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1 Introduction

Performance on examinations matters. Test results are commonly used for assessment
of students and schools, as an allocation criterion or admission requirement, and for li-
censing and certification. Student performance on examinations can thus have significant
economic implications and determine future educational and economic opportunities.

Examinations are an efficient mechanism to benchmark and rank a population based
on a specific set of skills. The notion that they are fair, however, has increasingly been
questioned. A significant concern is that performance differences reflect inequities in the
testing process itself, rather than differences in underlying skills. Students of the same
ability, but from different backgrounds, are known to respond differently to questions,
though there is limited understanding as to why (Freedle (2010), Editors (2010))." This
paper explores one possible reason.

Iinvestigate whether differential performance may be generated by the frequent use of
monetary themed questions on mathematics examinations.? Open any first grade mathe-
matics workbook and you will undoubtedly see simple algebra problems centered around
the buying and selling of various items. These types of monetized scenarios are fre-
quently used in early mathematical education the world over and are commonly featured
on tests. I exploit the natural variation in the financial salience of mathematics exams that
is generated from monetary questions. I begin by documenting that disadvantaged stu-
dents differentially perform on mathematics exams and assignments when they feature a
larger share of monetary themed questions. I observe this result in three different datasets
spanning three different contexts: a homework platform in the US, an international cross-
country standardized exam and a national educational assessment exam in Mexico. Using
data from the two examinations, I find that a 10 percentage point increase in the financial
salience of the exam depresses the performance of students with socio-economic status
(SES) indicators below the national median by 0.026 standard deviations.? This is a non-
negligible effect representing about 6% of the overall performance gap for below median
SES students. This effect manifests as early as in the fourth grade, is largest for the most
disadvantaged and responds to income shocks caused by rainfall. Furthermore, evidence
from the homework platform shows that acquiring a math skill requires differentially

!Differential performance by different ethnic and socio-economic groups has been documented on the
SAT for instance (Freedle (2003), Santelices and Wilson (2010)).

2] define monetary themed questions as questions that involve topics such as buying, selling, making
payments, saving and spending money or calculations using currency. Examples of monetary themed
questions for the three datasets are presented in figure A2, A5, and A6 in the appendix.

3The datasets I use feature different SES indicators: parental education levels, a school marginalization
index and the share of students in a school receiving free or reduced price lunch.



more time and effort for disadvantaged students when practiced using monetary themes.

The literature on poverty and cognition has proposed that, for low income individuals,
attention can become focused on scarcity and lead to stress and inattention, particularly
when choices about money and finances are being considered. I investigate whether an at-
tention capture mechanism is contributing to the performance differences I detect. I iden-
tify the distinct effect of attention capture by looking at performance on questions that are
randomly positioned after a monetary themed question. In both itemized question-level
datasets, consistent with an attention capture effect, I observe a pattern of differential
under-performance by low SES students on questions that are placed subsequent to a
monetary themed question. This relationship between poverty and cognition has been
observed in experimental settings using psychological tests. These findings contribute
to this literature by showing policy relevant impacts on student performance using real
homework and examination scores.

This attention capture mechanism draws heavily from recent ideas in the psychol-
ogy of poverty literature regarding the relationship between cognitive functioning and
poverty. This literature has suggested that poverty captures attention, generates intru-
sive and distracting thoughts that reduce an individual’s cognitive resources (Mani et
al. (2013), Shah et al. (2012), Shah et al. (2018), Tomm and Zhao (2016)). Several mech-
anisms have been investigated. The limited cognition mechanism posits that economic
decisions are more difficult for the poor as they face more difficult trade-offs which de-
plete their cognitive resources, leaving them with less cognitive control. This mechanism
has been tested in a number of lab and field experiments (Mani et al. (2013), Shah et al.
(2012), Spears (2011), Kaur et al. (2019)). The limited attention mechanism differs from
the limited cognition mechanism in that it does not require a cognitively taxing economic
decision. Rather, it simply suggests that, under conditions of poverty, attention becomes
focused on scarcity, leading to stress and inattention to other issues. There have been a
number of works evaluating the relationship between poverty and stress. Haushofer and
Fehr (2014) provide an extensive review of this literature, concluding that the majority of
tindings support a causal link. The impacts on cognition, however are not as well estab-
lished, with some contradictory results (Mani et al. (2013), Carvalho et al. (2016), Kaur et
al. (2019)). A particular challenge to identifying this mechanism is the difficulty in using
actual income variation, as it correlates with changes in nutrition which are known to
generate cognitive effects (particularly for children) even in the short run (Anderson et
al. (2018), Gassman-Pines and Bellows (2018)). The mechanism I propose, while drawing
heavily on the limited attention mechanism, adds the caveat that something must capture
attention to activate temporary inattention and errors. Even if the effects are temporary,



the fact that this distraction occurs precisely when a low income individual makes cogni-
tively demanding decisions about financial resources makes any such effect important to
understand for scholars who study decision making in the context of poverty.

This mechanism is reminiscent of the stereotype threat effect first posited by Steele
and Aronson (1995), who suggested that an individual’s performance on an examination
is sensitive to priming about a stereotype of their group. It is also related to the work of
Vohs et al. (2006) and others in psychology that have looked at how a number of behav-
iors are impacted by financial priming. These hypotheses have generated a significant
amount of research, and attempts at replication, though almost exclusively in lab and
tield-lab settings (Spencer et al. (2016), Fryer Jr et al. (2008), Rohrer et al. (2015)). Empir-
ical challenges and research preferences within disciplines, has limited field research on
stereotype threats and on poverty’s effects on cognitive functioning.? By utilizing real ex-
amination data, I address this gap in the literature and alleviate concerns of experimenter
demand effects. I also remove concerns about sensitivity to specifically designed wording
of priming statements that may not be reflective of typical examination conditions. By us-
ing secondary sources for my examination and homework data, I am able to estimate the
effects of the tested mechanism under normal exam and homework conditions and show
that the experimental results on the cognitive effects of poverty have external validity
beyond the experimental setting. Though the effects on attention may be temporary, the
impacts are economically meaningful since exam scores are used to determine important
economic opportunities such as eligibility for further education, placement in schools or
access to scholarships. To show this, I take my empirical estimates to real data from a
high school entrance exam in Mexico City, and simulate impacts on high school access.
By investigating real costs and showing that effects that have thus far been measured us-
ing psychological tests also impact exam scores, a policy relevant metric, these findings
address an important gap in the cognitive functioning literature.

The rest of the paper is organized as follows: Section 2 describes the three primary
datasets used in my analysis. Section 3 presents estimation methods and results on aggre-
gate exam and assignment performance, using exam-level variation in financial salience.
Section 4 shows evidence of an attention capture effect using itemized question-level data.
Section 5 discusses implications for high stakes examinations and simulates the effects on
exam performance and high school placement using data from a high school entrance

exam in Mexico City. Finally, section 6 concludes.

“A few researchers have experimented with placement of demographic questions around actual AP
exams (Stricker and Ward (2004), Danaher and Crandall (2008)), while Wei (2012) exploits natural variation
in pretest background questions to detect a stereotype reactance effect in the NAEP math test.



2 Data

This paper uses data from three different sources to provide evidence that the share of
monetary questions featured on an exam or assignment differentially affects the perfor-
mance of low socio-economic status (SES) students. In addition to confirming the replica-
bility of this result, each of these three datasets has distinct attributes allowing for a more
thorough understanding of the mechanisms behind the general result. Table 1 summa-

rizes the key attributes of each of these datasets.

2.1 Homework Platform Micro Data: ASSISTments

ASSISTments is a free online homework platform in the US.> Teachers use the platform
to assign ‘skill builders’ to their students. Skill builders consist of a large pool of ques-
tions meant to practice a specific skill. When assigned a skill builder, students respond
to questions until they answer three in a row correctly. Several hints are attached to each
question; the students can consult the hints and can make several attempts at answer-
ing each question. Importantly, there is no set order to the questions a student will face,
as questions are randomly drawn without replacement from the question pool of the as-
signed skill builder.

Student-level user data includes the sequence of questions a student faced, the amount
of time spent on each question, the number of attempts made, the number of hints re-
quested, and whether they completed the skill builder by answering three questions in
a row correctly. Upon request, ASSISTments generated SES indicators by matching par-
ticipating schools to National Center for Educational Statistics (NCES) giving me school
enrollment and enrollment in free and reduced price lunch programs.

The main sample consists of 18,189 different student submissions in 691 assignments
covering twelve different skill builders that include both monetary and non-monetary

questions. These feature 1640 questions, of which 503 are coded as monetary themed.®

>ASSISTments is operated by the Worcester Polytechnic Institute’s Computer Science Department.
Though ASSISTments is not a widely used homework aid, it is partially funded by the NSF as a research
platform and assignment data is available for research purposes.

éCleaning involved limiting the sample to assignments with submissions from five or more students
as well as submissions for which the SES indicator is observed for the student and where the monetary
indicator is defined for all questions. Furthermore, though ASSISTments suggests this is rarely exercised,
teachers have the option of fixing the ordering of questions, or the ordering of question types, on an assign-
ment. To be certain that I use only randomly ordered assignments, I conducted two assignment-level tests.
I calculate the share of monetary questions that appear in the first three questions of student submissions
and compare this to the expected value based on the share of monetary questions in the skill builder, drop-
ping any assignments with a p-value <0.1 (259 of 992 assignments). I also check that monetary questions
are not correlated with a particular sequential positioning and drop assignments where this correlation is



Panel a of figure 1 shows that there is significant variation in the proportion of monetary
questions featured on student submissions and that there is also substantial variation
in the share of schoolmates receiving free or reduced price lunch, the two key sources of
variation I exploit in this dataset. Table A1 in the appendix verifies that conditional on the
assigned problem set, the proportion of monetary question a student faces on their entire
assignment and the number of monetary questions they face in the first three questions
of their assignment is random and uncorrelated with their SES indicator.

The ASSISTments data has the distinct advantage of random question ordering. This
is key to identification of attention capture effects on subsequent questions, as this al-
leviates concerns that systematic placement of questions may be impacting estimates.
Furthermore, the ASSISTments data provides insight into the learning process.

2.2 Cross-Country Exam Micro Data: TIMSS

The Trends in International Mathematics and Science Study (TIMSS) is an international
standardized test in math and science administered to a random sample of 4th and 8th
graders in participating countries.” These examinations have been taking place every 4
years since 1995. The TIMSS tests are one of the main sources reported by the World Bank
for international learning outcomes data.

The TIMSS data features question-level responses and, since 2011, most countries also
administered a parental questionnaire for the 4th grade exam which reports basic occu-
pational and educational categories of the parents. Most of these countries are middle to
high income.® T use the highest reported parental education category as my primary SES
indicator.” T also generate an indicator variable for whether the highest parental education

reported for a student falls below the national median as observed in the TIMSS data, as

significant at the 10% level (72 additional assignments). Finally, I also drop any skill builder that features
multiple part questions. To focus on students who are actually engaged in completing the assignment, time
spent on a question is coded as NA if the student spends more than 8.8 minutes (the 90th percentile) or less
than 5 seconds on a question. Outlier attempt counts beyond 8 attempts (the 90th percentile) are also coded
as NA.

’Sampling follows a stratified two-stage cluster sample design. First, a probability weighted stratified
random sample of schools is selected and then a random sample of classes is selected from within each
school. This procedure generally results in the selection of approximately 150 schools and 4000 students
per country.

8For brevity I use the term country, though exam administrators also work with regional authorities
that wish to benchmark their performance. For the 4th grade exams, 53 countries participated in 2015 and
60 in 2011, though parental questionnaires were only administered in 50 and 37 respectively. The full list of
countries is available in appendix figure Al.

Occupational categories are more difficult to compare and interpret given the cross-country nature of
this data. Nonetheless, results using highest family occupational category are broadly similar and reported
in table A5 of the appendix.



SES may be associated with different education levels in different national contexts.'” My
main sample consists of the 379,468 students for whom parental education is available.!
Each year, a student taking a TIMSS exam is randomly assigned one of 14 possible
booklets. The same booklets and questions are used in all schools. Each booklet consists
of three components: a mathematics and a sciences section, followed by the student sur-
vey, all of which are separated by short breaks. Question order within a booklet does not
vary. For my estimations I focus exclusively on the mathematics section of the exams.!

Information is available on each prompt, including prompt characteristics such as
the answer type (completed response or multiple choice), topic area and cognitive do-
main and a brief thematic descriptor.”® I flag as monetary any question whose prompt or
prompt descriptor contains terms such as ‘money’, ‘buy’, ‘sell’, “cost’, ‘pay” or ‘zeds’ (the
fictional currency used for this international exam).

Pooling the 2015 and 2011 4th grade data gives me 28 different exam booklets. On
average students face 25.32 different math questions, making each question worth ap-
proximately 4% of the math exam score, which I calculate as simply a student’s mean
performance on all of the mathematics question in their booklet."* Out of 708 questions,
44 are flagged as monetary questions and feature 14 unique prompts. Panel b of figure
1 shows that there is variation in the proportion of monetary questions featured in the
booklets as well as variation in the reported parental education categories, the two key
sources of variation I exploit in this dataset. Table A3 in the appendix confirms that book-
lets are randomly distributed to students and that there is no correlation between the SES

indicator and the share of monetary questions a student faces on their exam.

19As the national median in Honduras is for parents to have primary or no education, I set this indicator
to one for Honduran students who are at the national median in order to have a comparison group.

11469,849 students have taken the examination over the two rounds of 2011 and 2015. There is selection
into the main sample due to non-random parental non-response which is discussed in appendix Al.

2Each mathematics section consists of two blocks of prompts that permutate throughout the 14 booklets
so that each block of prompts is featured in two different booklets. For clarity throughout the remainder
of this paper, I use the term “prompt’ to refer to a unique query, while ‘question” will refer to a prompt
in a specific booklet and year. To measure time trends in learning outcomes, eight blocks of mathematics
questions get re-administered between 2011 and 2015. Thus, a unique prompt is either featured in two
questions if in a non-readministered block or four questions if in a readministered block. Figure A2 in the
appendix illustrates the structure of the 14 TIMSS booklets that could be handed to a student in a given
year.

BBTIMSS readministers prompts across examination waves and thus does not release all examination
prompts. TIMSS exams feature both multiple choice and completed response questions. Most of the ques-
tions only allow for a single correct answer, but occasionally multiple answers are considered correct and
some questions allow for partially correct answers. As a quatitative measure of 'correctness’ is not given I
do not count partially correct answers as correct.

4TIMSS exams are designed to measure the distribution of proficiency in a population rather than ac-
curately measure the proficiency of a single individual, thus the exam mean differs from the official TIMSS
achievement measure, which is generated using a complex parameterized imputation procedure.



2.3 National School Panel: ENLACE

The Mexican Evaluaciéon Nacional de Logros Académicos en Centros Escolares (ENLACE)
exams were administered throughout the country each June from 2006 to 2013. School
level subject results for all tested grades in all schools in Mexico are publicly available.
The data also includes the school’s marginalization index (1 to 5) as defined by Mex-

ico’s National Population Council.”

ENLACE examination booklets are also publicly
available. Within each booklet, I tally the total number of mathematics prompts and the
number featuring a monetary theme. Panel c of figure 1 show that there is variation in
the proportion of monetary questions featured on exams within each grade. Panel c of
tigure 1 also shows the variation in the marginalization indicator across schools, the other
source of variation necessary for my estimation.'

I use a panel of school performance for 135,307 different schools between the years
2009 and 2013."7 Because multiple grades are tested each year, the ENLACE data al-
lows me to look at heterogeneity of effect sizes by grade. Additionally, by incorporating
additional data, the panel structure of the ENLACE data allows some insight into how
estimated effects respond to income shocks.

Rainfall has been shown to generate income shocks in the Mexican context (Munshi
(2003)). I obtain the coordinates for Mexican municipalities and match these to rainfall
data.’® To focus on the effect of weather realizations that would generate a significant
productivity shock, I follow the approach used in Kaur (2019) and use data from the

Tropical Rainfall Measuring Mission (TRMM) to calculate a drought indicator for each

> Mexico’s National Population Council (CONAPO) calculates marginalization indices using a principal
components method based on percentage indicators of social exclusion collected in the census. Indicators
include illiteracy, incomplete primary education, lack of running water, sewage systems, electricity, dirt
floors, household overcrowding, geographic isolation, and low incomes in employment. Further details are
available at http:/ /www.conapo.gob.mx. Although the marginalization index does not change over time
for most schools, the index changes for a small share of schools with CONAPO'’s scheduled recalculation of
the indicator. To simplify interpretation and presentation of the results I opt to maintain the discreet nature
of this index and treat this index as time invariant, calculating the average for each school and rounding to
the closest index category.

16The histogram of school marginalization in panel c of figure 1 does not weight school observations by
the number of students. When weighted, the median student attends a very advantaged school so for this
analysis, schools that are not very advantaged are coded as below median.

17In many schools, examinations were administered in several sessions throughout the day. Performance
data is reported for each session. I construct a single school level subject result for each grade by calculating
a weighted average of the performance in the different sessions using the number of tested students as
weights. Though some data is available for the earlier years, the number of examined students is not
included in the 2006 and 2007 data. Furthermore, the data in 2008 does not disaggregate performance by
subject. Analysis is thus focused on the years 2009-2013. Finally, in 2011 two different test booklets were
used for the 3rd and 4th grades in certain regions. As the data does not indicate which booklet was used,
these observations are also dropped from the final dataset.

Municipality coordinates are available from the Instituto Nacional de Estadistica y Geografia (INEGI).



examination year.' The drought indicator is set to one if the cumulative rainfall in the
previous agricultural season (July-February) falls in the lowest decile of a locality’s rain-
fall realizations between 1998 and 2018.

3 Impacts of Financial Salience on Aggregate Performance

I begin by presenting student-level estimations that look at how the variation in the pro-
portion of monetary questions featured on an exam impacts performance. I find that
more financially salient exams differentially depress the exam scores of lower SES stu-
dents and that this effect is responsive to income shocks. I also identify that lower SES
students have to exert differentially greater learning effort when faced with more finan-

cially salient homework assignments.

3.1 Impacts in Examination Settings: TIMSS

For the estimation using the TIMSS data, I exploit the random assignment of test booklets
to students and the variation in the number of monetary questions between booklets.
The effect on a low SES student of receiving a financially salient booklet is estimated

as follows,

Eib = @1 -+ @QLOU)PZ' + @3LO’LUPZ' * PM[, + Kp + C; + €ps, (1)
5 5
Eib291Jrzezppi+293p3*PMb+/€b+Ci+€bi- ()
p=2 p=2

I regress standardized exam scores (Ej,) on the SES indicator and the interaction be-
tween the SES indicator and the proportion of monetary themed questions (PM/,) fea-
tured in the randomly assigned booklet (b).* For the TIMSS estimations, I use an in-
dicator for whether the reported parental education category is lower than the national
median (LowP;) as observed in the TIMSS data in equation 1 or parental education cate-
gory dummies(F;) as specified in equation 2. I also include booklet fixed effects (x;) and
country or class fixed effects (¢;) as controls.?!

YSpecifically, I use the TRMM Multi-Satellite Precipitation Analysis (TMPA) Rainfall Estimate Product
3B43 Version 7, which merges satellite and gauge data to generate a monthly estimate on a 0.25° by 0.25°
spatial resolution.

20Exam scores are calculated as the mean performance on the questions in the question-level data. These
are then standardized to generate the z-score for each observation.

ZSince students are randomly assigned to exams, I do not cluster these standard errors. The main results
are robust to clustering at the booklet level as illustrated in appendix table A6.



Results are reported in table 2. Estimates of O3 in columns 1 and 3 imply that a 10
percentage point increase in the share of monetary questions featured on an exam differ-
entially depresses the performance of students whose parental education falls below the
national median, by 0.026 standard deviations. Note that on the TIMSS exams the propor-
tion of monetary questions featured in a booklet ranges from 0 to 0.217. Columns 2 and 4
show that this effect is negatively related to parental education, with the largest effect for
the most disadvantaged students. Columns 3 and 4 include classroom fixed effects. The
addition of classroom fixed effects does not significantly change the magnitudes of the O
coefficients of interest, although the overall variation in performance due to parental ed-
ucation levels as estimated by O, is significantly smaller within a classroom than within
a country. This is likely due to selection across schools.

The magnitude of the effect of monetary questions is not small. It is informative to
compare this effect to the general performance gap between these students as measured
by the ©, coefficients. The 0.026 standard deviation decrease resulting from a 10 percent-
age point increase in the proportion of monetary questions is equivalent to about 6% of
the within-country performance differential between students whose parental education
is at or above the national median and those below. This increases to about 10% when

considering the within classroom performance differential.

3.2 Impacts in Examination Settings: ENLACE

I apply a similar estimation approach to the ENLACE exam data,

Esgy = @1 + @QLO’U)ZS * Png + Rgy + Tsy + Esgys (3)
Eyy =01+ Y 02.Z, % PMy, + tig, + oy + €5y, (4)
z=2

I regress the standardized school average for each grade and year (E,,;) on SES in-
dicators interacted with the proportion of questions on that grade’s exam that featured a
monetary theme that year (PM,,).?* Here, SES indicators include an indicator for whether
a school’s marginalization index falls below the national median (LowZ;) in equation 3
or the school marginalization index dummies (Z;) as specified in equation 4. I include
a grade by year fixed effect (x,,) to control for overall difficulty of each particular exam
booklet and school by year fixed effects (7;,) to control for local shocks that might af-
fect overall performance in a school. In some specifications, I also add a grade by school

fixed effects (pgy,) to control for time invariant performance of a grade in a school. As ex-

22The standardization of the school averages is weighted by the number of students who took the exam.



ams booklets are assigned at the cohort level, standard errors are clustered at the booklet
(grade by year) level.

Results are reported in table 3 and are qualitatively consistent with the results using
the TIMSS data. Students in disadvantaged schools see their mathematics exam scores
further depressed when more monetary questions are featured on the exam. As illus-
trated in panel b of figure 1, the percentage of monetary questions featured on an exam
can vary by up to 18 percentage points within a grade level. These estimates suggest that
a 10 percentage point increase in the share of monetary themed questions differentially
reduces performance in below median schools by 0.023 standard deviations and up to
0.126 standard deviations in very disadvantaged schools. The overall performance gap
between above and below median schools is 0.43 standard deviations. Thus the effect of
a 10 percentage point increase in monetary salience represent about 5.3% of the overall

performance gap.

3.3 Impacts in Examination Settings: Response to Income Shocks

In addition to confirming the TIMSS results, the ENLACE panel allows me to observe
how the estimated effects respond to fluctuations in income. In the context of Mexico,
drought conditions have been shown to generate economically significant income varia-
tion (Munshi (2003)). To consider whether annual income variation impacts this effect, I
add the relevant interaction terms with the drought indicator.

Results are reported in table 4. Student performance fluctuations in response to in-
come shocks are consistent with the hypothesis that income scarcity amplifies the neg-
ative effect of monetary questions on exam performance. The coefficients in the first
row, show that students in below median schools perform worse on exams that feature
a higher percent of monetary questions. Coefficients reported in the second row, show
that this negative effect on exam scores is amplified, such that it more than doubles in

magnitude in below median schools during drought years.

3.4 Impacts in Examination Settings: Effect Size by Grade

The ENLACE data reports exam performance in a school for each grade between the 3rd
and 9th grades. I investigate the grade heterogeneity in effect sizes by adding the relevant
interaction terms with the indicators for the k grades.

Results are displayed graphically in figure 2 and reported in table A7 of the appendix.
Figure 2 suggests that the the negative impact of financially salient questions on the exam

performance of students in disadvantaged schools generally increases as they progress

10



through the grades within a school. The negative impact reaches it’s largest magnitudes
in 6th and 9th grades which are the terminal grades for elementary and junior secondary
schools. The transition from elementary to junior secondary school, between 6th and 7th
grade, is associated with a break in the overall trend as there is substantial selection and
sorting of the students who enter into junior secondary school. Note that selection of stu-
dents and differences in the topics tested across grades complicates across grade compar-
isons. Nonetheless, this is suggestive evidence that the magnitude of the negative impact
of financially salient questions on the exam performance of students in disadvantaged

schools generally increases as they progress through the grades within a school.

3.5 Impacts on Learning: ASSISTments

In this section, I present evidence that monetary questions also affect the learning process.
Open any elementary school level math textbook and you will invariably find monetary
themed examples being used to teach mathematical concepts. Thus, the same mechanism
that depresses exam performance may also affects learning and skill acquisition. Using
the user data from the ASSISTments homework platform, I find that lower SES students
must exert differentially more effort to complete an assignment when their assignment
features a greater proportion of monetary themed questions.

When assigned a skill builder by their teachers, students must log in and answer ran-
domly selected questions from the skill builder’s question pool until they answer three
correctly in a row, at which point the system registers that they have mastered the assign-
ment. For each student, I calculate the proportion of monetary questions they faced on
their assignment as well as the mean number of attempts and hints they requested per
question and the total time spent on their submission.

In the following estimations, I use the assignment (a) data for all students (i) who face
at least three questions and have complete question-level data to estimate the effect of the

proportion of monetary questions on several different dependent variables (Y;,),

}/;a =a1 + QZPFRS * PMia + OZBPMia + Cac + €ia- (5)

I am interested in «y, the interaction between the proportion of students in the school
receiving free or reduced price lunch (PFR,) and the proportion of questions the student
faced that feature a monetary theme (PM,,), controlling for the proportion of monetary
themed questions, and an assignment by class fixed effect (c,.), which captures the gen-
eral performance of students in that class on the assignment.

I estimate the likelihood of mastering the assignment using both a conditional logit

11



and a linear probability model. Next, I restrict the data to students who master the assign-
ment and are actively engaged throughout the assignment and run the same estimation
on other dependent variables that capture learning effort: the total time spent on the as-
signment, the number of questions the student answered, the mean number of hints they
requested per question and the mean number of attempts they made on each question.?
Results are presented in panel 1 of table 5.

Because the number of questions a student answers on the assignment is not fixed, one
may be concerned that high performing students who only need to answer three ques-
tions to complete the assignment are more heavily represented in the upper and lower
tails of the distribution of PM,,. To address this, equation 5 is also estimated using the
number of monetary questions that appear in the first three questions of the assignment
as the explanatory variable. Panel 2 of table 5 reports these results.

Estimates of a, using these two approaches are broadly consistent with regards to
learning effort but do present slightly different resuts on how monetary questions affect
mastery of the assignment. Panel a estimates of o, and s in the first two columns suggest
monetary questions have a positive impact on the likelihood of mastering the assignment
for students in both advantaged and disadvantaged schools. Estimates in panel b suggest
a positive impact in more disadvantaged schools (though the conditional logit estimation
of ay is not statistically significant). Thus these questions may present some learning
advantages to students, and possibly for low SES students in particular. This is interesting
given the learning effort estimates of o, and a3 in the remaining columns. Results in both
panels a and b suggest that monetary questions lower required learning effort for students
in more advantaged schools, but this reduced effort is offset and even an effort increase,
for students in schools where more students receive free and reduced price lunches.

The mean value of the percent of students in the school receiving free or reduced price
lunch is 0.25 while the minimum value is 0.01 (close to PF'R; = 0) and the maximum is
0.95 (close to PF' R, = 1). From panel a, when PF R, = 0, a 10 percentage point increase in
the proportion of monetary questions a student faces decreases the number of questions
a student has to answer by 0.065 (-0.024 sd), decreases the time spent on mastering the
assignment by 6.85 seconds (-0.02 sd), decreases average hints requested by 0.017 (-0.022
sd) and average attempts are reduced by 0.011 (-0.023 sd). At the mean (PF'R; = 0.25),
these vales are -0.039 (-0.014 sd), -2.06 (-0.006 sd), -0.007 (-0.009 sd) and -.005 (-0.01sd)
respectively. However, in a school where all students receive free or reduced price lunch,
much like the most disadvantaged school in the data, PF'R, = 1 and the number of ques-

2] define active engagement as students whose time spent on each assigned problem falls between 5
seconds and 8.8 minutes (the 90th percentile).
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tions a student has to answer increases by 0.039 (+0.014 sd), the time spent on mastering
the assignment increases by 12.32 seconds (+0.035 sd), average hints requested increases
by 0.026 (+0.034 sd) and average attempts increase by 0.012 (+0.0025 sd). Results in panel
b are comparable.? Thus, when comparing two classmates completing the same assign-
ment, the student who randomly faces a larger share of monetary questions does not need
to exert as much effort to complete the assignment in the wealthier schools. By contrast,
in the more disadvantaged schools, a larger share of monetary questions increases the
amount of effort students must exert to complete their assignment. The estimates of
suggest low SES students may find these questions both differentially harder (columns
3-6) and, possibly, more engaging (columns 1-2). These results are consistent with the
findings using the TIMSS and ENLACE data. The results on effort suggest that mone-
tary questions would impact lower income students’ performance when placed under a
time constraint, or when hints and multiple attempts are not possible as is common in

examination settings.

4 Identifying Attention Capture

The evidence above shows a differential impact of monetary questions on exam perfor-
mance and learning effort. We have not yet clearly identified evidence of an attention
capture effect. Monetary questions may differ from other mathematics questions. They
may be used to test different skills in which low SES students face a disadvantage. Or,
the effects may be entirely driven by the fact that monetary questions are more difficult
for low SES students as they may have fewer opportunities to engage in monetary trans-
actions. When focusing on a highly selected sample of low income children working as
shopkeepers in informal Indian markets, and thus with substantial experience in mone-
tized transactions, Banerjee et al. (2017) find evidence of improved performance on alge-
bra questions that are framed monetarily as compared to their abstract equivalent. This
experience mechanism may be an important component of the aggregate estimates pre-
sented earlier. In the remainder of this paper, however, I focus on identifying the distinct
impact of an attention capture of poverty mechanism to show that the cognitive effects of
poverty, which have been studied in experimental settings using results on psychological

24Results in panel b are similar since at the mean, an additional monetary question increases the share of
monetary questions on an assignment by .21 percent. In the most advantaged schools, facing one additional
monetary question in the first three questions of the assignment lowers the number of questions a student
has to answer by -1.186 (-0.068 sd), time by 13.3 seconds (-0.038sd), mean hints by 0.059 (-0.078 sd) and
mean attempts by 0.038 (-0.078 sd). In the most disadvantaged schools, these values are 0.074 (+0.027 sd),
28.64 (+0.082 sd), 0.0528 (+0.07 sd), and 0.0445 (+0.091 sd) respectively.
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tests, have an impact on exams scores, a policy relevant metric.

In the following sections, I exploit the itemized question-level responses of the AS-
SISTments and TIMSS data to show evidence of an attention capture mechanism. This is
done by showing differential performance on non-monetary questions that happen to be
positioned after monetary questions. This strategy is illustrated by figure 3 which uses
question-level response data from TIMSS to plots the event study coefficients where the
‘event’ is encountering a monetary question.” Figure 3 shows that low SES students ex-
perience a drop in correct responses on monetary questions, as well as a continued effect
on subsequent questions, which I interpret as evidence of an attention capture effect due
to the stress and inattention generated by monetary salience.

Though suggestive, the non-random ordering of questions in the TIMSS data compli-
cates identification. To clearly identify an attention capture effect, I work with the ASSIST-
ments data, as question order is random on ASSISTment assignments. First, in section 4.1
I exploit the precise thematic content of skill builders and the large number of questions
to conduct a matching exercise, ruling out the possibility that effects are driven solely
by monetary questions being used to test different skills. Next, in section 4.2 I use the
random ordering of questions to clearly identify attention capture effects by showing a
lagged effect of monetary questions on subsequent questions. This impact on subsequent
questions, which are not themselves monetary themed, shows that higher SES students
being more familiar with monetary topics cannot explain the entire effect estimated using
the aggregate data and that an attention capture effect is operating. Alternative expla-
nations are also considered and ruled out. Finally, section 4.3 shows that this finding is

generalizable, as similar results on subsequent questions are found in the TIMSS data.

ZFigure 3 plots estimates for coefficients mo; from the following estimating equation that will be dis-
cussed in detail in section 4.3:

10
Ciqg=m + Z mor(Ty = t) ¥ LowP; + pg + 1 + ... + €iq 6)
t=—6,t£—1

Cq 1s an indicator of a correct response. Ty, is a question’s position relative to the monetary question which
is interacted with LowP;, an indicator of parental education being below the national median. y, is a
question fixed effect and 7; an individual fixed effect. Additional fixed effects include the same fixed effects
used in my preferred specification in column 3 of table 8 which are discussed in section 4.3: Below median
by difficulty, below median by sequence, below median by country by question type and below median
by country by question topic. Standard errors are clustered at the student-level. Questions more than
5 questions prior to or 9 questions subsequent to the monetary event are binned together and coded as
-6 and 10. This event study specification is estimated on the subset of TIMSS booklets that feature one
(or two consecutive) monetary questions so as to have clearly defined pre and post periods since many
TIMSS booklets (and ASSISTment assignments) feature multiple monetary ‘events’ complicating this type
of specification. This subset of data covers 19 of the 24 TIMSS booklets that include monetary questions.
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4.1 Controlling for Question Characteristics: Matching

Column 1 of figure 4 shows how question-level performance and effort metrics vary by
the percent of students on free and reduced price lunch in a school based on whether
a question is monetary themed or not. These plots suggest that at all levels of free and
reduced price lunch shares, the monetary questions in the ASSISTments skill builders are
easier for students. However, consistent with the estimates in section 3.5, this effect is
smaller for students in disadvantaged schools. In schools where few students receive free
or reduced price lunch, students are more likely to answer monetary questions correctly
and request fewer hints, make fewer attempts, and spend less time on these questions.
For students in schools where most students receive free or reduced price lunches, the
advantages presented by monetary questions are much smaller if not nonexistent.
Column 1 of figure 4 is constructed using all of the questions in the ASSISTments data.
An important concern may be that monetary questions are used to test a very different
set of mathematical skills in which low SES students are disadvantaged. For instance,
these questions may be more likely to test numerical operations rather than geometric
reasoning. While this is undoubtedly the case in most settings, including in the ENLACE
and TIMSS exames, it is worth noting that the ASSISTments skill builders are very nar-
row in thematic content, as teacher use them to practice very specific mathematical skills
such as ‘Finding the Whole from the Percent and Part in a Word Problem’ or ‘Percent
Increases and Decreases’. Nevertheless, one may still be concerned that monetary ques-
tions require a different skill set. These questions may involve more reading than, for
instance, algebraic formula problems. To address this concern, within each skill builder
I match monetary themed questions to almost identical non-monetary questions. Ques-
tions are matched if they are formulated similarly, require similar reading and vocabulary
skills, and involve the application of the same mathematical process.”® Figure A2 of the
appendix shows two examples of matched monetary and non-monetary questions.
Column 2 of figure 4 plots the performance metrics by the share of students receiving
free or reduced price lunch and monetary theme for the matched sub-sample. Note that
restricting the data to matched questions significantly reduces sample size from 106,805 to
26,342 question observations. Nonetheless, column 2 of figure 4 shows that performance
on these matched questions is very similar for students in the most advantaged schools.
Monetary and non-monetary themed questions are about equally likely to be answered
correctly and require about the same number of hints and attempts, though the mone-

tary questions do appear to take a little longer. For students in the most disadvantaged

*Twelve matched question groups are identified.
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schools, the differences are much more substantial. They are much less likely to answer
the monetary questions correctly and require more hints and attempts, and differentially
more time.

To formally estimate the difference between matched monetary and non-monetary
questions, I estimate the following,

Yig =71 + 2 PFRs % M, + v3M, + Seqiy + msq; + €. (7)

I regress question-level performance metrics (Y;,) on the interaction between the pro-
portion of students in the school receiving free or reduced price lunch (PFR;) and an
indicator for monetary themed questions (},) controlling for the monetary indicator and
sequence position (Seg,,). I include a school by matched question group fixed effect ms,;.
This fixed effect is important as it restricts my variation so that I am comparing student
performance within a school on questions that are nearly identical except for their the-
matic content. Question-level performance metrics include whether the student answered
the questions correctly, how many hints were requested, how many attempts were made,
and the time spent on the question.?”

Results are reported in table 6 and reflect the pattern observed in column 2 of figure
4. Estimates for v; in the second row show small differences in performance on mone-
tary questions in the most advantaged schools, consistent with those observable in col-
umn 2 of figure 4. The ~, coefficients for the different effort metrics, reported in the first
row, are consistent with under-performance and increased effort on monetary questions
for lower SES students, as compared to the performance of their schoolmates answering
highly similar non-monetary themed questions. In a school where all students received
free or reduced lunch, students are 5% less likely to answer the question correctly (-0.11
sd), request 0.57 more hints (+0.27 sd) make 0.14 more attempts (+0.1 sd) and require 42
more seconds (+0.47 sd) to answer the question as compared to classmates responding
to a similar non-monetary themed question. This is evidence that under-performance on
monetary questions by low SES students cannot be fully explained by the possibility that
monetary questions require a different set of mathematical or question answering skills
beyond those implied by their topical content.

%7 ASSISTments does occasionally report quantified partial credit; however, most of the data is either a 0
or 1.
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4.2 Evidence of Attention Capture

The evidence presented in table 6 shows that monetary themed questions present a greater
challenge to students in disadvantaged schools. This evidence, however is insufficient to
clearly identify attention capture. Students in lower income households may not have
as many opportunities to apply mathematical skills to monetized situations. They may
be less likely to receive an allowance with which they can make purchases or they may
be less likely to be put in charge of making small purchases in a shop or market where
they must collect change. This explanation could lead to under-performance on mone-
tary questions and generate the pattern of results in table 6 and in the aggregate effects
estimated in section 3. Attention capture cannot be disentangled from this possible ex-
planation by looking only at performance on the monetized questions.

If non-negligible, the attention capture effect can be identified by looking at perfor-
mance on subsequent questions. These questions are not monetary themed but are poten-
tially affected by the attention capture effect generated by the preceding monetary ques-
tion. The randomized ordering of questions in the ASISSTments data can be exploited to
identify whether there is such a lagged performance effect on subsequent questions for
low SES students, as random ordering alleviates any concerns that question placement
might be based on question unobservables.

I leverage this randomized ordering to identify the attention capture effect by compar-
ing the performance of students in the same school on a question when it is placed sub-
sequent to a monetary question versus when it is placed after a matched non-monetary
question. I estimate the following,

Yig = B1 + B2 PF R, * Postiq + B3Posti, + BaSeqiq + BsSeqig * PF Ry +myg,, + Vgs + €iq.
8)

I regress question-level performance metrics (Y;,) on the interaction between the pro-
portion of students in the school receiving free or reduced price lunch (PFR;) and an
indicator for being placed subsequent to a monetary themed question (Post;,). I include
controls for the question sequence position (Seg;,) and the differential effect of question
sequence position (Seg;, * PF R,) as well as a fixed effect for the leading matched group of
questions (m,,,.) and a question by school fixed effect (v,,). These fixed effects allow me
to compare the performance of students in the same school on the same question when it
is placed after a monetary themed question or a very similar non-monetary question. To
avoid having to consider the effects of repeated exposures, I limit my sample to questions
that are positioned between the first and second matched question a student encounters
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and no more than 4 questions after the first matched question.?® Results are reported in
the first four columns of panel a of table 7. To address the possibility that there may be
selection as students complete their assignments, I add the relevant interactions in panel
b to identify the effect within the first three assignment questions.”

Results are consistent with an attention capture effect. Compared to their peers an-
swering the same question, students in lower SES schools are less likely to answer a ques-
tions correctly, require more hints and attempts and spend more time on a question when
it is randomly positioned after a monetary themed question versus after a similar non-
monetary themed one. This stands in sharp contrast to the effect of monetary questions
on students in more advantaged schools. These students experience reduced effort and
better performance on questions subsequent to monetary themed questions suggesting
that these questions are particularly effective learning tools in the high SES schools. Es-
timates in panel a show that for students with PF'R, = 0, a question positioned after a
similar monetary question is 7% more likely to be answered correctly (+0.16 sd), requires
0.412 fewer hints (-0.17 sd), 0.156 fewer attempts (-0.1 sd) and 6 seconds less (-0.06 sd).
In panel b these values are similar at 8%, 0.441, 0.145 and 8 seconds respectively. In con-
trast, in a school where PF' R, = 1 a question positioned after a similar monetary question
is 5% less likely to be answered correctly (-0.1 sd), requires 0.291 more hints (+0.12 sd),
0.097 more attempts (+0.06 sd) and 33 seconds more (+0.34 sd). The magnitude of the
estimated effect size is about twice as large in panel b at 9%, 1.044, 0.2 and 55 seconds, re-
spectively, consistent with a larger effect on questions that follow the monetary question

more closely.

4.2.1 Robustness: Cognitive Fatigue

Because of the randomized question order in the ASSISTments data, the lagged effect of
a monetary question on subsequent questions must be due to their positioning relative
to a monetary question. There is a possible alternative mechanism to the attention cap-
ture explanation. If low SES students find monetary questions differentially difficult, this
might affect their performance on subsequent questions if they are differentially fatigued
when they face them. This explanation could yield the same results estimated above but

the underlying explanatory mechanism would be subtly different.

22More formally, let Seg,; be the position of question ¢ in student ¢’s sequence of questions. Segas1; and
Seqar2; are the positions of the first and second matched questions faced by student 4. I subset the data to
observations where Seqa1; < Seqqi < Sequo; and Seqq; < (Segarn; + 4). Four questions are considered as
the estimates plotted in figure 3 suggest this is where effects would be concentrated.

2Recall that three questions must be answered correctly consecutively in order to complete and assign-

ment.
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To distinguish attention capture from fatigue effects, I create an SES group specific
measure of lagged difficulty. I use the SES indicator to categorize students into quartiles
and then calculate the mean time spent by students in each quartile on the preceding
matched questions. This measure of differential difficulty of the preceding question is
added as a control to the estimation strategy used in equation 8.

Columns 5-8 of table 7 present the results of this estimation. Controlling for the dif-
ferential difficulty of the leading matched question does not meaningfully alter the coef-
ficients or significance levels of the coefficients of interest, supporting the hypothesis that
an attention capture mechanism is driving these results.

4.3 Confirming Attention Capture in Cross-Country Examination Data

The randomized ordering used on ASSISTments skill builders allows the estimation of
the effect on subsequent questions without the concern that placement after a monetary
question may correlate with some question unobservable that differentially depresses low
SES student performance. Nevertheless, ASSISTments is a small platform used primar-
ily in the United States. I examine the TIMSS itemized question-level data to consider
whether this effect on subsequent questions is generalizable to an examination setting
and a cross-county dataset. I find results consistent with an attention capture effect in the
TIMSS data as well.

I exploit the itemized TIMSS student-level micro data to compare an individual stu-
dent’s performance on monetary and subsequent questions to their performance on other
mathematics questions to see whether a pattern consistent with an attention capture effect
is also present in the TIMSS data.

To do so, I estimate the following,

Cig = N + AsLowP; + My + AsLowP; x Posty + fug + 1 + €4 )
5 5
Cig =M+ > ApPix My+ > N3P Posty + g+ i + €qi. (10)
p=2 p=2

I regress an indicator for a correct response (C;,) on the interaction between an SES in-
dicator (having a parental education level below the national median (LowF;) or parental
education category dummies(F;)) and the monetary indicator (1/,) as well as the post-
monetary indicator (Post,) for the four questions directly subsequent a monetary ques-

tion.3® All specifications use student (n;) and question (y,) fixed effects to control for

The lag effect is tracked on four subsequent questions as results presented in illustrated in figure 3
show that this is where the effect is concentrated.
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student and question unobservables. Note that because the sequence of TIMSS questions
is fixed within a booklet, question fixed effects directly capture the effect of placement
within a booklet.

Results are reported in table 8, columns 1 and 2. Students with above median edu-
cated parents (column 1) or with university educated parents (column 2) are the omitted
categories. Both sets of A, and Aj coefficients are of interest. As on the ASSISTments
platform, lower SES students’ performance is differentially depressed on monetary ques-
tions and the questions that follow them. Furthermore, the sets of A\, and A3 coefficients
are negative and inversely related to parental education, indicating a larger effect for the
most disadvantaged students.

Though the results in columns 1 and 2 are consistent with attention capture, because
question ordering on the TIMSS exam is not randomized across students, there is a con-
cern that subsequent questions may systematically cover different mathematical skills or
topics that correlate with differential performance in a way that is unobservable. Though
we cannot use the TIMSS data as conclusively as the ASSISTments data to identify at-
tention capture effects — because of the non-random ordering of questions — there are a
number of approaches that can be applied to improve these estimates.

I begin by comparing question observables by question type. TIMSS disseminates
some information about each prompt on the exam, including a topical descriptor, the
question type of the prompt, the topical area the prompt is designed to test and the cogni-
tive domain exercised by the prompt. Comparisons of observable prompt characteristics
across the question indicators of interest are illustrated in figure A3 of the appendix. Un-
surprisingly, monetary questions differ in topical content, in that they are never used
to test geometry topics, which represent almost half of the other questions. The four
questions that follow monetary questions, however, do not share the unifying monetary
theme and have a distribution of question characteristics that is broadly similar to the
other questions in the TIMSS booklets.

I use these question observables to augment the controls used in equation 9 with fixed
effects designed to capture differential performance due to placement,® difficulty,?*> ques-

tion type and topic.®> Columns 3 and 4 of table 8 give estimates of equations 9 and 10

3T include parental education by sequence fixed effects, where sequence is a constructed categorical
variable indicating if a question is featured in the first five questions of the exam, second five and so forth.

321 include parental education by difficulty fixed effects, where difficulty is a constructed categorical
variable that uses the mean performance on a question by students with university educated parents to
categorize questions into 20 difficulty bins.

3Parental education by country by topic and parental education by country by question type address
the possibility that certain education systems may differentially prepare students in different mathematical
topics or use different testing methods.
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using these additional fixed effects. Adding the additional controls does not change the
qualitative features of the estimates. There is a small impact on the magnitude of the
estimated effect, which actually becomes more pronounced.

One may be concerned that the effect stems from differences in teaching patterns be-
tween more advantaged and disadvantaged classrooms. In columns 5 and 6, class fixed
effects control for classroom performance on the questions of interest. These controls
do not change the qualitative features of the estimates, though the magnitude of the esti-
mates is slightly reduced. Parental education still has explanatory power for performance
on these questions, even controlling for class performance on them.

My preferred specifications are those in columns 3 and 4. Aggregated as in table 2,
these estimates suggest that each additional monetary question featured on an 25 ques-
tion exam would depress the score of a student whose parents have an education level
below the national median by 0.191 percentage points or about 0.008 standard devia-
tions compared to students whose parents have an education level above the national
median.** Since each question represents about 4% of the mathematics section, this is
equivalent to a 0.02 standard deviation decrease for a 10 percentage point increase in the
share of monetary questions, which is consistent with the estimates in table 2. As these
exams can feature up to five monetary questions in a single booklet, this could amount to
an exam score impact of 0.04 standard deviations for students given a monetary intensive
booklet who have below median parental education, and up to a 0.063 standard deviation
decrease if their parents have a primary education or less.

I explore different combinations of the above fixed effects in table A8 of the appendix.
Though the magnitude of the estimated effects is somewhat sensitive to the choice of
tixed effects, the effect on both monetary and subsequent questions remains negative and
statistically significant in all estimations. Table A9 in the appendix investigates whether
unanswered questions, which are coded as incorrect in the estimations above, could be
driving the effects. Interestingly, low SES students seem to be slightly less likely to leave a
monetary question, or subsequent questions, unanswered. The possibility that this effect
is driven by cognitive fatigue, as discussed in regards to the ASSISTments data in section
4.2.11s also explored in appendix A2 by controlling for the differential difficulty of leading
questions and running placebo estimates. Additionally, a simpler econometric estimation

on question aggregates that confirms these results is discussed in appendix A3.

3Since each question is worth approximately 4% of the exam score, using the estimates from column
3, I calculate the direct effect as —1.207 * 0.04 with an additional effect on four subsequent questions of
—0.891 % 0.04 * 4 for a total of 0.193 percentage points or about 0.008 standard deviations as the standard
deviation of the exam scores is 23.56.
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5 Implications for High Stakes Exams

Performance differences on high stakes entrance exams can significantly affect access to
secondary and higher education and thus to economic opportunities. If questions on high
stakes examinations put vulnerable students at a disadvantage, these tests could aggra-
vate socio-economic disparities in access to education. As monetary questions are regu-
larly featured on high stakes exams, the effects identified in this paper have the potential
to significantly impact the educational opportunities of low SES students.

Using available information about high stakes tests, I am able to project my estimates
onto high stakes exam scores and simulate the potential impact on access to further edu-
cation.®® The scholastic assessment test (SAT) is an important component of student ap-
plications to universities in the United States. A survey of current official practice exams
suggests that monetary questions are regularly featured on the exam and can account
for up to 20% of the questions on the quantitative section of the SAT.*® Using the esti-
mates in table 2 and official assessment statistics, a 20 percentage point reduction in the
share of monetary questions on the SAT could improve expected performance by students
with below median parental education levels by 6 points (0.052 standard deviations).?”
This represents about 7.2% of the quantitative section’s performance gap between these
groups.

In the US, SAT scores are generally only one of many components in a complex ad-
mission process. It is thus difficult to anticipate exactly how a change in score would
affect access to higher education beyond the prediction that it would make access more
equitable. Globally, though, there are many high stakes exams where scores are the sole
determinant of eligibility for further education. In the following sections, I use my es-
timates from the TIMSS and ENLACE exams to generate counterfactual exam scores on
Mexico City’s high school entrance exam and use these counterfactual scores to simulate

how the change in exam scores would affect student allocation.

%] cannot identify effects using a high stakes exam for two reasons. First, most high stakes entrance
exams use only one examination booklet per examination wave, making it difficult to control for contem-
poraneous shocks that might differentially affect different socio-economic groups. Secondly, administered
booklets and itemized question data are not generally available.

%Ten official practice tests for the SAT were accessed on the college board website in September 2019.
Monetary questions on these practice tests ranged from 8.6% to 20% of the questions on the quantitative
portion of the exam with a median of 13.8%.

%The SAT’s 2018 Annual Report shows a standard deviation of 114 points on the quantitative section.
This report also shows performance by parental education categories that can be used to determine that
the median level of parental education of test takers was a bachelor’s degree. The mean quantitative score
for students with below median levels of parental education was 495, while the mean score for those with
parental education at or above the median level was 578.
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5.1 Simulating Effects on Mexico City’s High School Entrance Exam

A consortium of public schools in Mexico City known as the Comisién Metropolitana de
Instituciones Publicas de Educacion Media Superior (COMIPEMS) uses competitive cen-
tralized admissions. All ninth graders wishing to attend one of these schools submit a
ranked list of up to 20 high school programs and then take a comprehensive standard-
ized exam. After exams have been scored, students are ranked and assigned to schools
according to a serial dictatorship mechanism (see Abdulkadiroglu and Sonmez (2003)).

The COMIPEMS exams consists of 128 multiple choice questions covering mathe-
matics, Spanish, history and the natural sciences and is administered to about 250,000
students each year. Though I do not observe the exam booklets, practice COMIPEMS
mathematics questions do feature monetary themed questions. I use data from the 2004
and 2005 COMIPEMS entrance exam in which I observe student rankings of preferred
high schools and performance on the COMIPEMS exam in the different subjects. I also
observe parental education levels and current junior high school, which I match to the
school marginalization levels reported in the ENLACE data.

I use two approaches to consider how a 10 percentage point decrease in the share of
monetary questions would change the scores of students on the mathematics portion of
the COMIPEMS test. The first uses the estimates derived from the ENLACE data in col-
umn 4 of table 3 to simulate a new counterfactual mathematics score, calculate their new
counterfactual COMIPEMS score and then generate a new counterfactual ranking of the
students.® The second approach is similar but uses parental education and employs the
estimates from column 2 of table 2. The difference between actual and simulated counter-
factual math scores and the mean difference between the actual and counterfactual rank
for students in each SES category using these two different SES indicators is reported in
table 9.

The effect of a 10 percentage point decrease in the share of monetary questions im-
proves the performance of disadvantaged students on the mathematics portion of the
exam. The gap in mean performance between the highest and lowest SES group is re-

3BThese estimates suggest that a 10 percentage point decrease in the share of monetary questions should
increase the mean score of students in very disadvantaged schools by 0.126 standard deviations. The math
portion on the COMIPEMS had a standard deviation of 5.12 points in 2004 and 5.26 points in 2005. Because
scores on the COMIPEMS use round numbers only, I use these values to generate a random binomial and
add 1 point to the math COMIPEMS score of randomly selected students in very disadvantaged schools
such that their aggregate performance on the mathematics section is improved in a manner consistent with
the ENLACE estimate. I repeat the same procedure for students at each marginalization level using the
relevant estimates. Exam scores are not adjusted for the substantial number of students with a missing SES
indicator making the outcome of this simulation conservative. If a substantial share of these are low-SES
students, there would be more movement in the allocation of students.
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duced by 3 to 20% on the mathematics section, depending on the SES indicator used.*
Because the mathematics section covers only 20% of the exam, the effect on aggregate
exam scores is proportionally smaller.** Once ranked using the counterfactual scores, the
ranking of students in disadvantaged groups improves, at a cost to those in the more
advantaged groups.*!

5.2 Mexico City’s High School Placement Algorithm

Students in Mexico City are assigned to high schools according to a serial dictatorship
mechanism. High schools first set the maximum number of students they will accept.*?
Students who fail to score above 30 or who fail to complete middle school are disqualified
from attending high school. The remaining students are placed based on their ranked
exam performance and the list of preferred schools students submit prior to taking the
exam. A computer program proceeds through the ranked list of students, starting with
the highest scoring, and allocates student to their top-ranked school with open seats re-
maining. If no seats remain at any of the schools a student listed, the student is unas-
signed. After the first assignment process, unassigned students undergo a secondary
selection process that allocates them to remaining openings (Dustan et al. (2017)).
Following these rules, I replicate the placement algorithm used by the COMIPEMS’s
centralized admission system. Because I observe the school to which each student was
actually assigned, I can verify that high school placement in Mexico City actually follows
the rules described above.** My replication of the placement algorithm perfectly repli-
cates actual student assignment when I use the students” true exam scores. I can thus

accurately simulate student placements using my simulated counterfactual rankings.

¥Mexico City is relatively wealthy compared to much of Mexico and the vast majority of test takers are
attending junior high schools that are considered very advantaged on the national scale.

0T only simulate the effect of monetary questions on the mathematics portion of the exam as this paper
has focused on mathematics, and all of the estimates are derived using mathematics questions. I elected to
focus on mathematics questions because monetary questions are a common feature in mathematics instruc-
tion and the structure of many mathematics exams and assignments (multiple short, distinct questions)
helps with identification. Nevertheless, though not identified in this paper, it is possible these effects may
apply to other subjects.

#IRanking among students with identical exam scores is generated randomly.

#Many students receive the exact same COMIPEMS score. In the actual assignment process, once a
school’s available slots are filled, the school must elect to admit all or none of the students who receive the
marginal score and would otherwise be assigned to that school based on the student’s stated school prefer-
ences. Since I do not observe this rounding process, I cannot replicate it in the simulation. For competitive
schools, where the lowest exam score of an admitted student was above 31, I use the number of students
who were admitted into the school in each year as the maximum number admissible. I do not constrain the
number of admissions for non-competitive schools.

43In addition to the matching conditions above, UNAM and IPN affiliated schools have an additional
minimum GPA requirement.
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5.3 Simulated High School Placements in Mexico City

I focus here on the results using parental education categories. Tables 10 and 11 present
estimated impacts for the two years of data.*¥ Of primary interest is the change in the
number of examined students who are ineligible to be assigned to a high school because
they fail to meet the 31 point cutoff. For these students, the counterfactual of being eli-
gible to go to high school has the potential to significantly alter the course of their lives.
As illustrated in table 10, the simulation suggests that reducing the share of monetary
themed questions on the exam by 10 percentage points would reduce the number of in-
eligible students by 2.2% for households with below median parental education levels.*
The most impacted group comprises students whose parents are primary educated who
experience a 2.9% reduction in ineligible students. Overall, an additional 128 students
pass this cutoff and become eligible for high school placement.

The counterfactual rankings also change which students get assigned to requested
school.** Because more students are able to meet the 31 point cutoff, the total number
of assigned and unassigned students both increase. Assignment to high demand high
schools is a zero sum game where improved performance by lower SES students results
in some displacement of higher SES students. Students from higher SES groups are more
likely to remain unassigned and less likely to receive an assignment in the simulation. By
contrast, in the more disadvantaged groups, students are more likely to get assigned and
less likely to remain unassigned.

Finally, the counterfactual scores also change whether students get to attend a more
highly preferred school as summarized in table 11.¥ On average students get assigned
to slightly less preferred schools. This is not surprising, as more students are passing the
31 point threshold, generating more competition and displacement. Here again, hetero-
geneity is important. Students with highly educated parents experience the bulk of this
negative effect while students with the least educated parents are on net more likely to
receive a preferred school assignment. As the simulation shrinks the test score differential

#Equivalent results using school marginalization levels are presented in tables A13 and A14 of the ap-
pendix. Few schools are considered disadvantaged in Mexico City (as the components that enter into the
marginalizaton index primarily capture rural poverty), therefore using this SES indicator does not change
the scores of that many students.

#The median parental education level in this data is Upper Secondary.

#6Recall that not receiving an assignment means that the student did not score sufficiently high to be
placed in any of the schools they listed on their application. In this event, students go through another
secondary selection process that allocates unassigned students to the remaining open slots.

#Note that I do not use any outside metric of school quality and rely solely on the preference ranking
elicited from the students. This listing of school preferences may be endogenous to student expectations
about their performance, and these expectations would incorporate expectations regarding monetary ques-
tions. The effect of this endogeneity is not reflected in the simulation.
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between higher and lower SES students, the allocation of educational opportunities be-
comes, predictably, more equitable. Note that the effects in this context are relatively small
as I only generate counterfactual scores on the mathematics portion of the exam, which
accounts for only 20% of a student’s score. In contexts where mathematics is weighted
more heavily, impacts would be substantially larger.

6 Discussion and Conclusion

Every year, millions of people around the world take examinations that significantly im-
pact their future economic outcomes. Performance on an exam may determine whether
they receive a degree or get licensed, which school they can attend and even whether they
are eligible to continue their schooling. Societies rely on examinations because they are
an efficient way of assessing and ranking a population by ability. The legitimacy of this
approach, however, relies heavily on the perception of examinations as fair and objective,
and a belief that the skills tested are good proxies for the skills assessors are interested in.

In this paper, I show that lower SES students perform differentially worse on mathe-
matics exams that feature higher shares of monetary themed questions. This performance
differential increases with socio-economic disadvantage and responds to negative income
shocks. Investigation of question-level response data shows evidence of depressed per-
formance on monetary questions, even when compared to questions that are virtually
identical. Furthermore, performance is depressed on subsequent questions as well, indi-
cating an attention capture effect as posited in the psychology of poverty literature.

Should monetary themed questions be used in the teaching of mathematical concepts?
The evidence evaluated here suggests that lower SES students find these questions differ-
entially difficult but that this increased difficulty does not prevent them from mastering
the skills taught. Furthermore, being able to apply mathematical concepts to monetary
transactions is an important, even critical, skill. To the extent that equipping students
with critical life skills is an important goal of early education, one might argue that lower
SES students may benefit from more practice using monetized examples to help overcome
this disadvantage.

Should monetary themed questions be featured on mathematics exams? It depends
on what the examination is supposed to be assessing. If assessing the ability to engage
in monetary transactions is a primary goal of the examination, then it would be appro-
priate. Most high stakes academic mathematics exams are designed to evaluate student
preparation for more advanced mathematics studies. To the extent that more advanced

mathematics studies do not necessarily center around monetary themes, opting for ques-
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tions featuring non-monetary content would likely improve examination equity.

Beyond the implications for educational testing, I present non-experimental evidence
of attention capture due to poverty, and show that it affects a policy relevant outcome.
This evidence that lower SES students underperform and make errors when distracted by
a monetary theme has implications beyond the educational setting. Despite being tem-
porary, this effect would impact financial choices made under conditions of scarcity, as it
would mechanically activate each time a disadvantaged individual must make a financial
decision. These findings support the recommendations made by Mani et al. (2013) that
policy makers be cautious of imposing cognitive taxes on the poor, with the additional
caveat that this is particularly relevant for financially salient bureaucratic processes.

Policymakers may not be able to prevent this attention capture effect from creating a
cognitive cost and inducing errors. However, minimizing the potential to make errors
and the possible consequences of these errors is a conceivable avenue for policy inter-
vention. Further research identifying cognitively demanding decisions and processes in
which such errors are being committed is warranted. Similarly, educators cannot fully
insulate low SES students from the disadvantage generated by the use of monetary ex-
amples without depriving them of an important life skill. Given this, it would be valuable
to better understand how these effects might be shaping educational choices, aspirations
and outcomes. Furthermore, adjusting assessment goals and strategies, by avoiding these
monetary topics on high stakes exams where financial literacy is not explicitly being as-
sessed, is a feasible and relatively simple policy. This could prevent these effects from
limiting the long run educational opportunities of disadvantaged students.
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Tables

Table 1: Dataset Features

ASSISTments TIMSS ENLACE

Setting Homework Exam Exam
Variation in Financial Salience Yes Yes Yes
SES Indicator School Student  School
Panel Yes
Itemized Question Data Yes Yes

Question Matching Yes

Randomized Question Ordering Yes
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Table 2: Financial Salience and Aggregate Performance in TIMSS

Standardized Score

1) @

®)

4)

Below Nat. Median -0.438 -0.268
(0.00403) (0.00388)
Post Secondary -0.315 -0.209
(0.00527) (0.00496)
Upper Secondary -0.493 -0.334
(0.00492) (0.00478)
Lower Secondary -0.712 -0.488
(0.00700) (0.00676)
Primary or None -0.779 -0.523
(0.00762) (0.00735)
Below Nat. Median x Prop Mon Q. -0.260 -0.262
(0.0472) (0.0428)
Post Sec x Prop Mon Q. -0.0812 -0.0515
(0.0635) (0.0582)
Upper Sec x Prop Mon Q. -0.0865 -0.0844
(0.0584) (0.0539)
Lower Sec x Prop Mon Q. -0.160 -0.147
(0.0817) (0.0744)
Prim/No x Prop Mon Q. -0.219 -0.242
(0.0845) (0.0748)
Constant 0.160 0.314 0.100 0.213
(0.00167) (0.00218) (0.00155) (0.00215)
FE: Booklet x Year Yes Yes Yes Yes
FE: Country Yes Yes . .
FE: Class No No Yes Yes
N 379468 379468 379160 379160

Note: Robust standard errors in parentheses. Observations are at the student by exami-
nation level with a student-level SES indicator: parental education. Omitted categories are
students with parental education at or above the national median for columns 1 and 3 and
university educated parents for columns 2 and 4. The proportion of monetary questions in

a booklet is a value from 0 to 1.
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Table 3: Financial Salience and Aggregate Performance in ENLACE

Standardized Score

@™ 2 ®) (4)

Below Median x Prop Mon Q. -0.240 -0.232
(0.123) (0.158)
Advantaged x Prop Mon Q. -0.160 -0.0903
(0.0585) (0.0932)
Middle x Prop Mon Q. -0.296 -0.220
(0.128) (0.151)
Disadvantaged x Prop Mon Q. -0.217 -0.277
(0.192) (0.241)
Very Disadvantaged x Prop Mon Q. -0.837 -1.256
(0.413) (0.473)
FE: Grade x Year Yes Yes Yes Yes
FE: Year x School Yes Yes Yes Yes
FE: School x Grade No No Yes Yes
N 1912259 1912259 1870964 1870964

Note: Standard errors in parentheses are clustered at the grade by year (booklet) level.
Observations are weighted by the number of tested students. Observations are at the
school by grade by year level with a school level SES indicator: the school’s marginal-
ization index. Omitted categories are schools at or above the median marginalization
level of students for columns 1 and 3 and very advantaged schools for columns 2 and 4.
The proportion of monetary questions in a booklet is a value from 0 to 1.

Table 4: Financial Salience and Rainfall Effects in ENLACE

Standardized Score
1) (2 (3) 4

Below Median x Prop Mon Q. -0.240 -0.209 -0.232 -0.200
(0.123)  (0.124)  (0.158)  (0.161)

Below Median x Prop Mon Q. x Drought -0.324 -0.255
(0.141) (0.200)
Prop Mon Q. x Drought 0.0103 0.147
(0.0902) (0.116)
FE: Grade x Year Yes Yes Yes Yes
FE: Year x School Yes Yes Yes Yes
FE: School x Grade No No Yes Yes
N 1912259 1912259 1870964 1870964

Note: Standard errors in parentheses are clustered at the grade by year (booklet) level. Ob-
servations are weighted by the number of tested students. Observations are at the school
by grade by year level with a school level SES indicator: the school’s marginalization in-
dex. Omitted categories are schools at or above the median marginalization level of students.
Drought is an indicator variable set to 1 if rainfall during the prior agricultural season (Jul-
Feb) falls in the lowest decile of a locality’s rainfall realizations between 1998-2018. The pro-
portion of monetary questions in a booklet is a value from 0 to 1.
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Table 5: Financial Salience and Aggregate Performance in ASSISTments

Mastery Effort Conditional on Mastered

Cond. Logit  Linear  Questions Time (Sec) Mean Hints Mean Attempts

Panel a: Using the proportion of monetary questions on the entire assignment.

Prop. Free/Red. Lunch x Prop. Mon Q. 0.0346 0.0689 1.038 191.7 0.434 0.225
(0.647) (0.0573) (0.508) (63.55) (0.148) (0.113)
Prop. Mon Q. 0.621 0.0283 -0.647 -68.48 -0.174 -0.108
(0.231) (0.0144) (0.142) (17.19) (0.0435) (0.0322)
Panel b: Using the number of monetary questions in the first three questions of the assignment.
Prop. Free/Red. Lunch x Mon Q. in 1st 3 0.247 0.0330 0.260 41.94 0.112 0.0822
(0.164) (0.0167) (0.192) (22.33) (0.0462) (0.0379)
Mon Q. in 1st 3 -0.0227 -0.00381 -0.186 -13.30 -0.0592 -0.0377
(0.0611) (0.00447)  (0.0575) (6.225) (0.0137) (0.0109)
FE: Classroom x Assignment Yes Yes Yes Yes Yes Yes
Dependent Mean 0.838 0.881 4.666 330.4 0.391 2.340
Dependent SD 0.368 0.324 2.721 348.1 0.756 0.488
N 12006 16613 9850 9850 9850 8856

Note: Robust standard errors in parentheses. Observations are at the student by assignment level with a school level SES indicator: the share
of students receiving free or reduced lunch. Mastery is a dummy variable set to 1 if a student has mastered the assignment by sequentially
answering three questions in a row correctly. Estimates in the first two columns are estimated on the sub-sample of submissions where at
least three questions are assigned. Questions is the number of questions a student answered on their submission. Time is the amount of
time in seconds spent on the submission. Mean hints is the mean number of hints requested by the student on questions in the submission
and mean attempts is the mean number of attempts made by the student on questions in the submission. Students who exceed more than
8 attempts on any single question are not included in the attempts estimation. Effort measures are estimated on the sub-sample of student
submissions where the student masters the assignment and is actively engaged throughout the submission(defined as the time spent on any
question is such that 5 sec < Time < 8.8 min). The first panel presents results using the proportion of monetary questions faced on the entire
submission. The second panel presents results using the number of monetary questions faced in the first three questions of the submission.

Table 6: Matched Monetary Questions in ASSISTments

Correct Hints  Attempts Time

@ 2) ®) 4)
Pct. Free/Red. Lunch x Mon Q.  -0.0630 0.569 0.199 27.93
(0.0303)  (0.155) (0.114)  (6.447)
Monetary Question 0.0155 0.000435 -0.0583 14.13
(0.00889)  (0.0438)  (0.0318)  (1.874)
Sequence Positon 0.00131  0.00391  -0.00743  -1.623
(0.00111) (0.00591) (0.00287) (0.163)
Matched Group by School Yes Yes Yes Yes
Dependent Mean 0.739 0.963 2.692 90.59
Dependent SD 0.426 2.100 1.437 89.09
N 23314 23314 22475 23314

Note: Standard errors in parentheses clustered at the student assignment level. Ob-
servations are at the student by question-level with a school level SES indicator: the
share of students receiving free or reduced lunch. Observations are limited to mone-
tary questions and questions that have been matched to a monetary question. Inactive
observations are dropped (5 sec < Time < 8.8 min). Monetary question is a dummy
variable set to 1 if the question features a monetary theme. The omitted category is
non-monetary questions.
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Table 7: Questions After Matched Monetary Questions in ASSISTments

Correct Hints  Attempts Time (Sec)  Correct Hints  Attempts Time (Sec)
@ @ 3) 4 ®) 6) @) ®)
Panel a: Effect on subsequent questions.
Prop. Free/Red. x 4 Post Match Mon Q. -0.118 0.703 0.256 40.68 -0.121 0.699 0.281 38.51
(0.0900)  (0.499) (0.374) (17.79) (0.0902) (0.499) (0.377) (17.94)
4 Post Matched Mon Q. 0.0735 -0.412 -0.159 -6.376 0.0698 -0.417 -0.133 -9.143
(0.0247)  (0.130)  (0.0943) (4.988) (0.0267) (0.141) (0.0975) (5.313)
Sequence Positon 0.0330 -0.125 -0.115 -7.442 0.0330 -0.125 -0.115 -7.445
(0.00751) (0.0378)  (0.0287) (1.427) (0.00751)  (0.0378)  (0.0287) (1.428)
Prop. Free/Red. Lunch x Seq. Pos. -0.0524 0.205 0.239 6.266 -0.0525 0.205 0.240 6.221
(0.0198)  (0.105)  (0.0773) (4.329) (0.0198) (0.105) (0.0773) (4.339)
Quartile Mean Time on Leading Matched Q. 0.000118  0.000167 -0.000875 0.0889
(0.000293) (0.00155) (0.00107)  (0.0574)
Panel b: In first three assignment questions.
Prop. Free/Red. x Post Match MonQ. x 1st 3~ -0.552 2.167 1.947 82.64 -0.550 2.175 1.933 84.97
(0.238)  (1.166) (0.997) (47.53) (0.239) (1.166) (0.996) (47.63)
Post Matched Mon Q. x in 1st 3 0.0223  -0.0549 0.0260 -8.542 0.0234 -0.0501 0.0161 -7.063
(0.0368)  (0.191) (0.144) (7.539) (0.0370) (0.192) (0.146) (7.657)
Prop. Free/Red. Lunch x in 1st 3 0.386 -0.682 -1.601 -19.28 0.381 -0.703 -1.561 -25.70
(0.212)  (1.019) (0.864) (39.91) (0.213) (1.019) (0.866) (40.29)
4 Post Matched Mon Q. 0.0566 -0.386 -0.171 0.395 0.0537 -0.398 -0.147 -3.418
(0.0232)  (0.126)  (0.0871) (4.576) (0.0266) (0.143) (0.0980) (5.191)
Sequence Positon 0.0343 -0.119 -0.109 -7.931 0.0344 -0.118 -0.110 -7.793
(0.00857) (0.0436)  (0.0319) (1.520) (0.00858)  (0.0437)  (0.0319) (1.521)
Prop. Free/Red. Lunch x Seq. Pos. -0.0600 0.262 0.247 9.465 -0.0603 0.261 0.251 9.089
(0.0214)  (0.115)  (0.0842) (4.303) (0.0214) (0.115) (0.0844) (4.339)
Quartile Mean Time on Leading Matched Q. 0.0000707  0.000301 -0.000578 0.0924
(0.000296) (0.00155) (0.00108)  (0.0585)
FE: Leading Matched Q. Type Yes Yes Yes Yes Yes Yes Yes Yes
FE: Question x School Yes Yes Yes Yes Yes Yes Yes Yes
Dependent Mean 0.653 1.397 2.887 100.7 0.653 1.397 2.887 100.7
Dependent SD 0.465 2.481 1.604 96.14 0.465 2.481 1.604 96.14
N 4358 4358 3983 4358 4358 4358 3983 4358

Note: Standard errors in parentheses clustered at the student assignment level. Observations are at the student by question-level with a school level SES
indicator: the share of students receiving free or reduced lunch. The full sample consists of questions positioned between the first and second matched
question a student faces and no more than four questions following the first matched question. Inactive observations are dropped (5 sec < Time < 8.8 min).
4 Post matched monetary question is a dummy variable set to 1 if a question is in the four questions that follow a monetary themed question. In first 3 is
a dummy variable set to 1 if a question is the second or third question a student faces on their assignment. The omitted category are questions that follow
matched non-monetary themed questions. Quartile mean time on leading matched question is the mean time spent by students on the leading matched
questions who share the same quartile of the SES indicator (share of students receiving free and reduced lunches in the school).
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Table 8: Monetary and Subsequent Questions in TIMSS

Question Answered Correctly (=100)
(1) 2) 3) 4 ®) (6)

Below Nat. Median x Mon Q. -0.885 -1.207 -0.753
(0.123) (0.131) (0.151)
Post Sec. x Mon Q. -0.800 -0.0641 -0.459
(0.165) (0.177) (0.188)
Upper Sec. x Mon Q. -1.351 -0.502 -0.338
(0.152) (0.163) (0.185)
Lower Sec. x Mon Q. -1.948 -1.682 -0.919
(0.213) (0.229) (0.262)
Primairy/No x Mon Q. -1.786 -2.548 -1.514
(0.227) (0.241) (0.306)
Below Nat. Median x 4 Post -0.680 -0.891 -0.395
(0.0880) (0.0969) (0.109)
Post Sec. x 4 Post -0.614 -0.397 -0.482
(0.119) (0.129) (0.136)
Upper Sec. x 4 Post -1.012 -0.717 -0.677
(0.109) (0.120) (0.134)
Lower Sec. x 4 Post -0.926 -0.998 -0.653
(0.153) (0.170) (0.191)
Primairy/No x 4 Post -0.925 -1.213 -0.534
(0.161) (0.180) (0.222)
FE: Student Yes Yes Yes Yes Yes Yes
FE: Question Yes Yes Yes Yes Yes Yes
FE: Below Med. x Diff. No . Yes . Yes
FE: Below Med. x Seq. No . Yes . Yes
FE: Below Med. x QType x Country No . Yes . Yes
FE: Below Med. x QTopic x Country No . Yes . Yes .
FE: Par. Edu. x Diff. . No . Yes . Yes
FE: Par. Edu. x Seq. . No . Yes . Yes
FE: Par. Edu. x QType x Country . No . Yes . Yes
FE: Par. Edu. x QTopic x Country . No . Yes . Yes
FE: Class x Mon Q. No No No No Yes Yes
FE: Class x 4 Post No No No No Yes Yes
Dependent Variable Mean 49.56 49.56 49.56 49.56 49.56 49.56
Dependent Variable SD 23.56 23.56 23.56 23.56 23.56 23.56
N 9564201 9564201 9564201 9564201 9563918 9563918

Note: Standard errors in parentheses clustered at the student-level. Observations are at the question by student-
level with a student-level SES indicator: parental education. When a question is answered correctly the indicator
is set to 100, 0 otherwise. Omitted categories are students with parental education at or above the national me-
dian for columns 1, 3 and 5 and university educated parents for columns 2, 4 and 6. Difficulty is a 20 bin binned
indicator based on the performance on a question by students with university educated parents. Sequence is a
5 bin binned indicator based on the the position of a question within the exam booklet. Question type indicates
whether a question is multiple choice or completed response. Question topic indicates categorized questions
based on the topics listed in panel b of figure A3.
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Table 9: COMIPEMS Simulation Summary Statistics

Math Mean Mean Change
SES Indicator Group Observations Actual Simulated in Rank
Missing 16,437 13.10 13.10 -39
Very Advantaged 391,249 14.15 14.15 —38
. Advantaged 90,112 13.56 13.61 144
School Indicator 1. 4 47, 3,445 1351 13.63 424
Disdvantaged 1,666 12.61 12.75 537
Very Disadvantaged 34 10.76 11.44 2,291
Missing 81,164 13.20 13.20 —197
University 62,592 16.19 16.19 —167
Parental Education Upper Secondary 130,618 14.73 14.78 -13
Lower Secondary 137,216 13.51 13.58 88
Primary or Less 91,353 12.89 12.99 175

Note: The simulated math mean reports the mean performance on the math portion of the
COMIPEMS exam for students in the SES category. Scores on the COMIPEMS use round num-
bers only so simulated scores are generated by creating a random binomial and adding 1 point to
the math COMIPEMS score of randomly selected students in disadvantaged SES groups such that
their aggregate performance on the mathematics section is improved in a manner consistent with
the ENLACE estimates in the top rows and the TIMSS estimates in the bottom rows. The scores of
students with missing SES indicators are not modified. The mean change in rank column reports
how the simulated scores change the rank position of the students in that SES category on average.
As few schools are considered disadvantaged in Mexico City, I focus on simulations using parental
education indicators.

Table 10: COMIPEMS Simulation using Parental Education

Ineligible Eligible
Score under 31 points ~ Not Assigned Assigned

Total Actual 8,373 1.67% 84513 16.80% 410,057 81.53%
Simulated 8,245 1.64% 84,584 16.82% 410,114 81.54%

Missing Actual 1,756 2.16% 14378 18.33% 64,530 79.51%
Simulated 1,756 2.16% 14,937 18.40% 64,471  79.43%

University Actual 349 0.56% 10,565 16.88% 51,678  82.56%
Simulated 349 0.56% 10,592 16.92% 51,651  82.52%

Unoer Secondar Actual 1,334 1.02% 22,500 17.30% 106,694 81.68%
PP Y Simulated 1,315 1.01% 22,594 17.30% 106,709 81.70%
Lower Secondary Actual 2,637 1.92% 22,717 16.56% 111,862 81.52%
Simulated 2,594 1.89% 22,727 16.56% 111,895 81.55%

Primary or Less Actual 2,207 2.51% 13,763 15.07% 75,293  82.42%
Simulated 2,231 2.44% 13,734 15.03% 75,388  82.52%

Note: Students completing the COMIPEMS exam receive a score the makes them either eligible
for high school (if they score 31 points or more) or ineligible. If eligible, students receive a high
school assignment if there are openings in their listed schools or remain unassigned in which case
they undergo a secondary assignment process in the remaining openings. The number and share of

students that fall in these different categories using the actual and simulated data is displayed.
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Table 11: COMIPEMS Simulation using Parental Education: Movement Detail

Remain More Less Change in
Ineligible or ~ Become Preferred Unchanged Preferred Become Mean Pref.
Unassigned Assigned Assignment Assignment Assignment Unassigned Rank*
Total 92,510 376 987 407,732 1,019 319 -.00028
18.39% 0.08% 0.20% 81.07% 0.20% 0.06%
Missing 16,625 9 15 64,282 165 68 -.00453
20.48% 0.01% 0.02% 79.20% 0.20% 0.08%
University 10,911 3 3 51,534 111 30 -.00445
17.43% 0.00% 0.00% 82.33% 0.18% 0.05%
Upper Secondary 23,834 90 242 106,102 275 75 -.00082
18.25% 0.07% 0.19% 81.23% 0.21% 0.06%
Lower Secondary 25,223 131 419 111,057 288 98 .00234
18.38% 0.10% 0.31% 80.94% 0.21% 0.07%
Primary or Less 15,917 143 308 74,757 180 48 .00308
17.42% 0.16% 0.34% 81.83% 0.20% 0.05%

Note: The table reports how students’” simulated allocation compares to their actual allocation for the different SES
groups. The mean change in preference rank is calculated using only students who receive a high school assignment in
both the actual and simulated data.
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Figures

Figure 1: Variation in Financial Salience and SES Indicators
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Note: This figure shows the variation in the share of financially salient questions
in student assignments and exams in the first column for all three datasets. The
second column displays the variation in the SES indicators in all three datasets.
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Figure 2: Impacts of Financial Salience in ENLACE by Grade
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Note: This figure displays estimates of the performance differential by grade alongside 95% confidence
intervals, clustered at the grade by year (booklet) level as reported in column 1 of table A7 which also
reports disaggregated grade results by marginalization level.

Figure 3: Differential Performance by Question Position Relative to
Monetary Event for Below National Median Students in TIMSS
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Note: This figure displays the event study estimates of the differential performance between students above
and below the national median of parental education based on the positioning of the question relative to
a monetary question. Data is limited to booklets that feature a single monetary question or booklets that
feature only two sequential monetary questions. The estimating equation includes student, question, below
med. x diff., below med. x seq., below med. x QType x country, below med. x QTopic x country fixed effects.
The question right before the monetary question is the omitted category. 95pct confidence intervals plotted
using standard errors clustered at the student-level.
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Figure 4: ASSISTments Question Statistics by Question Type
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Note: This figure displays performance and effort metrics by the share of students receiving free or reduced lunch rates
in the school based on whether the question is monetary themed or not. Metrics in the first column are calculated using
all questions in the data. Metrics in the second column are calculated using only the matched subset of questions. The
shaded area displays the 0.95 confidence interval of the estimate.
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For Online Publication: Appendix

Table A1l: Question Randomization Check

Prop. MonQ. MonQ. in 1st 3

Pct. Free/Red. Lunch 0.00185 0.0131
(0.00820) (0.0282)
FE: Problem set Yes Yes
Dependent Mean 0.389 1.185
Dependent SD 0.323 1.010
N 18189 16629

Note: Robust standard errors in parentheses. Observations
are at the student by problem set level with a school level SES
indicator: share of students in the school receiving free or re-
duced lunch. Observations in the second column only include
student assignments in which at least three questions were as-

signed.
Table A2: TIMSS Booklet Structure
Part1 Part 2
First Block Second Block | First Block Second Block
Booklet 1 MO1 MO02 S01 S02
Booklet 2 S02 S03 MO02 MO03
Booklet 3 MO03 MO04 S03 S04
Booklet 4 S04 S05 MO04 MO05
Booklet 5 MO05 MO06 S05 S06
Booklet 6 S06 S07 MO06 MO07
Booklet 7 MO07 MO8 S07 S08
Booklet 8 S08 S09 MO8 M09
Booklet 9 M09 M10 S09 S10
Booklet 10 S10 S11 M10 M11
Booklet 11 M11 M12 S11 S12
Booklet 12 S12 S13 M12 M13
Booklet 13 M13 M14 S13 S14
Booklet 14 S14 S01 M14 MO1

Note: A student handed booklet one would complete their math section first
in part 1 and after a short break their science section in part 2. The math com-
ponent of their exam would consist of prompt blocks M01 and M02. In con-
trast, a student handed booklet two would complete their science section first
in part 1 followed by their math section in part 2. Their math section would
consist of prompt blocks M02 and M03. Thus about half of the math prompts
are identical between booklets 1 and 2. Additionally, 8 prompt blocks are re-

administered between 2011 and 2015.




Figure A1: Countries participating in 4th grade TIMSS

Note: Mapped countries only show countries participating in the 4th grade TIMSS in 2011 and/or 2015
in which parental questionnaires were administered. Countries participating in 2015 4th grade exams that
administered parental questionnaires include: Abu Dhabi, Australia, Bahrain, Flemish Belgium, Buenos
Aires, Bulgaria, Canada, Chile, Chinese Taipei, Croatia, Cyprus, Czech Republic, Denmark, Dubai, Fin-
land, France, Georgia, Germany, Hong-Kong, Hungary, Indonesia, Ireland, Iran, Italy, Japan, Kazakhstan,
Republic of Korea, Kuwait, Lithuania, Morocco, Northern Ireland, Netherlands, Norway, New Zealand,
Oman, Ontario, Poland, Portugal, Qatar, Quebec, Russian Federation, Saudi Arabia, Singapore, Serbia, Slo-
vak Republic, Slovenia, Spain, Sweden, Turkey, United Arab Emirates. Countries participating in 2011 4th
grade exams that administered parental questionnaires include: Abu Dhabi, Australia, Austria, Azerbaijan,
Botswana, Chinese Taipei, Croatia, Czech Republic, Dubai, Finland, Germany, Georgia, Honduras, Hong-
Kong, Hungary, Ireland, Iran, Italy, Lithuania, Morocco, Malta, Northern Ireland, Norway, Oman, Poland,
Portugal, Qatar, Romania, Russian Federation, Saudi Arabia, Singapore, Slovak Republic, Slovenia, Spain,
Sweden, Quebec, United Arab Emirates.



Table A3: Exam booklet randomization check

Proportion Mon Q. in Booklet
1) ) 3) 4)

Below Nat. Median  -0.000141 -0.000234
(0.000198) (0.000239)
Post Secondary -0.000266 -0.000270
(0.000263) (0.000294)
Upper Secondary -0.000315 -0.000367
(0.000242) (0.000291)
Lower Secondary 0.000185 0.0000258
(0.000346) (0.000419)
Primary or None 0.000178 0.0000918
(0.000378) (0.000499)
FE: Year Yes Yes Yes Yes
FE: Class No No Yes Yes
N 379468 379468 379160 379160

Note: Robust standard errors in parentheses. Observations are at the student
by examination level with a student-level SES indicator: parental education.
Omitted category is students with reported parental education levels above the
national median in columns 1 and 3 and university educated parents in columns
2 and 4. The proportion of monetary questions in a booklet is a value from 0 to
1.

A1 Parental survey non response in TIMSS

Table A4 show that students whose parents do not complete the parental questionnaire
perform worse than their peers, even when controlling for classroom fixed effects, and
these students also do worse on their exam if it features a higher share of monetary ques-
tions. These estimates are comparable to those for students with parental SES indica-
tors below the national median. Since my estimation exploits the random assignment of
booklets to students, which is orthogonal to parental non-response, as demonstrated by

table A3, estimates are internally valid.



Table A4: Missing Parental Education

Standardized Score

1) (2) ®) (4)
Missing Parental Education -0.297 -0.233 -0.283 -0.220
(0.00368) (0.00355) (0.00497) (0.00462)
Missing Par Edu. x Prop Mon Q. -0.232 -0.210
(0.0549)  (0.0488)
Booklet x Year Yes Yes Yes Yes
Country Yes . Yes .
Class No Yes No Yes

Note: Robust standard errors in parentheses. Observations are at the student by exami-
nation level with a student-level SES indicator: parental education. Omitted category is
students with reported parental education levels. The proportion of monetary questions
in a booklet is a value from 0 to 1.



Table A5: TIMSS Main Results by Occupation

Standardized Score

(1) ()
Small Business -0.163 -0.114
(0.00651) (0.00596)

Clerical -0.249 -0.131
(0.00497) (0.00467)

Skilled Labor -0.373 -0.220
(0.00659) (0.00626)

General Labor -0.518 -0.292
(0.00989) (0.00930)

Never Wk. for Pay -0.438 -0.217
(0.0105)  (0.00924)

Small Business x Prop Mon Q. 0.0142 -0.0646
(0.0792)  (0.0715)

Clerical x Prop Mon Q. -0.0179 -0.0374
(0.0598)  (0.0550)

Skilled Labor x Prop Mon Q. -0.0968 -0.0815
(0.0776)  (0.0720)

General Labor x Prop Mon Q. -0.182 -0.215
(0.114) (0.103)

Never Wk. for Pay x Prop Mon Q.  -0.161 -0.212
(0.122) (0.102)

Constant 0.148 0.0857
(0.00195) (0.00178)

FE: Booklet x Year Yes Yes

FE: Country Yes .

FE: Class No Yes

N 379468 379160

Note: Robust standard errors in parentheses. Observations are
at the student by examination level with a student-level SES indi-
cator: parental occupation. Omitted categories are students with
professional parental occupations. The proportion of monetary
questions in a booklet is a value from 0 to 1.



Table A6: Financial Salience and Aggregate Performance in TIMSS

Standardized Score

1) ) 3) (4)

Below Nat. Median -0.438 -0.268
(0.00975) (0.00728)
Post Secondary -0.315 -0.209
(0.00906) (0.00793)
Upper Secondary -0.493 -0.334
(0.0112) (0.00855)
Lower Secondary -0.712 -0.488
(0.0131) (0.00941)
Primary or None -0.779 -0.523
(0.0168) (0.0123)
Below Nat. Median x Prop Mon Q.  -0.260 -0.262
(0.0885) (0.0732)
Post Sec x Prop Mon Q. -0.0812 -0.0515
(0.108) (0.0629)
Upper Sec x Prop Mon Q. -0.0865 -0.0844
(0.101) (0.0711)
Lower Sec x Prop Mon Q. -0.160 -0.147
(0.137) (0.0821)
Prim/No x Prop Mon Q. -0.219 -0.242
(0.177) (0.153)
Constant 0.160 0.314 0.100 0.213
(0.00221) (0.00426) (0.00157) (0.00323)
FE: Booklet x Year Yes Yes Yes Yes
FE: Country Yes Yes . .
FE: Class No No Yes Yes
N 379468 379468 379160 379160

Note: Standard errors in parentheses clustered at the booklet level. Observations are at
the student by examination level with a student-level SES indicator: parental education.
Omitted categories are students with parental education at or above the national median
for columns 1 and 3 and university educated parents for columns 2 and 4. The proportion
of monetary questions in a booklet is a value from 0 to 1.



Table A7: Impacts of Financial Salience in ENLACE by Grade

Standardized Score

@

(2)

Below Median x Prop Mon Q. -0.890  (0.378)

Very Disadvantaged x Prop Mon Q. -1.734  (1.094)
Disadvantaged x Prop Mon Q. -1.807  (0.617)
Middle x Prop Mon Q. -0.948  (0.427)
Advantaged x Prop Mon Q. -0.221  (0.182)
Grade 3 x Below Median x Prop Mon Q. 1.361 (0.452)

Grade 3 x Very Disadvantaged x Prop Mon Q. 2769  (1.316)
Grade 3 x Disadvantaged x Prop Mon Q. 2752 (0.710)
Grade 3 x Middle x Prop Mon Q. 1.371  (0.472)
Grade 3 x Advantaged x Prop Mon Q. 0.318  (0.228)
Grade 4 x Below Median x Prop Mon Q. 0.729  (0.416)

Grade 4 x Very Disadvantaged x Prop Mon Q. 0.588  (1.186)
Grade 4 x Disadvantaged x Prop Mon Q. 1.749  (0.665)
Grade 4 x Middle x Prop Mon Q. 0.831  (0.451)
Grade 4 x Advantaged x Prop Mon Q. 0.117  (0.206)
Grade 5 x Below Median x Prop Mon Q. 0.101  (0.612)

Grade 5 x Very Disadvantaged x Prop Mon Q. -0.762  (1.770)
Grade 5 x Disadvantaged x Prop Mon Q. 0933  (0.956)
Grade 5 x Middle x Prop Mon Q. 0.254  (0.563)
Grade 5 x Advantaged x Prop Mon Q. -0.289  (0.299)
Grade 6 x Below Median x Prop Mon Q. 0.0551 (0.577)

Grade 6 x Very Disadvantaged x Prop Mon Q. -1.725  (1.607)
Grade 6 x Disadvantaged x Prop Mon Q. 0.744  (0.857)
Grade 6 x Middle x Prop Mon Q. 0.322  (0.583)
Grade 6 x Advantaged x Prop Mon Q. -0.168  (0.311)
Grade 7 x Below Median x Prop Mon Q. 0.877  (0.359)

Grade 7 x Very Disadvantaged x Prop Mon Q. 1.526  (1.080)
Grade 7 x Disadvantaged x Prop Mon Q. 1.625 (0.551)
Grade 7 x Middle x Prop Mon Q. 0.867  (0.388)
Grade 7 x Advantaged x Prop Mon Q. 0.353  (0.188)
Grade 8 x Below Median x Prop Mon Q. 1.247  (0.688)

Grade 8 x Very Disadvantaged x Prop Mon Q. 1.524  (2.168)
Grade 8 x Disadvantaged x Prop Mon Q. 2669  (1.124)
Grade 8 x Middle x Prop Mon Q. 1.247  (0.697)
Grade 8 x Advantaged x Prop Mon Q. 0.338  (0.362)
FE: Grade x Year Yes Yes

FE: Year x School Yes Yes

FE: School x Grade Yes Yes

N 1870964 1870964

Note: Standard errors in parentheses are clustered at the grade by year (booklet) level. Obser-
vations are weighted by the number of tested students. Observations are at the school by grade
by year level with a school level SES indicator: the school’s marginalization index. Omitted
categories are schools at or above the median marginalization level for column 1 and very ad-
vantaged schools for columns 2. The omitted grade is the 9th grade. The proportion of monetary

questions in a booklet is a value from 0 to 1.
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Figure A2: Two Examples of Matched ASSISTments Questions

Kate went shopping with $72 in her pocket. but she didn't want to spend it all. She decided to spend 25% of
her money at most, and save the rest for later. How much was Kate willing to spend?

David has 840 cookies. He decides to give 96% of them to a friend as a birthday present. How many
cookies does David give away?

A charity is performing a fund raising campaign, below are the amounts of money raised each week:

$683, $1357, $352, $1946, $301, $1577

Calculate the mean dollar amount of money raised per week (round to nearest dollar).

Below are the number of spam emails filtered each week over the past few weeks by a school email system:

1073, 538, 964, 514, 273, 340

What is the mean number of spam emails filtered per week?




Figure A3: Question Characteristics by Category
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Note: This figure displays the distribution of observable question characteristics in the TIMSS data based

on whether a question is categorized as monetary or positioned within the four questions that follow a
monetary question.



Table A8: TIMSS Question Fixed Effects

Question Answered Correctly (=100)

1) ) ®) “) ©) (6) ) (®) ©) (10)
Below Nat. Median x Mon Q. -0.885  -1.207  -0.694  -1573  -1399  -0484  -0478  -1208  -1436  -0.992
(0.123)  (0.131)  (0.124)  (0.126)  (0.127)  (0.128)  (0.128)  (0.131)  (0.128)  (0.131)
Below Nat. Median x 4 Post -0.680  -0.891 -0.716 ~ -0990  -1.024  -0.642 -0674 -0888  -0.858  -1.078
(0.0880) (0.0969) (0.0893) (0.0957) (0.0969) (0.0886) (0.0903) (0.0954) (0.0969) (0.0970)
FE: Student Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
FE: Question Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
FE: Below Med. x Diff. No Yes No Yes Yes No No Yes Yes Yes
FE: Below Med. x Seq. No Yes Yes No Yes No Yes No Yes Yes
FE: Below Med. x QType x Country No Yes No No No Yes Yes Yes Yes No
FE: Below Med. x QTopic x Country No Yes No No No Yes Yes Yes No Yes
Dep. Variable Mean 49.93 49.93 49.93 49.93 49.93 49.93 49.93 49.93 49.93 49.93
Dep. Variable SD 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
N 9564201 9564201 9564201 9564201 9564201 9564201 9564201 9564201 9564201 9564201

Note: Standard errors in parentheses clustered at the student-level. Observations are at the question by student-level with a student-level SES indicator:
parental education relative to the national median. When a question is answered correctly the indicator is set to 100, 0 otherwise. Omitted categories are
students with parental education at or above the national median. Difficulty is a 20 bin binned indicator based on the performance on a question by students
with parental education above the national median. Sequence is a 5 bin binned indicator based on the the position of a question within the exam booklet.
Question type indicates whether a question is multiple choice or completed response. Question topic indicates categorized questions based on the topics

listed in panel b of figure A3.



Table A9: TIMSS Unanswered Questions

Question Left Unanswered (=1)

1) 2) ©) 4) ©®) (6)
Below Nat. Median x Mon Q. -0.00378 -0.00362 -0.00169
(0.000691) (0.000723) (0.000803)
Post Sec. x Mon Q. -0.000789 -0.00153 -0.000661
(0.000848) (0.000888) (0.000927)
Upper Sec. x Mon Q. 0.00120 -0.00182 -0.00294
(0.000813) (0.000847) (0.000942)
Lower Sec. x Mon Q. -0.00120 -0.00264 -0.00266
(0.00127) (0.00133) (0.00146)
Primairy/No x Mon Q. -0.00732 -0.00842 -0.00873
(0.00144) (0.00151) (0.00182)
Below Nat. Median x 4 Post -0.00147 -0.00296 -0.00232
(0.000545) (0.000604) (0.000666)
Post Sec. x 4 Post 0.00157 -0.00148 -0.00166
(0.000671) (0.000742) (0.000780)
Upper Sec. x 4 Post 0.00416 -0.000794 -0.00301
(0.000641) (0.000705) (0.000784)
Lower Sec. x 4 Post 0.00351 -0.00151 -0.00324
(0.000994) (0.00110) (0.00121)
Primairy/No x 4 Post 0.00178 -0.00164 -0.00674
(0.00115) (0.00129) (0.00152)
FE: Student Yes Yes Yes Yes Yes Yes
FE: Question Yes Yes Yes Yes Yes Yes
FE: Below Med. x Diff. No Yes Yes
FE: Below Med. x Seq. No Yes Yes
FE: Below Med. x QType x Country No Yes Yes
FE: Below Med. x QTopic x Country No . Yes . Yes .
FE: Par. Edu. x Diff. No Yes Yes
FE: Par. Edu. x Seq. No Yes Yes
FE: Par. Edu. x QType x Country No Yes Yes
FE: Par. Edu. x QTopic x Country . No . Yes . Yes
FE: Class x Mon Q. No No No No Yes Yes
FE: Class x 4 Post No No No No Yes Yes
Dep. Variable Mean 0.0598 0.0598 0.0598 0.0598 0.0598 0.0598
Dep. Variable SD 0.237 0.237 0.237 0.237 0.237 0.237
N 9564201 9564201 9564201 9564201 9563918 9563918

Note: Standard errors in parentheses clustered at the student-level. Observations are at the question by student-level with
a student-level SES indicator: parental education relative to the national median. When a question is answered correctly the
indicator is set to 100, 0 otherwise. Omitted categories are students with parental education at or above the national median
for columns 1, 3 and 5 and university educated parents for columns 2, 4 and 6. Difficulty is a 20 bin binned indicator based
on the performance on a question by students with university educated parents. Sequence is a 5 bin binned indicator based
on the the position of a question within the exam booklet. Question type indicates whether a question is multiple choice or
completed response. Question topic indicates categorized questions based on the topics listed in panel b of figure A3.
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A2 Attention Capture versus Cognitive Fatigue in TIMSS

The estimates in table 8 and figure 3 are very much consistent with the attention capture
hypothesis. Nevertheless, there remains the possibility that the estimates on subsequent
questions reflect the effect of cognitive fatigue as discussed in the ASSISTments data. For
each question, I calculate the share of students from each SES category that answered
the question correctly and use this as an indicator for how difficult a question is for a
student from a particular SES category. I generate four lags of this indicator to control for
differential difficulty of the four questions leading up to a question. Results are reported
in table A10. Controlling for the differential difficulty of leading questions in columns 3
and 4 seems to slightly reduce the magnitude of the estimates on subsequent questions
by a small amount, though they remain negative and statistically significant, suggesting
that this explanation cannot explain the entirety of the effect.

As an alternative method to estimate whether the effect on subsequent questions is
due to cognitive fatigue from the differential difficulty of preceding questions, I generate
1000 placebo estimates from the data. Instead of flagging the true monetary questions, I
flag a random set of questions as monetary and the 4 questions following this random set
as post questions.! I then estimate my preferred specification of equation 9 as estimated
in column 3 of table 8.

The resulting pairs of AL and AL*“" coefficients are plotted in figure A4. The
scatter plot suggests that it is highly unlikely that the two coefficients would both be
jointly negative and of such a large magnitude by random chance, confirming the results
above. In addition to verifying the above results, looking at the correlation between the
coefficient pairs can also help decompose the role of cognitive fatigue due to the differ-
ential difficulty of preceding questions in explaining the effect on subsequent questions.
Suppose the differential difficulty of preceding questions generates differential cognitive
fatigue and thus differential performance on subsequent questions. Under these condi-
tions, if the randomly selected placebo monetary questions happen to be differentially
difficult for the low SES students, then we would expect them to perform differentially
worse on subsequent questions and vice versa. Thus we would expect the correlation
between A5 and A5*“* to be positive. To investigate this, I estimate the following

regression.

A placebo A placebo
AL =y + P NG + €, 1)

!Some question blocks are repeated across the two years. To ensure that the distribution is representa-
tive of the actual distribution of monetary questions, I make sure to randomly select 6 questions from the
non-repeated blocks and 8 questions from the repeated blocks.
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Results are reported in table A1l and plotted in figure A4. v, is indeed positive and
statistically significant, suggesting that cognitive fatigue due to the differential difficulty
of preceding questions does explain part of the magnitude of the estimated effect on sub-
sequent questions. Nonetheless, as visible in figure A4, the predicted value of the co-
efficient on subsequent questions using the estimated placebos (A2'*““*°) is significantly
smaller in magnitude than the estimate using the actual monetary questions, As. I can
reject that cognitive fatigue due to the differential difficulty of preceding questions ex-
plains the entirety of the effect on subsequent questions, supporting the attention capture
hypothesis. When decomposed, I estimate that cognitive fatigue due to the differential
difficulty of the previous questions explains approximately 29% of the estimated effect on
subsequent questions.? I interpret the remainder as evidence of attention capture.

2Estimates in table A11 imply that E(A5/““"?|ABl®e<b — _1 207) = —0.254 or 29% of A3 = —0.891.
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Table A10: Monetary and Subsequent Questions in TIMSS with Controls for Preceding Differential Difficulty

Question Answered Correctly (=100)

®) (4)
Below Nat. Median x Mon Q. -1.108 -1.202 (0.153)
Post Sec. x Mon Q. 0.190 0.199 (0.202)
Upper Sec. x Mon Q. -0.450 -0.461 (0.187)
Lower Sec. x Mon Q. -1.599 -1.640 (0.265)
Primairy/No x Mon Q. -2.249 -2.352 (0.282)
Below Nat. Median x 4 Post -1.005 -0.878 (0.104)
Post Sec. x 4 Post -0.393 -0.370 (0.136)
Upper Sec. x 4 Post -0.793 -0.754 (0.127)
Lower Sec. x 4 Post -1.002 -0.904 (0.180)
Primairy/No x 4 Post -1.306 -1.156 (0.192)
Below Med. Performance on g-1 0.0612  (0.0102)
Below Med. Performance on g-2 0.0312  (0.0107)
Below Med. Performance on g-3 -0.0130  (0.00993)
Below Med. Performance on g-4 -0.0498  (0.0103)
Par. Edu. Group Performance on g-1 0.0327  (0.00644)
Par. Edu. Group Performance on -2 -0.0160  (0.00660)
Par. Edu. Group Performance on q-3 0.0359  (0.00638)
Par. Edu. Group Performance on q-4 -0.0576  (0.00662)
FE: Student Yes Yes Yes Yes
FE: Question Yes Yes Yes Yes
FE: Below Med. x Diff. Yes Yes
FE: Below Med. x Seq. Yes Yes
FE: Below Med. x QType x Country Yes Yes
FE: Below Med. x QTopic x Country Yes . Yes .
FE: Par. Edu. x Diff. Yes Yes
FE: Par. Edu. x Seq. Yes Yes
FE: Par. Edu. x QType x Country Yes Yes
FE: Par. Edu. x QTopic x Country . Yes . Yes
Exam Mean 49.56 49.56 49.56 49.56
Exam SD 23.56 23.56 23.56 23.56
N 8046329 8046329 8046329 8046329

Note: Standard errors in parentheses clustered at the student-level. Observations are at the question by student-level with a student-
level SES indicator: parental education. When a question is answered correctly the indicator is set to 100, 0 otherwise. Omitted
categories are students with parental education at or above the national median for columns 1, 3 and 5 and university educated
parents for columns 2, 4 and 6. Difficulty is a 20 bin binned indicator based on the performance on a question by students with
university educated parents. Sequence is a 5 bin binned indicator based on the the position of a question within the exam booklet.
Question type indicates whether a question is multiple choice or completed response. Question topic indicates categorized questions
based on the topics listed in panel b of figure A3. Sample mechanically does not include the first for questions on an exam for which
the differential difficulty controls are undefined.
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Figure A4: Estimates from 1000 Placebo Estimations
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Note: This figure displays the coefficient estimates obtained for the monetary and four subsequent ques-
tions from 1000 placebo regressions where monetary questions were randomly assigned. Only two iter-
ations yield estimated coefficients that were both jointly negative and of equal or larger magnitude than
the estimates reported in column 3 of table 8. The regression line shows that there is a positive correla-
tion between the differential difficulty of the leading question and differential performance on subsequent
questions but that this effect can only explain about a third of the overall performance gap on subsequent
questions.
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Table A11: Regressions on Placebo Coefficients

Placebo Post Estimates
Aplacebo
(A3 )

Placebo Mon. Estimates
(Aglacebo) 0.142
(0.0202)
N 1000

Note: A5"*“* are the estimates for A, from equation 9
when randomly selected questions are flagged as placebo

monetary questions. A5'*°“* are the estimates for A3 on
the corresponding placebo subsequent questions.

A3 Evidence from TIMSS Using Question Aggregates

The estimates discussed in section 4.3 take full advantage of the individual response data
available in the TIMSS data set. Nonetheless, this approach requires the imposition of
significant structure on my estimation methods. A simple approach using question ag-
gregates confirms that there is indeed a performance gap on monetary and subsequent
questions in the TIMSS data. A simple regression on aggregate TIMSS question statis-
tics suggests a pattern of under-performance on monetary and subsequent questions for
lower SES students. For different groups of students, I estimate the following,

éq7p<nm = (I)l + q)QMq + ¢3P03tq + (1)4Cq,p>:nm + 6q,]z7<nm7 (2)
Cop = b1p + 2y My + ¢3,P0st, + ¢4yClymi + €qp- (3)

For students whose parental education falls below the national median, I regress the
mean performance on each question, as measured by correct answers, (C, ,<,,») on the
monetary indicator (M,), an indicator for non-monetary questions placed within four
questions after a monetary question (Post,), and the mean performance of students with
parental education above the national median (C, -, ) to control for question difficulty.
I repeat the same procedure for each of the parental education categories, p, other than
university graduates, using the mean performance of students with university educated
parents (C, ..;) to control for question difficulty.

Results are reported in table A12. ®, estimates are negative and the magnitude of the
penalty increases for lower parental education. Estimates for @3 follow the same pattern,

consistent with the hypothesized attention capture effect.
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Table A12: Regressions on Question Means in TIMSS

Mean Performance (Correct=100) by Students with Parental Education Level:

Below Nat. Median Primary/No Lower Sec Upper Sec Post Sec
Monetary Question -1.529 -3.042 -2.265 -1.057 -0.511
(0.908) (1.749) (1.293) (0.717) (0.429)
4 Post Question -1.001 -1.594 -1.045 -0.844 -0.425
(0.576) (1.215) (0.903) (0.666) (0.376)
Q. Mean for Par. Edu. Above Nat. Median 0.939
(0.0118)
Question Mean for Univ. Parental Edu. 0.784 0.942 1.026 1.036
(0.0227) (0.0166) (0.0112) (0.00684)
N 706 706 706 706 706

Note: Standard errors in parentheses clustered at the prompt level. Observations are at the question-level with a student-level SES
indicator: parental education. Monetary Question is dummy variable set to 1 if a question is monetary themed. 4 Post is a dummy
variable set to 1 if a question is non-monetary themed and positioned within 4 questions following a monetary question. Question means
by parental education level are the mean of correct responses for each group where a correct response equals 100 and an incorrect response

equals 0.
Table A13: COMIPEMS Simulation using School Indicators
Ineligible Eligible
Score under 31 points ~ Not Assigned Assigned
Total Actual 8,373 1.67% 84,513 16.80% 410,057 81.53%
Simulated 8,353 1.66% 84,518 16.81% 410,072 81.53%
Missing .Actual 392 2.39% 3,312 20.15% 12,733  77.47%
Simulated 392 2.39% 3,314 20.16% 12,731  77.45%
Very Advantaged Actual 6,245 1.60% 69,815 17.84% 315,189 80.56%
Simulated 6,245 1.60% 69,844 17.85% 315,160 80.55%
Advantaged Actual 1,615 1.79% 10,717  11.89% 77,780  86.32%
Simulated 1,600 1.78% 10,695 11.87% 77,817 86.36%
Middle Actual 74 2.15% 389 11.29% 2,982 86.56%
Simulated 71 2.06% 386 11.21% 2,988 86.73%
Disadvantaged Actual 45 2.70% 274 16.45% 1,347 80.85%
Simulated 43 2.58% 273 16.39% 1,350 81.03%
Very Disadvantaged Actual 2 5.88% 6 17.65% 26 76.47%
Simulated 2 5.88% 6 17.65% 26 76.47%

Students completing the COMIPEMS exam receive a score the makes them either eligible for high
school (if they score 31 points or more) or ineligible. If eligible, students receive a high school assign-
ment if there are openings in their listed schools or remain unassigned in which case they undergo a
secondary assignment process in the remaining openings. The number and share of students that fall
in these different categories using the actual and simulated data is displayed.
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Table A14: COMIPEMS Simulation using School Indicators: Movement Detail

Remain Become More Prefered Unchanged Less Prefered Become Change in Mean
Ineligible or Unassigned Assigned  Assignment  Assignment Assignment Unassigned Preference Rank*

Total 92,807 79 216 409,548 229 64 -.00007
18.45% 0.02% 0.04% 81.43% 0.05% 0.01%

Missing 3,703 1 1 12,725 4 3 -.00047
22.53% 0.01% 0.01% 77.42% 0.02% 0.02%

Very Advantaged 76,041 19 31 314,945 165 48 -.00082
19.44% 0.00% 0.01% 80.50% 0.04% 0.01%

Advantaged 12,282 50 157 77,550 60 13 .00256
13.63% 0.06% 0.17% 86.06% 0.07% 0.01%

Middle 457 6 21 2,961 0 0 .00905
13.27% 0.17% 0.61% 85.95% 0% 0%

Disdvantaged 316 3 6 1,341 0 0 .00594
18.97% 0.18% 0.36% 80.49% 0% 0%

Very Disadvantaged 8 0 0 26 0 0 0
23.53% 0% 0% 76.47% 0% 0%

Note: The table reports how students’ simulated allocation compares to their actual allocation for the different SES groups. The mean change in
preference rank is calculated using only students who receive a high school assignment in both the actual and simulated data.



Figure A5: Example Page from 4th Grade ENLACE Mathematics

ENLACE.10_4°

17. Cuatro amigos leen un libro. La cantidad que cada uno ha leido se muestra en la

18.

19.

tabla.

éQué amigo ha leido menos?

A) Fernando.
B) Daniel.
C) Manuel.
D) Guillermo.

Amigo Cantidad
leida
2
Daniel 5
]
Fernando 3
3
Manuel! H
5
Guillermo 6

agua $100.30. {Cuanto pagara en total?

A) $507.02
B) $507.12
C) $508.02
D) $508.20

¢Cual de las siguientes figuras tiene menos ejes de simetria?

A)

Q)

B)

19
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/
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N
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Maria va a realizar el pago de los siguientes recibos: teléfono $209.40, luz $198.50 y



Figure A6: Example Monetary Questions from the 2011 TIMSS

John was given the following table by his teacher and was asked to identify the
graph that correctly displays the data. Which graph below should he choose?

Name Savings
Sara 22 zeds
Peter 15 zeds
Pamela 17 zeds
Chris 10 zeds
25 25
- W
20 20
Ll el
£15 £15
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