Wait for it: Delay-Discounting and Academic Performance among an Irish Adolescent sample

1. Introduction

What can explain or predict an individual’s academic performance? The question is an important one in its own right, but is also of interest because the answer might suggest ways of improving people’s outcomes in this domain. It seems intuitively likely that both intellectual and non-intellectual factors play a role in shaping an individual’s academic attainments. The identification of these specific factors that make a contribution to a student’s academic performance is an important task.

1.1 Intelligence

The connection between intelligence and academic success has consistently been shown to be strong. Indeed Spearman (1904) and Binet’s (1905) original interest in intelligence measures were based, respectively, around educational data and needs. Along with occupational outcomes, educational outcomes are the major concern in relation to the predictive power of cognitive ability tests. In their influential review, Neisser et al. (1996) note that intelligence tests predict school performance and curricular knowledge fairly well, and estimate that the correlation between IQ scores and grades is about 0.50. The range of correlations between cognitive tests and educational performance sits comfortably with the 0.50 estimate of Neisser et al.: see Jencks et al. (1979), Mackintosh (1998) and Bartels et al. (2002).The analysis by Deary et al. (2007) of a very large sample (70,000 +) of British children, aged 11, demonstrated a correlation between (latent factors of) educational performance and cognitive ability at the very high end of estimates: r = 0.81. Despite these estimates, there still exists the problem of ‘underprediction’ and ‘overprediction’ in relation to intelligence tests and their association with academic attainment – for example, men tend on average to do more poorly academically than their IQ scores predict – see Stricker et al. (1993). 

1.2 Family background

In the context of the ‘underprediction’ of academic outcomes by cognitive ability, it is clear that family background may potentially also explain a good deal. Petrill and Wilkerson (2000) argue that shared environmental factors – such as measures of family deprivation and social class – are particularly important in early and middle childhood in shaping performance for example on standarized tests. A meta-analysis by White (1982) indicated that SES measured at the level of the individual correlated modestly but significantly with academic achievement (r = 0.22). When SES was measured at the level of community or school, then its effects appeared much stronger with correlations of up to 0.88. A more recent analysis by Johnson et al. (2007) reported a fairly similar correlation for the effect of individual SES on academic achievement.  

1.3 Beyond IQ and family background

Researchers then tend to ask, ‘what else?’. Going beyond intelligence and individual SES, are there other factors or variables that reliably tell us something about an individual’s likely relative success or failure with regards to the educational system? The effectiveness of the child’s school must also play a role, such as its curriculum, its structural features, and the skill of teachers, availability of textbooks etc. However Rumberger and Palardy (2005) suggest that while these school ‘inputs’ are important, the characteristics of the student body are even more so. In other words, differences in academic outcome are first and foremost linked to the individual capacities of the students (and the students’ interaction as in the role of peer pressure – see Cairns and Cairns, 1994).

Recently, there has been a revived interest in what are sometimes labelled ‘non-cognitive’ measures. These are individual characteristics and traits – autonomous from cognitive ability – that might explain outcomes in life such as academic attainment and career earnings, and include factors like perseverance, leadership and industriousness. Heckman and Rubenstein (2001) have claimed that while non-cognitive measures are hard to pin down with precision, they are nonetheless important. They argue that we have tended to focus too heavily on cognitive ability while overlooking the role that these ‘noncognitive skills’ play in people’s lives. “Much of the neglect of noncognitive skills in analyses of earnings, schooling, and other lifetime outcomes is due to the lack of any reliable measure of them.” (Heckman and Rubenstein, 2001; 145). Self-discipline is one of the quintessential ‘noncognitive’ skills – difficult to define, but universally implicated in successful academic outcomes. 

1.4 Self-disipline and time preference rates

An historian of economics, Clark (2007) sought to identify a single trait to characterise the rise of ‘bourgeois’ values in the Middle Ages in England and Holland that set the scene for the subsequent Industrial Revolution. He argued that falling interest rates revealed a transformation in people's ‘Time Preferences’. Time Preference reflects the idea that people tend to prefer to consume a good now rather than later. The Time Preference Rate (TPR) measures the strength of this preference. It is the percentage by which the amount of consumption of an asset next year must be higher than consumption this year for people to be indifferent between consuming it now or later. Higher SES individuals tend to have low TPRs. 
The link between time preference and self-discipline has been made across a number of disciplines. Historical sociologists like Norbert Elias (2000) have written about self-restraint, criminologists Gottfredson and Hirschi (1990) have causally linked criminal behavior to poor deferral of gratification and Freud (1991) discussed the role of the superego in the subordination of the pleasure principle to the reality principle. Daly, Delaney and Harmon (2008) have cited plausibly related psychometric constructs such as future orientation and conscientiousness, and refer to their empirical work as a measure of patience. All of these concepts are linked to an individual’s capacity to demonstrate self-discipline by valuing the distant outcomes of current choices. 

1.5 Time preference and academic achievement

In sum, there is a substantial literature, and from several disciplines, indicating that  an individual’s ability to subordinate their immediate or short-term appetites to positive long-term goals may be highly profitable. In the context of educational performance, Duckworth and Seligman (2006) have argued that self-control is a better predictor of outcome than IQ. The reason for this is that adhering to one’s objectives when more immediately pleasurable alternatives beckon will likely benefit academic achievement. This is not to say that success always requires foregoing immediate gain; on the contrary, triumph often requires seizing the moment. The point however is the ability to readily forego or defer a small immediate reward now, if it will generate greater rewards later. Thus, we are referring to purposeful deferral rather than aimless procrastination. 
It seems intuitively plausible that this type of ‘non-cognitive ability’ could pay off in an educational and learning context. Academic success requires most individuals to prepare for assessments – this may refer to the ability to turn off the TV right now to study diligently for an exam a number of months hence, or working hard this week on one small component of a long-term set of assessments, or understanding that the accumulation of academic attainments over a long period may benefit in terms of better career options ten years from today. Extending the concept, it may range from taking one’s time to read the questions properly in an exam before starting to write, or to working in a part-time job during school holidays to save money for college fees next year.

The purpose of this exploratory study is to assess the role of time preference in predicting educational success. The term ‘Delay-Discounting’ will be used to refer to the value given by an individual to current rather than later consumption, with higher delay-discounting scores indicating an individual able to wait longer in order to obtain a greater reward. The hypothesis is that this ability should confer an advantage in academic attainment on an individual independent of their cognitive ability, i.e. as a non-cognitive ability
. In order to test it, a sample of Irish students provided information as part of a survey.

2. Method

2.1 Sampling

The sample consisted of Irish Junior Certificate (equivalent to U.S. Grade 9) students. The sampling unit was the school. The Irish Department of Education and Science listed 731 post-primary schools in Ireland for 2008. It designated 202 of these schools as disadvantaged. The sampling procedure explicitly oversampled schools in deprived areas: these schools make up 27.6% of all Irish post-primary schools but 50% of the sample of 20 schools to be selected in this study. Thus, this over-sampling meant that disadvantaged schools made up 1 in 2 of the study sample versus roughly 1 in 4 nationally. There are various threats to representativeness in survey responses, of which a prominent one is social class (or income) whereby poorer respondents are systematically less likely to participate (see Sudman and Bradburn, 1974). The over-sampling of students from disadvantaged schools was intended as a way to compensate for the survey response bias.
Schools were also categorised by geographical location, and the number of schools in the sample from each of five regions was in direct proportion to the size of the 13-14 year old population of that region recorded in the 2006 Census. Systematic random sampling was used within each region to select the specific schools for the sample. A reserve sample list of schools was drawn up using the same criteria as the first sample as some school-refusals were anticipated. In the event, 12 schools (60%) from the first sample group consented to the research process with 8 refusing on either grounds of current participation in other research, school issues, or simply refusing to communicate despite letters, telephone calls, fax and email communications. More designated-disadvantaged schools from the initial list refused than did non-disadvantaged ones (six to two).  

2.2 Participants

The size of the main sample of J.C. students was 1,131. A greater percentage of males (60.3%) than females (39.7%) were included in the sample as 

a. one more single sex boys’ school than girls’ school was selected by the sampling process,
b. mixed schools in Ireland have a significantly greater number of male pupils,

c. boys’ schools (mean = 496) and mixed schools (mean = 480) selected in the sample process had bigger school populations than the girls’ schools (mean = 357). 

The mean age was fourteen years and seven months with a standard deviation of just under seven months. The response rate within schools was 68.84%. Although some of the non-respondents were those who were absent from school on our visit, the overwhelming majority were present but had not returned a consent form from parents/guardians. Since 27.6% of Irish post-primary schools are designated as disadvantaged. In this sample, 39.3% of the respondents attended schools that were disadvantaged. Assuming the proportion of students attending disadvantaged schools is similar to the proportion of schools that are disadvantaged, this suggests that students from disadvantaged schools were over-represented by about a rate of 1.42 in this sample. The sample was geographically representative of the Junior Certificate year student population in Ireland in 2008. 

2.3 Measures

The students were asked to complete a confidential questionnaire. Questions related to socio-economic status, academic achievement and demographic factors (age, sex, nationality) were included, as were a short cognitive ability test, and a question intended to assess the student’s ‘delay-discounting’ – a measure of how willing they were to trade-off smaller current rewards in order to obtain larger but more long-term gains. 

2.3.1 Dependent measure

Academic Attainment. Respondents were asked to recall their most recent set of school exams and the grades attained. Up to ten exam results were included and these were translated into a number value using the standard points system allotted for grades for university applications. Because the number of reported grades varied considerably, an average was taken of all a respondent’s points, and this was the ‘Academic Mean’ value. Obviously self-report brings into play biases in relation to recall, social desirability and mood, and this likely influenced the result but it was the most realistic path open to the researchers. Missing value imputation using the Full Information Maximum Likelihood (FIML) function imputed values for 6.9% of missing values in ‘Mean Academic Attainment’. (Schafer and Graham 2002, found that FIML was one of the optimal methods of dealing with potential bias through missing data.) 
2.3.2 Independent Measures

Delay Discounting. The respondents were asked how willing they were to wait longer to collect a raffle prize if their prize money was increased. There were seven options ranging from the shortest delay with the smallest winnings (one day and 100 euro) to the longest delay with the largest winnings (one year and 200 euro) with five options in between. The increments in time with respective reward were: 1 day (100 euro), one week (110 euro), two weeks (115 euro), one month (125 euro), three months (150 euro), six months (175 euro) and one year (200 euro). The reward thus increased as a function of their deferral but the rate of increase was diminishing – see figure 1 for a visual presentation of the options. 
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Economic Deprivation. The respondent was asked to indicate the occupation(s) of their parents or guardians. These were recoded into one of seven occupational groups and – as used in the NSSEC (British) classification (2005) – the respondent was assigned a parental/guardian SES value of the lower-scoring (which indicated higher SES) parent. Each school was also identified by electoral district in the Irish census system of classification. The deprivation score for each census electoral district has been calculated by SAHRU (2007) with higher values indicating greater deprivation. Each person attending a school was assigned the community deprivation value of his/her school. The two scores (individual SES and community deprivation) were combined via the latent measure construction on the SPSS structural equation modelling package, AMOS 7.0. 
Cognitive Ability. The respondent was asked ten questions to produce a single cognitive ability measure. The first five were intended to measure general knowledge; respondents were given multiple choice questions on political recognition, sports, identify the capital of Bulgaria from a list of four cities, identify the final year of World War 1 from a list of four years, and identify the play not written by Shakespeare from a list of four. The four subsequent questions asked the respondent to recall a list of digits read out by the researcher. These comprised of a six digits, nine digits, six digits reverse recall, and six digits reverse recall. Finally they were asked to identify from a list of four, the correct spelling of ‘vacuum’. The total number of correct answers were summed to produce the cognitive ability value, with higher scores obviously indicating greater ability on these measures. 

2.4 Procedure

Once the school principal had agreed to participate in the study, an information and consent pack was sent out (as part of the procedure approved by the researchers’ university Human Research Ethics Committee). The pack included information sheets for students, information sheets for every parent / guardian, as well as consent forms and return envelopes. The students were told that if they wished to participate, they must return the signed consent forms but even where their consent forms were returned, they did not have to participate if they did not wish. Schools were asked to keep a list of all students who returned their consent forms. Students completed the questionnaires during normal class time. The researchers reminded students of their freedom to withdraw, assured confidentiality and delivered verbal instructions on how to complete the survey. 

3. Results

Figure 2 below displays the frequency distribution of the dependent variable (n= 1131, mean = 43.39, s.d. = 21.64). The distribution is fairly well modelled by the normal distribution and has a low skewness (-0.15).  Figure 3 displays the distribution for Delay-Discounting (n=1130, mean = 3.51, s.d. = 2.48) and its skewness is 0.33. The distributions for Economic Deprivation (mean = 0.00, s.d. = 1.11, skewness = 0.40) and Cognitive Ability (mean = 6.40, s.d. = 1.89, skewness = -0.32) are displayed in appendices A and B respectively. 
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The inter-correlations for the dependent measure and three independent measures are displayed in table 1 below. 

TABLE 1 ABOUT HERE. 

The figures in table 1 indicate moderate bi-variate inter-correlations between all four measures. Higher academic scores are associated with higher delay discounting ability, less economic deprivation and higher cognitive ability. To test the predictive power of the independent measures, the causal modelling package AMOS version 7.0 was used. The regression coefficients generated are indicated in figure 4 below. The overall variance (R squared) explained by the three measures was 0.35, and while Cognitive Ability and Economic Deprivation are more powerful predictors of academic outcome, Delay Discounting plays an important independent role with a regression coefficient = 0.21 when the other measures are controlled for. 

FIGURE 4 ABOUT HERE
In appendix C, the regression data are re-displayed in a more conventional table along with the collinearity diagnostics (‘tolerance’ and ‘VIF’) for each variable. The high tolerance values and low VIF values indicate that multi-collinearity - and hence instability in predictor regression weight - is not a problem for the model. 
4. Discussion

The identification of the roots of success in life in general, and in educational attainment in particular, remains a vitally important challenge for the human sciences. The research paradigm proposed by Heckman and Rubenstein (2001) is useful in that it frames the question as a search for important non-cognitive variables that complement cognitive ability in shaping life outcomes. This paper adds weight to the view that an ability to control short-term gratification for longer-term gain may be an important candidate in the search for powerful non-cognitive predictors of academic, and hence career success. The evidence for this position comes from a number of sources; most intuitively, one can readily fit the ability to defer gratification into a picture of success at school – being able to persevere at study now in order to obtain better grades some time in the future. The frequent citing of the concept – in different but overlapping guises – across the literature also makes a case for its significance (the range of interest in time preference is very diverse from criminology to biology, to economics and personality psychology. The state-of-the-art paper by Daly et al. 2008, gives some sense of this diversity). In this paper, evidence was provided indicating that substantial delay-discounting variation is found among a representative and large sample of secondary school students (though students from schools in poorer areas were over-sampled, but under-represented through a lower response rate). Its scores correlate moderately well with an educational outcome, and even where other known predictors of success are controlled for, it makes a solid contribution in explaining variance.

Of course, causal models are not actual demonstrations of causality. The measurement of delay-discounting is very basic in this exploratory paper; validity and reliability concerns remain unanswered. The measurement of cognitive ability is limited to a small number of items, and taps only two areas of cognitive functioning. But the evidence here suggests that work in greater depth would be a reasonable investment of research resources. To our knowledge, the work on Time Preference Rates/Delay-Discounting have been exploratory thus far – see for example the work by Harbaugh and Krause (2001). Our aim here has been to further explore patterns of ‘Time Preference’ and its correlates. The fact that Time Preference Rates are higher among the poor and those with less education in society (Clark, 2007; 171) lends support to the possibility that they are at least partially learned and thus potentially modifiable. When issues of measurement of the construct are satisfactorily resolved, a next step is the issue of whether an individual’s ability to defer gratification is a relatively fixed trait or is open to manipulation. Since the evidence is growing that cognitive ability is relatively fixed from early childhood, aspirations to raise educational attainment would receive a boost if it could be shown that delay-discounting continued to be open to modification in middle and late childhood, and that its amplification was associated with positive academic consequences. The policy consequences of the successful development of an intervention around delay-discounting/time preference could be far-reaching, particularly in educationalist approaches. It could feasibly inform how one might support the delay of gratification and encouraging personal academic investment among children from all backgrounds, poor and affluent, mainstream and special needs. 
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Note – the ‘mean academic score’ is based on the individual’s average mark of up to ten subjects in their most recent school tests. The potential range of scores was from 0 to 100. The actual range was 0 to 90. 
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The delay-discounting measure captures the time preference rates of the sample. It has a possible range from 1 to 7 with higher scores indicating greater ‘delay-discounting’, i.e. willingness to sacrifice current desires for greater long-term rewards. 

Figure 4 – Modelling the predictive power of the independent measures in a regression with the SEM package AMOS, version 7.0. 
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Table 1 – Correlation Matrix of dependent measure, Mean Academic score, and three independent measures, Delay-Discounting, Economic Deprivation, and Cognitive Ability. N= 1,131. 

	
	Delay-Discounting
	Economic Deprivation
	Cognitive Ability

	Academic Mean score
	r = 0.29, p < 0.01
	r = -0.42, p < 0.01
	r = 0.48, p < 0.01

	Delay-Discounting
	
	r = -0.18, p < 0.01
	r = 0.13, p < 0.01

	Economic Deprivation
	
	
	r = -0.33, p < 0.01

















� The use of the term ‘non-cognitive ability’ in the context of delay-discounting is largely for convenience and convention – there is certainly a case that it could be just as accurately referred to as a higher-order cognitive function. 
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