Demography (2017) 54:801-807 @ CrossMark
DOI 10.1007/513524-017-0557-3

Family Income Has Only Weak Effects on Cognitive
Scores in Australia: A Comment on Khanam and Nghiem

Gary N. Marks'

Published online: 6 March 2017
© Population Association of America 2017

A recent Demography article by Khanam and Nghiem (2016), entitled “Family
Income and Child Cognitive and Noncognitive Development in Australia: Does
Money Matter?,” concluded that “family income is significantly associated with
children’s cognitive skills” (Khanam and Nghiem 2016:597). For a 1 standard
deviation difference in logged family income, the authors’ estimates were a 0.29
standard deviation increase in scores on the Peabody Picture Vocabulary Test
(PPVT), a 0.26 standard deviation increase for Matrix Reasoning (MR) scores, and
increases of 0.24 and 0.23 of a standard deviation for Year 3 numeracy and literacy
scores (respectively) in the National Assessment Program — Literacy and Numeracy
(NAPLAN) (Khanam and Nghiem 2016:616). The authors obtained their estimates
not from standard regression procedures but from the generalized method of mo-
ments (GMM) estimator.

The purpose of this commentary is to provide evidence that these estimates are not
plausible. Therefore, the conclusion that family income substantially matters for cog-
nitive outcomes in Australia is misplaced. I analyze the same data as Khanam and
Nghiem (2016): the kindergarten cohort of the Longitudinal Study of Australian
Children (LSAC). The outcome variables are the same: early childhood scores in
PPVT, MR, and Year 3 performance in NAPLAN. I also include Year 5 NAPLAN
performance to include a measure of permanent family income calculated from data
over a longer period.

The LSAC measures of family income were derived from the weekly incomes
of both parents from all sources. Major efforts were made to construct the most
accurate family income measures possible (Mullan and Redmond 2011). For
these analyses, the family income measures are first adjusted to 2014 dollars
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through the annual consumer price index (CPI) and then are logged and centered.
I include average income over a longer period given the claim that single-year
measures of income include too much measurement error and thus downwardly
bias the estimates (Blau 1999). This measure of “permanent income” is calcu-
lated by averaging the CPIl-adjusted family income measures from the current
and previous waves, then taking the log of the average and finally centering.

I estimate the effects of income on these outcomes in a series of models beginning
with family income as the only predictor variable. Subsequent models add, in turn, two
other indicators of socioeconomic status (SES): parental education and occupational
status. These two SES indicators are commonly used in analyses of cognitive skills and
student achievement. The final models in the analyses of PPVT and MR scores include
the respective prior cognitive skill measure. The analyses of student achievement
include a measure of cognitive ability from combining PPVT and MR scores. The
analyses of Year 5 achievement also include same-domain prior achievement. I present
both the metric and standardized estimates. I handle missing values with multiple
imputation (Baraldi and Enders 2010).

Before discussing the results, I note that the estimates reported by Khanam and
Nghiem (2016) seem larger than they are. Standardized effects of between 0.23 and
0.29 are comparatively large in studies of the effects of parental measures (apart from
parental cognitive ability) on cognitive outcomes. However, the effects cannot be
interpreted in the same way that standardized effects are for nonlogged independent
variables. To simplify, assume that the estimates were all 0.30. That means that for a
doubling of family income, the predicted achievement score would increase by 0.17 of
a standard deviation. A tripling of family income would translate to an increase of 0.27
of a standard deviation." Therefore, large changes in family income are associated with
only moderate changes in test scores, even when assuming an estimate of 0.30.

The first model in each of Tables 1, 2, 3, and 4 shows the estimates for just family
income. Without the effects of other predictors being considered, family income has
very weak effects on these cognitive outcomes. The variance explained is only 2 % or
3 % for PPVT and MR scores, increasing slightly to 4 % for Year 3 NAPLAN
numeracy and literacy. Permanent family income—that is, family income averaged
over four waves—show slightly stronger effects, accounting for up to 5 % of the
variance for Year 5 reading. Therefore, family income accounts for very little of the
variance of children’s cognitive outcomes, even without the effects of other influences.
The standardized estimates, which range from 0.13 to 0.21 (the latter for permanent
income), are smaller than the standardized effects reported by Khanam and Nghiem
(2016). It is not logical that Khanam and Nghiem’s effects—which are supposed to take
into account unobserved heterogeneity and endogeneity—are larger than the much
simpler bivariate effects reported here.

' To interpret the effect of a logged independent variable on a raw dependent variable:

% Effect = b1 X log(1 + (% of interest / 100))

Thus, for estimates of the effect on achievement for 1 %, 10 %, and 100 % increase in family
income, (1 + (% / 100)) = 1.01, 1.10, and 2.00, respectively.
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Table 1 Effects of family income (log) and other SES indicators on Peabody Picture Vocabulary Test (PPVT)
scores

Model 1 Model 2 Model 3 Model 4
Wave 1, Ages 4-5
Intercept 64.20%#*  — 57.76%#%  — 58.57##k  —
Family income (log)  1.81%** (.17 1.03%%* 0.10 0.70%*% 0.07
Parental education ~— — — 0.52%*%* 0.19 0.28%**% (.10
Parental occupation — — — — 0.04%*% (.14
Adjusted R — 03 — .06 — 07
Degrees of freedom — 4,404 — 4,403 — 4,402
Wave 2, Ages 6-7
Intercept 73.84%#% 67.12%%% 67.48%#%  — 48.99%#*
Family income (log)  1.43*** (.18 0.70%%* 0.09 0.49%#% 0.06  027* 0.03
Parental education ~ — — 0.547%%% 0.24 0.41%#% (.19 0.32%%% (). 14
Parental occupation — — — — 0.02%** (.10 0.01%%  0.05
Wave 1 PPTV score — — — — — — 0.31%%% (.38
Adjusted R? — 03 — .08 — 09 — 22
Degrees of freedom — 4315 — 4314 — 4313 — 4312
Wave 3, Ages 89
Intercept 78.33%%E T1.65%#*  — 72.00%%*  — 41.39%#FF
Family income (log)  1.13*** (.15 0.43%%% 0.06 0.227 0.03 0.06 0.01
Parental education ~ — — 0.53%k* 0.25 0.40%#% (.19 0.22%x% () ]]
Parental occupation — — — 0.03%#* 0.11 0.01**  0.06
Wave 2 PPTV score — — — — — — 0.45%%% (.47
Adjusted R? — 02 — 07 — 08 — 28
Degrees of freedom — 4271 — 4,270 — 4269 — 4,268

Notes: Missing values are imputed. Standardized estimates are in italics.
Tp <.10; #p < .05; *#p < .01; **¥p < 001

Subsequent models that include other relevant factors show even weaker
effects for family income. The addition of parental education, which clearly
has stronger effects than family income, generally halves the estimates for
family income. The further addition of parental occupational status produces a
smaller decline. Of the three SES indicators, family income consistently shows
the weakest effects (Model 3). The effects of family income are miniscule and
often are not statistically significant when prior cognitive scores are taken into
account. This is also the case for the analysis of Year 5 achievement, which
used a measure of permanent family income (Table 4). Based on the analysis of
Year 3 NAPLAN scores, early childhood cognitive ability (PPVT + MR) clearly
has much stronger effects (f = 0.55) than the socioeconomic background
variables (0.02 < 3 < 0.12), tripling the variance explained with its addition
to the model. For Year 5 achievement, the effects of same-domain prior
achievement are strong, with standardized effects around 0.40.
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Table 2 Effects of family income (log) and other SES indicators on Matrix Reasoning (MR) test scores

Model 1 Model 2 Model 3 Model 4
Wave 2, Ages 67
Intercept 10.35%%% T31EEE TAQwEE
Family income (log) 0.59%*% (.13 0.27%%  0.06  0.22%* 0.05
Parental education — — 0.24%**  0.18 0.21%**  0.16
Parental occupation ~ — — — — 0.01 0.04
Adjusted R* — 02— 04— .05
Degrees of freedom — 4411 — 4410 — 4,409
Wave 3, Ages 8-9
Intercept 10,7275 — 6.96% % — 712k 373k
Family income (log) 0.62%#%% (.13 0.22%%* 0.05 0.13 0.03 0.09 0.02
Parental education — — 0.30%** (.22 0.24%% (.18 0.15%*%  (.]]
Parental occupation ~— — — — — 0.01%%%  0.08 0.01%* 0.06
Wave 2 MR score — — — — — — 0.45%F% (043
Adjusted R? — () R— 06— 06— 24
Degrees of freedom — — 4268 — 4267 — 4266 — 4,265
Wave 4, Ages 1011
Intercept 10.68%#%  — 7. 12%kE 728k 4.01%%x
Family income (log) 0.63%#*% (.14 0.25%%* 0.06  0.14 0.03 0.09 0.02
Parental education — — 028k (.22 0.22%%% (.17  0.10%**  0.08
Parental occupation ~ — — — — 0.01%%%  0.09 0.01%* 0.06
Wave 3 MR score — — — — — — 0.46%%% 049
Adjusted R — 02— 06— 07— 29
Degrees of freedom — — 4,100 — 4,099 — 4,098 — 4,097

Notes: Missing values are imputed. Standardized estimates are in italics.
Tp <.10; #%p < 01; *#4p < 001

The conclusion that family income’s unadjusted effects on early childhood cognitive
outcomes in Australia are small, with very small or negligible direct effects, is
consistent with overseas studies. For the United States, Mayer (1997:90-91) estimated
conventional standardized effects of 0.13 for family income on PPVT test scores, 0.06
for mathematics scores in the Peabody Individual Achievement Test (PIAT), and 0.14
for PIAT reading. Her “true” effects of family income were usually smaller and not
statistically significant.” Analyzing mathematics achievement, Orr (2003:291, 293)
reported no effect for family income (averaged over five years) on mathematics
achievement, net of father’s occupational status, mother’s education, mother’s ability
and other variables. Carlson and Corcoran’s (2001:789) analysis of reading scores in

2 Mayer’s (1997) “tru¢” effects of family income are the effects of income net of unobserved parental
characteristics calculated from longitudinal data.
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Table 3 Effects of family income (log) and other SES indicators on Year 3 numeracy and reading test scores

Model 1 Model 2 Model 3 Model 4
Numeracy, Ages 8-9
Intercept 420.00%**  — 306.89%#*  — 312.05%#%  — 372.25%%k
Family income (log)  21.31%** (.19 9.68*** (.09 6.15%%  0.06 1.89 0.02
Parental education =~ — — 8.88*** (.28 6.78**% (.21 2.89%*% (.09
Parental occupation — — — — 0.42%%% (.12 0.20%*  0.06
PPVT + MR — — — — e — 43.43%%% (.55
Adjusted R? — 04 — 10 — 11— 38
Degrees of freedom — 2983 — 2982 — 2981 — 2,980
Reading, Ages 8-9
Intercept 425.96%**  — 290.25%#%  — 204.91%%%  — 363.47%%F  —
Family income (log)  26.78*** (.21 12.86%**% 0.10 9.68%*% (.08 4.87* 0.04
Parental education ~ — — 10.66*** (.29 8.75%*% (.24 4.33%%% (.12
Parental occupation — — — — 0.38%** (.09 0.13 0.03
PPVT + MR — o — — — — 49.65%*%*% (.54
Adjusted R? — 04 — 11— 12 — 38
Degrees of freedom — 2983 — 2982 — 2981 — 2,980

Notes: Missing values are imputed. Standardized estimates are in italics. PPVT = Peabody Picture Vocabulary
Test; MR = Matrix Reasoning.

*p <.05; #p < .01; ¥*¥¥p < .001

children aged 7-10 found that family income had an effect, but it was relatively weak.
A doubling of family income increased child’s reading score by about 3.2 %. For
Britain, Violato et al. (2011:1201) concluded “a weak or absent direct effect of family
economic resources on child development.” Similarly, Aughinbaugh and Gittleman’s
(2003:429) analysis of children’s test scores in the United States and Britain found that
the effects of family income on test scores were quite small: the maximum effect was
0.08 of a standard deviation, net of other predictors including mother’s ability. Ana-
lyzing data from South Africa, Cherian and Malehase (1998:431) concluded that there
was “no relationship between financial conditions at home and scholastic achievement
of children from single-parent and two-parent families.” Analyzing student achieve-
ment in Denmark using data from the OECD Program for International Student
Assessment study, Humlum (2011:994) noted that family income effects were small
and statistically insignificant. Even a large change in permanent income of 100,000
Danish krone (equivalent to about US$15,000) was associated with a difference of only
2.6 PISA score points.”

Therefore, the often made claim that family income is important to children’s
cognitive outcomes is not supported by the evidence from a range of studies.

3 In that sample, the standard deviation of reading test scores was 96 (Humlum 2011:989).
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