
convergence across methods and risk factors, thus probably making DIF detection
more accurate. Moreover, effect sizes are expressed on an interval or ratio scale,
permitting the detection of degrees of bias for more refined analysis.
We set out to explore the consistency of DIF across risk indicators in
Guatemalan reading assessment. Along the way our findings highlighted the
complexity of this issue. Rather than finding a single cause for bias across
measures, we found hints of ways to improve the assessment of DIF by estimating
effect sizes and considering multiple sources of bias in an item. All these efforts
become relevant for gaining better assessment scores through DIF analysis and
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purification. We believe that taking into account the aforementioned issues can
help test developers to construct better assessment instruments, even in a context
where differential educational opportunities create more score disparities than can
be accounted for by item bias.
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Chapter 4:
Guatemalan Pupils’ Exposure to Spanish and Educational Achievement:
A Study across Ethnic Groups and Socioeconomic Status in Urban and
Rural Schools

This chapter is based on:
Fortin Morales, A.M., van de Vijver, F.J.R & Poortinga, Y.H. (2013).
Guatemalan pupils’ exposure to Spanish and educational achievement: A study
across ethnic groups and socioeconomic status in urban and rural schools.
Psichologia Resurselor Umane, 14, 136-151.
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Abstract
We investigated the relationship of exposure to Spanish and socioeconomic status
(SES) using reading and math standardized test scores of third and sixth grade
pupils in Guatemala. The results of a multi-group structural equation model and
multivariate analysis of covariance led us to conclude that SES and exposure to
Spanish are associated to achievement across grades, ethnicities, and area of
residence. Exposure to Spanish is more relevant in lower grades whereas area of
residence is a consistent predictor across grades. Analysis of equivalence for the
various groups suggests a set of consistent relationships across ethno-linguistic
groups. Our results confirm previous research indicating that SES is a positive
predictor of school achievement and that the compatibility of the pupil’s
familiarity with the testing language is positively related to achievement results.
We recommend that linguistic competency heterogeneity in terms of competency
level in each language be considered and that bilingual interventions be
developed, as opposed to adopting models that assume homogeneous linguistic
ability across ethnicities.
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Guatemala is a multi-ethnic and multi-lingual society. Spanish is the
official and dominant language in the education system. Efforts have been made
to provide a more equitable treatment of all languages and sociodemographic
shifts have led to increased interactions between linguistic groups where Spanish
is the common language. This has created a national population with huge
individual differences in proficiency in Spanish. In this paper we examine effects
of differential exposure to Spanish and socioeconomic status (SES) on pupils’
school performance. We used scores of standardized tests for math and reading
across ethnic groups, while taking into consideration the area of residence (urban
or rural). The results should be of immediate interest for the Guatemalan
educational system and also offer interesting inputs for a wider context since most
countries where pupils are schooled in multi-lingual environments, will also have
to negotiate between languages. Understanding these relationships should inform
educational policy in Guatemala and presumably other multi-lingual countries
and serve as a stepping stone for further research into differential levels of
language proficiency among pupils.

Ethnicity, Language, and Socioeconomic Status
Ethno-linguistic factors are difficult to separate from other relevant
contextual factors in Guatemala. Previous research has consistently reported
relationships between area of residence (urban / rural), SES and school
achievement (Álvarez & Schiefelbein, 2007; Beckett & Pebley, 2003; Esquivel
Villegas, 2006; Moreno Grajeda, 2009, 2012; Pellecer Rivera, Saz Choxin, &
Santos Solares, 2011; Treviño Villareal, 2006). These are factors that in
Guatemala are confounded with each other and with ethnic background. Of the
total population, 40% to 50% is estimated to belong to one of the Mayan ethnic
groups who mostly live in rural areas (Población en Guatemala (demografía),
n.d.; World Factbook, 2007). Mayas are also, on average, less affluent and have
lower school-attendance records than the mainstream group (i.e., Mestizos, also
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locally called Ladinos), and the income of families where the head of the
household is not fluent in Spanish is usually lower (Esquivel Villegas, 2006; INE,
2010).
Findings from national school assessments in Guatemala show that SES of
the individual pupil is the strongest predictor of achievement. It is not, however,
a straightforward indicator; it loses predictive value as the average SES of pupils
in the school increases (Moreno Grajeda, 2012). In schools with a more affluent
population, performance of pupils is more homogeneous irrespective of SES
variability within classrooms, while in poorer schools, pupils of lower SES obtain
lower scores (Moreno Grajeda, 2012). Mayan pupils tend to belong to the lower
SES segment of the poorer schools in the country.

Ethnicity and Enrolment Rates
According to the national education census, gross enrolment rates for third
grade between 2004 and 2007 oscillated between 112% and 114% and net
enrolment rates oscillated between 34% and 39% (Sistema Nacional de
Indicadores Educativos, n.d.). By 2014 the gross enrolment rate was 99.1% and
net enrolment rate 39.2% (Sistema Nacional de Indicadores Educativos, n.d.).
Gross enrolment rate is estimated by dividing the number of enrolled pupils
irrespective of age over the number of pupils in the general population of an age
appropriate for the grade level. Net enrolment rate is estimated by dividing the
number of pupils enrolled that are age-appropriate for the grade over the ageappropriate general population. In 2006, the year from which the data for this
study is drawn, close to 75% of pupils in third grade were over-aged and around
60% of children who should have been enrolled were either in a grade not
appropriate for their age or out of school. The data for 2014 indicates that perhaps
the proportion of over-aged pupils has decreased, but the rate of age-appropriate
children has shifted only slightly. Sixth grade data indicates that for the same
period discussed above, 2004 to 2007, gross enrolment rates increased from 71%
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to 78% and net enrolment rates increased from 22% to 27%, while in 2014 the
gross enrolment rate was 86.6% and the net rate was 32.8% (Sistema Nacional de
Indicadores Educativos, n.d.). In other words, by the sixth grade the percentage
of over-age pupils within the period of 2004-2007 dropped to around 50%, but
the number of children that should have been in sixth grade and were in a grade
not appropriate for their age or out of school climbed to around 75%. Considering
the 2014 indicators in sixth grade, it seems that the over-age pupils increased with
time, but there was also an increase in enrolment of age-appropriate children.
The promotion rate of pupils who completed second grade in 2005 and
could move to third grade in 2006 was 84% and those completing third grade in
2006 was 82%. In contrast, the promotion rate of pupils completing fifth grade in
2005 who could move to sixth grade in 2006 and the rate for those completing
sixth grade in 2006 was 91%. This suggests that the characteristics of children in
third and sixth grade were somewhat different. The third grade group contained
a larger proportion of the population of children of the corresponding age (ideally,
8.5 to 9.5 years of age) and a larger intake of children overall, thereby constituting
a more accurate representation of the country’s population.
Of the 2,269,520 children enrolled in 2006, the year of the data collection
for this study, only 38% were indigenous (including Maya, Garífuna, and Xinka)
(Anuario Estadístico de Educación, 2006). Of the total school population, 70%
attended rural schools, but this proportion climbed to 85% when considering only
indigenous pupils. Promotion rates in that year were 82% for the rural area and
89% for the urban area. The strong link between area of residence and ethnicity
is likely to have contributed to create heterogeneity in school populations across
grades.

Ethnicity, Language, and Education Delivery
Historically, the linguistic diversity in Guatemala has created significant
challenges for the delivery of educational services, and population mobility
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further contributes to these. Demographic shifts caused by diverse socioeconomic
and historical factors have gradually reduced the isolation of ethnic groups,
changing the linguistic landscape of the country in ways that have not been
recorded accurately. Changes in educational policy have not always been capable
of responding to those shifts simultaneously to ensure quality of education.
The Ministry of Education of Guatemala has designated a number of
schools to deliver bilingual education to pupils in first to third grade in areas
historically linked to a particular ethno-linguistic group. The reports on the
success of this program usually have been positive in terms of enrolment and
dropout rates, but inconsistent in terms of adherence to the use of the language in
the classroom and the achievement of pupils (Enge & Chesterfield, 1996; Patrinos
& Velez, 2009; Rubio, 2004). It is unclear whether this is due to a mismatch of
teacher and pupil language, or that the teacher needs to translate the lesson or
curriculum materials because pupils are not fluent in the language assumed to
dominate the communities served by the school, or a combination of these and
perhaps other factors.
Guatemala’s national assessment system tests pupils’ achievement in math
and reading as part of an overall strategy to monitor quality of education.
Although there is general agreement that linguistic factors can affect outcomes,
these are seldom tested. The attempts made in Guatemala focus on the
“monolingual – bilingual” dichotomy (bilingual in Spanish and a Mayan
language), as if there were no difference in levels of competency, assuming that
the pupil is fluent in Spanish when monolingual and most fluent in the Mayan
language when bilingual. For example, pupils belonging to a Mayan ethnic group
and attending schools with bilingual teachers have on occasion been administered
a test in a Mayan language designed to test math or reading among proficient
speakers of that language. However, there is no additional information of the oral
fluency the pupils possess in that language. As a result, even when pupils are
Maya, they might have been tested in a language they are not fluent in. This is an
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important issue because the difference between the pupils’ language of choice
and the standard language in which they are tested can have a negative impact on
test performance (Hambleton, Merenda, & Spielberger, 2005; Treviño Villareal,
2006).
Guatemala is home to 22 languages. The mother language (L1) for many
children is not Spanish and the degree to which they have contact with Spanish
varies. Some pupils who identify with the Mayan group do not speak a Mayan
language. On the other hand, some pupils who identify with the Ladino group
speak a Mayan language or have parents who speak a Mayan language. The extent
to which Spanish dominates over other local languages or the extent to which
Spanish and Mayan languages hybridize each other also seems to differ across
geographical locations. As a result, the mastery of Spanish is not homogenous
across the population as a whole or within ethnic groups, making it difficult to
ensure a good adjustment between teacher’s and pupil’s mastery of the language
of schooling.
Not all bilingual communities agree with bilingual education and the
attitude of the community may have an impact on the consistency of the language
in which the lessons are delivered and the methods used to deliver the instruction
(Flores Reyes & Villegas de Sanders, 2009). Shifts in the background of the
pupils as the grade level progresses change the composition of the classroom in
more or less systematic ways, where pupils who reach higher grades tend to come
from wealthier homes in which Spanish is spoken more frequently. The ethnic
composition of the classroom may also have an impact. Evidence from classroom
observations indicates that teachers and pupils initiate more interactions with
those of their own ethnicity, thus creating different opportunities to learn as a
function of the teacher-pupil ethnic composition (Chesterfield, Enge, & Rubio,
2002; Correa-Chávez & Rogoff, 2009), although it is not completely clear
whether this is due to cultural or linguistic factors. This highlights the relevance
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of studying both ethnic and linguistic issues and their relationship with schooling
and achievement.

Present Study
This study investigated the relationship of exposure to Spanish with pupils’
school performance, controlling for socioeconomic status, and taking into
consideration area of residence (urban or rural) and grade level. We wanted to
find out whether pupils who have greater exposure to Spanish differed from
pupils who come from bilingual homes and have less opportunity to communicate
in the language of the standardized tests. As mentioned, Guatemala is
linguistically heterogeneous and language, socioeconomic status and ethnicity
interact, and are associated with exclusion. We also decided to explore whether
gender is associated with differences in achievement results, because being
female is also associated with exclusion from education opportunities.
Guatemala’s Gender Development Index in 2013 was 0.52, placing the country
in rank 112 (out of 209 countries) (UNDP, 2014). Having a clearer understanding
of these interactions should help make better decisions regarding educational
policy.
To answer our main question, whether there are differences in achievement
associated with differential exposure to Spanish, we explored the national
standardized educational assessments seeking sets of data that contain
information on language proficiency. We were unable to find measures of
linguistic mastery in either Spanish or the Mayan languages for pupils in the
elementary grades. Testing for the level of mastery for all languages spoken in
Guatemala would not be possible at this time, but measuring linguistic
performance in the language of the tests would help understand observed
differences in performance. At present there are no measures of fluency in
Spanish of pupils and developing them would require a significant investment
from the Ministry of Education.
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The official policy for bilingual education is to deliver lessons in the
Mayan language for indigenous children during the basic grades of elementary
education (first three years for children, ideally 6.5 to 9.5 years of age). This, it is
believed, will ensure better performance when pupils graduate from elementary
education (in sixth grade, with children ideally ranging from 11.5 to 12.5 years).
The national assessment system tests pupils concluding the basic cycle (third
grade) and concluding the full elementary level (sixth grade). This happens every
few years; the time between elementary level testing varies depending on
approval from the incumbent Minister of Education.
In the record of the 2006 national assessment, we found pupil reports on
the level of exposure they have had to Spanish. We decided to use this
information to check whether the degree of exposure to Spanish among pupils
who identify (or not) as Mayan and who belong to different socioeconomic levels
relates to their educational achievement as measured by their performance in
math and reading standardized tests. Results indicative of a pattern of
relationships with socioeconomic status, ethnicity and area of residence (urban or
rural) would justify an investment in developing the tests and mechanisms to
assess proficiency in Spanish as a second language. We analyzed data from
grades three and six, to check whether trends replicate across levels and chose the
set from 2006 because it contains equivalent information on exposure to Spanish
and socioeconomic status across grade levels. We also used the same data set to
check for differences in achievement associated with exposure to Spanish, SES,
area, and gender.

Method
Participants
Participants were Guatemalan third and sixth grade pupils from government
schools sampled to conduct the national reading and math 2006 assessment (about
89% of pupils enrolled in the elementary level attend a government school).
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Probability samples were drawn from each of the 22 Departments into which the
country is divided (Ministry of Education/DIGEDUCA, n.d.). The sample for the
Department of Guatemala, where the capital city is located, was split in two: One
sample for the metropolitan area and one for the remainder of the Department.
We chose data from the 2006 assessment because it was the only one of the sets
available for research that contained information on exposure to Spanish,
language preference, SES, ethnicity, and gender for all groups and grade levels.
The total sample for third grade was composed of 20,925 pupils, 50% males
and 50% females, with a mean age of 10.16 years (SD = 1.34). The sample was
divided into pupils who identified as Mayan (the majority indigenous population
of Guatemala composed of some 20 distinct ethnicities) and Ladino (or Mestizo).
Of the pupils, 34% identified as Mayan and the others as Ladino; of the pupils
who identified as Mayan, 22% were highly over-aged for the grade level (12 years
of age or older) as opposed to 13% of the non-Mayan group. The sample was also
divided according to the municipal classification of the community served by the
school as urban or rural. Of the pupils in the sample, 41% came from urban
settings and 59% from rural areas; 68% of pupils who identified as Mayan were
living in rural areas as opposed to 55% of Ladino pupils.
The total sample size for sixth grade was 15,227, 50% male and 50%
females, mean age of 13.10 years (SD = 1.28), with 31.6% of pupils identified as
Mayan and the rest as Ladino. Twenty percent of the pupils who identified as
Mayan were severely over-aged for the grade level (15 years of age or older) as
opposed to 11% of the non-Mayan group; 50% of pupils in the sample come from
urban settings and 50% from rural areas; 57% of pupils who identified as Mayan
live in rural areas as opposed to 47% of Ladino pupils.
There were a number of pupils who completed the reading test but did not
complete the math tests or were administered, for either reading or math, a test
form that could not be anchored to the remaining forms (see below). In third grade
13,625 pupils had a reading score and 15,406 pupils had a math score. In sixth
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grade 10,150 pupils had a reading score and 12,442 pupils had a math score.
Little’s MCAR test to check for missing reading and math data resulted in nonsignificant χ2 value, 1.88 (df = 2, p = .39) for third grade and 1.27 (df = 2, p = .53)
for sixth grade. Therefore, we used EM imputation estimations for reading and
math scores, yielding a sample of 20,672 cases for third grade and 15,227 cases
for sixth grade. Pupil numbers distributed by ethnicity, area of residence, and
gender are presented in Table 1.
Table 1. Numbers of Pupils by Gender, Area and Ethnicity
Ethnicity Area
Maya
Urban
Rural
Ladino

Urban
Rural

Gender
Male
Female
Male
Female
Male
Female
Male
Female

3rd Grade
1,053
1,206
2,481
2,300
2,958
3,216
3,825
3,633

6th Grade
899
1,189
1,469
1,249
2,703
2,815
2,520
2,383

Instruments, Questionnaire Based Measures
Languages exposure. There was only one version of the pupil questionnaire
per grade with most questions common to third and sixth grade. Pupils reported
their own and their parents' first language in three different questions (one
referring to the pupil, one to the mother and one to the father), choosing from a
list of the languages in use in Guatemala. They also reported what language they
used to communicate with their father, mother, and siblings and indicated which
language they used most frequently. The questions came with a list of languages
from which the pupils could choose.
In total, seven items that are common across the two grades were scored
dichotomously (coded as Spanish versus all other languages) and analyzed using
Winsteps 3.66 (Linacre, 2008) for each grade separately. Cronbach’s alpha was
0.91 for third grade and 0.93 for sixth grade. Rasch model fit statistics were used
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to identify response patterns not in line with (or predictable by) this model (Bond
& Fox, 2007). We used the infit and outfit measures of the items as fit statistics
(Bond & Fox, 2007). Rasch infit and outfit measures were considered to be underfit when the mean square statistic was > 2.0 and over-fit when the mean square
statistic was < 0.5 (as suggested by Bond & Fox, 2007). Since no item exhibited
infit or outfit above 2.0 or below 0.5, we proceeded to estimate person Rasch
measures for the scale, using all items.
Socioeconomic status (SES). Four items in the background questionnaire
enquired whether the father and mother of the child knew how to read and write.
A set of three multiple response questions asked about the materials of the floor
and walls of the pupil’s home where the options could be scored on an ascending
scale (e.g., 1 point for walls made of reused tin or plastic, 2 points for
prefabricated materials, 3 for wood, 4 for clay and brick, etc.). Further multiple
choice questions asked about the water-source and the source of energy for
illumination at home; a list of objects indicative of wealth from which the pupil
chose those owned by his or her family (e.g., computer, DVD player, and
telephone). A yes/no question asked whether or not the pupil was living in a house
with a sewer system.
Using these items, raw scores were estimated for seven variables: i) objects
indicative of wealth at home; ii) floor materials; iii) wall materials; iv) roof
materials; v) source of illumination; vi) water source; vii) literacy of parents.
Cronbach’s alpha for third grade was 0.56 and 0.57 for sixth grade. These seven
scores were subjected to principal component analysis. Sampling of cases for the
analysis was adequate (global KMO for third grade = .61; global KMO for sixth
grade = .68). Correlations were large enough for the analysis (Bartlett’s Test of
Sphericity for third grade: χ2(15) = 10245.22, p < .001; Bartlett’s Test of
Sphericity for sixth grade χ2(15) = 9923.27, p < .001). A factor score was
estimated for each pupil based on the one-factor solution.
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Instruments, Educational Achievement Tests
There were several test forms for the reading and math tests, depending on subject
and area (as described later in this section). All but one of the forms for each
school subject shared common items with the remaining forms. There were no
common items across grades. The tested contents were set according to
specification tables based on Marzano’s taxonomic framework. This taxonomy
classifies thinking skills in one domain and three systems: Knowledge domain,
cognitive system, metacognitive system, and self-system (Marzano, 2006). The
taxonomy was developed for pedagogical planning and can be used to develop
tests. According to the model, the self-system decides when actions are to be
taken, the metacognitive system sets the goals and monitors them, the cognitive
system processes the necessary information and the knowledge domain provides
the necessary content (Marzano, 2006). Guatemala’s national assessment
includes items on the knowledge domain and the cognitive system with four subsystems (knowledge retrieval, comprehension, analysis, and knowledge
utilization).
Third grade reading assessment contents included assessing vocabulary and
finding information in a text at the taxonomic domain of knowledge; extracting
information from context, meaning of expressions or syllogisms, identifying the
main character at the level of the system of comprehension; understanding the
intent of the author, identifying the main topic and predicting events based on the
information in the text at the level of analysis in the cognitive system
(MINEDUC/DIGEDUCA, n.d.). Third grade math assessment contained
assessment of natural numbers, measurements (length, volume, time), and Mayan
numeric system at the taxonomic domain of knowledge; arithmetic at the level of
comprehension in the cognitive domain; word problems, geometric principles,
and measurements at the level of knowledge utilization in the cognitive system
(MINEDUC/DIGEDUCA, n.d.).
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Sixth grade reading assessment contained identification of details from
context and chronological sequencing at the taxonomic level of knowledge;
vocabulary, extracting vocabulary meaning from context, predicting events based
on the content of the text, identifying main topic and inferring precise meaning at
the level of utilization; identifying intent of the author, identifying main ideas and
extracting conclusions at the level of comprehension; making generalizations and
detecting

similarities

and

differences

at

the

level

of

analysis

(MINEDUC/DIGEDUCA, n.d.). Sixth grade math assessment included contents
on geometry and aggregation at the knowledge level; probability and analysis,
percentages, measurements and word problems at the utilization level; arithmetic
at the comprehension level (MINEDUC/DIGEDUCA, n.d.).
There were three forms of the third grade Spanish reading test, each
consisting of 40 multiple-choice items with four response alternatives. Two of
the forms shared 14 common items. Cronbach’s alpha values for these two
versions were 0.80 and 0.82. There were three forms of the sixth grade Spanish
reading test, each consisting of 40 multiple-choice items with four response
alternatives. Two of the forms shared 16 common items. For these two forms,
Cronbach’s alpha values were 0.82 and 0.81.
There were four forms of the third grade math test, each consisting of 30
multiple-choice items with four response alternatives. Three forms of the test
shared 22 common items. Cronbach’s alpha values were 0.82, 0.84 and 0.82.
There were five forms of the sixth grade math test, each consisting of 40 multiplechoice items with four response alternatives. Four of the forms shared 16 common
items. Cronbach’s alpha values were 0.73, 0.77, 0.78 and 0.73.

Procedure
The technical report for 2006 provides a detailed description of the
administration procedures (MINEDUC/DIGEDUCA, n.d.). The 2006 assessment
took place in August to ensure that the majority of pupils were still attending
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school. The school year in Guatemala starts in January and finishes in October,
but it is common for pupils to leave school prematurely by September.
The sample for 2006 was composed of 718 schools. The standardized
assessment was administered by a team directly under the Directorate for
Educational Assessment (DIGEDUCA) and not by the school teachers. This was
done to prevent the loss of tests, decrease the possibility of corruption during
administration, ensure greater homogeneity in administration and secure
personnel that had been specifically trained for test administration. The teams
were required to visit each of the 718 schools in a period of three to four weeks.
Each team consisted of two to four individuals. The team met with the
teachers and the principal, and administered the tests to the children. In each grade
the math test was completed first, then the reading test and finally the pupil
questionnaire.
The different versions of a test were distributed systematically to minimize
cheating. The instructions of the math and reading tests were read by the test
administrator while the pupils followed in their own booklets. Two examples
were made jointly and then the pupils worked on their own. No questions related
to the content of the test were answered during the administration. The pupils
answered directly on the booklet (no answer sheets were used).
The administration of the questionnaire was guided. The administrator
would read each question while the pupils read their own booklets; time was
provided for each pupil to answer before moving to the following item. Any
question that would help in clarifying the meaning of the items was answered to
the whole group. The pupils answered directly on their booklets.

Statistical Analyses
Our analysis examined whether exposure to Spanish has a predictive value
for educational achievement, acknowledging that socioeconomic status also
influences these results. We were interested in checking for patterns of this
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relationship across ethnic groups due to their association with languages other
than Spanish, and across grade levels given the shifts in the composition of the
pupil population as schooling progresses. We used national math and reading
tests to assess achievement.
Different reading and math test versions were anchored to a common scale
using the Rasch model after item analysis had been conducted. Before anchoring,
items of each version of the test and of each subject area (math and reading) were
analyzed separately for (a) Differential Item Functioning (DIF) using logistic
regression; (b) improvement of Cronbach’s alpha after deletion of each item; and
(c) Rasch’s infit and outfit measures. Logistic regressions and Cronbach’s alpha
values were computed with SPSS 15.0. Rasch infit and outfit measures were
estimated with Winsteps 3.66 (Linacre, 2008).
Bias appears when there are nuisance factors that cause the meaning of the
assessment tools to vary across groups, preventing the direct comparison of
scores (Poortinga, 1989). Differential Item Functioning or item bias occurs when
individuals of the same standing in the construct have different probability of
answering an item correctly (Van de Vijver, 2011; Van de Vijver & Tanzer,
2004). Biased educational testing can be unfavorable to lower-performing groups,
particularly when testing has some type of repercussion on the pupils’
opportunities for further education (Camilli, 2006).
DIF was estimated using a logistic regression where item correct/incorrect
response was the dependent variable and total test score was the predictor. Area
of location of school (urban and rural areas) and the ethnicity of pupils were added
as covariates in two separate steps to assess uniform and non-uniform DIF. An
item was considered to show DIF when the significance level of the regression
was 0.05 or less and the difference of the Nagelkere R2 between the first step of
the analysis and the step where the covariates had been added was 0.035 or larger
(as recommended by Sireci, 2011). No significant DIF was identified in any of
the math or reading test forms. This was somewhat surprising because in a
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previous study (see Fortin Morales, van de Vijver, & Poortinga, 2013) for which
we used similar populations, but other tests, we found substantial evidence of
DIF. However, in that study, deletion of DIF items did not cause significant
changes in the overall test results. Perhaps test development in Guatemala has
improved in such a manner that item sets are better calibrated; it is also possible
that school populations have become more homogenous as a result of increased
enrolment. In any case, the current version of the test satisfied the demands of
this study.
Deletion of items that are not consistent with the construct being tested
should increase Cronbach’s alpha. In this data set, the deletion of items produced
negligible changes only (less than 0.01), which can be seen as another indicator
of careful test development. We used the infit and outfit measures of the items as
fit statistics, as suggested by Bond and Fox (2007). One item in the third grade
math tests exhibited underfit for infit and outfit measures and one item for third
grade math exhibited underfit only for outfit measures. These two items were
common to all versions of the math test and were deleted before anchoring. No
items were removed from the third grade reading test or the sixth grade tests.
Once we were satisfied with the achievement measures, we analyzed the
relationship between pupils’ achievement, measured by math and reading scores,
with their SES and their exposure to Spanish. We also checked whether this
relationship is moderated by ethnicity and area of residence. To accomplish this,
we fitted a multi-group Multiple Indicators Multiple Causes model (MIMIC).
MIMIC is a special case of Structural Equation Modeling (SEM) that tests the
impact of covariates on a single-factor measurement model. In the multi-group
analysis, we split the data according to the Mayan-urban, Mayan-rural, Ladinourban and Ladino-rural divide (for the mean score in each of the measures by
group see Table 2). We also estimated Modification Indexes (MI), indicators of
misspecification that represent an expected drop in overall χ2 value if parameters
are freely estimated (Byrne, 2001). We could not pool third and sixth grade data
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because reading and math tests did not share items and, consequently, could not
be anchored across grade levels.
Table 2. Mean, Standard Deviation and Standardized Mean of Math and
Reading Scores per Grade, Area, and Ethnicity
Third Grade
Maya
Ladino
Urban
Rural
Urban
Rural
(n =
(n =
(n =
(n =
2254)
4751)
6171)
7455)

Sixth Grade
Maya
Ladino
Urban
Rural
Urban
Rural
(n =
(n =
(n =
(n =
2088)
2718)
5518)
4903)

0.263
0.903
102
-0.751
0.737
101
0.998
2.400
98
0.128
0.930
101

-0.861
0.725
101
-0.210
.688
101
1.07
2.59
94
.002
.936
100

Subject
Math

M
SD
SM
Reading M
SD
SM
Span.
M
Fam.
SD
SM
SES
M
SD
SM

-0.241
1.169
97
-1.171
0.189
96
-0.668
2.520
91
-0.195
0.985
98

0.322
0.934
102
-0.647
0.732
103
2.553
1.564
104
0.131
0.953
101

0.021
1.034
100
-0.877
0.782
100
2.360
1.814
103
-0.007
1.023
100

-1.294
0.879
96
-0.699
0.747
94
-0.476
2.92
88
-0.647
1.068
93

-0.740
0.718
103
-0.011
0.704
103
3.507
1.128
104
0.378
0.788
104

-0.987
0.765
99
-0.283
0.708
100
3.552
1.208
104
-0.51
0.985
99

M = Mean; SD = Standard deviation; SM = Standardized mean (rounded to the
nearest integer) with an overall arbitrary mean of 100 and a standard deviation
of 10.
As fit indexes for the MIMIC model we employed the Root Mean Square
Error of Approximation (RMSEA), Comparative Fit Index (CFI), Tucker-Lewis
Index (TLI), chi-square goodness of fit (χ2) and the relative chi-square (χ2/df)
(Byrne, 2001). Our decision criteria for a good fit of RMSEA was a value smaller
than 0.05, while reasonable fit was greater than 0.05 and smaller than 0.08 (Byrne,
2001). For TLI a good fit required a value equal to or greater than 0.95 (Byrne,
2001). Goodness of fit for χ2 was reached when the value was statistically nonsignificant (Byrne, 2001). There is no consensus on the acceptable ratio for the
relative chi-square (χ2/df ) and recommendations range from as low as 2 to as high
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as 5 (Hooper, Coughlan, & Muller, 2008). We decided to adopt a score of ≤ 2 as
reflection of good fit.
The previous analyses should provide us with information of the
measurement model, but, depending on sufficient fit, we also wanted to explore
how achievement levels differed across the groups and whether exposure to
Spanish and SES contributed to understand such differences. In addition, we
included gender in this analysis as this variable is associated with exclusion of
girls. We conducted a MANCOVA to explore differences in mean scores of math
and reading in relation to gender and ethnicity of pupils and area of residence.
We ran the MANCOVA two times, first with ethnicity, area, and gender as
independent variables and a second time adding exposure to Spanish and SES as
covariates.

Results
Third grade RMSEA and CFI indicators showed an adequate fit for the
unconstrained, measurement weights, and structural weights models (Table 3).
However, χ2 and χ2/df exhibited an adequate fit only for the unconstrained model.
We estimated Modification Indexes (MI) and identified the suggested relaxation
of the constraints for the proposed model. Large MI of the structural weights
model were found; the regression weight between achievement and Spanish
exposure would produce small changes for Mayan pupils (MI = 9.69 for urban
Mayas and 0.00 for rural Mayas) and larger changes for Ladino pupils (MI =
20.07 for urban Ladinos and 42.34 for rural Ladinos). However, the fit
coefficients were not very different after the changes. Other fit statistics
(RMSEA, TLI, and CFI) pointed to a good fit of the structural weights model.
Therefore, we decided to accept the structural weights model solution as the most
restricted model with an adequate fit.
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Table 3. Indicators of fit per grade level for the MIMIC model.
Model
Third grade
Unconstrained
Measurement weights
Structural weights
Structural covariances
Structural residuals
Measurement residuals
Sixth grade
Unconstrained
Measurement weights
Structural weights
Structural covariances
Structural residuals
Measurement residuals

RMSEA

CFI

TLI

χ2

χ2/df

.00
.01
.02
.07
.07
.06

1.00
1.00
1.00
.81
.80
.78

1.00
1.00
.99
.81
.80
.78

4.88
20.23
64.74
2065.73
2184.19
2413.93

1.22
2.89
5.40
93.90
87.37
77.87

.00
.01
.02
.13
.13
.12

1.00
1.00
.99
.37
.37
.35

1.00
1.00
.99
.38
.37
.35

5.08
19.50
90.10
6011.41
6023.05
6247.92

1.27
2.78
6.93
273.25
240.92
201.55

We observed the same pattern in sixth grade as in the third grade:
RMSEA, TLI, and CFI indicators were adequate for the unconstrained,
measurement weights, and structural weights models, but the χ2 and χ2/df
statistics were not (see Table 3). As in the case of the third grade, we estimated
MIs and found a suggestion for releasing the regression weight between Spanish
exposure and achievement in the Ladino urban group (MI = 38.32). Again,
when the invariance constraint of this parameter was released, the changes were
small and inconsequential. Therefore, we decided to accept the structural
weights model.
Once the structural weights solution was accepted, all factor loadings were
positive and statistically significant (p < .01), even in third grade where the SES
– achievement regression was comparatively small. The averages of the
standardized regression weights for the four groups are presented in Figure 1 for
each grade. In both grades the reading – achievement regression was set to 1.00.
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Figure 1. MIMIC model and average standardized weights (structural weights
model; achievement – reading fixed at value 1 in non-standardized solution).
* p < .01
Third grade.
Spanish
Fam.

.70*

.21*

Math

Achievement
SES

Reading
.03*

.79*

Sixth grade.
Spanish
Fam.

.11*

.70*

Math

Achievement
.31*

SES

.87*

Reading

In sixth grade the Spanish exposure – achievement regression was
statistically significant for Mayan urban and Mayan rural groups, but small and
not statistically significant for Ladino urban and Ladino rural groups (-.02 and
.02 respectively). SES – achievement and math – achievement regressions were
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statistically significant for all sixth grade groups, as were the Spanish exposure –
SES covariates. Thus, the results suggest that exposure to Spanish outweighed
the importance of SES to predict achievement in third grade. In sixth grade the
opposite was true.
We conducted a MANCOVA to explore differences in mean scores of
groups on math and reading in relation to gender and ethnicity of pupils and area
of residence. We ran the MANCOVA two times, first with ethnicity, area and
gender as independent variables and a second time adding exposure to Spanish
and SES as covariates. The results are presented in Table 4.
Table 4. Partial Eta Squared and level of significance for MANCOVA
Effect
SES
Spanish
Exposure
Area (A)
Gender (G)
Ethnicity E
A×G
A×E
G×E
A×G×E

Grade
Third
Sixth
Third
Sixth
Third
Sixth
Third
Sixth
Third
Sixth
Third
Sixth
Third
Sixth
Third
Sixth
Third
Sixth

No Covariates
η2

.041 ***
.063***
.004***
.009***
.013***
.038***
.001
.004*
.003***
.006***
.007**
.002***
.001**
.000

With covariates
η2
.001***
.079***
.031***
.010***
.027***
.027***
.004***
.010***
.002***
.002***
.000
.000*
.001***
.002***
.001***
.002***
.001***
.000

Δη2

-.015
-.036
.000
.001
-.012
-.036
.000
.000
-.003
-.004
.000
.000
.000
.000

In third grade our three independent variables (ethnicity, area of residence,
and gender) were statistically significant (p < .001), both with no covariates added
and after these had been included. Interactions were also statistically significant,
except the area by gender interaction which was non-significant and small when
the covariates had not been added (F(2, 20631) = 1.22, p = .30; Wilks’ Λ = 1.00,
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partial η2 = .00), as well as when they had been included (F(2, 20631) = 1.25, p
= .29; Wilks’ Λ = 1.00, partial η2 = .00). Effect sizes (Partial Eta Squared) varied
between negligible and small, ranging from .00 to .04 before addition of
covariates and from .00 to .03 with these covariates included (see Table 4). Area
of residence exhibited the largest effect before the covariates were added. After
covariates were included, area and exposure to Spanish exhibited the largest
effect sizes.
In sixth grade, again, all independent variables (ethnicity, area, and gender)
were statistically significant at p < .001 before and after including the covariates.
Interactions were also statistically significant before and after the addition of the
covariates, with the exception of the triple interaction of area by gender by
ethnicity that was non-significant both before adding the covariates (F(2, 15227)
= 0.684, p = .51; Wilks’ Λ= 1.00, partial η2 = .00) and after including them (F(2,
15227) = 1.036, p = .36; Wilks’ Λ= 1.00, partial η2 = .00) (see Table 4). Effect
sizes (Partial Eta Squared) were negligible to small before adding the covariates
(.00 to .04), with one exception; the effect size for area was of medium size (.06).
When covariates were added, the effect size for SES was .08 and area dropped to
.03, while the remaining effect sized ranged from .00 to .01. Therefore, area
conserved a larger size in comparison to the other independent variables, but still
became small in absolute terms.
These results indicate that ethnicity, area, and gender have a statistically
significant relationship with the achievement in reading and math. Effect sizes
were small, however, and therefore the relevance of these relationships still
requires further research, perhaps with tools developed from the onset to measure
these particular constructs. This is equally the case for the covariates that also
showed statistically significant relationships but small effect sizes (with the
exception of sixth grade area before adding covariates and sixth grade SES after
adding the covariates). Given the large size of our samples and the small effect
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sizes, the statistically significant differences we observed become less
informative for the design of policies and direct interventions.
The MIMIC model we tested supports the relevance of the relationship of
both exposures to Spanish and SES with achievement. It also shows the shift in
relevance of these variables from third to sixth grade. While in third grade the
differences in exposure to Spanish appear to explain somewhat more variance
than SES, in sixth grade the size of these effects is reversed. We found this model
to be structurally invariant across groups, which supports the idea that these
relationships are consistent across ethnic groups.

Discussion
We conducted this study, in third and a sixth grade samples to examine
how linguistic factors, exposure to Spanish in this case, and SES are associated
to educational outcomes once the moderating role of ethnicity and area of
residence has been considered. We fitted a MIMIC model where we included
measures of exposure to Spanish, SES, reading and math. We ran a multi-group
analysis contrasting Mayan urban, Mayan rural, Ladino urban, and Ladino rural
groups of pupils.
We also carried out a MANCOVA for each sample. First we included
ethnicity, area of residence (urban/rural), and gender as independent variables,
while reading and math performance were the dependent variables. Then we ran
a MANCOVA where the independent and dependent variables were the same as
before, but we also included exposure to Spanish and SES as covariates. We
found the independent variables (area, ethnicity and gender) and the covariates
(exposure to Spanish and SES) to hold statistical significance, but the small to
medium effect sizes make these results of limited informative value for the design
of policy or direct interventions.
We found the relationships in our MIMIC model to be viable and invariant
across groups (Mayan urban, Mayan rural, Ladino urban, Ladino rural), both in
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third and sixth grade; the relationships between parameters in the model stay
consistent. Our fit statistics (RMSEA, TLI, CFI, χ2 and χ2/df) were adequate for
the structural weights models. Based on this solution (i.e., structural weights),
factor loadings were positive (see Figure 1).
The relationships between the latent variable achievement and
performance in reading and math tests were strong and positive in third and sixth
grade. The regression coefficients for exposure to Spanish and SES showed a
somewhat more complex picture. In third grade, the regression between SES and
achievement (.03) was small. The regression between exposure to Spanish and
achievement was fairly substantial (.21). In sixth grade an inverse pattern was
found (the coefficient for exposure to Spanish – achievement was .11 and for SES
– achievement was .31). These findings suggest that the relevance of exposure to
Spanish decreases as the grade level goes up. We see two possible explanations:
the rural Mayan children develop their linguistic ability as they progress through
the school system making the exposure at home and among friends less crucial,
or the system differentially selects pupils to continue in the system. While a
mixture of both of these explanations could be at play, we believe that in terms
of adhering to one for purposes of policy design, the main factor underlying the
shift is the selectivity of the system. This is compatible with the pattern of change
also observed in the national educational statistics that point to a decrease of
Mayan rural pupils (with generally less exposure to Spanish) as they get closer to
completing the primary level and lower overall enrolment rates. Therefore, while
some factors associated to school quality might improve (such as rate of pupils
per teacher), the homogeneity of the group also increases providing each pupil
with more opportunities to interact in Spanish. By fourth grade all classes are
delivered in Spanish, thus decreasing the perceived and real benefit of attending
school for those pupils who did not acquire sufficient linguistic ability by third
grade. As a result, even if the system is effective in facilitating the acquisition of
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Spanish linguistic abilities, it is likely that a number of rural Mayan pupils will
not have benefitted enough to continue to fourth grade and beyond.
Our MANCOVA findings are consistent with the aforementioned. In both
third and sixth grade, area exhibited a statistically significant and moderately
sized effect. The largest effect size was found for SES, but only in the sixth grade.
In third grade the exposure to Spanish was one of two variables with a substantial
effect size (together with area), while in sixth grade SES showed the larger effect.
This also leads us to conclude that area is consistently relevant, but that exposure
to Spanish becomes less of a differentiating factor as the grade level progresses.
In other words, while area is a very relevant factor in predicting achievement
throughout the primary levels, variation linked to the linguistic factor shifts
towards SES at higher grades. Again, this is consistent with the shifts in
population as grade levels progress at that point to a systematic filtering of pupils
who continue education from lower to higher grades, where indigenous children
who have less exposure to Spanish are less likely to progress to higher grades.
All in all, we come to two conclusions. First, results confirm what previous
research has indicated, namely that SES is a positive predictor of school
achievement (e.g., Reynolds, 2003), and that compatibility of the pupils’
familiarity with the language of the test has an impact on achievement results
(Camilli, 2006). Second, we found that our model suggests a set of relationships
that are consistent across groups, whether Mayan or Ladino, urban or rural,
although mean scores vary. In a country where ethnic differences are consistently
highlighted and policy decisions are based on the assumption that there are
different psychological mechanisms operating in each group, this introduces a
new perspective. The treatment of pupils as homogenously monolingual or
bilingual in accordance with their ethnicity does not lead to a sufficient type of
intervention in the heterogeneous Guatemalan population.
In terms of educational expenditure and investment in interventions, these
results suggest that attacking issues related to SES and the conditions of schools
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linked to the SES of its pupil population might be the factor to prioritize. This is
not to say that ethnicity is not relevant. It is clear that the ethnicity of the pupil
may set differential barriers, particularly as indigenous families tend to be of
lower SES, reside in rural areas and have less exposure to Spanish. However, the
conditions of the schools seem to be such, that they are not at present equipped
to effectively offer adequate services to the children they serve, particularly those
more prone to be excluded (pupils of lower SES in rural areas who have less
exposure to Spanish). Ensuring that these schools are better equipped, adequately
provided with the necessary services, and staffed with teachers who can
effectively use the language of the pupils when teaching will improve learning
outcomes and increase the likelihood of equitable delivery.
Furthermore, the results provide support for continuing research on
linguistic issues in achievement. While there is a three-decade history of bilingual
education in Guatemala, there has been little effort to measure actual proficiency
in Spanish or the other major languages in a reliable manner. The indication that
exposure to Spanish is associated to school performance and that current policy
obliges pedagogical decisions to be devised around pupil’s linguistic proficiency,
suggests that developing measures of proficiency in Spanish as a second language
might be a more viable short-term solution than developing specific
measurements for all Mayan languages and their regional variations. We
underscore, however, that this is a matter of priorities; we do not deny that
adequate development of measures for the other languages is also desirable and
that delivery of adequate bilingual education is necessary.
Our study has four main limitations. First, we have considered only two of
the variables that compose the complex structure of the context of the pupils
(exposure to Spanish and SES) to assess the effects of ethnicity and area of
residence. Therefore, our perspective is necessarily limited and further research
is required to amplify our vision of the context. However, finding consistency of
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relationships across groups already provides some orientation to propose designs
that target not only differences between groups, but also similarities.
Second, the attribution of ethnicity that we employed is based on pupil selfidentification. We were unable to explore how this ascription to a particular
ethnicity is developed or how schooling affects it. We are not aware, however, of
systematic research having been conducted on this issue within the school context
in Guatemala and we propose this as an area for further study.
Third, we had a number of missing cases that required imputation. These
amounted to 25% of the math scores in third grade, 34% of the reading scores in
third grade, 18% of the math scores in sixth grade and 33% of the reading scores
in sixth grade. This requires us to ponder our findings with care. Rates of missing
cases in national assessments have gradually improved, but these particular grade
levels have not been assessed every year and questionnaires usually have not
offered the indicators required to conduct the analyses we presented here. Given
these conditions and the difficulty in obtaining data on this subject for Guatemala,
we concluded that moving ahead with the study was justified and that the insights
it provides can be a worthwhile contribution for policy development if the
necessary caveats are made. The results are of immediate interest for the
Guatemalan educational system, but also offer interesting inputs for a wider
context. Most countries where pupils are schooled in multi-lingual environments
will also have to negotiate between the use of their mother language, the language
of the education system, and the different levels of mastery of each language
across individuals.
Fourth, a more accurate measure of SES might permit clearer
interpretations. For example, the Standardized Mean of SES for rural third
graders is 98, higher than we would have anticipated since the Standardized Mean
of SES for rural sixth graders is 93. Furthermore, Cronbach’s alpha for the third
grade scale was 0.56 and 0.57 for sixth grade. The data we employed was the best
available data to provide an approximate measure of the SES of these pupils, but
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evidently a more reliable and valid measure could be developed to gather more
informative results on the relationships of SES to achievement.
We offer two recommendations for educational policy based on our
findings. First, schools offering bilingual education should have a clear
perspective regarding their pupils’ language mastery. This does apply to L1
(mother tongue), but also to the fluency in Spanish. Rather than assuming that
Spanish is being acquired through the first three grades of schooling, teachers
should be aware of the level of Spanish that pupils have at the onset and whether
the level in L1 is comparable to the level in Spanish. Second, although the
bilingual-ethnic divide is an important one, the urban/rural split should continue
to be explored and stressed and SES conditions prioritized. There is little
understanding of the differential demands of rural and urban settings and how
these interact with the demands of formal schooling and school quality in
bilingual contexts, while it is clear that low SES has a detrimental effect on the
schooling of pupils. Further research is required on what exactly are the
implications of living and studying in rural areas and the SES status in the cultural
and educational practices of Mayan and Ladino pupils as they interact in the
linguistically heterogeneous setting of formal schooling.
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Chapter 5:
The Role of Reading, Language and the Urban/Rural Divide in Math
Achievement of Indigenous and Non-Indigenous Pupils across Latin
American Countries

This chapter has been submitted for publication.
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Abstract
We used data from the Second Regional Comparative and Explanatory Study of
the Latin American Laboratory of Evaluation of Educational Quality (LLECE of
SERCE) to investigate the role that reading, tested in Spanish, plays in the
relationship of the mother language of pupils and the area of residence (urban or
rural) with math tested in Spanish. We used the language preferred at home as a
proxy indicator for mother language. The study included four Latin American
countries with sizable indigenous populations: Ecuador, Guatemala, Mexico and
Peru. We found that non-indigenous pupils in urban and rural areas outperform
indigenous pupils in urban and rural areas, that reading plays a mediating role
between language and math and between area and math, and that this pattern is
the same across countries. These findings stress the need for early literacy
instruction in the mother language of pupils to ensure good results in other
curriculum areas and the need for careful choice of monolingual or bilingual
testing in education.
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Reading and math are commonly assessed as performance indicators of
pupils and educational systems. Low educational performance can indicate that
pupils are not learning adequately and, thus, that the education system may be
under-performing. However, it is reasonable to assume that in multilingual
countries educational achievement could also be influenced by proficiency in the
testing language and that low educational achievement could emerge in
curriculum areas directly related to verbal competencies, as well as those relying
on numerical ability. In addition, speaking an indigenous language as mother
tongue could be a proxy for disadvantaged upbringing. Various conceptual
models could be envisaged to link mother tongue, reading, and math. For
example, the relationship between reading and math could be dependent on the
level of knowledge of the testing language. Alternatively, it could be that
speaking an indigenous language is a proxy for poor socioeconomic conditions
that affect both reading and math. A combination of the two could also be at play,
as is probably the case in Latin American countries that have large indigenous
populations whose mother language differs from Spanish, the medium of
instruction and assessment.
In this study we explored how the relationship of reading ability (tested in
Spanish) and math performance (tested in Spanish) differs across four Latin
American countries with a sizable indigenous population, taking into
consideration the language used at home and the area of residence (urban or
rural). As explained below in more detail, we examined moderator and mediator
effects in data from the Second Regional Explanatory and Comparative Study of
the Latin American Laboratory of Educational Quality (SERCE of LLECE from
its initials in Spanish).
In response to recommendations from institutions, such as the World Bank
and UNESCO, almost all Latin American governments have established
assessment units since the 1990s that rely on paper-and-pencil standardized tests
of reading and math (Ferrer, 2006). The assessments are part of a wider strategy
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for educational quality enhancement based on accountability (Ferrer, 2006). To
ensure that the assessment results provide an objective basis to diagnose the
education system, the issue of “bias” and how the assessment might favor
particular groups of pupils must be considered (Camilli, 2006), particularly given
the marked inequalities within countries in the Latin American region (see
LLECE, 2014).
The discrepancy between mother language, language of instruction, and
the language of testing can be a source of bias in assessment. A simple
explanation for the relationship between reading ability and achievement in math
tests is that pupils must understand what is being asked. However, there are
additional considerations. For example, Latin American children speaking an
indigenous language tend to experience more exclusion and poverty and receive
low quality social services, including low quality education (LLECE, 2008, 2010,
2014). Quality of education differs from country to country as well as within each
country (UNESCO, 2013). Indigenous American populations are particularly
vulnerable to exclusion from the best education providers (Secretariat of the
Permanent Forum on Indigenous Issues, Office of the Special Advisor on Gender
Issues and the Advancement of Women Division & the Division for the
Advancement of Women, 2010). Poor quality of education is part of the exclusion
associated with ethnic, social and economic factors, but it can also involve more
subtle ones. For example, disregarding the competency of pupils in the language
of instruction and assessment when it differs from their mother language. We
believe that improving our understanding of the interaction between the language
used at home by pupils (as proxy for mother language), area of
schooling/residence (urban or rural), reading competency and math achievement
can contribute to recognize the double jeopardy of social exclusion and poor
education. We see this as moving towards improving policies on equitable
provision of quality education.
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Reading and Math Achievement in Latin America and the Second Regional
Explanatory and Comparative Study (SERCE)
The SERCE is a comparative study that was coordinated by the Regional
Office for Latin America (OREALC) of UNESCO (LLECE, 2010). An analysis
of the curriculum of participating countries was used to set the specifications for
the tests; the countries provided items to meet the requirements of the
specifications and, once assembled, all tests were piloted in all participating
countries (LLECE, 2008; LLECE & ICFES, 2005). Pupils of participating
countries were tested and national and cross-national reports produced (LLECE,
2010). SERCE testing included third grade math and reading. The sampling of
pupils was based on grade level (not on age), resulting in more heterogeneous age
groups for countries with lower rates of school efficiency (i.e., countries with
greater retention, drop-out, and over-age pupils for class level). Classrooms
where pupils were deemed not to have enough proficiency to understand the
instructions in Spanish were removed from the sample. However, given the
heterogeneity of the region, indigenous bilingual pupils were represented in all
countries with sizable indigenous populations. SERCE tests were developed in
Spanish and adapted to each country (in the case of Brazil, tests were translated
into Portuguese). Participating countries were Argentina, Brazil, Colombia, Costa
Rica, Cuba, Chile, Ecuador, El Salvador, Guatemala, Mexico, Nicaragua,
Panama, Paraguay, Peru, Dominican Republic, and Uruguay (and in addition the
Mexican state of Nuevo Leon that participated with its own representative
sample) (LLECE, 2008, 2010).
According to SERCE’s report, Cuba obtained the highest performance in
reading and scored one standard deviation above the mean (LLECE, 2008).
Ecuador, Guatemala, Nicaragua, Panama, Paraguay, Peru, and the Dominican
Republic were the lowest performing countries (LLECE, 2008). In math, again,
only Cuba reached a score above one standard deviation from the mean, while
Ecuador, El Salvador, Guatemala, Nicaragua, Panama, Paraguay, Peru, and the
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Dominican Republic exhibited the lowest performance (LLECE, 2008). A
multilevel model was used to test the association of background variables at home
and school and personal characteristics with achievement in math and reading
(LLECE, 2010). School climate (as perceived by pupils) and educational context
at home were deemed to be the most relevant predictors of achievement, the latter
taking into consideration reading materials and language used at home (LLECE,
2010).
To put the SERCE results in context, a tentative comparison can be made
of the placement of countries in SERCE and the OECD’s PISA study. The Latin
American countries that participated in PISA 2009 were Argentina, Chile,
Colombia, Mexico, Panama, Peru, and Uruguay. The sample for that assessment
was made up of 15-year-old pupils. No precise comparisons can be made given
that pupils in both assessment projects were of different ages and grades and that
no anchoring has been made between tools. Nevertheless, it is telling that even
the countries that were above average for the region in SERCE, scored below
average in the OECD study. It also may be noted that in both assessments the
order of the countries was the same when sorted by their results.

Regional Ethnic and Linguistic Heterogeneity
Latin America is a very heterogeneous region with much socioeconomic,
cultural, ethnic, and linguistic diversity. The countries differ widely in
development indicators (in the list of 186 countries assessed by the United
Nations Development Program’s Index, Chile is the most developed in position
40, while Guatemala is the least developed in position 133) (UNDP, 2013). The
region has a large number of indigenous inhabitants with estimations ranging
from 32 to 43 million individuals (Layton & Patrinos, 2006; UNICEF Innocenti
Research Centre, 2003). According to UN estimations, Bolivia is the country with
the largest percentage (71%), followed by Guatemala (66%), Peru (47%),
Ecuador (43%) and Mexico (14%) (UNICEF Innocenti Research Centre, 2003),
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although percentages may vary depending on the source of the information and
the country’s definition of indigenous peoples. These indigenous populations
usually speak a language other than Spanish as their mother language, but it is
often difficult to estimate the overall level of competency in either language for
these groups. The interactions between urban and rural populations and the fastpaced expansions of cities create conditions where indigenous children grow up
in bilingual contexts to the point where it is difficult to establish which language
is the dominant one. However, we must assume that for a large proportion of
these children, the indigenous language continues to be their dominant language.
In most standardized assessments, Latin American indigenous populations
obtain lower results than their non-indigenous peers (Fortin Morales, van de
Vijver, & Poortinga, 2013; LLECE, 2010; Treviño Villareal, 2006). Multiple
factors may underlie the difference. For example, indigenous populations tend to
be poorer and attend schools of lower overall quality located in difficult to reach
areas, where there is also a lack of educational resources (e.g., scarcity of teachers
and teaching materials, inadequate facilities, etc.), and the few materials available
to them are of poor quality and not always sensitive to the cultural and linguistic
particularities of the pupils (Fuller & Clarke, 1994; Treviño Villareal, 2006;
UNICEF Innocenti Research Centre, 2003). Schools with substantial indigenous
populations are frequently in rural areas, and having such larger rural populations
is a good predictor of a country’s lower educational attainment (Miller, 2016).
The standardized tests used to assess the pupils often target the dominant groups
and tend to neglect the cultural and linguistic characteristics of indigenous pupils
(Treviño Villareal, 2006). For example, tests might present problems or texts that
contain objects or describe situations with which urban pupils have regular
contact, while rural pupils do not, like time-tables for public transport. In the case
of a math test under these circumstances, an urban pupil who refers to time-tables
regularly will be able to use that knowledge to quickly solve the underlying
mathematical problem, while a rural pupil not familiar with time-tables will first
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need to understand how they are interpreted and then move to the underlying math
problem. These conditions bias test results, particularly when comparing
performance between groups (e.g., comparing the average results of urban and
rural pupils) or when generalizing across groups (e.g., using the average results
of urban schools to conclude about the whole country) (Hambleton, Merenda, &
Spielberger, 2005; Treviño Villareal, 2006; van de Vijver & Tanzer, 2004). Bias
is the result of nuisance factors that cause changes in meaning across groups for
the same item, preventing meaningful direct score comparisons (Camilli, 2006;
Poortinga, 1989; van de Vijver, 2011).

Language, Reading Ability, and Math Scores
There is evidence that language proficiency, reading competency, and
mathematics achievements are related. For example, there is usually a positive
association between competency in the language of assessment and math and
reading results (Abedi & Lord, 2001; Hambleton, Merenda, & Spelberger, 2005);
more than half of the variance in achievement in school subjects usually can be
explained by reading ability (Larwin, 2010). Across and within countries, poor
readers are less likely to correctly answer math items with high reading difficulty
while proficient readers are relatively unaffected (Martin, M.O. & Mullis, 2013).
It is also possible for good readers to be negatively affected by other linguistic
variables associated to semantics or idiosyncratic use of language (Abedi & Lord,
2001; Fletcher, 2005; Gillis & DeFries, 1995; Knopic, Alarcón, & DeFries,
1997). The latter case would occur, for example, when a good reader is not
familiar with a regional expression that is used in the test item and attempts to
use a literal interpretation. For example, the Spanish expression “one bird in
hand is worth 100 flying” is meant to be understood as a negative appreciation
of taking risks. A literal interpretation might lead to assume that these are two
sets of separate units, each with different worth, that when added up and
compared come to the same total value.
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Beyond the interpretation of the texts, reading and the interpretation of
mathematical messages seem to relate at a more fundamental level. For example,
arithmetic ability can be predicted by phonological decoding and processing
speed (variables traditionally employed to predict reading development), and
performance in arithmetic word-problem tasks has been predicted by non-verbal
problem solving, concept formation, and sight word efficiency (Hart, Petrill,
Thompson, & Plomin, 2009). Research that draws on linguistic concepts to
explain how the mathematics register (i.e., the way mathematical concepts and
principles are understood) is acquired and employed indicates that during
instruction and testing there is a relationship between math complexity and
language requirements (Barwell, 2005). Math problems presented in a word
format require complex cognitive processes where the text must be represented
conceptually and then translated into propositions to construct a model to tap into
the “action schemata” (i.e., information and procedures) and finally all brought
back to a more concrete level (Larwin, 2010). The more complex the lexicon and
language structure of the problem, the more demand is placed on the linguistic
competence of the pupil. The interaction between the linguistic competency and
textual complexity would continue to interact having a negative effect on math
results. However, some studies indicate that there might be a ceiling of linguistic
proficiency beyond which language proficiency stops having a significant effect
on math items (Aiken, 1972).
Language can be employed in different ways to communicate
mathematical principles. These differences might be structural (i.e., the type of
grammatical combinations) or semiotic (i.e., the meanings assigned to particular
words within the context of arithmetic) (Schleppergrell, 2007). Exploratory
research illustrates the differences between the use of linguistic structures in
mathematics and in everyday life (e.g., Aiken, 1972). The mathematics register
is characterized by its symbolic notation (written and oral) and visual displays of
relationships between concepts (equations and graphs), technical vocabulary
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immersed in dense noun phrases where “being” and “having” acquire specific
and contextual meanings, and where the interpretation of the logical relationships
(such as conjunctions) might differ from their non-technical use (Schleppergrell,
2007). For these reasons, some authors suggest that math teachers should use
second language acquisitions principles to introduce the mathematics register
(Campbell, Adams, & Davis, 2007), although in the context of indigenous
language speakers, the problem might be more basic and related to their
understanding of the language in which the test was developed. Younger pupils,
pupils with special needs, and bilinguals are more affected by linguistic
complexities and by the use of words and structures that are not immediately
relevant to the mathematics constructs themselves (Shaftel, Belton-Kocher, &
Poggio, 2006). This difference cannot be explained solely by the level of
comprehension of the language. The interaction of textual complexity of math
problems and pupil traits might play an important role in the pupil’s ability to
successfully solve an item.
Bilingualism increases the complexity of the reading-math relationship.
South African TIMSS results suggest that English proficiency was a strong
predictor of success in mathematics, out-weighting other factors such as
socioeconomic status and class-level variables (Howie, 2003). In a study in Papua
New Guinea bilingual pupils who had high levels of proficiency in two languages
scored significantly higher than monolingual pupils who attended better
resourced schools (Clarkson, 1992). A study with Punjabi, Mirpuri, Italian, and
Jamaican bilingual children between eleven and thirteen years of age growing up
in England found that first language competency is an important factor in the
child's ability to reason in mathematics in their second language (English in this
case). Both monolingual and bilingual children’s knowledge of logical
connectives in the language of the test (English in this case) was a crucial factor
to perform adequately (Dawe, 1983). One reason might be that pupils with a
mother language other than the medium of instruction are accustomed to
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constructing relationships of attribution and identity in different ways
(Schleppergrell, 2007). In Spanish, for example, the verb “to be” has two different
forms, construing different meanings for relationships (“ser” to express being in
a non-temporal or permanent manner as in “I am a boy”; “estar” to refer to being
in a particular and transitory time and space as in “I am in my house”)
(Schleppergrell, 2007). This example highlights that math texts written for native
speakers create additional cognitive demands for non-native speakers, but there
is anecdotal evidence that test writers are usually not aware of such linguistic and
cultural factors (Campbell, Adams, & Davis, 2007).
Although scant, there is evidence that particular language characteristics are
tied to the language of mathematics. For example, in many Asian languages that
were influenced by ancient Chinese (e.g., Chinese, Japanese, and Korean)
numerical names are congruent with the traditional base 10 numeration system
(e.g., eleven is spoken as ten-one and 40 as four-tens), while Western languages
are more opaque (e.g., eleven and forty in English for the same numbers as in the
previous example and four-twenty for 80 in French). Place value (i.e., the
meaning of tens and ones in a two-digit numeral) is an inherent element of the
structures in Asian languages but not in many European languages and these
representations might have an effect on how the math problems are cognitively
manipulated (Miura, 1987). In contrast, the Maya of Central America have a
number notation founded on a base 20 number system (e.g., forty is written as
two-twenties) and it is not clear whether children use this base 20 or the Western
base 10 in their day-to-day mathematical calculations.
It has been reported that some accommodations (e.g., use of glossaries and
use of propositions only in the present tense) do not affect the validity of math
assessments (Abedi & Gándara, 2006). However, the compensation effects may
differ according to the background characteristics of pupils (Abedi, Lord,
Hoftetter, & Baker, 2000; Dawe, 1983). Furthermore, these accommodations
seem to improve the performance of pupils who were low-performers in math
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while it does not provide significant assistance to pupils with low competency in
the language of the test (even if they have adequate levels in math performance)
(Abedi & Lord, 2001).

Present Study
We examined the relationship of math (tested in Spanish) with area of
schooling (urban/rural; as a proxy for a host of socioeconomic variables) and
language at home (indigenous/Spanish, as a proxy for mother language), and the
role that reading (tested in Spanish) plays in those relationships. More
specifically, we were interested in whether reading competency would influence
the relationship of these background variables with math achievement. Two sets
of associations were compared. In the first set, reading moderates the relationship
between the background variables and math. For example, math is much poorer
in pupils from rural areas who use an indigenous language at home than in urban
Spanish-speaking pupils. However, among these pupils those who achieve a
better level of reading also will score higher in math, which is called a moderation
effect. In the second set the link between background variables and math
achievement is mediated by reading. This means that adverse conditions (rural
residence, speaking an indigenous language) have a direct influence on math
achievement but this adversity will also affect reading achievement. Since
reading also has an effect on math, the total effect of the background variables on
reading and reading on math (indirect effect) would be larger than the direct effect
of the background variables alone on math.

Method
Participants
The sample in this study came from the SERCE of LLECE data base. The
full set of cases included 94,620 pupils tested in reading and math from
Argentina, Brazil, Colombia, Costa Rica, Cuba, Chile, Dominican Republic,
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Ecuador, El Salvador, Guatemala, Mexico, Nicaragua, Panama, Paraguay, Peru,
Uruguay and the Mexican state of Nuevo Leon. We used a sub-sample consisting
of pupils in those countries that UNICEF Innocenti Research Centre (2003)
indicates as having a sizable indigenous population (Ecuador 43%; Guatemala
66%; Mexico 14%; Peru 47%). In this sub-sample 19,504 cases had the
information we required to conduct the analyses.
In Ecuador there are 15 recognized indigenous groups (including AfroEcuadorians), but the most numerous in terms of speakers are Quechua and Shuar
(Minority Groups International, 2014). In Guatemala, “indigenous” refers to any
person belonging to one of three main groups: Maya, Garifuna, or Xinka
(Comisión de oficialización de los idiomas indígenas en Guatemala, 1999). The
majority are of Maya ancestry and speak one of 21 languages (distinct but related)
of which the predominant in terms of number of speakers are K’iche’, Q’eqchi’,
Mam, and Kaqchikel (Minority Groups International, 2008a; Richards, 2003). In
Mexico there are about 62 distinct indigenous languages; predominant are
Náhuatl, Zapotec, Mixtec, Otomí, and local variants derived from Mayan
languages (Minority Groups International, 2008b). In Peru the indigenous
peoples belong to Achuar, Aguaruna, Ashaninka, Shipibo, Huambisa, Quechua
or Aymara, each with a distinct language, but the most numerous in terms of
speakers is Quechua (Minority Groups International, 2007).
All these groups have suffered severe exclusion since the colonial period
and in all cases attempts for assimilation dominated the national educational
policy. However, by the second half of the twentieth century a drive towards the
recognition of their individual and cultural rights has increased, together with
greater awareness of the relevance of the language of instruction. Nowadays,
indigenous political representation has increased and all countries have some type
of government agency working on improving bilingual education.
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Measures and Background Variables
All measures and background variables were obtained from the SERCE
study. The area of the school (urban/rural) was extracted from the sampling
framework which was constructed from registries provided by the Ministries and
Secretariats of Education of the participating countries. Language was selfreported by pupils who answered the questionnaire item “What is the language
you speak at home?” A list of languages was provided where the first option was
Spanish (or Portuguese for Brazil), then an option to indicate a language dominant
outside Latin America, and then the specific indigenous languages of the country
where the questionnaire was being administered.
Math and reading scores were based on tests specifically developed for the
SERCE study. The test specifications were developed from an analysis of the
national curricula of the participating countries (LLECE & ICFES, 2005). Items
were provided by the national assessment units or produced by the SERCE when
no match to the specifications table was available. All participating countries had
a chance to review and request adaptations of all items and questionnaires. The
final version of tests was developed based on a framework of life-based
skills/competencies (LLECE, 2008). The items and questionnaires were piloted
in all participating countries and administration of the final version followed a
standardized common procedures manual (LLECE, 2008).
All test items were multiple choice with four options. Math tests were
composed of five conceptual domains and three types of problems or processes
(LLECE, 2008). The domains were use of numbers, geometry, use of
measurements, statistical (analyzing information), and variation (solving
problems using variables for sequences and patterns). The problem or process
areas were recognition of elements, solving simple problems, and solving
complex problems. Reading tests were composed of two conceptual domains and
three problem or process areas (LLECE, 2008). The domains were extension (the
types of units of texts that compose a text) and the type and genre of the text
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(literary, informative, etc.). The problem or process areas were drawing of
relevant information and meaning from generic texts, drawing of relevant
information and meaning from texts written for specific purposes (e.g., scientific
texts, manuals, etc.) and meta-linguistic processing. Figure 1 shows an example
of a math and a reading item extracted from the annexes of the SERCE report
(LLECE, 2008).
The math item in Figure 1 is of lower-medium difficulty. It belongs to the
domain analyzing information and the process solving simple problems. The pupil
is asked to read a table that indicates the number of dogs, cats and birds owned
by boys and girls. The pupil must choose one of the following options: (a) the
girls have more dogs than the boys; (b) the girls have three cats; (c) in total, there
ae more dogs than cats; (d) the girls have less birds than the boys. The correct
answer is option (a).
The reading item in Figure 1 is of higher-medium difficulty and belongs to
the extension domain (specifically a narrative in comic form). It taps into two
processes: (a) drawing of relevant information and meaning from generic texts
and (b) drawing of relevant information and meaning from texts written for
specific purposes (by extending the narrative). The item presents a story in a
cartoon format that does not require reading. The pupil must read an instruction
that asks her to choose the description of a picture that would continue the story.
Then the pupil must choose from the following options: (a) the bee leaving a hive;
(b) the man and his beloved getting to know each other; (c) the man walking
happily towards the flowers; (d) a doctor examining the man’s nose. The correct
response is (d).
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Figure 1. Sample of a math and a reading item from SERCE.

Math item of lower-intermediate difficulty
published by LLECE in 2008 in “Los
aprendizajes de los estudiantes de América
Latina y el Caribe” [Student achievement in
Latin America and the Caribbean], pg. 66.
Santiago: UNESCO / OREALC / LLECE.

Reading item of higher-intermediate
difficulty published by LLECE in 2008
in “Los aprendizajes de los estudiantes
de América Latina y el Caribe” [Student
achievement in Latin America and the
Caribbean], pg. 97. Santiago: UNESCO /
OREALC / LLECE.

Analysis
The SERCE tools had already been piloted and were deemed appropriate
to conduct comparative cross-country analysis. Analysis on Differential Item
Functioning (DIF) was investigated at country level (LLECE, 2008, 2010). As no
analysis of such bias within countries for cross-ethnic or cross-linguistic
comparisons was done, we decided to carry this out in our sub-sample (cases from
Ecuador, Guatemala, Mexico, and Peru). We computed Mantel-Haenszel and
Breslow-Day chi-square statistics using DIFAS 40 (Penfield, 2007a, 2007b) to
identify reading and math items with DIF between the group of pupils who speak
an indigenous language at home and those who use Spanish. DIF refers to items
where individuals who belong to different groups but have the same ability, have
different probabilities of obtaining a correct answer (Angoff, 1993; Linn, 2015;
van de Vijver & Tanzer, 2004;). We flagged an item as biased when either the
Mantel-Haenszel or the Breslow-Day chi-square was significant. A large number
of items were flagged in the reading (24 out of 66 items) and math (30 out of 66
items) tests.
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We decided to check for the impact of DIF on the comparisons between
groups. We estimated Rasch reading and math scores for each pupil, once taking
into consideration all items in the test (original version) and then after removing
all items flagged for DIF (purified version). The correlations of the original an
purified versions were very high, both for reading (r(19504) = 0.94, p < .001) and
math (r(19504) = 0.91, p < .001). When comparing means between pupils who
use Spanish at home and pupils who speak an indigenous language, results were
favorable for those who use Spanish in the original version of the reading test
(t(3447) = 38.38, p < .001; d = -.73), the purified reading test (t(3454) = 33.76, p
< .001; d = -.64), the original math test (t(3462) = 34.12, p < .001; d = -.65) and
the purified version of the math test (t(3487) = 29.74, p < .001; d = -.56) and in
all cases the difference was large enough to be of practical significance. We
concluded that test purification did not have a substantial impact on the effect
size. Furthermore, an analysis of Differential Test Functioning (DTF) using
Camilli and Penfield’s (1997) recommendation (τ = 0.07 or less is considered
acceptable) did not exhibit biasing effects for reading (τ = 0.044) or math (τ =
0.069). These results are compatible with findings from a previous study in
Guatemala, where tests exhibited a large number of items flagged for DIF but
with very little impact on the overall results (Fortin Morales, van de Vijver &
Poortinga, 2013). Therefore, we decided to use in all remaining analyses the math
and reading Rasch measures we estimated independently for our sub-sample
using Winsteps 3.65 (Linacre, 2006).
To test for moderation, we conducted an analysis using Hayes’ (2013)
regression-based approach. The independent variables were a dummy variable
where pupils were grouped according to the area of residence and language (i.e.,
the language they report to use at home), resulting in four categories: urban/nonindigenous, urban/indigenous, rural/non-indigenous, rural/indigenous. Math
(tested in Spanish) was the dependent variable and reading (tested in Spanish)
was the moderator (Model 1 according to Hayes’ classification). We ran this
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analysis for the full set of data and for each individual country in the study.
To test for mediation we first conducted an analysis using Hayes’ (2013)
regression-based approach where the dummy variable described in the paragraph
above served as the independent variable, math was the dependent variable and
reading was the mediator (Model 4 according to Hayes’ classification). However,
this procedure has two drawbacks. Firstly, when the independent variables are
categorical, the significance and effect size cannot be estimated. Secondly, a
detailed test of identity of coefficients across groups is cumbersome. Therefore,
we also conducted a multi-group structural equation modelling analysis (SEM)
using Amos 18.0 (Arbuckle, 2009) (to explore further the relationships (see
Byrne, 2001).
In the multi-group SEM the sub-sample for each country was a separate
group, reading was an exogenous variable for math, and area (urban or rural) and
language were exogenous variables for math and reading (see Figure 2). The
underlying assumption was that reading and math scores were related, and that
both math and reading might be influenced by area of residence (strongly
associated with quality of schools in the Latin American region) and language
used at home (strongly linked to both ethnic belongingness and familiarity with
Spanish).

Results
Means for each of the groups in our sample are presented in Table 1. The
general tendency was for urban non-indigenous pupils to outperform all other
groups, followed by rural non-indigenous pupils, urban indigenous and rural
indigenous (in this order). A comparison of means between the four groups (urban
non-indigenous and indigenous, rural non-indigenous and indigenous) using the
full data set showed statistically significant differences between these groups with
medium effect sizes in reading (F(3, 19500) = 816.95, p < .001; η2 = .11) and
math (F(3, 19500) = 557.60, p < .001; η2 = .08). Post-hoc comparisons using
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Tukey HSD test indicated that all group differences were statistically significant
at p = .04 or less. The same tendency was observed for reading scores by country.
In math, again, the same tendency was observed with two exceptions. In Mexico
rural indigenous pupils outperformed urban indigenous and rural non-indigenous
pupils. In Peru, urban indigenous pupils outperformed rural non-indigenous
pupils.
The results for moderator analysis with the full data set using Hayes’
(2013) procedure indicated that the model is statistically significant (F(7, 19496)
= 1690.73, p < .001) and that 38% (R2 = .38) of the variance is explained by the
independent variable (i.e., the dummy variable indicating whether pupils were
urban non-indigenous, urban indigenous, rural non-indigenous or rural
indigenous). The regression coefficient of reading on math (the moderator and
dependent variables respectively) was significant (b = 0.60, t(19496) = 89.30, p
< .001). The three interaction effects created by the independent four-category
dummy variable (where the urban non-indigenous group served as reference),
were also significant (urban indigenous b = -0.43, t(19496) = -13.36, p < .001;
rural non-indigenous b = -0.22, t(19496) = -12.31, p < .001; rural indigenous b =
-0.47, t(19496) = -11.03, p < .001). However, the effect size of these contrasts
was very small (the incremental R2 due to the interaction was only .0071).
Therefore, although the coefficients were statistically significant, the interaction
term is negligible from a practical perspective.
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indigenous

Rural

SD

indigenous

N

SD

Mean

N

Mean

N

SD

Mean

Rural non-

indigenous

Urban

SD

indigenous
N

Mean

Urban non-

indigenous).

1086

.93

.91

.98

-.71

-.39

4009

1326

.94

-.96

-1.09

1.02

-.62

1.00

-.80

1.13

-.18

Math

13083

1.15

.07

Reading

All Countries

1.00
138

957

520

3075

-1.12

1.11

-.77

1.10

-.93

1.14

-.40

Reading

.84

-1.06

.99

-69

.92

-1.06

1.03

-.51

Math

Ecuador

.93
673

1649

494

3167

-1.12

.93

-.74

.93

-.76

1.01

-.09

Reading

.94

-1.17

.90

-.85

.95

-1.02

0.94

-.45

Math

Guatemala

1.00

-.69

1.01

-.14

.99

-.24

1.16

.70

60

848

121

3317

Reading

1.11

-.21

1.05

-.26

1.00

-.38

1.24

.41

Math

Mexico

.74

-1.08

.91

-.76

.83

-.88

215

555

191

3524

1.00

.03

Reading

Peru

.78

-1.07

.84

-.99

.77

-.92

1.04

-.20

Math

Table 1. Means of reading and math scores tested in Spanish by country, area (urban/rural) and language (indigenous/non-
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A similar pattern was also present in the analysis for the sub-samples of
each individual country. The overall model was significant in Ecuador (F(7,
4682) = 192.65, p < .001), Guatemala (F(7, 5975) = 353.03, p < .001), Mexico
(F(7, 4338) = 419.22, p < .001) and Peru (F(5, 4477) = 422.41, p < .001).
However, the R2 changes due to the interactions were negligible in all cases: .0046
for Ecuador, .0065 for Guatemala, .0010 for Mexico, and .0080 for Peru. Given
these results, we concluded that, although statistically significant, reading
competency does not operate as a moderator between the area/language variable
and math scores. We continued by testing for mediation.
Hayes’ (2013) approach to test for mediation is based on the comparison
of the coefficient of the regression between the independent and dependent
variable, with the coefficients of the regressions between the hypothesized
mediator and both the independent and dependent variables. The coefficient of
the direct relationship between the independent and dependent variables should
be smaller once the mediator has been considered. In this case, the independent
variable (the language-area dummy variable) predicted the dependent variable
(F(3, 19500) = 641.67, p < .001; R2 = .08) and the absolute value of the coefficient
was smaller after the hypothesized mediator (reading in Spanish) was included (a
difference of .48 for urban indigenous, .38 for rural non-indigenous and 0.64 for
rural indigenous).
The mediation effect was examined in a structural equation model (SEM)
using Amos 18.0.0 (Arbuckle, 2009). To test for the mediation using SEM we
conducted a multi-group comparison of the regressions where reading was an
exogenous variable for math and where the area of school attendance (rural or
urban) and the language spoken at home were exogenous variables for reading
and math. The model is presented in Figure 2 and the goodness-of-fit indexes are
presented in Table 2. We applied the Root Mean Square Error of Approximation
(RMSEA), Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) as fit
indexes (Byrne, 2001; Hooper, Coughlan, & Muller, 2008). Our decision criteria
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for a good fit of RMSEA was a value smaller than 0.05, while reasonable fit was
greater than 0.05 and smaller than 0.08 (Byrne, 2001). For CFI and TLI a good
fit required a value equal to or greater than 0.95 (Byrne, 2001).
Figure 2. Reading mediation model and standardize regression weights.
Reading
achievement

Language at
home
Ecuador:
Guatemala:
Mexico:
Peru:

-.02
.19***
.06***
.30***

Ecuador:
Guatemala:
Mexico:
Peru:

.16***

.45***
.49***
.61***
.59***

.06***
Math
achievement

.23***
Area of
schooling
(urban/rural)

.04***

***p < .001
Language at home: 1 = non/indigenous language; 0 = indigenous language.
Area of schooling: 1 = urban; 0 = rural.

Table 2. Indicators of fit per of regressions in model when all regressions are
constrained and when the reading-math regression is freed.
Fit statistic

Parameter constraint

RMSEA All parameters

Structural

Structural

Structural

weights

covariances

residuals

.038

.097

.095

.024

.099

.096

constrained
Link reading-math free
CFI Constrained
Link reading-math free
TLI Constrained
Link reading-math free
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.958

.354

.280

.987

.389

.317

.933

.569

.588

.974

.556

.580
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We were unable to estimate the unconstrained model because in this case
there are zero degrees of freedom due to the small number of observable variables
and many regression parameters to be estimated. However, more restrictive
models could be estimated. RMSEA indicators (see Table 2) showed good fit for
the structural weights model (.038). CFI showed good fit for the structural
weights model (.958), while TLI closely missed the threshold for the structural
weights (.933). Still, the structural weights model did not yet provide an entirely
satisfactory fit. We estimated modification indexes (MI) to identify possible
violated equality constraints (MI of 20 or more). In the structural weights model,
we found these violations for the reading – math regression in Ecuador (MI =
80.99), Guatemala (MI = 27.64), Mexico (MI = 95.24) and Peru (MI = 50.34).
When the reading – math regression and area-language covariance were
unconstrained, goodness-of-fit indexes for the structural weights model improved
and met the threshold for RMSEA (.024), CFI (.987) and TLI (.974) (see Table
2).
The unconstrained reading on math regression was significant in all
countries (see Figure 2) and its estimates were rather high. This confirmed the
close relationship of reading achievement and math performance. The language
on reading regression (constrained) was significant and confirmed the relevance
of language as a predictor of reading achievement. The language on math
(constrained) relationship was also statistically significant, but this direct effect
was of a smaller size than either the language on reading or the reading on math
relationships. Reading and area of schooling also had a statistically significant
relationship. This estimate and the reading on math estimates were also larger
than the area on math direct effect. It was not too surprising that both language
and area would have similar roles in the model given that language and area tend
to be associated in these countries. In our model statistical significance was
observed in three of the countries (Guatemala, Mexico, and Peru), but not in
Ecuador.
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We checked for the significance of the direct and indirect effects by
comparing the average of the standardized confidence intervals of the regression
coefficients of the structural weights model. An overlap between the intervals of
the direct and indirect effects would indicate that the difference is not significant.
The average intervals for indirect effects in the case of language were .076 to .089
while for the direct effects the interval was .048 to .068. In the case of area, the
average indirect effects interval ranged from .115 to .129 while the direct effect
interval ranged from .031 to .051. There was no overlap in the intervals for either
language or area and, as was noted before, the coefficients for the direct effects
are smaller than those for the indirect effects. These results led us to conclude that
reading plays a mediating role between language at home and performance in
math and a mediating role between area of schooling and performance in math,
which is more salient than the direct role of language at home and area of
schooling. In our view, these differences between direct and indirect effects
further supported the idea that reading ability plays a key role in math assessment.

Discussion
We conducted this study to investigate the role of reading, tested in
Spanish, in the relationship of the mother language of pupils (using the language
preferred at home as indicator) and the area of residence (urban or rural) with
math tested in Spanish in four Latin American countries with sizable indigenous
populations: Ecuador, Guatemala, Mexico, and Peru. We found that nonindigenous pupils outperformed indigenous pupils both in urban and rural areas.
We also found that reading had a statistically significant moderation effect
between language and area of residence (urban / rural) and math performance,
but of negligible size. This was true for the sample as a whole and in each country
separately.
More important, we found significant mediation effects that were
consistent across countries. Using a SEM approach, we were able to confirm that
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the differences in size between direct (background variable to math) and indirect
effects (background variables to reading to math) were significant and
meaningful. In our view, this difference between direct and indirect effects further
supported the idea that reading ability mediates the relationships between
language and math achievement and between area and math achievement in
countries with sizable indigenous populations. There was a statistically
significant relationship between area and language, as shown in the covariates’
estimates for three of the countries. However, this relationship was comparatively
small for one of the countries (Mexico = 0.06) and was not statistically significant
in one case (Ecuador) (see Figure 2). Even then, the model holds. This suggests
that the mediation effects of reading prevail even when the area divide (closely
associated to less favorable living conditions) and language do not have a large
compounded effect. Our results suggest that pupils from indigenous backgrounds
suffer from a double jeopardy when it comes to math: speaking an indigenous
language and living in a rural area has a slight adverse effect on their math scores,
but their reading skills even play a larger part. These pupils are also more likely
to be poorer readers, which challenges their performance on math tests even more.
The results confirmed findings from previous analysis on language, reading, and
math relationships based on TIMSS results in South Africa where proficiency in
the test language (English in this case) was a strong predictor of success in
mathematics, out-weighting other socio-economic factors (see Howie, 2003).
Changing conditions such as poverty, area of residence and language
would require interventions beyond the scope of the education sector. In the latter
two cases actions would also be too invasive to be implemented in most contexts.
However, supporting literacy development is an area that can more easily be
addressed directly by educational policy. Given these conditions, two related but
separate policy paths can be envisaged. The first would be a wide-scope intersectorial policy to address exclusion; the second one directly concerning
educational interventions where language dominance is regarded as a continuum
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and interventions to foster literacy are a priority.
When comparing the results of indigenous and non-indigenous pupils in
urban and rural areas, we found that in general non-indigenous pupils
outperformed indigenous pupils both in rural and urban areas. There were some
country-specific cases that diverged from our general findings. In Mexico rural
indigenous pupils outperformed urban indigenous and rural non-indigenous
pupils in mathematics, but not in reading. In Peru urban indigenous pupils
outperformed rural non-indigenous pupils in math, but not in reading. Finally,
Ecuador was the only country of the four where the covariance between language
and area of residence was small and non-significant. Similar variations in
differences in urban/rural achievement differences have been noted in Colombia
where a study on schools from the “Escuela Nueva” [New School] program
identified that area differences could be explained to a large extent by the
background of individual pupils (Luschei & Fagioli, 2016). Clearly more research
would help in understanding these particular cases. Even so, it is noteworthy that
the model holds even when these particularities emerge.
We believe our findings have relevance for educational policy. Firstly, our
study underlines the relevance of reading instruction to ensure a better foundation
for other curriculum areas. There is much evidence of the relevance of instruction
in the mother language to promote equity (Coyne, 2015; Piper et al., 2016) and
that greater literacy achievement, particularly in comprehension, is accomplished
when instruction is first done in the mother language, reading and writing are
introduced in parallel and when the “alphabetic principle” (i.e., the understanding
that reading is the process of deciphering symbolic representations into phonetic
counterparts) is introduced in the code that is most compatible for the language
(Konnikova, 2015; Linán Thompson, 2013, 2010; McGuinnes, 2004; Piper,
Zuilkowski & Ong’ele, 2016). In the case of the populations in our study, this
would translate into having accurate measures of the language dominance of
pupils to introduce literacy in that language. Therefore, the mediation effect we
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found does not necessarily mean that math instruction should be postponed until
reading is acquired. What we believe it implies is that greater math achievement
would be attained if literacy instruction is strengthened early on. Although our
finding did not directly address the language of instruction or the coding system,
based on the evidence on reading acquisition cited above, we believe it would be
advisable to introduce reading instruction in the dominant language of pupils
using a coding system compatible with that language.
Secondly, our study highlights the importance of language choice in the
assessment of elementary school pupils exposed to bilingual settings. Teachers
should be aware of the dominant language of each pupil and choose the
instruction (and testing) language accordingly or start with instruction in the
mother language and gradually reduce its usage in class. Ideally, this would have
to be individualized because the degree of exposure to each of the languages is a
matter related to the individual pupil (i.e., in the same community one bilingual
pupil might be more competent in language A and another bilingual pupil in
language B). However, it is unlikely that individualized choices on the language
of a test can be made in education systems with extremely strained resources and
high demand, such as the ones in our sample. While we think the individualized
choice would be the optimum solution, in terms of priorities and practicalities,
we believe a viable (albeit temporary) alternative is to obtain a better measure of
the competency of pupils in the language of instruction to control for their
variability in math and reading results.
Thirdly, language and area are confounded factors in at least three of the
countries (Guatemala, Mexico, and Peru). There is a greater chance of indigenous
pupils attending rural schools, where resources and overall quality might be
lower. This double jeopardy is a contextual factor that has a detrimental effect on
bilingual populations but it is one that exceeds the scope of educational policy.
However, it can be partially addressed by the education system when distributing
materials and teacher support.
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Our study had two main limitations. Firstly, the results could have been
more solid if we had direct measures of language competency in Spanish and the
indigenous languages. Secondly, the SERCE data set we analyzed did not delve
deeper into many contextual factors related to language and ethnicity that would
have provided a clearer representation of the cultural and linguistic adhesion of
the pupils (e.g., the level of ethnic identification versus adhesion to national
identity). Nevertheless, we believe this study contributes by emphasizing the
relevance of reading instruction and its role in the development of other
curriculum areas. It also demonstrates the need to further explore how different
levels of language competency can create different patterns of relationship in
educational performance. We believe our findings are compatible with the idea
that current trends on the discussion on bilingual education need to evolve, that
we need to question the assumption of a “dichotomous” scenario where pupils
can be classified merely as Spanish or indigenous-language speakers and that
measures of heterogeneous linguistic competency need to be introduced in largescale standardized testing of bilingual populations.
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Chapter 6:
Discussion
As already described, Guatemala has developed an educational assessment
system driven by an accountability framework. The system is nowadays led by
the Ministry of Education’s Dirección General de Evaluación e Investigación
Educativa [General Directorate for Evaluation and Educational Research]
(DIGEDUCA) and its data is available to analyze whether current assessment
practices provide the necessary information to make effective policy decisions.
The set of four studies presented in the previous chapters explore this issue and
aimed to achieve three objectives: 1) Use data obtained from national assessment
projects of elementary grades in Guatemala to answer questions with direct
implications for the management of the education system; 2) Conduct up-to-date
statistical analyses to ensure that comparisons between groups that differ in
background characteristics have a solid psychometric foundation; 3) Provide
recommendations as a way to move national assessment forward. To meet the
objectives, the four studies mentioned above were developed taking into
consideration substantive factors known to be relevant in Guatemala: ethnicity,
language, socio-economic conditions, gender, and the urban/rural divide.
The first study is a review of the development of assessment in the
Guatemalan context. The second study (and the first of the empirical studies)
explores item bias by ethnicity, gender, the urban/rural divide and over-age in
data from an early stage of development of the national assessment system. The
second empirical study uses data from a period when the DIGEDUCA had
already gained a legal framework, a more regular budget and greater national
attention to explore the variability of pupils’ assessment results in relation to their
familiarity with the language of testing. The third and last empirical study uses
data from a period when DIGEDUCA had joined its first international
comparative study. It explores how reading ability in Spanish may impact the
relationship between assessment results in math tested in Spanish and two
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predictors: the language of the pupil and the area of residence. The study presents
results across countries with a sizable indigenous population.
The four studies allow for substantive conclusions that can enrich the
information used by policy-makers, school leaders and educational communities
in Guatemala. By conducting the studies, attention was also given to the strengths
and limitations of the available data and this permits reaching some conclusions
on the assessment system itself and its alignment to national educational policies.
The following sections present a summary of the main findings of the studies, the
conclusions that were reached and recommendations to further develop
assessment in Guatemala.

Main Findings
Chapter 2.
The second chapter contains a review of assessment in Guatemala,
adopting the perspectives of policy makers, test developers and primary stakeholders. The paper was written when the MINEDUC’s DIGEDUCA was under
development and many of the issues discussed reflect the dilemmas faced by the
administrative and technical teams. The dominant perspective guiding what the
assessment system should produce is based on principles of quality assurance and
transparency where evidence-based decision making was to become a cornerstone of educational interventions. The paper describes how policy administrators
seek feedback and support for the decisions they make in assessment results. In
response, the assessment units need to adopt methods and procedures to produce
the type of information that will enhance policy decisions. For the information to
be useful, the methods should endeavor to ensure validity. In culturally
heterogeneous countries with equity-seeking policies, conducting assessments
that meet all these criteria poses several challenges. Validity in heterogeneous
societies requires that ideally, tests are free from bias. Furthermore, local stakeholders (parents and teachers) and policy administrators interpret assessment
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results according to their background, experiences, and needs. The latter differs
according to the position of the stakeholder within the system. The policy
administrator might prefer assessment cycles that align to political and budgetary
calendars, procedures that have low costs and that capitalize on aggregated data.
At the local level, teachers and parents might prefer results that adhere to the
academic year, that provide information for individuals and that are easily aligned
to local teaching and learning activities.
As a result of the divergent demands on assessment, tensions emerge
between consumers and producers of assessment information. However, for
assessment to be a viable option for improvement of educational quality for all,
it should be feasible, valid, and informative. Feasibility implies that logistically
and financially it can be undertaken while conserving those traits that will make
it significant (e.g., sampling characteristics, administration procedures). Validity
implies that assessment is based on a consistent rationale that successfully links
the tools and procedures with the domains under evaluation. In this way
assessment becomes informative. The stakeholders may interpret the results
differently depending on their background and their particular objectives.
Frequently, neither of these adheres to sound psychometric practice (for example,
the budgetary cycles and school years might not relate to the actual time necessary
to develop, pilot and administer valid and rigorous tools).
Policy stakeholders (i.e., ministers, teacher union leaders, etc.) usually
have more control over decisions regarding legislature and budgeting. As a result,
they ultimately set the frame within which assessment actions take place,
particularly when assessment is conducted by government units. Therefore,
psychometricians and test-developers must differentiate between changes in the
design of the assessment that will affect the generalizations from the data (such
as sampling strata) and changes that invalidate the data (such as administering
tools that have not been piloted). When negotiation for resources, timeframes and
conditions of administration ensue, the test-developer should know which
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changes are negotiable and which are not since they would invalidate the
assessment. The outcome from this negotiation process could alter the scope of
the assessment, but should not alter its scientific approach.
This negotiation process can only be successful when a common
perspective emerges that links the explanation of how a policy will accomplish
its objectives, the rationale that explains how a specific assessment reflects the
assessed domains, the justification that turns scores into indicators, and the
possible interpretations of the data. A common perspective can “synchronize” the
priorities of stakeholders. Otherwise, policy measures become disarticulated
from the assessment that provides the indicators of success or failure. In such
circumstances, the local stakeholder will also have problems in connecting to the
national policy via the assessment results.
Chapter 3.
The third chapter, reporting the first of the empirical studies, explores
Differential Item Functioning (DIF) and educational risk factors in Guatemalan
reading assessment of third grade pupils. The data to conduct the assessment
came from a very early stage of assessment in the country, before the Ministry of
Education (MINEDUC) had taken steps towards a systematic policy framework
that would ensure budgetary and legal support to the initiative. Different DIF
estimation methods and effect size measures were used to identify the patterns in
the data (chi-square, Rasch, and logistic regression). There was evidence of
substantial DIF, but purification (i.e., removal of items flagged for DIF) does not
create other differences in test score comparisons across groups than those found
in the complete instruments (with the items flagged for DIF). Differences
between groups with different values in the risk factors (over-age, urban/rural
area of residence, ethnicity, and gender) remained and this highlights the impact
that factors of exclusion have in the education system. The differences between
the “privileged” and “underprivileged” could not be reduced to item bias. These
findings did not disprove the influence that cultural factors associated to ethnicity
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might play in differential performance in reading and math. However, these
findings did highlight the enormous influence of contextual factors.
Chapter 4.
The second of the empirical studies is dedicated to investigate the
relationship of exposure to Spanish and socioeconomic status (SES) with scores
in reading and math standardized tests among third and sixth grade pupils in
Guatemala. The assessment from which the data is drawn occurred at a time when
the MINEDUC had already partially developed an administrative and legal
framework for DIGEDUCA. At the time, a more comprehensive framework was
being developed that would provide a permanent structure (i.e., human resources,
budget, etc.) and educational assessment had gained national recognition. The
results of a multi-group structural equation model (SEM) and multivariate
analysis of covariance led to the conclusion that socioeconomic status and
exposure to Spanish were associated to achievement across grades, ethnicities,
and areas of residence. Exposure to Spanish was found to be more relevant in
lower grades, whereas area of residence was a consistent predictor across grades.
Analysis of equivalence for the various groups suggested a set of consistent
relationships between background and educational variables across ethnolinguistic groups. These results confirmed previous research indicating that
socioeconomic status is a positive predictor of school achievement and that the
pupils’ familiarity with the language in which they are tested is positively related
to achievement results. It is suggested that heterogeneity in linguistic competency
(in terms of competency levels in each of the languages spoken by pupils) should
be considered when developing bilingual interventions. This heterogeneity would
replace the models adopted today that assume homogeneous linguistic ability
profiles within ethnicities and distinct profiles between these groups.
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Chapter 5.
The third empirical study is based on data from an international study that
took place when DIGEDUCA had gained a more solid legal and financial
foundation, had recruited sufficient staff for its regular operation, and had
achieved a relevant role in the national conversation on education. DIGEDUCA
participated in the SERCE project, where emphasis was placed on the crossnational comparisons and where less attention was paid to how within-country
diversity was reflected across countries. The present study consists of an analysis
of the role that reading, tested in Spanish, plays in the relationship of the mother
language of pupils (using the language preferred at home as indicator) and the
area of residence (urban or rural) with math tested in Spanish. The study includes
data from four Latin American countries with sizable indigenous populations:
Ecuador, Guatemala, Mexico and Peru. In this assessment non-indigenous pupils
in urban and rural areas outperform indigenous pupils in urban and rural areas,
reading plays a mediation role between language and math and between area and
math and this pattern is constant across countries. These findings stress the need
for early literacy instruction to support other areas of the curriculum. Evidence
from related research (see Coyne, 2015; Konnikova, 2015; Linán Thompson,
2013, 2010; McGuinness, 2004; Piper, Zuilkowki & Ong’ele, 2016) suggests that
this instruction should be in the mother language of pupils and in a coding system
compatible with that language. We believe our findings are also compatible with
the observation that bilingual education needs to evolve. The assumption
underlying assessment in Guatemala that bilingual pupils can be dichotomously
classified for language dominance according to the ethnic dominance of the
geographical area where they reside is not viable.
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Conclusions
Three sets of conclusions can be drawn from the four studies. The first
relates to the substantive findings of the empirical studies. These conclusions
have the potential to inform present and future educational policies, particularly
in terms of creating a more equitable education system. The second set of
conclusions are based on the strengths and limitations found in the data when
developing the studies. These can be of particular interest to DIGEDUCA and
assessment specialists. Finally, conclusions can also be drawn on the alignment
of the information provided by the assessment data and educational policy. This
might be of interest for policy developers and assessment specialists.
Substantive conclusions. A common thread in the studies is the
comparative analysis across the traditional divides of exclusion: ethnicity,
language, gender, and urban/rural. Results from these studies suggest that those
divides create risk factors that act in concert, although gender’s role tend to be
small in terms of learning outcomes of pupils who are already enrolled in school.
Being of indigenous ethnicity, living in a rural area, and being less affluent are
sources of exclusion and relate to lower levels of achievement. As Chapters 3 and
5 show, these factors are closely associated, so it is difficult to disentangle the
specific contribution of each. Item bias analysis for these divides using several
methods indicates that tests that otherwise meet basic psychometric
characteristics, still exhibit significant DIF, but not consistently across divides or
methods. Removal of biased items does not shift the basic performance
differences. Therefore, the socioeconomic conditions that are closely associated
with the risk factors create differences that cannot be explained solely in terms of
bias.
The concerted action of risk factors is further supported in Chapters 4 and
5. These studies moved the analysis to linguistic factors. Chapter 4 provides
evidence of the relationship between exposure to Spanish and achievement, even
when controlling for ethnicity, socioeconomic status and area of residence and
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when checking for consistency across grade levels. The linguistic factor was also
tested internationally in Chapter 5 and continued to show a relevant effect on
performance. The role of the language of assessment and the mediating effect of
reading is also tested. Results suggest that reading is affected by all risk factors
previously discussed and by the difference between the pupil’s mother language
and the language of the test. Results also suggest that performance in reading is
an essential ingredient for achievement in math. Given the relevance of mother
language in reading instruction demonstrated elsewhere (see Coyne, 2015;
Konnikova, 2015; Linán Thompson, 2013, 2010; McGuinness, 2004), it seems
advisable that early reading instruction be carried out in the dominant language
of the pupil. Furthermore, our results suggest that when testing is not possible in
the dominant language of the pupil, measures of competency on the language of
the assessment should be available as a control variable.
Taken jointly, the empirical studies indicate that Guatemalan educational
assessment tests still contain bias, but that this bias does not create a risk to current
conclusions on achievement. Socioeconomic factors are a dominant factor and
the differences they create override any that bias factors might bring about.
Indigenous, female, rural pupils who have low exposure to Spanish have lower
scores because the risks associated to these characteristics act in concert to create
less favorable educational environments. Reading instruction in the most
dominant language of pupils should be a priority and testing should be carried out
in the same language. However, since due to financial and practical reasons this
might not be possible in the short term, control measure of competency in the
language of assessment should be developed to have a clearer picture of pupils’
achievement.
Conclusions on the assessment. The findings from the three empirical
studies and the evolution of the administrative status of DIGEDUCA indicate that
Guatemalan national assessment has followed a consistent path of development
and the subject tests included in these studies might have reached a level where
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the cost of further improvements may not pay off in terms of better data. This can
be noted, for example, in the lack of impact from the removal of DIF items from
the tests described in Chapters 3 and 5. However, there is still significant room to
work on background information of pupils, their families, their schools and the
processes taking place in their classrooms.
In Chapter 4, for example, a measure of socioeconomic status was
developed relying on pupil’s questionnaire responses. The sampling of cases was
adequate to conduct principal component analysis and estimate a factor score
based on a one-factor solution. However, in the model that was tested, the effects
were statistically significant but small or moderate (.03 in third grade and .31 in
sixth grade). Larger effects had been expected, but the measures may well have
been not sensitive enough to provide precise estimates of the relationships in the
model.
In Chapters 4 and 5 measures of linguistic competence in Spanish and the
Mayan language corresponding to pupils’ ethnicities might have provided
sturdier support to the findings on the relationship of language with performance
scores. It is understandable why these measures are not available. The costs of
designing, the time required for piloting, the limitations of the budgetary cycle
and the school calendar make their development extremely challenging.
Nonetheless, if these assessments are to provide evidence for policies on bilingual
education, the feasibility of their development should be explored. Similar
conclusions can be reached about process oriented observations (e.g., teacher
interactions in the classroom and time-on-task, learning opportunities, etc.); in
the data sets made available for research there was no evidence that these exist.
Conclusions on policy alignment. Guatemalan DIGEDUCA assessment
meets the requirements made within the scope of their “quality assurance”
framework and their institutional development seems to have evolved
accordingly (i.e., an increasingly solid legal framework, a regular budget, greater
national attention). To be aligned to MINEDUC’s El Modelo Conceptual de la
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Calidad Educativa [The Conceptual Model of Educational Quality] (Ministerio
de Educación de Guatemala, 2006), reading and math tests need to be reliable
measures of basic educational outcomes to offer some information on the
achievement obtained by pupils who attend different modalities of school
services (e.g., distance education, bilingual education, multi-grade, etc.).
Chapter 2 describes some of the main issues that arise when administrators
have control over technical processes of assessment. The test-developers and
psychometricians must try to safeguard the scientific approach of the assessment
while the legal and administrative frameworks are not necessarily favorable to
long-term psychometric requirements. Furthermore, political issues, the
background of decision-makers and the way the data is interpreted by
stakeholders can have a significant impact on the information that is required. Not
surprisingly, DIGEDUCA’s actions have given priority to government officials’
interest in the accountability framework (i.e., in providing reading and math
achievement data). DIGEDUCA has had to prioritize the development of the
subject tests and give less attention to the background variables.
In this sense, Guatemala assessment is aligned to the policies from which
it emerged. However, a wider scope of policies could be taken into consideration.
For example, the Social Development Ministry of Guatemala (MIDES) (see
www.mides.gob.gt) makes conditional cash transfers to families of low income
levels. This education program supports households with 6 to 15 year-old
children who attend school at least 90% of school-calendar days. The program
would benefit from accurate socioeconomic information about the pupils and
from a longitudinal record of the improvements in achievement of these children.
However, as has been noted before, current information does not allow to develop
the robust tools that are required (as in the case of the socioeconomic scale) or to
establish growth-models to track improvement in achievement over time.
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Recommendations
Based on the conclusions from the set of studies, four recommendations
are presented as a way to move Guatemalan assessment forward:
Continue collecting and improve the data on risk factors. Ethnicity, gender,
area of residence (urban or rural), linguistic competency in the language of
instruction (and assessment) and socioeconomic status are closely associated to
risk and they act in concert. Most of these factors, however, go beyond the scope
of educational policy. However, educational assessment can continue to research
these risk factors and other factors more amenable to policy intervention, along
with their relationships to educational achievement, to provide information for a
broader range of policy areas (e.g., the activities of MIDES).
Develop measures of linguistic competence. The Guatemalan pupil
population is heterogeneous ethnically and linguistically and this needs to be
addressed. Previous efforts have concentrated on addressing the ethnic divide
where ethnicity and geographic location are believed to determine the language
of pupils. A close association cannot be denied, but it is not as clear-cut as it used
to be. Pupils of the same ethnicity have different levels of exposure to Spanish
and other indigenous languages, and migrations have made classrooms more
heterogeneous. As a consequence, teachers require better information on the
linguistic competencies of each individual pupil. Financial, logistical, and
technical limitations make it difficult to address all those issues at the individual
level for speakers of all national languages. Therefore, it is urgent to develop
measures of linguistic competency in the language of the tests in the short-term,
while planning for more individualized solutions in a larger number of languages
for the long-term.
Develop links between assessment and multiple policy initiatives.
Although assessment is meeting the demands of the policy for accountability, its
results can reach further. To realize this, there should be clarity about the other
policies that should be addressed by assessment projects. In practical terms this
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would mean that policy-makers, administrators and education staff should
provide explicit statements of the assumptions underlying their policies as well
as the hypotheses about the pathways through which these policies will bring
about the desired changes. On the basis of that information DIGEDUCA (or other
agencies) can develop the most appropriate school achievement tests and
background tools.
Develop a strategy to keep stakeholders informed on technical issues of the
assessment process relevant to their policies. When new policies are introduced,
it is likely that new indicators and measurements are required for monitoring and
accountability purposes. To make decisions, the new measurements should also
provide insights into the probable impact of the interventions developed under
the policy. For the education sector this will likely translate into the need for valid
subject area tests and background questionnaires. Stakeholders should have a
clear picture of the implications of developing new sets of tools. For example,
when a policy-maker sets goals for policy outcomes that should be informed by
assessment data, a lack of understanding of the time-frames and costs associated
with test-development might lead to the imposition of unrealistic calendars and
budgets. This increases the risk of carrying out expensive but uninformative
assessment projects that will not support new (or old) policies. Therefore, while
developing new policy-assessment links, great care must be given to inform
policy-makers appropriately.
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Summary
For the last two decades Guatemala has developed an educational
assessment system for accountability purposes following a continuous
improvement cycle. The system is nowadays led by the Ministry of Education’s
Dirección General de Evaluación e Investigación Educativa [General Directorate
for Evaluation and Educational Research] (DIGEDUCA). There are data
available now to analyze whether current assessment practices provide necessary
information for effective policy decisions. The set of studies in this thesis
explores the aforementioned issues with the aim to achieve three objectives: 1)
Using data obtained from national assessment projects of elementary grades in
Guatemala to answer questions with direct implications for the management of
the education system; 2) Conducting up-to-date statistical analyses to ensure that
comparisons between groups that differ in background characteristics have a solid
psychometric foundation; 3) Providing recommendations as a way to move
national assessment forward. To meet the objectives, four studies were developed
based on DIGEDUCA’s experience taking into consideration substantive factors
known to be relevant in Guatemala: ethnicity, language, socio-economic
conditions, gender, and the urban-rural divide.
The first study reviews the assessment experience in Guatemala exploring
the country’s context and the logistic and technical demands of educational
testing. The paper describes how assessment units in heterogeneous contexts
needs to develop valid information that is free of bias to orient and support the
decisions made by policy administrators. However, local stakeholders (especially
parents and teachers) and policy administrators will interpret assessment results
according to their own background, experience, and needs. The policy
administrator will seek to adhere to political and budgetary calendars, adopt
procedures with low costs and aggregate data. At the local level, teachers and
parents will prefer results that provide information for individuals and that are
easily aligned to teaching and learning activities. As a result of the divergent
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demands on assessment, tensions may emerge between consumers and producers
of assessment information. Psychometricians and test-developers will have to
negotiate quality considerations in the design of the assessment that will affect
the interpretation of the data (such as sampling strata) from those that will
invalidate them (such as administering tools that have not been appropriately
piloted). The outcome could alter the scope of the assessment, but should not alter
its scientific approach. A common perspective is required to link the underlying
assumptions that justify the policy with the psychometric and theoretical
characteristics of the assessment.
The second paper is the first of three empirical studies (all of which use
secondary data from large-scale educational testing). It explores Differential Item
Functioning (DIF) and educational risk factors in Guatemalan reading tests.
Different DIF estimation methods and effect size measures are used to identify
patterns in the data (chi-square, Rasch, and logistic regression). There is evidence
of substantial DIF, but purification (i.e., removal of items flagged for DIF) may
not change the conclusions from group comparisons. Differences remain between
groups with different values in four risk factors (over-age, urban/rural area of
residence, ethnicity, and gender) and this highlights the impact that factors of
exclusion bring into the education system. Risk factors act in concert to create
sources of bias, but the differences in test scores between the “privileged” and
“underprivileged” cannot be explained in terms of item bias.
The second of the empirical studies investigates the relationship of
exposure to Spanish and socioeconomic status (SES) with reading and math
achievement in third and sixth grade. The results of a multigroup structural
equation model (SEM) and multivariate analysis of covariance lead to the
conclusion that SES and exposure to Spanish are associated with achievement
across grades, ethnicity, and area of residence. Exposure to Spanish is more
relevant in lower grades, whereas area of residence is a consistent predictor across
grades. An analysis of the invariance of the associations across the various groups
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suggests that background factors and educational achievement are linked in the
same way across ethno-linguistic groups. These results confirm previous research
indicating that socioeconomic status is a positive predictor of school achievement
and that the pupils’ familiarity with the language in which they are tested is
positively related to their achievement results.
The third empirical study employed data from the Second Regional
Comparative and Explanatory Study of the Latin American Laboratory of
Evaluation of Educational Quality (SERCE of LLECE). An analysis was
conducted of the role that reading, tested in Spanish, plays in the relationship of
the mother language of pupils and the area of residence (urban or rural) with
math tested in Spanish in four Latin American countries with sizable indigenous
populations: Ecuador, Guatemala, Mexico and Peru. Findings indicate that nonindigenous pupils in urban and rural areas outperform indigenous pupils in urban
and rural areas, that reading plays a mediation role between language and math
and between area and math, and that this pattern is constant across countries.
These findings stress the need for early literacy instruction of pupils to ensure
good results in other curriculum areas (math in this case). Since contemporary
research supports the relevance of mother language in literacy acquisition, it is
advisable that this early reading instruction take place in the mother language of
pupils (i.e., the most dominant language of pupils). The findings also suggest that
measures of heterogeneous linguistic competency need to be introduced in largescale standardized testing of bilingual populations.
Together, the studies suggest that Guatemalan elementary level assessment
meets basic psychometric standards; there is significant item bias, but this bias
does not change the conclusions about group differences that have been drawn
because socioeconomic factors exert a very large influence which is not
eliminated by removing item bias. Indigenous, rural pupils who have low
exposure to Spanish exhibit lower performance in achievement results, even
when item bias is reduced. Reading instruction in the most dominant language of
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pupils should be a priority and testing, when possible, should be carried out in the
same language. However, since instruction in the most dominant language is not
always possible due to financial and practical reasons, control measure of
competency in the language of assessment should be developed to have a clearer
picture of pupils’ achievement.
In terms of the assessment projects, the findings indicate that Guatemalan
national assessment has followed a consistent path of development. The particular
tests included in this set of studies seem close to reaching Pareto efficiency in
terms of item bias, i.e., a level where the costs of further improvements would not
translate into commensurate improvements in quality of results. However, there
is still significant room to work on background information of pupils, their
families, their schools and the processes taking place in their classrooms.
Concrete examples from the empirical studies are the poor scales on
socioeconomic status and the lack of linguistic competency scales.
In terms of the alignment to national policy the tests seem to meet the
requirements set in its “quality assurance” framework. However, given the state
of affairs in research on the background variables and their links to achievement
results, the assessment is not yet ready to provide the evidence on which a wider
scope of policies can be based.
These conclusions lead to four recommendations: (1) To continue
collecting and improve the data on risk factors; (2) To develop measures of
linguistic competence; (3) To develop links between assessment and multiple
policy initiatives; (4) To inform stakeholders about the technical issues of the
assessment in a way that is attuned to their policies.
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