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Overview of abbreviations 
 
Different abbreviations are used for the same pre-programme predictors in different chapters. 
Also, ‘Y1’ - a measure of in-programme academic success - is used to abbreviate two 
different operationalisations of first year study success. NG-PSF is used differently in chapter 
5 than in the preceding chapters. The overview below hopefully assists in keeping track of 
what is what across the chapters. 
 
Chapter 2 – Table 2 and 3 
SSGPA   = Average secondary school grade, unweighted average of  

mathematics, English, Dutch, social sciences and biology (if     
applicable)       

MS    = Matching grade, unweighted average of essay and exam  
      grades 
NCF    = Non-cognitive factors (score on a ten-point scale) 
SSGPA/MS/NCF  = unweighted average of SSGPA, MS and NCF 
Y1    = whether at least seven of the eight first year courses were  
      completed successfully 
 
Chapter 3 – Table 1 and Table A1 (in the Appendix), Figure 2 
ACS    = MS = Matching grade 
NCS    = NCF = Non-cognitive factors 
 
G    = SSGPA = Average secondary school grade 
A    = ACS = MS = Matching grade 
N    = NCS = NCF = Non-cognitive factors 
GAN    = SSGPA/ACS/NCS 
 
Chapter 4 - Table 2 
S    = SSGPA = G = Average secondary school grade 
A    = ACS = MS = Matching grade 
NG-PSF   = NCS = NCF = Non-cognitive factors 
SAN   = unweighted average of S, A and NG-PSF = GAN =  

                  SSGPA/MS/NCF 
Y1    = mean grade of all course grades in the first year (NOT equal to  
      Y1 in Chapter 2) 
 
Chapter 5  
NG-PSF   = non-grade based psychosocial factors in general, NOT as  
                                              operationalised in chapter 2-4 
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Question 
“Will this person be successful?” An answer to this question requires a definition of success 
that is sufficient to allow evaluation of the available information on the probability of 
success. Of course, ‘being successful’ as a person is not binary, but university admission 
decisions are. What probability of success is required to decide to admit an applicant? In 
university admission, success is study success, which is commonly operationalised in Grade 
Point Average (GPA), course grades, retention and graduating in time. Valid instruments are 
available providing information on the probability of study success, but this information is 
incomplete, because the instruments measure only part of (the potential for) success. In 
addition, the predictive validity of the parts that can be quantified is not perfect. Yet, 
decisions need to be made to allow specific persons access, or not, to specific university 
programmes. The decision makers have imperfect information and thus will inevitably make 
mistakes. This dissertation provides an (not the) answer to the question: “How to minimise 
mistakes in selection?”  
 
Context: technicalities and responsibilities 
At first sight this appears to be a technical question and it is indeed very well possible to 
answer it in a technical way: determine the currently best possible way or ways to analyse 
the data and the outcome(s) will provide a current best practice. There are two types of 
mistakes in selection: admission of students that later drop out and rejection of students who 
would have become successful. The first mistake is one that becomes evident with time. The 
second mistake is one that will remain unknown to both institution and applicant. Given the 
one-sided decision of the institution to reject an applicant, it is also the one-sided 
responsibility of the institution to ensure rejection decisions are evidence-based. Here lies a 
responsibility that is not only technical. The decision to reject is uncertain in two, related, 
ways. Given the rejection itself, it remains forever uncertain whether it was a correct or 
incorrect decision and this uncertainty is due to the imperfect predictions of academic 
success. Given this uncertainty, what does it do to a young person who has decided to apply 
to certain programme at a certain institution when the institution says “No, you cannot enrol, 
because we think your probability of success is lower than that of others.”? This is not 
competition for a job in a commercial setting only one person can get. This is education. Of 
course, it might be that the available number of lecturers and teachers limits the number of 
students that can be taught or that the available facilities provide room for fewer students 
than apply. It might also be that the society only needs a certain number of academics with a 
certain specialty and that graduates will not be able to get a job if all who wish to enrol do 
so. Even then, it is the responsibility of the university to ensure selection decisions are made 
in the best possible, evidence-based, way. Not only because of the responsibility for 
implementing the best technical solution for the selection problem, but also because of the 
personal consequences for the individuals that are rejected.  
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Being rejected access to education for which you are qualified (in The Netherlands 
access to tertiary education is granted through secondary school qualifications), when you 
have only just gained the freedom and responsibility to decide on your education, touches 
upon the need to achieve and to belong and contradicts the recently acquired autonomy (Deci 
& Ryan, 2008). Compare this situation to a rejection after a job interview. However badly 
you want or need the job, it is clear and acceptable that the company will not pay two or more 
people a full-time salary for doing a one-person job. In education, it is harder to defend that 
no more than so many graduates will be ‘useful’ in a few years. If the limitation is in the 
available teachers or facilities and the institution admits only the applicants with the highest 
probability of success, this might be less difficult to accept for the rejected applicants, who 
are also willing to invest time, energy and money in their education, just as the admitted 
applicants. Yet, the acceptability of quality assurance given limited resources (people and 
buildings) does not change the practical and cognitive-emotional consequences for the 
individual being rejected. If the institution could be sure the probability of success is so low 
for certain individuals with certain characteristics that it would be wiser for them to change 
plans than it is to admit and enrol, this would be acceptable. This brings us back to the 
prediction of success. How well can study success be predicted among qualified applicants? 

 
Previously on the prediction of study success 
A century of investigation into selection of students shows an expansion of the available 
instruments predicting academic success, just as Bingham (1917) called for (Bingham, 1917; 
Cattell & Farrand, 1896; Patterson et al., 2016; Richardson, Abraham, & Bond, 2012; 
Schneider & Preckel, 2017). Bingham (1917) signalled three ways to progress: 1) to bring 
together and share the available information as yet scattered across labs, 2) to select a subset 
of instruments all institutions agree upon to use uniformly in order to allow comparison, and 
3) to parcel out the most urgent and important research problems across labs. Then he writes: 
“The completion of such a program is not a matter of a year or a decade. Only with the 
accumulations of painstaking results from many laboratories over a period of years, carefully 
checked up by comparison with later performance of the students tested, both in their college 
courses, and later in the various pursuits to which their efforts are directed after graduation, 
will we be in a position to give to undergraduates of succeeding college generations 
individual counsel superior to that of unaided common sense and personal insight.” 
(Bingham, 1917, p. 44). Though the field did make progress in designing and validating 
instruments since the early days of student testing - see Figures 1.1, 1.2 - accurate prediction 
of study success was still a work in progress as of the start of this project.  

And it still is. There is consensus that prior academic achievement is at least a 
reasonable predictor of future academic achievement, that admission tests can be valuable 
assessments of cognitive capacity and that other factors such as motivation, personality, self-
regulatory skills and psychosocial factors and can also be relevant (Richardson et al., 2012). 
Given the differences between secondary education and tertiary education and the differences 
between programmes in tertiary education, it is not surprising that the predictive validity of 
prior academic achievement is limited (Richardson et al., 2012; Steenman, Bakker, & van 
Tartwijk, 2016). The transition from secondary education to tertiary education entails a major 
shift in what is expected and required from adolescents. In addition to the characteristics of 
the curricula, characteristics of the applicants inherently prohibit perfect predictions of study  
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Figure 1.1. Excerpt p. 627 of Cattell, J. M., & Farrand, L. (1896). Physical and mental measurements of  
the   students of Columbia University. Psychological Review, 3(6), 618–648. 
 
success: people change over time and many applicants are of an age and in a developmental  
stage that can also be called transitional (Arnett, 2000). Many applicants are adolescents who 
for the first time in their lives get to decide what to do next with their lives. Many of them 
leave home and need to build a new social network (not to mention the energy and time dating 
romantic partners can cost). The first year at university for many freshmen is a period of 
multiple major and minor life events and many daily hassles. Yet, study success in later stages  
of the programme is even harder to predict. The learning goals are more complex and build 
on previous in-programme acquired knowledge and skills (Anderson, 2005; Bloom, 1956).  

Admission tests are supposed to complement the predictive validity of prior 
academic achievement. General admission tests on ability and aptitude are widely used in 
North America, The United Kingdom and Australia. In terms of relevant cognitive abilities, 
prior academic achievement and standardised admission tests are domain-general predictors 
of future academic success. In The Netherlands no standardised tests are available, but 
programme-specific work samples had been tested and proved promising  
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Figure 1.2. Excerpt of p. 630 of Cattell, J. M., & Farrand, L. (1896). Physical and mental measurements of   the 
students of Columbia University. Psychological Review, 3(6), 618–648. http://doi.org/10.1037/h0070786. To be 
filled in by the student 
 
(e.g. Visser, van der Maas, Engels-Freeke, & Vorst, 2012). To supplement information from 
prior academic achievement and standardised or programme-specific admission tests, 
motivation and study skills are commonly assessed using questionnaires, letters and/or 
interviews. These generally have low predictive validity, especially in the high stakes context 
of selection (Edwards, Friedman, & Pearce, 2013). If access to education is scarce, applicants 
(and their parents) will be highly motivated to exert control over getting access. Prior 
academic achievement cannot be faked (unless you are willing to commit fraud), standardised 
tests can be trained for if you can pay for the training, and self-report measures on motivation 
and skills are susceptible to social desirability. Work samples provide programme-specific 
information on the match between the applicant and the programme, but are time consuming 
for both institution and applicant. Therefore, continuous efforts have been made to find other 
non-intellectual predictors and to validate questionnaires that measure them (Cortes, 2013; 
Credé & Kuncel, 2008). Among these are self-efficacy, conscientiousness, and community 
commitment. The predictive validity of non-intellectual constructs vary across measurements 
and programmes (Richardson et al., 2012; Robbins et al., 2004). Interviews do contribute to 
a good relation between student and staff, but are time consuming and have low predictive 
validity for study success. Thus, prior academic achievement, admission tests and non-
intellectual factors all have or can have predictive validity for study success, but there are 
differences between institutions and cohorts, and the diversity in the used tests and 
instruments and their predictive validity is large (Credé & Kuncel, 2008; Edwards et al., 
2013; Richardson et al., 2012; Robbins et al., 2004). 
 
The current project on the prediction of study success 
The context of the current project was that the Psychology Bachelor programme at Utrecht 
University would become selective in 2014-2015 and that the minister of  Education, Culture 
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and Science prescribed selection to be based on more than just prior academic achievement 
(https://www.rijksoverheid.nl/onderwerpen/hoger-onderwijs/numerus-fixus). Therefore, we 
designed a work sample and an application form based on the literature. The applicants 
reported their secondary school grades in the application form and answered questions on 
motivation, extracurricular activities, and their learning preferences. The work sample was 
designed to provide hands-on experience of what it will be like to be in the programme, 
including an exam and assignments. The work sample served two purposes: to inform the 
applicant on how well the Bachelor Psychology programme at Utrecht University matches 
their interests and to provide the programme with programme-specific measures of academic 
potential. The grades obtained in the work sample are not subject to social desirability and if 
secondary school grades would not reflect the potential of an individual, the work sample 
could provide an opportunity to shine. For cohort 2013-2014, participation in the matching 
programme was not yet obligatory. A maximum of 550 students would be admitted in 2014-
2015 of which 80% would be selected if the number of applicants exceeded 550. In 2015-
2016 a maximum 520 students would (all) be selected if the number of applicants exceeded 
520. In order to make evidence-based selection decisions, we did not only want to know 
which predictors to use, but also how to use them. Unfortunately, the literature was dominated 
by regression analyses and however informative they are, they provide no information on 
specific criteria and/or cut-off scores. We had no information on the probability of success 
of applicants and no means to actively minimise mistakes. For this reason, we decided to 
explore other ways of analysing the pre-programme prediction of study success and the 
application of the outcomes in selection procedures.  
 
Signal Detection Theory and the prediction of study success 
Selection is in essence a signal detection problem. Signal Detection Theory provides 
information at group level on both sensitivity and specificity and on the effects of specific 
criteria (Green & Swets, 1966; Robin et al., 2011; Stanislaw & Todorov, 1999). Moreover, 
after having awaited academic success - academic success being the signal to be detected - 
hypothetical, retrospective selective decisions on each individual give detailed information 
on how accurate specific instruments are for applicants with certain characteristics. The cut-
off score or criterion for future cohorts can be set to aim at specific admission goals using the 
data of previous cohorts, since the Signal Detection outcomes provide detailed information 
on the outcomes of specific admission tools and criteria. This allows the prevention of one 
type of mistake over the other or the decision to aim at selection that is unbiased with regard 
to the two types of (inevitable) mistakes. In addition, Signal Detection Theory provides 
information on the individual level. Of course, the information is only complete if applicants 
that would have been rejected in high stakes selection are not rejected, but admitted. This is 
the only way to learn about the prevention of rejecting students that would have become 
successful. We were in the lucky position that participation in the matching programme was 
not obligatory for cohort 2013-2014 and that for 2014-2015 and 2015-2016 the numbers of 
enrolments did not exceed the numerus fixus. This allowed to us to run full Signal Detection 
analyses on the data of these cohorts. Thus, Signal Detection Theory should provide us 
information on how to minimise mistakes in selection.  

The extensive description of the application of Signal Detection Theory in 
monitoring selection in the introduction sections of Chapter 2 to 4 will not be repeated here. 
The basics are how successful and unsuccessful students are categorised as hits, misses, false 

https://www.rijksoverheid.nl/onderwerpen/hoger-onderwijs/numerus-fixus


INTRODUCTION 

8 
 

alarms and correct rejections, the terms used in Signal Detection Theory to describe decision 
outcomes. An unsuccessful and rejected student is deemed a correct rejection (a correct 
decision), a successful and admitted student is deemed a hit (also a correct decision). An 
unsuccessful, admitted student is deemed a false alarm and a successful, rejected student is 
deemed a miss (both incorrect decisions).  
 
Outline of this dissertation 
In Chapter 2 the application of Signal Detection Theory in university selection is explored. 
Study success is the “signal” we want to detect. Of course, in-programme study success can 
only be detected after admission. So, we await first year academic success and then make 
hypothetical, retrospective selection decisions using a Signal Detection approach. The 
application form and work sample provide three single admission scores: average secondary 
school grade, average grade for the exam and essay in the work sample, and a non-cognitive 
score. These three admission scores are used as single admission tools and are used to 
construct different combined tools.  

The predictive validity of all three tools is confirmed by both regression analyses 
and Signal Detection analyses. This chapter will demonstrate that adding the work sample 
grade and the non-cognitive score to the admission toolkit heightens its sensitivity and that 
Signal Detection Theory provides information on criteria and the individual level regression 
analyses cannot. 

Chapter 3 focuses on the individual level after establishing the stability of the 
accuracy of our three single admission tools in discerning successful students from 
unsuccessful students across three cohorts. Each of a mutually exclusive set of seven tools 
uniquely and successfully selects successful students and it follows that using multiple tools 
increases the proportion correct decisions. The combined admission tool, which requires 
applicants to score at or above criterion on all three single predictors, performs best. Also, 
none of the instruments come anywhere near perfect accuracy. Signal Detection Theory is 
again found to allow comparisons of the effect of different instruments and criteria on 
selection outcomes that are not provided by other analyses. 

In Chapter 4 we zoom in on academic success across time and type within cohort.  
The quantitative data of two full cohorts in this chapter demonstrate that pre-programme 
predictors just as accurately predict study success in second and third year and in the bachelor 
as whole as they predict study success in the first year. The prediction of study success in the 
second and third year does improve significantly by using first year average grade as the 
predictor compared to the pre-programme predictors. Success in theoretical skills courses is 
more accurately predicted than success in research skills courses and professional skills 
courses. 
  These quantitative data are complemented by focus group data. First year students, 
senior students, first year tutors and bachelor thesis supervisors confirm knowledge, research 
skills, professional skills and non-grade based psychosocial factors (NG-PSF) as elements of 
academic success. They also are unanimous on the determinative power of a wide range of 
NG-PSF. The personal and interpersonal factors constituting academic success and their 
relevance in realising academic success, as discussed in the focus groups, gives a plausible 
explanation for the far from perfect accuracy in the prediction of academic success, especially 
the non-theoretical types of academic success: we simply do not and cannot feasibly measure 
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all constituting elements or their precursors pre-programme and use them in selection 
decisions. Not even with programme-specific work samples. 

In Chapter 5 a review on ‘non-cognitive’ factors in academic success is reported. 
The idea for the review arose from the diversity of ‘non-cognitive’ constructs as reported in 
the literature and the notion that many of them, including elements of our own ‘non-
cognitive’ score, can be argued to be cognitive. Their definition and applicability in selection 
appeared even more troublesome than we had anticipated after performing a literature search 
including only prospective studies. This led us to extend the review in an attempt to provide 
a framework aiding the implementation of ‘non-cognitive’ factors in selection, as their value 
in complementing academic, intellectual predictors of academic success and in contributing 
to a diverse student population and thus workforce is widely acknowledged.  

The non-cognitive factors are redefined into non-grade based psychosocial factors 
(NG-PSF). Taking an explorative step away from the common study-related clusters of non-
grade based psychosocial factors, we choose a broader approach of academic functioning. 
Existential psychology and positive psychology are argued to form the foundation and pillars 
of a theoretical framework describing relevant factors in the match between freshmen 
entering university and the institution and programme of their choice. They also appear to 
accurately describe the personal and interpersonal nature of academic success and its 
realisation as suggested by the focus groups in Chapter 4 and as interpreted from the papers 
included in the review (Batthyany & Russo-Netzer, 2014; Biesta, 2013; Dewey, 1938; 
Esfahani Smith, 2017; Vygotsky, 1978). We discuss suggestions on how the presented 
framework could inform admissions. 

In Chapter 6 I give a summary and integration of what I think the project has 
yielded. In doing so, I give a threefold answer to the question “How to minimise mistakes in 
selection?”. One part of the answer is on the use of data and statistics, a second on relevant 
individual differences between the individuals whose future success is the subject of 
admission and selection decisions, and the third is on the bigger picture of academic success 
in its social context.  
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Signal Detection Theory as a Tool for 

Successful Student Selection 
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Abstract 
Prediction accuracy of academic achievement for admission purposes requires adequate 
sensitivity and specificity of admission tools, yet the available information on validity and 
predictive power of admission tools is largely based on studies using correlational and 
regression statistics. The goal of this study was to explore signal detection theory as a tool to 
extend the available information; signal detection theory allows for comparisons of selection 
outcomes on both group and individual levels and the development of tailor-made criteria for 
specific programmes and admission goals. We investigated who would or would not have 
been admitted applying specific criteria for each of three common admission tools, how many 
admitted students would fail, and how many applicants who would have been successful 
would be rejected. Both comparisons at an individual level and the receiver operating 
characteristic curves on group level revealed that scores obtained in a programme-specific 
matching programme and non-cognitive factors appear more valuable than regression 
statistics suggest when it comes to admitting applicants who will become successful students. 
Signal detection theory allows not only for admission-goal-specific and programme-specific 
fine-tuning of the content of admission tools, it also informs on the effects of criteria and thus 
allows setting criteria.  
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Introduction 
Accurate predictions of academic achievement informing admission decisions require valid 
admission tools. The validity and predictive power of admission tools have received much 
interest over the years (Bingham,1917; Kotzee & Martin, 2013; Richardson, Abraham, & 
Bond, 2012), but the sensitivity and specificity of the presently available tools is not 
satisfactory. Secondary school Grade Point Average (SSGPA), a measure of past cognitive 
achievement, is the most commonly used indicator of future academic achievement in 
selection and admission procedures. In addition to SSGPA, universities in North America 
use standardized admission instruments such as SAT (the Scholastic Aptitude Test) and ACT 
(American College Testing, these days broadly supporting education and workforce 
development). In Europe, university programmes and secondary education systems, as well 
as their admission procedures, differ across countries. In the Netherlands, for instance, 
secondary education is divided in three distinct levels of which only the highest gives direct 
access to university undergraduate school (De Witte & Cabus, 2013).  

Admission to university is therefore largely determined by past academic 
achievement. Given that it is often considered the best available predictor of future academic 
achievement, this is logical (Richardson et al., 2012), yet “the best available” in university 
admissions does not equal a prediction of academic achievement that can be called accurate 
(Sawyer, 2013; Sternberg et al., 2012). Although Shulruf, Hattie, and Tumen (2008) (see also 
Shulruf et al. [2011]) found correlations > 0.60 of SSGPA with university first year GPA 
using a specific and new calculation of SSGPA, it is more commonly reported as a reasonable 
predictor of university GPA, with r ≈ 0.40 (Edwards, Friedman, & Pearce 2013; Richardson 
et al., 2012). Although their predictive power in most studies is arguably much smaller than 
desired, past academic achievement  (de Koning et al., 2012; van der Heijden, Hessen, & 
Wubbels, 2012), cognitive admission tests (Visser, van der Maas, Engels-Freeke, & Vorst, 
2012) and non-cognitive measures (Huang, 2012; Richardson et al., 2012; Sternberg et al., 
2012) have all been shown to be valid predictors of academic achievement to a certain extent 
(Christersson et al., 2015; Gaertner & McClarty, 2015; Kreiter & Axelson, 2013; O’Neill et 
al., 2011; Poole et al., 2012; Preiss et al., 2013; Robbins et al., 2004; Sartania et al., 2014; 
Sawyer, 2013; Schmitt, 2012; Simpson et al., 2014; Sinha et al., 2011; Stemler, 2012).  

Thus, the science establishing evidence-based admission tools for university 
programmes is still mainly a work in progress. Admission procedures do appear to be 
converging on inclusion of multiple cognitive and non-cognitive admission scores (including 
optional questions applicants can choose to answer to show their academic potential) as “best 
available practices” (Cortes, 2013). Knowing which predictors of academic achievement are 
valid, however, does not answer the question which specific criteria to use for each or all 
predictors. Whether highly selective or more liberal criteria are appropiate differs across 
programmes and the goals set by admission committees.  
 We explored applying signal detection theory to a cohort of psychology freshmen 
and a newly developed matching programme. Signal detection theory (e.g. Green & Swets, 
1966; Stanislaw & Todorov, 1999; Macmillan & Creelman, 2005) might help to investigate 
the sensitivity and specificity of a set of admission instruments. The main reason to explore 
this application of signal detection theory is the pay-off matrix it provides, which can help 
admission committees to make informed decisions on the cut-off value or criterion. Over and 
above the information regression analyses provides, the pay-off matrix offers information on 
the results of decisions; the proportions of both successful and unsuccessful students that 
would have been admitted and the proportions of both successful and unsuccessful students 
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that would have been rejected applying a certain criterion. In addition, signal detection theory 
allows analyses at an individual level. 

A valid predictor as such does not prescribe whether a score of 6.4 or 7.0 or any 
other value should be a more useful cut-off criterion than any other value for the decision on 
admission. Admission committees set goals and choose a criterion to match these goals 
(Cortes, 2013; Sawyer, 2013; Sternberg et al., 2012) and signal detection theory offers a way 
to translate goals into evidence-based criteria. Preferably most admitted students will do fine 
(in signal detection theory terminology these are deemed ‘hits’). However, some will 
inadvertently fail (‘false alarms’). Of the rejected applicants some would indeed have failed 
had they been admitted (these are considered ‘correct rejections’), while others would have 
done fine (‘misses’). The relative importance of maximizing hits or correct rejections and of 
minimizing false alarms or misses can be pre-determined by admission committees in a pay-
off matrix, see Table 2.1, which then prescribes an admission criterion, called c in the 
simplest signal detection theory model, given the sensitivity and specificity of the admission 
tools. At 0 the criterion reflects neutrality, that is, no preference in minimizing misses or false 
alarms and thus equal proportions of both.  
 

Table 2.1. The pay-off matrix applied to admission decisions  
           Decision   
  Admit Reject Total  
Academic 
achievement 

Successful Hit Miss 100 % Sensitivity  
Unsuccessful False alarm Correct rejection 100 % Specificity 

 
A criterion chosen to prevent sending away students who would probably have been 

successful is less selective, resulting in an admission-bias, which is reflected in c < 0. If the 
goal is to prevent admission of students who will likely fail, a more selective criterion is 
chosen, resulting in a rejection-bias: c > 0. This is a prescriptive use of the criterion; one 
decides on desirable relative weights of misses and false alarms in the pay-off matrix before 
making the admission decisions and sets the criterion to match this decision. The criterion 
can also be used descriptively; after making a number of decisions, in this case on 
hypothetically admitting matched applicants, the criterion used results in a pay-off matrix, 
showing if there is a bias and if so, what type and size.  

In signal detection theory, both hit-rate and miss-rate, as well as false-alarm-rate and 
correct-rejection-rate sum up to 1. In the simplest model, using the hit-rate (successful 
admitted students) and false-alarm-rate (unsuccessful admitted students) d’ can be calculated. 
Although often being referred to as a measure of sensitivity, d’ actually combines sensitivity 
(hits/(hits + misses)) and specificity (correct rejections/(correct rejections + false alarms)) 
and indicates how well one can discern successful students from unsuccessful students. In 
this context, d’ is the (standardized) distance between the mean score on (a set of) admission 
tests of successful students and the (standardized) mean score of unsuccessful students, 
assuming the variance of the distribution of the scores of successful students is equal to that 
of unsuccessful students.  

Plotting the hit-rates against the false-alarm-rates in a receiver operating 
characteristic curve visualizes the accuracy which can range from 0.5, chance level to 1, 
perfect accuracy. A’ is an estimation of the area under the receiver operating characteristic 
curve based on only one hit-rate and false-alarm rate (Macmillan & Creelman, 2005). A’ can 
also vary from .5, chance level, to 1, perfect discernibility. In case of admission test scores 
that are not normally distributed a non-parametric measure of sensitivity, such as A’, is more 
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suitable. B’’ is a non-parametric criterion which is also calculated from the hit-rate and the 
false-alarm-Rate. B’’ ranges from -1 to 1, with B’’ = 0 reflecting a lack of bias, values < 0 
reflecting an admission-bias and values > 0 reflecting a rejection-bias.  

The advantage of using signal detection theory over regression is that the latter can 
only tell which predictors are useful, and subsequently rank them according to their degree 
of usefulness for the given programme. Through the pay-off matrices signal detection theory 
enables fine-tuning of the admission criterion based on the relative weight of misses and false 
alarms; the descriptive matrices for each possible criterion of the previous cohorts can be 
compared enabling prescriptive use for a future cohort. In addition, it allows for analyses at 
the individual level since every student obtains an admission score that can be compared with 
both a (set) criterion and the scores of other students.  

In the present study, data of a special cohort of applicants was studied (tentatively 
starting in 2013) where Utrecht University offered psychology applicants a non-obligatory 
matching programme. This offered the opportunity to investigate not only the sensitivity but 
also the specificity of the admission tools used. The purpose of the present study is to explore 
the application of signal detection theory in university admission to a psychology 
programme, with regard to making informed decisions on the content of the admission tools 
and what criteria to use.  

 
Methods 

Participants 

In September 2013, 524 students started their freshman year in psychology at Utrecht 
University (UU), The Netherlands. Of them 288 had participated in a four-day matching 
programme in April and May of that year (matched students), whereas 236 had not (non-
matched students). Of the matched students 233 were female with a mean age of 19.2 years 
(SD = 1.2), 55 were male with a mean age of 20.1 years (SD = 2.0). Of the students who did 
not participate in the matching programme 172 were female with a mean age of 20.5 years 
(SD = 4.2), 64 were male with a mean age of 20.2 years (SD = 1.7). Students were encouraged 
to participate in the matching programme, but it was not obligatory. The matching 
programme in 2013 served as a pilot before it became obligatory and part of the admission 
procedure in 2014. 
 
Matching programme 

The matching programme was developed to be representative of the courses in both quartile 
1 (Q1; the semester at UU is split in two blocks of ten weeks, so the academic year has two 
semesters and four quartiles) of the freshman year and the freshman year as a whole. During 
the first of four consecutive days applicants followed two lectures on two main topics and a 
tutorial on both. The middle two days were for home study. On the last day the students 
submitted an essay and made a multiple-choice test consisting of twenty questions, ten about 
each main topic. In June all students received a letter with their examination and essay grades.  
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Measures 

Predictors 

The choice to include achievement at secondary school, cognitive admission test scores and 
non-cognitive measures as predictors of academic achievement was based on the literature 
(e.g. Richardson et al., 2012; Cortes, 2013). However, the matching programme and the 
university wide application form were developed prior to the idea of investigating the 
application of signal detection theory and publishing. The application form included the 
grades for the four obligatory secondary school topics in the Netherlands – mathematics, 
Dutch, English, social sciences - plus biology given its relevance for psychology. The 
matching tests were designed to represent the type and difficulty of tests in the freshman year 
– a multiple choice examination and an individually written essay - of course with the 
limitations inherent to ‘studying for a week’. From the available non-cognitive measures in 
the application form we chose the ones reported in Richardson et al. (2012) and Cortes (2013) 
to be most predictive of academic achievement: academic intrinsic motivation, grade goal 
and community commitment (see Tables 2.2 and 2.3). We used three types of predictors; 
secondary education grades (SSGPA), matching scores (MS) and non-cognitive factors 
(NCF). These three predictors, SSGPA, MS and NCF will be called admission toolkits in the 
remainder of this article. Their combination, SSGPA/MS/NCF, is also considered an 
admission toolkit.  
 
Academic achievement 

In order to check the stability of the prediction of academic achievement within this cohort, 
academic achievement was operationalized fourfold; Q1-first - grades for first attempts of 
assignments and examinations in quartile 1, Q1-final – whether both courses in quartile 1 
were successfully completed after resits, S1-final – whether all four (obligatory) courses in 
the first semester were successfully completed after resits and Y1 – whether at least seven of 
the eight courses in year 1 (Y1) were successfully completed.  
 
Analyses 

Correlations, regression analyses and odds ratios served as a comparison ground for the signal 
detection theory outcomes. Non-parametric analyses were run because the distributions of 
several scores obtained in the matching programme were skewed. Spearman’s rho 
correlations were calculated to compare the predictive validity of our admission toolkits with 
previous findings. A backward logistic regression with Y1 as the dependent variable was run 
to test whether SSGPA, MS and NCF would all independently explain variance in academic 
achievement. Another logistic regression was run to test how well the unweighted average of 
SSGPA, MS and NCF predicted Y1. Odds ratios were computed to bridge the differences in 
interpretation between correlation and regression and signal detection theory and to aid the 
interpretation of the distribution of students over hits, false alarms, misses and correct 
rejections. 
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Table 2.2. Overview of scoring of the predictors in the admission toolkits and the participants’ scores 
Admission toolkit Scoring Matched students 

Mean (SD) - n 
Non-matched 
students 
Mean (SD) - n 

SSGPA Average of Mathematics, 
English, Dutch, Biology 
and Social Sciences 

6.8 (0.5) - 279 
 
 

6.8 (0.5) - 178 

Matching scores (MS)  6.1 (1.8) - 288  
Essay Ten-point scale 6.2 (1.4) - 306  
MC questions Topic 1  # correct answers, max 10 7.3 (1.7) - 392  
MC questions Topic 2 # correct answers, max 10 6.0 (1.8) - 392  
Non-cognitive factors (NCF) Ten-point scale 5.7 (2.1) - 285 4.4 (2.8) - 188 
Grade goal 
“I prefer not to aim for a C, but 
rather work for a better grade” 

0-4 
0 = disagree strongly, 
4 = agree strongly 

3.0 (0.8) - 285 
 

2.4 (1.4) - 188 
 

Extra examination course 
“Did you take an extra examination 
course? (in addition to the ones 
required for your certificate)” 

1 if done, 0 if not 142 (of 288) 
 

86 (of 236) 

Interest in honours programmes 
“Are you interested in the honours 
programme of your bachelor’s 
programme?” 

1 if “yes”, 0 if “not” or 
“maybe” 

46 (of 288) 
 

34 (of 236) 

Community commitment” 
“Were you involved in extra 
activities? (e.g. student council, 
school magazine, community 
work)” 

1 if “yes” according to the 
open question about extra 
activities 

80 (of 288) 
 

50 (of 236) 

Note that several dozens of applicants did not submit an essay and other students did submit an essay but did not 
take the examination. Only students who did both are considered ‘matched’ and therefore the numbers differ. Nine 
of the matched students did not fully complete the matching form. Of the 236 non-matched students 178 partially 
filled in the matching form. An additional 10 completed the form. 
 

The three single admission toolkits and their unweighted average were tested for 
their sensitivity applying signal detection theory in differentiating successful students from 
unsuccessful students. This was done by taking each admission toolkit (see Table 2.3) and 
using these as individual admission scores for each applicant. For each of the four admission 
toolkits all practically reasonable scores were used as the cut-off score to decide for each 
applicant whether they would be admitted using this admission toolkit and this criterion. 
Since all applicants were admitted and all data of their freshman year were available, we 
determined for each individual and for each operationalisation of academic achievement 
whether they would be considered a hit, a miss, a false alarm or a correct rejection for each 
combination of admission tool and criterion. This resulted in different numbers of hits, 
misses, false alarms and correct rejections for different criteria; more hits, fewer misses, more 
false alarms and fewer correct rejections when admitting applicants using relatively low 
criterion values (being less selective, B’’ < 0) compared to fewer hits, more misses, fewer 
false alarms and more correct rejections when using higher criterion values (being more 
selective, B’’ > 0). These outcomes were plotted for each admission toolkit for each criterion 
in bar charts and receiver operating characteristic curves. The area under the receiver 
operating characteristic curve is calculated for each admission toolkit as the most appropriate 
measure of accuracy. A’s are reported to aid comparison of more complex admission toolkits 
with specific criteria in Figure 2.4.  
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Table 2.3. Description of four admission toolkits; the three single predictors, SSGPA, MS and NCF and their 
unweighted averages. All range 0-10 
AT Unweighted averages 
SSGPA (Mathematics + English + Dutch + Biology + Social Sciences)/5 
Matching 
average (MS) 

(Matching assignment + Examination Topic 1 + Examination Topic 2)/3  

Non-cognitive 
factors (NCF) 

(Grade goal + community commitment 
+ extra examination course + interest in honours)*1.43 

SSGPA/MS/NCF (SSGPA + MS + NCF)/3 
 
Next, to compare the outcome of admission toolkits predicting Y1 at different 

degrees of selectivity, for each admission toolkit the number of hits, misses, false alarms, 
correct rejections were plotted for the criterion resulting in admission of 70, 50 or 30% of 
applicants. The number of students selected uniquely based on SSGPA, MS or NCF for 70, 
50 and 30 % admission (predicting Y1) and how many of them actually were successful (hits) 
was calculated to assess the independent predictive value of SSGPA, MS and NCF, applying 
signal detection theory. 
 
Results 

Replication of findings on SSGPA, MS and NCF 

The SSGPA based on the matching form (obtained before admission to the university) 
correlates with the final and official SSGPA, rs (254) = 0.77, p < .001 and final SSGPA also 
correlates with the number of courses completed in Y1, rs (256) = 0.41, p < .001. The SSGPA 
based on the matching form correlates with the number of courses completed in year 1 
(NoCC-Y1) as well, rs (279) = 0.32, < .001. NCF correlates with NoCC-Y1, rs (285) = 0.27, 
p < .001. MS, a more momentary measure of academic functioning, correlates also with 
NoCC-Y1, rs (288) = 0.20, p = .001. The correlation of SSGPA/MS/NCF with NoCC-Y1 
was rs (279) = 0.30, p < .001. These correlations concur with earlier findings (Richardson et 
al., 2012). A backward logistic regression starting with SSGPA, MS and NCF in the model 
resulted in a model with SSGPA and NCF as significant predictors of Y1, explaining 7 - 12 
% of the variance, see Table 2.4. The unweighted average of all three predictors appeared to 
be of comparable predictive value (Table 2.4) with 6 – 9 % of the variance explained.  

Of the 288 matched students, 83% were successful (completed at least seven of eight 
freshman year courses), 17% were not successful according to this operationalisation of 
academic achievement. Given the medium sample size and the small group of unsuccessful 
students, odds ratios probably are better indicators of the effect sizes than r and R². For 
SSGPA, MS and NCF the odds ratios were 2.87, 1.09 and 1.32 respectively. 
SSGPA/MS/NCF had an odds ratio of 1.83.  

 
Signal detection theory outcomes at group level 

To check for the stability of the selection outcomes all four operationalisations of academic 
achievement (Q1-first, Q1-final, S1-final and Y1) were plotted. All three single predictors 
showed stability of the selection outcomes over the year and thus we report results for Y1 
only.  

The signal detection theory approach replicated both the validity of SSGPA, MS 
and NCF (see Tables 2.4 and 2.5, Figures 2.1 and 2.2) as single predictors. Figures 2.1, 2.2 
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show that the combined admission toolkit consisting of all three predictors did not lead to 
any major improvements in terms of sensitivity and specificity or in terms of differential 
effects of different criteria. Area under the curve did not increase when combining predictors, 
but the current study did replicate earlier findings on SSGPA, MS and NCF showing them to 
be valid predictors of Y1 academic achievement (Richardson et al., 2012). It also replicated 
the finding that adding predictors does not result in major improvements of predictive power. 
Odds ratios based on the numbers of hits, misses, false alarms and correct rejections are given 
in Table 2.5.  

The odds of being admitted were 4.01 times higher for successful students than for 
unsuccessful students for SSGPA ≥ 7 and 2.81 times higher for successful students than for 
unsuccessful students for MS ≥ 5.6. For NCF ≥ 5.7 successful students were 3.85 times more 
likely to be admitted than unsuccessful students and for SSGPA/MS/NCF ≥ 6 the odds ratio 
was 3.50. Following the recommendations of Ferguson (2009), the odds ratios of all three 
predictors and their unweighted average would represent moderate to strong effects. For MS, 
NCF and SSGPA/MS/NCF the odds ratios based on the signal detection theory outcomes – 
2.81, 3.85, 3.50 -  were larger than the upper limits of 95 % confidence intervals of the odds 
ratios based on the regression analysis; 1.31, 1.72 and 2.50. Please note that ((SSGPA + MS 
+ NCF)/3) has a wider range of possible scores than SSGPA, since lower scores are both 
possible and common for MS and NCF, whereas they are not for SSGPA (Table 2.2). This 
is due to the fact that in The Netherlands one cannot enter the examination year or finish 
school with GPA < 6. Only one five is allowed for Dutch, English or mathematics. Thus, the 
range of SSGPA, even for the pre-final year, starts at 6. This means that adding MS and NCF 
to the toolkit increases the decision space: the range of grades is wider and so is the range of 
possible cut-off grades.  
 

Table 2.4. Backward (LR) logistic regression with Y1 as the dependent variable. n = 279 
                              95% CI for Odds Ratio 
 B (SE) Lower Odds Ratio Upper 
Single predictors     
   Step 1     
Constant -7.00 (2.53)    
SSGPA  1.05 (0.40)* 1.31 2.87 6.23 
MS  0.09 (0.09) 0.91 1.09 1.31 
NCF  0.26 (0.14) 0.99 1.30 1.69 
   Step 2     
Constant -6.77 (2.50)    
SSGPA   1.09 (0.40)* 1.37 2.96 6.43 
NCF   0.28 (0.14)** 1.01 1.32 1.72 
Unweighted average 
Constant -2.07 (0.94)    
SSGPA/MS/NCF   0.61 (0.16)* 1.34 1.83 2.50 

Note Single predictors: R² = .07 (Cox & Snell), .12 (Nagelkerke). Model χ²(3) = 21.23, p < .001. * p < .01, ** p = .04 

Note Unweighted average: R² = .06 (Cox & Snell), .09 (Nagelkerke). Model χ²(1) = 15.85, p < .001. * p < .001 

 
The unweighted average of SSGPA, MS and NCF yielded an A’ of 0.73 at criterion 

6 which was neutral with B’’ = 0.02. Using this criterion would result in admitting 58% of 
matched students, as well as 64% correct decisions. Setting the criterion to admit 70% of 
applicants, ((SSGPA + MS + NCF)/3) ≥ 5.7, results in outcomes that are comparable to that  
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Table 2.5. Odds ratios and their calculations – based on signal detection theory outcomes - for the four admission 
toolkits 
 Hits/ 

Misses 
False alarms/ 
Correct rejections 

Odds ratio 

SSGPA ≥ 7 111/120 = 0.93 9/39   = 0.23 0.93/.23   = 4.01 
MS ≥ 5.6 174/57   = 3.05 25/23 = 1.09 3.05/1.09 = 2.81 
NCF ≥ 5.7 147/84   = 1.75 15/33 = 0.45 1.75/0.5   = 3.85 
SSGPA/MS/NCF ≥ 6 147/84   = 1.75 16/32 = 0.50 1.75/0.5   = 3.50 

 
of the other admission toolkits (B’’ = -0.15 and 72% correct decisions and see Figure 2.3 
panel a), but with the inclusion of both programme specific and non-cognitive admission 
criteria. In this small sample with a small distribution for SSGPA, the signal detection theory 
approach provided more detailed information than the correlation and regression analyses. 
 

 

Figure 2.1. Signal detection theory outcomes for all applicants who participated in the matching programme (n 
= 279) for the four admission toolkits (panel a – d, see also Table 2.3). The admission scores, which are the 
criteria on the bottom x-axis, are predicting Y1. Students with a score equal to or higher than the value on the 
lower x-axis were hypothetically selected. For each score/criterion, the y-axis gives the total number of students 
and their distribution over hits, false alarms, correct rejections and misses.  
a - SSGPA 
b - MS 
c - NCF 
d - SSGPA/MS/NCF 
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Figure 2.2. Receiver operating characteristic curves for admission toolkits SSGPA, MS, NCF and SSGPA/MS/NCF 
(n = 279). In these receiver operating characteristic curves the Hit-rate is plotted against the False-Alarm-rate for 
each criterion. At the diagonal from (0, 0) to (1, 1), the admission toolkit performs at chance level in discerning 
successful students from unsuccessful students. At the upper left corner where the False-Alarm-rate is zero and the 
Hit-rate 1, the accuracy of the admission toolkit is perfect. The area below and right from the diagonal is the receiver 
operating characteristic-space of accuracy below chance level and therefore irrelevant. The area above and left from 
the diagonal is the receiver operating characteristic-space of accuracy above chance level. The grey parts visualize 
the area under the curve (AUC) of 0.69 of SSGPA/MS/NCF. The other straight diagonal line, from (0, 1) to the 
middle, reflects neutral criteria; points above (and further away) from this line reflect a (stronger) admission bias, 
points below (and further away) from this line reflect a (stronger) rejection bias. 
 
Using signal detection theory-outcomes to set tailor-made criteria 

Since the criteria required to admit 70% of the applicants differed across admission toolkits, 
an exploration of the effects of combining single admission toolkits with specific criteria into 
double or triple admission toolkits (instead of SSGPA/MS/NCF), might be fruitful. Hence, 
for each of the single admission toolkits a criterion was chosen that appeared to best fit its 
primary strength in optimizing admission decisions. Starting with SSGPA, the lower three 
bars of Figure 2.4 show that SSGPA with a relatively high criterion (7) was suitable for 
restricting the proportion of false alarms, yet at the cost of a relatively high proportion of 
misses. For MS a lower criterion (5.6) resulted in a relatively high proportion of hits, and at 
the same time a lower proportion of misses compared to SSGPA (7) (compare the four lower 
bars of Figure 2.4). Performance of NCF set at 5.7 was intermediate between SSGPA (7) 
and MS (5.6) both in admission percentage and the percentage correct decisions; see the fifth 
bar from the bottom in Figure 2.4.  
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Figure 2.3. A comparison of the characteristics of the four admission toolkits on admission of 70 %, 50 % or 30 % 
of all applicants who participated in the matching programme, all predicting Y1 (n = 279). The bottom x-axis states 
each admission toolkit that was put in signal detection theory; students with a score equal to or higher than the value 
on the upper x-axis were hypothetically selected, students with a lower score were hypothetically rejected. For each 
score/criterion, the y-axis gives the total number of students and their distribution over hits, false alarms, correct 
rejections and misses.  
a - 70 % admission  
b - 50 % admission  
c - 30 % admission  
 

In other words, for these admission toolkits and criteria, SSGPA showed a rejection 
bias, MS an admission bias, while NCF was neutral, as is also illustrated in the receiver 
operating characteristic curves (the enlarged data points with black triangles in Figure 2.2). 
Whereas in Figure 2.3 for each admission toolkit the signal detection theory-outcomes are 
shown for one specific criterion, the information on the proportions hits and false alarms is 
given for all criteria in Figure 2.2, resulting in a receiver operating characteristic curve. Note 
that receiver operating characteristic curves provide a clear overview of the accuracy of 
different admission tools across criteria and allow us to determine which ratio of hits and 
false alarms – and thus which criterion – matches the goals of the admission committee.  

As apparent from Figure 2.4 (sixth, seventh and eighth bar from the bottom), double 
admission toolkits requiring a score passed the cut-off for only one of two single admission 
toolkits appeared to show a slight performance improvement over single admission toolkits 
in percentages admitted and correct decisions. As could be expected, a combination of all 
three single admission toolkits led to the highest A’ (hardly any false alarms), but mainly due 
to the low percentage admittance of SSGPA (7); only 27 % of students would be admitted 
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(57% misses, only 43% correct decisions). An admission toolkit admitting students who pass 
the criterion for at least two of the three single admission toolkits (third bar from the top) 
resulted in a lower proportion of false alarms and higher proportion of misses, when 
compared to the double admission toolkits (compare the third bar from the top with the sixth, 
seventh and eighth from the bottom). ‘At least two’ showed a slightly higher A’ than the 
double admission toolkits and slightly lower but still reasonable percentages of admittance 
and correct decisions. A comparison with SSGPA/MS/NCF, also reported in the rightmost 
bars of Figure 2.3, revealed ‘At least two’ provided no improvements over SSGPA/MS/NCF 
≥ 6: the differences in sensitivity, specificity, B’’, percentage admittance and percentage 
correct decisions are small to non-existent.  

The neutral criteria - B’’ = 0.02 for SSGPA/MS/NCF ≥ 6.0, B’’ = 0.07 for ‘At least 
two and B’’ = 0.04 for NCF (5.7) - mean that these admission toolkits did not prioritize 
minimizing one type of incorrect decision, misses or false alarms, over the other. Note that 
the A’s of 0.73, 0.78 and 0.75 lie at 46% to 56% of the range between chance level - 0.5 - and 
perfect predictions - 1 - in predicting academic achievement.  

 
Signal detection theory outcomes at the individual level 

Comparing admission toolkits on all signal detection theory outcomes (see Figure 2.3) did 
not provide clear-cut information aiding in the choice of predictors and criteria. Yet, 
selectivity was not the same for all admission toolkits, since setting the criterion to admit 
70% of applicants resulted in different criteria; i.e. 6.6 for SSGPA, 5.6 for MS, 5.7 for NCF 
and 5.7 for the combination of all three (Figure 2.3).  

A comparison of selection outcomes for SSGPA, MS and NCF on an individual 
level, as is shown in Table 2.6, revealed that the different predictors select slightly different 
subsets of individuals. When selecting 70% of applicants, 62 students passed the criterion for 
only SSGPA, MS or NCF when comparing these three single-predictor admission toolkits; 
19 for SSGPA, 32 for MS and 11 for NCF. Forty-five of them turned out to be successful 
(hits); 13 for SSGPA, 25 for MS and seven for NCF. As selectivity is increased by setting 
the criteria to admit only 50% of matched applicants (Figure 2.3, panel b), SSGPA yielded 
15 unique hits and six unique false alarms, MS yielded 19 unique hits and six unique false 
alarms. Hypothetically admitting 30% of applicants (Figure 2.3, panel c) resulted in 14 and 
27 unique hits for SSGPA and MS (and three and five false alarms, which were six and seven 
at 70 % admission). For NCF the unique hits increased from seven to 35 with increasing 
selectivity from 70 to 30%. The number of false alarms increased from four to five. These 
data suggest it is worthwhile to use multiple indicators of future academic achievement. 
 



SIGNAL DETECTION IN STUDENT SELECTION 

23 
 

Figure 2.4. A comparison of admission toolkits based on the cut-offs of 7, 5.6 and 5.7 for SSGPA, MS and NCF 
respectively, predicting Y1 (n = 279). For ‘At least two’ matched students were hypothetically admitted if they 
scored ≥ 7, ≥ 5.6 or ≥ 5.7 on at least any two of SSGPA, MS or NCF respectively. ((SSGPA + MS + NCF)/3) ≥ 6, 
((SSGPA + MS + NCF)/3) ≥ 5.7, SSGPA ≥ 6.7 and SSGPA ≥ 7.3 were added for comparison. The criterion and its 
results in terms of proportion of admitted applicants, given on the x-axis, is represented by the black triangle for 
each admission toolkit. 
 
 
 
 

Table 2.6. Number of students that would be considered unique hits and false alarms for SSGPA, MS or NCF 
only, with criteria set to admit 70, 50 and 30% of matched applicants. Note that for NCF the criterion lies at 5.7 
for both 70 and 50% admission at which 58% is admitted 
 SSGPA MS NCF  
Admission rate Unique hits Total 
70 %  13 25 7 45 
50 %  15 19 29 63 
30 %  14 27 35 76 
 Unique false alarms Total 
70 %  6 7 4 17 
50 %  6 6 7 19 
30 %  3 5 5 13 
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Discussion 
We replicated earlier findings on SSGPA, MS and NCF as predictors of academic 
achievement (e.g. de Koning et al., 2012; Richardson et al., 2012; Visser, van der Maas, 
Engels-Freeke, & Vorst, 2012) and we have explored signal detection theory as a tool to 
evaluate selection outcomes across different admission tools and criteria. The regression 
analyses and odds ratios appeared to indicate MS might be less valuable in admission toolkits 
than SSGPA and NCF. Note that the odds ratios based on signal detection theory outcomes 
give comparisons between successful and unsuccessful students whereas regression analyses 
provide information on the group as a whole. The odds ratios based on the signal detection 
theory outcomes appeared to indicate stronger effects than the correlations and regression 
analyses, but taking into account that successful students outnumbered the unsuccessful 
students by a factor four leaves an odds ratio of four equivalent to around 10 % explained 
variance, which can be meaningful, but is considered a small effect (Ferguson, 2009). Thus, 
odds ratios provide relevant information in addition to regression analyses, but still only at 
group level. 
 
Signal detection theory outcomes 

Signal detection theory helped to assess the validity of admission tests by showing stability 
of selection outcomes as time passes within the freshman year. A close look at sensitivity, 
specificity and the pay-off matrices of different admission toolkits was taken in an attempt to 
contribute to better-informed decisions in selection. The accuracy of selection based on 
SSGPA, MS and NCF was not as high as would be desirable, but using all three admission 
toolkits did widen the range of the admission scores and increased the resolution of the 
decision space. Additionally, the receiver operating characteristic curves and the signal 
detection theory outcomes at the individual level suggested MS might after all be valuable in 
addition to SSGPA in predicting academic achievement. 

The selectivity of the different admission toolkits differed at the same criteria. 
Together with the finding that several dozens of students scored above criterion on only one 
of the single admission toolkits when admitting 70% of applicants, this suggests that 
individual differences might exist in what are adequate predictors of academic achievement. 
A further comparison of individual outcomes across admission toolkits revealed that, partly 
depending on the selectivity of the chosen criterion, especially NCF might be a valuable 
admission toolkit in terms of minimizing rejection of applicants who did not do too well in 
secondary education and the matching programme, but who will become successful students. 
For another subset of applicants SSGPA and MS were the admission toolkits that predicted 
academic success while the other two, MS and NCF or SSGPA and NCF, did not. The finding 
that each predictor at low, medium as well as high levels of selectivity uniquely admits 
applicants, most of whom will become successful students, suggests the ‘best available’ 
toolkit includes all three admission toolkits.  

The receiver operating characteristic curves clearly showed the near equivalent 
accuracy of the single admission toolkits and the combined admission toolkit. Combining 
SSGPA with other predictors in an admission toolkit did not heighten accuracy, but it did 
increase decision space and allows to detect and select potentially successful applicants on 
other characteristics than SSGPA. These findings concur with the available literature (e.g. 
Cortes, 2013; Edwards et al., 2013; Gaertner & McClarty 2015; Kreiter & Axelson, 2013; 
O’Neill et al., 2011; Richardson et al., 2012; Sinha et al., 2011; Stemler, 2012). Note that in 
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The Netherlands selective university programmes are obliged to use additional admission 
toolkits besides SSGPA and that all non-selective university programmes are obliged to offer 
applicants a study check (e.g. http://www.uu.nl/bachelors/en/matching) before 
commencement.  

Of course, SSGPA is an overall measure of both cognitive and non-cognitive factors, 
but given the transition from secondary to tertiary education, additional information on 
academic potential is indeed warranted. Findings that SSGPA is not the best available 
predictor for academic achievement after the first year (Stegers-Jager, Themmen, Cohen-
Schotanus, & Steyerberg, 2015) add strength to this argument. Theoretically it is logical that 
including both programme-specific cognitive results (Cortes, 2013) and non-cognitive 
factors (Schmitt, 2012; Stemler, 2012) allows students to show their potential regardless of 
how well they did in secondary education. After all, being a well-functioning student entails 
more than high grades and thus an accurate prediction requires more than academic grades 
alone. Signal detection theory provided relevant additional information supportive of this 
notion. Having illustrated the opportunities signal detection theory provides to investigate 
validity in a way that integrates group level and individual level in one mixed methods 
analysis, we now proceed to discuss the information the pay-off matrix provides in evidence-
based criteria. 
 
Implementation of signal detection theory 

Signal detection theory allowed to set the cut-off criteria for SSGPA, MS and NCF each to 
optimize the use of what appeared to be their greatest strength (in terms of optimizing the 
proportion hits, correct rejections, false alarms and/or misses) and the effects of this on 
hypothetical selection outcomes were explored. Application of signal detection theory 
provides admission committees with information on the proportions of the two type of errors 
that occur; admitting students who will fail and rejecting students who would have been 
successful. More specifically, MS and NCF appear required in addition to SSGPA to bring 
the proportion misses to an acceptable level while maintaining reasonable percentages of 
admission and correct decisions. The notion that including admission criteria other than 
SSGPA increases validity was supported more convincingly when applying signal detection 
theory than when using more conventional statistics.  

Although the accuracy of the signal detection theory approach cannot be compared 
to previous findings, since we did not find any reference to previous applications of signal 
detection theory in the literature on admission toolkits (but see Sawyer [2013] who does 
report success rates, accuracy rates and cut-off scores), we did find that this approach 
averages practically halfway between chance level admission decisions and perfect 
predictions of academic achievement. Comparing that to 10% explained variance, as far as 
they can be compared, our comparison of analyses appears to argue in favour of using signal 
detection theory. The information on the individual level and the receiver operating curves 
do provide information relevant in decisions on the content and especially criteria of 
admission toolkits. Signal detection theory is applicable wherever criteria are applied in 
decision making regardless of the specific context and goals, for example in validating 
criteria of Multiple Mini Interviews (Patterson et al., 2016). Following up on Shulruf, Hattie, 
and Tumen (2008), Shulruf et al. (2011) and Steenman, Bakker, and Van Tartwijk (2015) 
future application of signal detection theory might be informative on comparisons of 
selection outcomes given different operationalisations of SSGPA and academic achievement 
(see Chapter 4). The relatively small proportion of unsuccessful students does mean that all 

http://www.uu.nl/bachelors/en/matching
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interpretations are preliminary and awaiting replication with a larger sample. Replication of 
our results across cohorts, regardless of sample size within cohorts, will also remain a 
necessity (see Chapter 3). It should be noted that we were able to do the present analyses 
because all applicants could be admitted in this cohort; when one is actually selecting 
applicants the misses and correct rejections cannot be calculated.  

 
Conclusion 

Depending on the goals that admission committees aim for by using their admission toolkit 
(Cortes, 2013; Sawyer, 2013; Sternberg et al., 2012), one would want to be able to evaluate 
selection outcomes for both their sensitivity and specificity, and to compare different 
admission toolkits on both group and individual level. A signal detection approach to 
selection of students replicated the validity of SSGPA, MS and NCF as predictors of 
academic achievement. As a tool to inform future selection or advice by past (hypothetical) 
selection outcomes, signal detection theory allows policy makers to make better informed 
decisions on constructing and evaluating admission toolkits and specific criteria than is 
possible using the more commonly used correlational/regression statistics. The available 
information on the relation between predictors/admission tools and academic achievement is 
extended with the pay-off matrix and the criterion to evaluate selection outcomes on both 
group and individual level. Together they give scientists and administrators a knob to turn, 
in order to fine-tune the output of their admission procedure to better match their goals. This 
will be most profitable if data across cohorts, programmes and different operationalisations 
of academic achievement are compared. 
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Appendix 
Additional figures on the Signal Detection Theory outcome measures for Q1-first (grades for 
the first attempts for the first quartile), Q1-final (whether both courses in the first quartile 
were passed), S1-final (whether all four courses in the first semester were passed) and Y1 
(whether seven or eight of the eight courses in the first year were passed). 
 
To check for the stability of the selection outcomes, plots were made for all four 
operationalisations of academic achievement (Q1-first, Q1-final, S1-final and Y1). All three 
predictors showed stability of the selection outcomes over the year (see Figure 2.A1 – 2.A4).  

Selection based on SSGPA (Figure 2.A1 – panel d) with criteria 6.0 – 8.0 in steps 
of .1 yielded an area under the curve of 0.69 and using 7.3 as the criterion, admitting 16% of 
applicants. Using 6.6 as criterion, 69% of applicants would be admitted, resulting in 71% 
correct decisions ((hits + correct rejections)/(hits + misses + false alarms + correct 
rejections)). 43% Of applicants would have been admitted when using 7 as the criterion, 
resulting in 54% correct decisions. At criteria above 6.5 sensitivity was lower than 0.75, at 
criteria below 6.8 specificity was lower than 0.75. Of those who actually started the 
programme in September, 45% chose not to participate in the matching programme, so we 
were also able to compare the academic achievement and its prediction of those who 
participated with that of those who did not. Figure 2.A2 shows that selection of students who 
did not participate in the matching programme based on their SSGPA yielded a somewhat 
lower area under the curve. Note also that the proportion unsuccessful students is larger in 
this group; 33% of the unmatched students did not successfully complete at least seven 
freshman courses, whereas only 17% of the matched students was unsuccessful. 
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Figure 2.A1. Signal detection theory outcomes for Secondary School Grade Point Average (SSGPA) for the students 
who participated in the matching programme predicting first year academic achievement (N = 279). SSGPA is based 
on the mean of the grades for Dutch, English, Maths, Social Sciences and Biology as filled in on the application 
form. The bottom x-axis states each average grade that was put in signal detection theory as the criterion; students 
with a grade equal to or higher than the value on the axis were selected, students with a lower grade were not selected. 
The upper x-axis gives the criterion, B’’, from signal detection theory that corresponds to the average grade on the 
bottom x-axis. For each grade, the left y-axis gives the total number of students and their distribution over hits, false 
alarms, correct rejections and misses. For Q1-final SSGPA ≥ 7.3 and higher criteria resulted in zero false alarms and 
45 or less hits and therefore these are not reported. 
a - Q1-first, area under the curve = 0.69 
b - Q1-final, area under the curve = 0.67 
c - S1-final, area under the curve = 0.69 
d - Y1, area under the curve = 0.69 
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Figure 2.A2. Signal detection theory outcomes for Secondary School Grade Point Average (SSGPA) for the students 
who did not participate in the matching programme predicting first year academic achievement – whether at least 
seven of the eight first year courses were completed successfully (Y1) (N = 178). For Q1-final SSGPA ≥ 7.8 and 
higher criteria resulted in zero false alarms and hardly any or no hits and therefore these are not reported. 
a - Q1-first, area under the curve = 0.65 
b - Q1-final, area under the curve = 0.65 
c - S1-final, area under the curve = 0.63 
d - Y1, area under the curve = 0.63 
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Figure 2.A3. Signal detection theory outcomes for Matching average (MS) predicting first year academic 
achievement, panel a – d, for the students who did participate in the matching programme (N = 279). MS is the 
average of the number of correct questions (max 10) on both multiple-choice parts of the matching exam and the 
grade for the essay.  
a - Q1-first, area under the curve = 0.63 
b - Q1-final, area under the curve = 0.59 
c - S1-final, area under the curve = 0.61 
d - Y1, area under the curve = 0.61 
 

The area under the curve appeared slightly lower for MS (see Figure 2.A3) than for 
SSGPA. The results are otherwise comparable (compare Figure 2.A1 and 2.A3), although 
SSGPA showed a steeper slope in the number of admitted students as the criterion is raised; 
sensitivity < 0.75 for MS ≥ 5.6 and specificity < 0.75 for MS < 6.9. Note that on average the 
applicants scored lower on MS than on SSGPA and thus admission percentages were lower 
for the MS criteria; 66% at MS ≥ 6 and 97% at SSGPA ≥ 6. The corresponding percentages 
correct decisions are 67% and 81%. This was to be expected given that SSGPA represents an 
average over multiple exams close to the final exam after years of school whereas MS is an 
average over three admission tests concerning a study sample of new material. Note also that 
the range of MS is wider than that of SSGPA since lower grades are both possible and 
common for MS, whereas they are not for SSGPA1.  
 
 

1In The Netherlands one cannot enter the exam year or finish school with GPA < 6. Only one five is allowed 
for Dutch, English or Maths. This means that the range of SSGPA, even for the pre-final year, starts at 6. 
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Figure 2.A4. Signal detection theory outcomes for Non-cognitive factors (NCF) (max. 7) predicting first year 
academic achievement for the students who did participate in the matching programme (N = 279). NCF is the sum-
score of four measures; a four-point score on “I prefer not to aim for a C, but rather work for a better grade” plus 
one point each if the student followed an extra exam course, expressed interest in an honours programme and if they 
reported active community commitment. This sum with a maximum of seven is multiplied by 1.43 to transform it 
into a 10-point scale.  
a - Non-cognitive factors Q1-first, area under the curve = 0.65 
b - Non-cognitive factors Y1, area under the curve = 0.67 
 

Although NCF was recoded into a ten-point scale (see Table 2.2 and 2.3) it was 
originally a seven-point scale with discrete points whereas SSGPA and MS both were ten-
point scales with meaningful decimals. The lower precision of NCF did not seem to prevent 
this predictor from yielding predictive power comparable to the other two ATs, as can be 
seen in Figure 2.A4. Sensitivity < 0.75 for NCF > 4.3 and specificity < 0.75 for NCF < 7.2. 
The lower precision did lead to larger differences in percentages of admitted students per 
score; 87% at 4.3, 58% at 5.7, 36% at 7.2 and 17% at 8.6 (score 3, 4, 5 and 6 on the original 
scale). 
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Figure 2.A5. Numbers of students who would turn out to be unique hits and false alarms using the single ATs and 
the given criteria – the left three sets of bars - and using the three combinations of two predictors in which case 
applicants would be admitted when they score at the given criterion or higher on both single admission toolkits – 
the right three sets of bars.  

 
A more detailed comparison of how many students would be admitted based on 

only one of the three single ATs or on only one of the three sets of two predictors out of 
three (Figure 2.A5) shows that 77 of matched students passed the criterion for only one of 
the three predictors; three hits and three false alarms for SSGPA ≥ 7, 35 hits and 12 false 
alarms for MS ≥ 5.6 and 17 hits and seven false alarms for NCF ≥ 5.7. In addition, of the 
matched students 91 could have been admitted uniquely based on passing the criterion for 
only one of the three double admission tools; SSGPA ≥ 7 or MS ≥ 5.6 uniquely admitted 27 
students of which 22 hits and 5 false alarms, SSGPA ≥ 7 or NCF ≥ 5.7 uniquely admitted 
13 students who all turned out to be hits and MS ≥ 5.6 or NCF ≥ 5.7 uniquely admitted 51 
students of which 44 passed at least seven courses and 7 did not.   
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Chapter 3 

     

A Signal Detection Approach in a Multiple 

Cohort Study: Different Admission Tools 

Uniquely Select Different Successful Students 
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Abstract 

Using multiple admission tools in university admission procedures is common practice. This 
is particularly useful if different admission tools uniquely select different subgroups of 
students who will be successful in university programs. A signal-detection approach was used 
to investigate the accuracy of Secondary School grade point average (SSGPA), an admission 
test score (ACS) and a non-cognitive score (NCS) in uniquely selecting successful students. 
This was done for three consecutive first year cohorts of a broad psychology program. Each 
applicant’s score on SSGPA, ACS or NCS alone - and on seven combinations of these scores, 
all considered separate ‘admission tools’ - was compared at two different (medium and high) 
cut-off scores (criterion levels). Each of the tools selected successful students who were not 
selected by any of the other tools. Both sensitivity and specificity were enhanced by 
implementing multiple tools. The signal-detection approach distinctively provided useful 
information for decisions on admission instruments and cut-off scores. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DIFFERENT TOOLS DIFFERENT STUDENTS 

36 
 

Introduction 
Admission committees of selective university programs need information on the accuracy of 
admission tools and on the selection outcomes that result from them. The literature on 
admission and selection at universities focuses primarily on predicting academic 
achievement in terms of grade point averages, retention and study length. Whereas in North 
America standardized admission tests, such as the SAT (Scholastic Aptitude Test) or ACT 
(American College Testing), are available and across the world standardized tests are being 
developed and fine-tuned, these are to date not employed in Europe. European university 
programs use program-specific admission procedures and tools, partly depending on how 
access to university programs is regulated for these programs, or in specific countries (De 
Witte & Cabus, 2013; Makransky, Havmose, Vang, Andersen, & Nielsen, 2016; Schripsema, 
van Trigt, Borleffs, & Cohen-Schotanus, 2014). Research into predictors other than 
secondary school grade point average (SSGPA) – which is far from accurate - is still work in 
progress, and a ‘gold standard’ has not yet been conceived (Makransky et al., 2016; Patterson 
et al. 2016; Pau, Chen, Lee, Sow, & Alwis, 2016; Richardson, Abraham, & Bond, 2012; 
Schripsema, van Trigt, Borleffs, & Cohen-Schotanus, 2014, 2017; Shulruf & Shaw, 2015; 
Sladek, Bond, Frost, & Prior, 2016; Wouters et al., 2017; Yhnell et al., 2016). Program- and 
institution specific work samples appear promising valuable predictors of academic 
achievement in addition to past academic achievement (Niessen, Meijer, & Tendeiro, 2016; 
Stegers-Jager, 2018; van Ooijen-van der Linden, van der Smagt, Woertman, & te Pas, 2017). 

Currently, ‘best practices’ in the implementation of admission tools appear to 
include clearly cognitive measures, such as past academic achievement (secondary school 
grade point average, SSGPA) and current academic achievement (cognitive admission tests), 
but also non-cognitive, non-intellectual measures (Cortes, 2013; Steenman, Bakker, & van 
Tartwijk, 2016; Sternberg et al., 2012; Richardson et al., 2012; Robbins et al., 2004;). These 
latter measures are intended to capture motivation, community commitment or leadership 
skills that may be predictive of future academic achievement, and clearly differ from testing 
gained knowledge and competencies, such as writing, reasoning and abstract thinking 
(Urlings-Strop, Themmen, & Stegers-Jager, 2017). To date, the available knowledge about 
the characteristics of admission tools is primarily based on analyses at group level (Schmitt, 
2012; Stegers-Jager et al., 2015). Yet, the importance of more information on differences 
between institutions, year levels and admission instruments has become clear by studies like 
those of Edwards, Friedman, and Pearce (2013), Schripsema, van Trigt, Lucieer et al. (2017) 
and Stegers-Jager, Themmen, Cohen-Schotanus, and Steyerberg (2015), in which the 
existence of such differences was established.  

Signal Detection Theory (Green & Swets, 1966; Macmillan & Creelman, 2005; 
Stanislaw & Todorov, 1999) provides the framework and analyses to study the effects of 
admission tools and specific cut-off scores (criteria) to use both at the group and at the 
individual level. As is depicted in Figure 3.1, regression analyses and Signal Detection 
Theory complement each other. Regressions provide information on the relative 
contributions of specific predictors in specific models and thus provide an evidence-base for 
designing the best possible program-specific model explaining academic success. The 
performance of the model as informed by regressions, is best monitored using a Signal 
Detection approach. This is, as far as we know, currently not common practice at selective 
programs, but selection of capable students is a signal detection problem. For each applicant, 
the question at the time of application is whether she or he will be successful and graduate. 
The decision to admit an individual applicant or to advise to reconsider the application is 
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made in uncertainty. Of course, prior academic achievement and admission tests are 
informative, but not all who performed well before will continue to do so and not all who 
barely made it to application will continue to struggle and fail. In Signal Detection Theory, 
two possible incorrect decisions as well as two possible correct decisions together describe 
the total outcome. Admitted applicants who later fail are deemed ‘false alarms’ and rejected 
applicants who would have been successful are deemed ‘misses’. Admitted applicants who 
become successful are deemed ‘hits’ and rejected applicants who would have failed are 
deemed ‘correct rejections’. The accuracy of an admission tool is calculated based on the hit-
rate (the proportion of admitted students of the total number of successful students) and the 
false-alarm-rate (the proportion of admitted students of the total number of unsuccessful 
students). Signal Detection Theory allows monitoring of admission outcomes: after having 
awaited the academic achievement of freshman in their first courses or first year (or other 
forms of academic achievement), a hypothetical, retrospective selection can be performed 
and used to inform future admission decisions. Different admission tools and different cut-
off scores can be compared in terms of the resulting proportions correct and incorrect 
decisions and on the resulting proportions of two types of incorrect decisions. In addition to 
the information of the general effects of different criteria, Signal Detection Theory offers 
information at the individual level. In short, each applicant turns out to be either a successful 
or an unsuccessful student and the - retrospective, hypothetical admission decision based on 
a specific admission tool and a specific criterion - after having awaited actual academic 
success, is correct or incorrect for that specific individual (see Figures 3.1, 3.2). 

Signal Detection Theory allows admission committees to acquire knowledge not 
only on the validity of admission tools but also on the effects of applying less or more 
selective criteria: more selective criteria might lead to a larger proportion of misses, for 
instance, while more liberal criteria may lead to an increase in the proportion of false alarms. 
Furthermore, the pay-off matrix – in which costs and benefits are assigned to both types of 
incorrect and correct decisions - can be used to prescribe a criterion - to apply in admission 
of future cohorts - that suits the goals of the admission committee. Since both sensitivity and 
specificity are used in a signal detection approach to calculate the accuracy of admission tools 
in discerning successful students from unsuccessful students, and because it offers 
description and prescription of criteria, it provides more information than the conventional 
regression analyses (Green & Swets, 1966; Kiernan et al., 2001; Macmillan & Creelman, 
2005; van Ooijen-van der Linden et al., 2017). If, for example, an admission committee is 
inclined to prevent rejecting applicants that would have been successful students and/or if the 
goal is to convincingly advise applicants that are likely to fail to reconsider their choice, the 
committee needs to know which instruments and which criteria allow this with sufficient 
accuracy.  
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Figure 3.1. Scheme of how regression analyses and Signal Detection Theory can – in general - be used to design 
admission tools and to monitor their accuracy across cohorts.  a - The literature provides information on the validity 
of certain predictors for certain types of academic success. b – The findings from the literature inform decisions on 
program-specific admission tools, procedure and data collection. c – Regression analyses show which model best 
explains academic success. D – Signal Detection Theory informs whether the model performs as expected from the 
regression analyses, adding information on sensitivity, specificity and selection outcomes depending on the 
application of specific criteria. The Signal Detection outcomes can be used in quality assurance of admission: it 
provides information on group level, the individual level and on the effects of specific criteria. It thus allows 
evaluation of the operationalization of academic success and the admission tools used. This, in turn, informs future 
data collection.  

 
Equal accuracy, or even equal sensitivity (hit-rate) and specificity (1 – false alarm-

rate), of different admission tools does not necessarily mean these tools admit the same 
individuals. An individual applicant might be a ‘hit’ according to their SSGPA, but a ‘miss’ 
according to an admission test score. For another applicant, this might be the other way 
around. Even if their overall accuracy is comparable, causing the tools to appear 
interchangeable, each admission tool could yield unique hits and false alarms. If so, a set of 
such tools is more useful than each of the single tools alone. After awaiting actual academic 
achievement and thus the proportions of successful and unsuccessful students in a cohort, 
admission tools can be compared on the proportions of unique hits and unique false alarms 
each tool would have yielded at a certain criterion. In this Chapter, we follow up on Table 
2.6 and Figure 2.A5. Unless the set of admission tools is either completely non-
discriminative or perfectly accurate, there will be successful students that would not have 
been admitted by any of the tools at a given criterion: these are ‘Total Misses’. There will 
also be unsuccessful students that would not have been admitted by any of the tools at the set 
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criteria: these are ‘Total Correct Rejections’. The more selective admission to a program is, 
the more relevant a detailed comparison of accuracy of tools, of their ability to uniquely 
successfully select students and of the effects of certain criteria becomes.  

The data presented in the current study include not only the hits and false alarms, 
but also the misses and correct rejections - not normally available after selection of students 
- because none of the applicants were rejected due to the characteristics of the selection 
procedure used here. This provides a unique opportunity to investigate the prediction of 
academic achievement of applicants that would have been rejected in a more competitive 
setting. The accuracy of SSGPA, a cognitive pre-admission test score (ACS) and a non-
cognitive pre-admission test score (NCS) are compared for three consecutive cohorts of first 
year students of a psychology bachelor program. ACS is the average grade for a multiple-
choice exam and an essay in a study sample in which applicants ‘studied for a week’. NCS 
is a self-reported measure of community commitment and motivation calculated from data 
from the application form. This set of predictors was chosen based on empirical findings on 
prediction of academic achievement (e.g. Cortes, 2013; Patterson et al., 2016; Richardson et 
al., 2012).  

Provided accuracy of admission tools is found to be stable across cohorts, analyses 
of which tool uniquely successfully selects or rejects which number of individuals allow 
program-specific informed decisions on the admission tools and criteria used. The main 
question we investigate here, is to what extent different admission tools uniquely predict 
academic success for individual cases. 
 
Methods 

Participants  

In 2013 we piloted our newly developed matching program (for the psychology bachelor 
program at Utrecht University in The Netherlands) in which applicants ‘studied for a week’; 
they followed lectures and a class, studied at home, wrote an essay and took a multiple-choice 
exam. The matching program was designed to provide applicants with a work sample of their 
first year. Students report the matching program to be representative and informative in 
written and oral evaluations. In 2013 the matching program was optional and 53.2% of the 
524 students that started their first year in September had participated. In 2014 80% of a 
maximum of 550 to be enrolled applicants were admitted based on their total admission 
scores (based on their SSGPA, ACS and NCS which were rank numbered). The other 20% 
were admitted through a weighted lottery. In 2015 all applicants were obliged to participate 
and were again rank numbered on a total admission score based on their SSGPA, ACS and 
NCS to a maximum of 520 to be enrolled. In both 2014 and 2015, the number of applicants 
did not exceed the numerus clausus and therefore all applicants were admitted. 

In 2013 279 enrolled students had fully participated in the matching program (229 
females with a mean age of 19.1 years, SD = 1.1, and 50 males with mean age 19.9 years, SD 
= 1.9), in 2014 347 students (273 females with a mean age of 19.3 years, SD = 1.9, and 74 
males with mean age 19.9 years, SD = 1.9) and in 2015 377 students (304 females with a 
mean age of 19.1 years, SD = 1.1, and 73 males with mean age 20.3 years, SD = 1.6). The 
gender distributions in these samples are representative for the gender distribution in the 
program. Informed consent was not needed for publication of the data we report here, as per 
our institution’s guidelines and national regulations. This project is part of a larger project, 
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which was approved by the Ethics Committee of the Faculty of Social and Behavioural 
Sciences of Utrecht University. 

 
Successful and unsuccessful students and admission tools 

After the students completed their first year, we determined whether they passed at least 
seven of eight first year courses as a measure of academic success. Those who did were 
considered successful, students who did not were considered unsuccessful (Y1).  

The application form and the matching program provided three admission tools, see 
Table 3.A1 and 3.A2 in the Appendix: Secondary School Grade Point Average (SSGPA), a 
cognitive admission test score (ACS) and a non-cognitive admission score (NCS). SSGPA 
and NCS were obtained from the application form. Applicants reported their grades for the 
four obligatory topics in secondary education in the Netherlands – mathematics, Dutch, 
English and social sciences – and biology if applicable, as available at the time of application. 
For most applicants, these are their pre-exam year grades as they apply to university in their 
exam year, usually at the age of 17 or 18. SSGPA consisted of the average of these four or 
five grades. In the application form of later cohorts, the grades of all topics were included to 
capture secondary school academic achievement more completely. NCS is a measure of 
motivation based on self-report and behavioral measures: it was calculated from questions 
regarding grade goal (whether applicants are willing to work harder for grades higher than 
necessary to pass courses), community commitment (self-report of community service 
activities in the past years), whether they took an extra final exam topic and whether they 
reported interest in the honors programs available in the psychology curriculum. The raw 
score was a seven-point scale to which grade goal contributed up to four points. Multiplying 
the raw score with 1.43 resulted in a grade on a ten-point scale allowing more clear-cut 
comparisons and interpretations, since SSGPA and ACS were both graded on a ten-point 
scale as well, yet NCS still had a lower resolution. ACS is the average grade for the multiple-
choice exam and the essay with which applicants concluded the matching program.  

The predictive validity of SSGPA, ACS and NCS was, as expected, confirmed by a 
comparison of Signal Detection analyses and correlational analyses in a previous study (van 
Ooijen-van der Linden et al., 2017) and the regression analyses matching the Signal 
Detection analyses for the data in this study are presented in the Appendix. A summary of 
the data collection and Signal Detection approach used in this study, a specification of b and 
d in Figure 3.1 for this study, is depicted in Figure 3.2. 

 
Analyses 

Group level 

In the current paper, only data of applicants with complete data - a fully completed 
application form and full participation in the matching program - were included in the 
analyses to be able to make an unconfounded comparison of the capacity of admission tools 
to uniquely select individual cases.  

For each student who fully participated in the matching program, her/his score on 
SSGPA, ACS and NCS was compared with all relevant criteria; grades 6 to 8 in steps of 0.1 
for SSGPA, grades 4 to 8 in steps of 0.1 for ACS and 2.9, 4.3, 5.7, 7.2 and 8.6 for NCS. For 
each student, his/her unweighted mean of SSGPA, ACS and NCS(SSGPA/ACS/NCS) was 
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Figure 3.2. Graphical representation of how we used Signal Detection Theory to investigate validity and reliability 
of admission instruments by monitoring accuracy of instruments across three cohorts. Successfulness is defined as 
having passed at least seven of eight first year courses. We used SSGPA, ACS, NCS and all combinations of those 
(seven admission tools) as predictors and ≥ 6.5 and ≥ 7 as criteria. The blue numbers in this figure correspond to the 
blue numbers in Figure 3.1. (1) Defining and operationalizing academic success: Y1 = successfulness = having 
passed at least seven of eight first year courses. (2) Choosing predictors of academic success: SSGPA = secondary 
school grade point average, ACS = cognitive admission test score, NCS = non-cognitive admission test score. These 
were the ‘single’ tools. Another three ‘double’ tools were constructed to determine whether students had scored at 
or above criterion on both-SSGPA-and-ACS-but-not-NCS, both-SSGPA-and-NCS-but-not-ACS and both-ACS-
and-NCS-but-not-SSGPA. From the three single admission tools, we constructed ‘SSGPA/ACS/NCS’ which 
determined whether students scored at or above criterion on all three single predictors (SSGPA and ACS and NCS) 
and not on only one or two of the three. (3) Choosing which criteria applicants scoring at or above are hypothetically 
admitted, will be applied: ≥ 6.5 and ≥7. (4) Calculating the outcomes of the hypothetical selection. Each individual 
student was hypothetically classified a hit, miss, false alarm or correct rejection based on their score on each of the 
seven admission tools and their academic success. Hypothetical rejection of an unsuccessful student is a correct 
rejection, hypothetical rejection of successful student is a miss, hypothetical admission of an unsuccessful student 
is a false alarm and hypothetical admission of a successful student is a hit. AUC = area under the curve (see Figure 
3.3). 
 
also compared with grades/criteria 4 to 8 in steps of 0.1. The resulting hit-rates and false 
alarm-rates were plotted in a Receiver Operating Characteristic curve (ROC-curve) 
visualizing each tool’s accuracy (see Figure 3.3). The area under the curve (AUC) was 
calculated as a numerical measure of accuracy for each admission tool, ranging from 0.5, 
chance level, to 1, perfect accuracy. The AUC (instead of, for example, d’) was chosen 
because this model best suits our data: ACS and NCS are not normally distributed and our 
data allowed full, empirical ROC-curves. Note that accuracy expressed as AUC can have 
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Figure 3.3. The Receiver Operating Characteristic curve (ROC-curve) visualizes the accuracy of a predictor of 
academic success. The area under the curve (AUC), ranging from 0.5 to 1, quantifies the accuracy. Each applicant’s 
score on the predictor is compared to each possible criterion, in this case grades 4 – 8 in steps of 0.1 for 
SSGPA/ACS/NCS. Each criterion yields a false alarm rate and a hit rate for the sample of students, a data point in 
de the ROC-curve. 
 
identical values for different admission tools, but these might result from a different pattern 
of hit-rates and false alarm-rates across criteria. In addition, a certain combination of hit-rate 
and false alarm-rate can occur at one criterion for one tool and at another criterion for a 
different tool. 

Logistic regressions and odds ratios based on the Signal Detection outcomes are 
reported in the Appendix to allow comparison of the Signal Detection outcomes with more 
commonly reported outcomes. By design, regression analyses provide information on which 
predictors explain variance in what degree, but they do not provide information on cut-off 
scores. Individual differences in the predictive validity of different predictors results in low 
explained variance and its source can only be found if a relevant covariate is tested and found 
to be significant. Signal Detection Theory allows the combination of a more person-centered 
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approach of investigating differences in predictive validity with a more instrument-centered 
approach. Signal Detection Theory allows detection of individual differences in the 
predictive validity of specific predictors without first choosing and testing specific possible 
covariates (Kiernan, Kraemer, Winkleby, King, & Taylor, 2001), and also provides 
information on the sensitivity and specificity of instruments and combinations of instruments 
at group level.  
 
Individual level 

The primary goal of the present study is to determine whether different tools uniquely select 
(successful or unsuccessful) students. The three single admission tools were combined to 
form a set of seven admission tools and a Signal Detection approach was used to determine 
whether students had scored at or above criterion on which, or none, of these seven tools. For 
all individuals in the group of successful students and in the group of unsuccessful students 
it could thus be determined which of the seven tools would have selected them or whether 
they would not have been selected by any of these tools. The set of seven consists of the three 
single tools, three ‘double’ tools and a seventh tool called ‘SSGPA/ACS/NCS’. The single 
tools are SSGPA-only, ACS-only, and NCS-only. The double tools are SSGPA-and-ACS-
but-not-NCS, SSGPA-and-NCS-but-not-ACS and ACS-and-NCS-but-not-SSGPA.  The 
seventh tool determined whether students scored at or above criterion on all three single 
predictors (SSGPA and ACS and NCS). A previous analysis showed that tools constructed 
by weighing SSGPA, ACS and NCS differently in a total score did not outperform the 
unweighted average of SSGPA, ACS and NCS (SSGPA/ACS/NCS) (van Ooijen-van der 
Linden et al., 2017, see also Wainer, 1976).  

Given the proportions of successful and unsuccessful students in a cohort and carrying 
out a hypothetical, retrospective selection, a set of admission tools can be compared on the 
proportions of unique hits and unique false alarms each tool within the set yields. A student 
is a unique hit, within the set, if she or he would have been selected by only that tool and not 
the others within the set and turns out to be a successful student. Successful students who 
were hypothetically rejected by all seven tools are deemed ‘Total Misses’. Unsuccessful 
students who were rejected by all seven tools are deemed ‘Total Correct Rejections’. In other 
words, the Signal Detection approach was used to determine which of seven tools would have 
selected an individual applicant or whether the applicant would have been rejected. For the 
successful students, this resulted in proportions of students selected by each of seven tools 
(‘Hits’) and a proportion of unselected students (‘Total Misses’), totaling 1. For the 
unsuccessful students, this resulted in proportions of students selected by each of seven tools 
(‘False alarms’) and a proportion of unselected students (‘Total Correct Rejections’), totaling 
1. Two criteria were compared: a medium score criterion (score ≥ 6.5 out of 10) and a high(er) 
criterion (score ≥ 7 out of 10).  

 
Results 

Group level 

The means and standard deviations of SSGPA, ACS and NCS of the students that fully 
participated in the matching program are given in Table 3.1.  
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Table 3.1. Means and standard deviations of Secondary School Grade Point Average (SSGPA), Admission test 
Cognitive Score (ACS), Non-Cognitive Score (NCS) for each cohort 

Cohort SSGPA ACS NCS n* % successful 
13-14 6.9 (0.5) 6.2 (1.8) 5.7 (2.1) 279 82.8 
14-15 6.8 (0.5) 7.2 (0.9) 5.6 (1.6) 347 85.3 
15-16 6.8 (0.5) 6.2 (1.1) 5.8 (1.6) 377 74.8 

*In these analyses, we included only students of whom we had all relevant data and whom had not already followed 
tertiary education. 
 

Given the uniformity of the ROC-curves in Figure 3.4 and the comparable AUCs for 
cohort 2014-2015 and 2015-2016, SSGPA and ACS appear equally accurate in selecting 
students. NCS was more accurate than ACS in 2013-2014, but whereas ACS appeared to 
stabilize in the next two years, NCS’s accuracy dropped. See Table 3.A3-3.A5 for the logistic 
regressions and Table 3.A6 for the odds rations based on the Signal Detection outcomes, if 
the reader wishes to compare the two analyses.  

If we had actually applied SSGPA ≥ 6.5 to select applicants, we would have admitted 
80% of the applicants in 2013, 77% in 2014 and 74% in 2015. Criterion ≥ 7 for SSGPA 
would have resulted in the admission of 43% of the applicants in 2013, 41% in 2014 and 40% 
in 2015. If we had actually applied SSGPA/ACS/NCS ≥ 6.5 it would have resulted in 42, 53, 
and 34% admissions for the three consecutive cohorts. Application of criterion ≥ 7 to 
SSGPA/ACS/NCS would have admitted 24, 24 and 17% of the applicants. The hit-rates and 
false alarm-rates of SSGPA for criterion ≥ 6.5 and criterion ≥ 7 - and thus the sensitivity (hit-
rate) and specificity (1 – false alarm-rate), see the enlarged data points in Figure 3.4 - were 
more similar across cohorts for SSGPA than for ACS, NCS and SSGPA/ACS/NCS. A 
comparison of the upper left (SSGPA) and lower right (SSGPA/ACS/NCS) panel in Figure 
3.4 shows that for SSGPA criteria ≥ 6.5 to ≥ 7 covered the whole middle range of the ROC-
curve whereas for SSGPA/ACS/NCS they only covered the lower, left part of the ROC-
curve, where all criteria indicate a bias to reject applicants. The upper, right part of the ROC-
curve of SSGPA/ACS/NCS, is occupied by criteria ≤ 6 for 2013-2014 and 2015-2016 and 
criteria ≤ 6.5 for 2014-2015. These criteria, right of the diagonal from the upper left corner 
to the middle of the ROC-space indicating a neutral criterion, all represent an increasing bias 
towards admitting more applicants as the criterion lowers (see also Figure 3.3). Whereas in 
secondary education pupils can only enter the pre-exam year with sufficiently high grades 
for all topics (resulting in a narrowed range for SSGPA), in the matching program applicants 
can have low(er) scores for both ACS and NCS. Therefore, the range of possible scores is 
wider for ACS than for SSGPA and in our sample the distributions of SSGPA are clearly 
smaller than those of ACS (Table 3.1). If the distributions of the scores on SSGPA and ACS 
differ enough, a combined score will have an even wider range than ACS alone. As follows 
from a comparison of the ROC-curves for ACS (upper, right panel in Figure 3.4) and for 
SSGPA/ACS/NCS (lower, right panel in Figure 3.4), the admission decision space – the 
range of the cut-off scores from which to choose a specific criterion to match a certain 
desirable bias towards rejection or admission -  indeed increases when these scores are 
combined. Also, note the relatively low percentages, 53% at most, of admitted applicants 
even with the lower criterion ≥ 6.5 for SSGPA/ACS/NCS; these appear comparable to the 
percentages admissions with SSGPA ≥ 7. Adding ACS and NCS to the admission toolbox, 
compared to SSGPA alone, clearly enlarges the decision space.   
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Individual level 

The Signal Detection approach allowed analyses of the proportions of students uniquely 
selected or rejected by each of the seven admission tools as presented in Figure 3.5 (see also 
van Ooijen-van der Linden et al., 2017). SSGPA-only (i.e. excluding applicants that scored 
at or above criterion for SSGPA and one of the other measures) selected a remarkably high 
percentage of unsuccessful students, especially with criterion ≥ 6.5, as is depicted by the grey 
bars at the left side of Figure 3.5. Note that the average SSGPA was 6.8 with a standard 
deviation of 0.5 in these cohorts. Figure 3.5 shows that all seven tools uniquely selected both 
successful and unsuccessful students, both with the criterion set at ≥ 6.5 and at ≥ 7. 
SSGPA/ACS/NCS (GAN, the purple bars in Figure 3.5) was the tool with the highest 
sensitivity – specificity ratio (and thus accuracy) for all three consecutive cohorts when 
criterion ≥ 6.5 was applied; for this criterion, as apparent from the hits-bars and false alarms-
bars, the GAN-tool admitted the largest number of applicants in all three cohorts and this 
tool had the best ratio between the proportion hits and the proportion false alarms. With 
criterion ≥ 7 there were two exceptions to this pattern of SSGPS/ACS/NCS showing the 
highest accuracy: SSGPA-and-NCS in 2013-2014 (the lacking green bar of false alarms in 
Figure 3.5 for cohort 2013-2014 and criterion ≥ 7) and ACS-and-NCS in 2015-2016 (the 
lacking blue bar of false alarms for cohort 2015-2016 and criterion ≥ 7) yielded zero false 
alarms. Note that these exceptions occur with double and not single tools. In addition, for the 
applicants who were not selected by any of the tools (the white ‘Rejected’ bars in Figure 
3.5), the proportions of correct decisions for unsuccessful students, Total Correct Rejections 
(at the right end of the false alarms-bars), are remarkably larger than the proportions of 
incorrect decisions for successful students, Total Misses (at the right end of the hits-bars), 
across three cohorts. Note that removing a tool from the toolbox would render the hits of that 
tool misses, which would add to the number of Total Misses. The false alarms from the 
removed tool would become correct rejections and add to the number of Total Correct 
Rejections. 
 
Discussion  
Applicants to the investigated program do not score particularly high on SSGPA and ACS, 
but the majority does successfully pass at least seven of the eight first year courses. By design, 
ACS is a snapshot measurement of academic achievement compared to SSGPA – ACS being 
based on one week of program-specific ‘studying for a week’ and SSGPA on 5 years of 
secondary education. Nonetheless, their accuracy appears comparable and stable across 
cohorts. Such work samples in admission of psychology students have been found to be 
predictive of academic achievement in the program (Niessen et al., 2016; Visser et al., 2012). 
Psychology students admitted through an admission procedure including a cognitive 
admission tests and Multiple Mini Interviews have been shown to outperform psychology 
students admitted based on their SSGPA (Makransky, Havmose, Vang, Andersen, & Nielsen, 
2016). Although it is also consistent with most other available information, most studies 
investigating predictors of academic success other than SSGPA focus on medical programs, 
and those are currently undecided on the ‘best practices’ in the implementation of admission 
tools other than SSGPA (Patterson et al. 2016; Pau, Chen, Lee, Sow, & Alwis, 2016; 
Richardson et al., 2012; Schripsema, Van Trigt, Borleffs, & Cohen-Schotanus, 2014, 2017; 
Shulruf & Shaw, 2015; Sladek, Bond, Frost, & Prior, 2016; Wouters et al., 2017). Note that 
NCS is quite susceptible to social desirability and that the literature does not allow firm 
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Figure 3.4. Receiver Operating Characteristic Curves (ROC-curves) for three consecutive cohorts for Secondary 
School Grade Point Average (SSGPA), Admission test Cognitive Score (ACS), Non-Cognitive Score (NCS) and 
the unweighted mean of SSGPA, ACS and NCS (SSGPA/ACS/NCS). The diagonal from the upper left corner to 
the middle of each ROC-space represents a neutral criterion and thus equal proportions of misses and false alarms. 
The solid arrows point to the enlarged data point for each cohort corresponding to criterion ≥ 6.5 and the dashed 
arrows point to the enlarged data point for each cohort corresponding to criterion ≥ 7. 
 
conclusions on the validity of these and other non-cognitive factors (Patterson et al., 2016). 
In addition, in 2013-2014 participation in the matching program was optional, whereas in 
2014-2015 and 2015-2016 it was obligatory and students were selected. This implicates the 
lesser accuracy of NCS in 2014 and 2015 might also be due to the combination of these 
characteristics of the admission procedure across cohorts and the instruments used (Niessen 
& Meijer, 2017; Niessen, Meijer, & Tendeiro, 2017). The predictive validity and applicability 
of NCS is elaboratively discussed in Chapter 5. However, the accuracy and stability of ACS 
across three cohorts allowed to take the interpretation one step further. 
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Figure 3.5. Proportions of unique hits and false alarms, Total Misses and Total Correct Rejections for a set of seven 
admission tools, with criteria ≥ 6.5 (left) and ≥ 7 (right) applied. For each applicant, we determined whether they 
scored at or above criterion on SSGPA-only, ACS-only and NCS-only. These were the ‘single’ tools. Another three 
‘double’ tools were constructed to determine whether students had scored at or above criterion on both-SSGPA-and-
ACS-but-not-NCS, both-SSGPA-and-NCS-but-not-ACS and both-ACS-and-NCS-but-not-SSGPA. From the three 
single admission tools, we constructed ‘SSGPA/ACS/NCS’ which determined whether students scored at or above 
criterion on all three single predictors (SSGPA and ACS and NCS) and not on only one or two of the three. ‘Hits’ 
are successful students who would have been selected with the given tool and criterion and ‘false alarms’ are 
unsuccessful students who would have been selected with the given tool and criterion. ‘Total Misses’ are successful 
students who are not selected by any admission tool in this set with the given criterion and ‘Total Correct Rejections’ 
are unsuccessful students who are not selected by any admission tool in this set with the given criterion. Each student 
contributes to only one proportion for each criterion (≥ 6.5 and ≥ 7) in their cohort: each student in each cohort, and 
for each of both criteria, is a hit or false alarm for only one of the seven tools OR a total miss or total correct rejection. 
The proportions of unique hits (of total successful students) and unique false alarms (of total unsuccessful students) 
were calculated for each of the tools in the set of seven tools as described above. These seven proportions of unique 
hits plus the Total Misses sum up to 1 (100% successful students). The seven proportions of unique false alarms 
plus the Total Correct Rejections sum up to 1 (100% unsuccessful students). 
 
What Signal Detection offers 

Although SSGPA/ACS/NCS had comparable accuracy to SSGPA alone, adding ACS and 
NCS did expand the decision space. Combining secondary school grades with admission test 
grades and non-cognitive scores increases the range in admission scores and thus the space 
to set the criterion to minimize bias toward one of the two type of mistakes that will inevitably 
be made, or to prefer admitting applicants who will fail over rejection applicants who will be 
successful or vice versa. A closer look at the distinct contribution of each tool to successful 
selection at the individual level revealed nuances that were not provided by the ROC-curves 
and that are not provided by approaches other than Signal Detection.  

Given the differences in whether SSGPA, ACS and NCS were used to determine 
whether students from the studied cohorts were being admitted or not – no selection in 2013, 
80% selection in 2014 and 100% selection in 2015 – differences between the cohorts were to 
be expected. It was already mentioned that due to the number of applicants not exceeding the 
numerus clausus all applicants were admitted, but the applicants were unaware of this at the 
time of application and during participating in the matching program. Yet, the pattern in the 
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proportions of unique correct and incorrect decisions across three consecutive cohorts stably 
and clearly showed that an admission toolbox consisting of multiple tools outperformed 
single tools in both sensitivity and specificity, in this multiple cohort sample (following up 
on Table 2.6 and Figure 2.A5). In addition, the patterns in the proportions of both types of 
correct and incorrect decisions across cohorts (Figure 3.5) shows the imperfection of the 
instruments in more detail than the regression analyses do. Of course, instruments with 
relative low predictive validity can be useful to select-in applicants on grounds other than the 
expectation of retention and high grades (Schmitt, 2012; Sedlacek, 2003; Sternberg, Bonney, 
Gabora, & Merrifield, 2012; Wainer, 1976). We showed that using multiple instruments can 
increase the proportion of correct decisions without having to make assumptions on how 
explained variance at group level translates to predictive validity at the individual level: each 
instrument, with both criteria and across three cohorts, selected individual applicants that 
would not have been selected by any of the other instruments and that turn out to be 
successful. Signal Detection offers information on the effects of specific criteria on both the 
proportion of incorrect decisions and the type of incorrect decisions that result from specific 
criteria applied to specific instruments. It does so at group level and the individual level. 
These details allow finetuning of both the choice of instruments and of the applied criterion.  

Data of previous cohorts can thus provide an evidence-based admission tool and 
criterion for a future cohort and each next cohort updates the available dataset. The chosen 
criterion for a future cohort can aim at equal proportions of false alarms and misses, at a 
rejection bias or at an admission bias. The relative desirability of one or another is to be 
determined by policy makers based on the costs and benefits of hits, misses, false alarms and 
correct rejections for that specific program. For institutions, the admission procedure 
resulting in the highest possible proportion of admitted successful students can be argued to 
be the best possible procedure. Yet, incorrect decisions are inevitable. From a societal 
viewpoint, the admission procedure resulting in the lowest proportion of rejected potentially 
successful students would contribute best to the development and use of human potential. To 
date, we have not encountered other methods that provide information on the proportions of 
both types of mistakes resulting from different tools and criteria, though methods 
complementary to regressions have been reported (e.g. Shulruf et al., 2018). In medicine, 
Signal Detection Theory is commonly used in investigating the accuracy of diagnostic tests. 
It not only matters how well the diagnostic instrument performs in detecting disease in the 
sick (sensitivity), but it also matters how well it performs in detecting people not having the 
disease as such (specificity).  Likewise, in admission of students to university, the highest 
proportion correct decisions or the highest proportion of successful admitted students is only 
half the information. Signal Detection Theory also provides the other half. 

 
Suggestions 

Note that the matching program, the application of specific admission tools and criteria and 
the academic achievement of the selected students can interact. If the selection outcomes 
apparently do not sufficiently match the goals of the admission committee as students 
progress (or not) through their first, second and third year, the admission procedure will be 
adjusted. We argue that individual differences in which tool accurately predicts future 
academic success might be worth further investigation in the light of actual and desired levels 
of diversity in student populations (Pau et al., 2016; Stegers-Jager et al., 2015) in relation to 
both open admission and selection. It depends on the goals of the admission committee 
whether preventing rejection of applicants that would be successful students (preventing 
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misses) is considered more important than preventing admission of students that will fail 
(preventing false alarms).  

We did not compare the selection outcomes for different subgroups of students such 
as vocational pathway applicants or applicants who traveled for a year between secondary 
and tertiary school, in contrast with applicants entering directly after secondary school. Our 
focus was on a concise comparison of SSGPA, ACS and NCS and combinations thereof in a 
relatively homogeneous group of applicants and a lack of power for the smaller subgroups 
would have prevented any firm conclusions. A sensible next step would be to investigate 
these and other possible individual differences in the predictive validity of instruments and 
personal factors or profiles (Wingate and Tomes, 2017). Comparisons of the predictive 
validity of program-specific admission test scores and program-specific non-cognitive 
admission test scores in different programs would also be valuable. Following the argument 
of homogeneous versus heterogeneous student groups, for other programs and other types of 
students (e.g. O’Neill, Vonsild, Wallstedt, & Dornan, 2013) program-specific admission 
tools might not improve selection and therefore we refrain from advocating the inclusion of 
specific admission tools or specific toolboxes. However, the recent focus on diversity in 
tertiary education (Haaristo, Orr, & Little, 2010; Kent & McCarthy, 2016; Reumer & van der 
Wende, 2010) warrants the search for a more diverse admission toolbox. Adding tailor-made 
program-specific admission tools to SSGPA might better suit the goals of admission 
committees than the addition of standardized tests: they can be chosen to measure, or 
investigate, program-specific predictors of academic success (Kuncel & Hezlett, 2010). They 
also allow admission based on desirable characteristics other than general cognitive 
capacities and investigation of the effects thereof.  
 
Implications 

The results of the current study can be formulated as implications for selection committees 
and policy makers: 

• The time and effort invested in organizing ‘studying for a week’, can be worth it; 
adding multiple cognitive and non-cognitive admission test scores to the admission 
toolbox prevents rejection of applicants that did not do very well in secondary 
education but will be successful students.  

• The differential predictive validity of work samples and non-cognitive admission 
test scores for academic achievement in different programs is still work in progress.  

• All seven selection tools in the current study were imperfect. 
• The best-performing tool was the combination tool. 
• Signal Detection Theory is useful in both short and long-term evaluation of 

admission and selection instruments and outcomes; findings on the effects of 
different tools and criteria on both group and individual level allow policy makers 
to adjust admission and selection instruments to meet their goals.  
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Appendix 
Table 3.A1. Overview of scoring of the admission tools  
Admission tool Scoring 
SSGPA Average of mathematics, English, Dutch, biology and 

social sciences; ten-point scale 
Matching scores (ACS)  
Essay Ten-point scale 
MC questions Topic 1  Ten-point scale 
MC questions Topic 2 Ten-point scale 
Non-cognitive factors (NCS) Ten-point scale 
Grade goal 
“I prefer not to aim for a C, but rather work for a 
better grade” 

0-4 
0 = disagree strongly, 4 = agree strongly 

Extra examination course 
“Did you take an extra examination course? (in 
addition to the ones required for your certificate)” 

1 if done, 0 if not 

Interest in honours programmes 
“Are you interested in the honours programme of 
your bachelor’s programme?” 

1 if “yes”, 0 if “not” or “maybe” 

Community commitment” 
“Were you involved in extra activities? (e.g. student 
council, school magazine, community work)” 

1 if “yes” according to the open question about extra 
activities 

 

Table 3.A2. Description of four admission toolkits; the three single predictors, SSGPA, ACS and NCS and their 
unweighted average. All range 0-10 
AT Unweighted averages 
SSGPA (mathematics + English + Dutch + biology + social sciences)/5 
Matching average 
(ACS) 

(Essay + MC Questions Topic 1 + MC Questions Topic 2)/3  

Non-cognitive factors 
(NCS) 

(Grade goal + community commitment 
+ extra examination course + interest in honours)*1.43 

SSGPA/ACS/NCS (SSGPA + ACS + NCS)/3 
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Table 3.A3. Two regressions with Y1 - whether students passed at least seven of eight first year courses - as the 
dependent variable. First, a backward logistic regression with the three single tools (SSGPA, ACS, NCS) as the 
predictors. Second, the logistic regression with the unweighted average of SSGPA, ACS and NCS as the 
predictor. Cohort 13-14, n = 279. See also Figure 3.4 in the chapter 
                                                             99% CI for Odds Ratio 
 B (SE) Lower Odds Ratio Upper 
Single predictors     
   Step 1     
Constant -7.00 (2.53)    
SSGPA   1.05 (0.40)* 1.03 2.87 8.01 
ACS  0.09 (0.09) 0.86 1.09 1.38 
NCS  0.18 (0.09) 0.94 1.20 1.53 
   Step 2     
Constant -6.77 (2.50)    
SSGPA   1.09 (0.40)* 1.07 2.96 8.20 
ACS   0.19 (0.10)** 0.95 1.21 1.55 
Unweighted average 
Constant -2.07 (0.94)    
SSGPA/ACS/NCS   0.61 (0.16)* 1.22 1.83 2.75 

Note Single predictors: R² = .07 (Cox & Snell), .12 (Nagelkerke). Model χ²(3) = 21.23, p < .001. * p < .01, ** p = .04 

Note Unweighted average: R² = .06 (Cox & Snell), .09 (Nagelkerke). Model χ²(1) = 15.85, p < .001. * p < .001 

 

Table 3.A4. Two regressions with Y1 - whether students passed at least seven of eight first year courses - as the 
dependent variable. First, a backward logistic regression with the three single tools (SSGPA, ACS, NCS) as the 
predictors. Second, the logistic regression with the unweighted average of SSGPA, ACS and NCS as the 
predictor. Cohort 14-15, n = 347. See also Figure 3.4 in the chapter 
                                                             99% CI for Odds Ratio 
 B (SE) Lower Odds Ratio Upper 
Single predictors     
   Step 1     
Constant -5.45 (2.34)    
SSGPA   0.62 (0.34) 0.79 1.87 4.42 
ACS   0.39 (0.17)* 0.95 1.48 2.29 
NCS   0.05 (0.10) 0.80 1.05 1.36 
   Step 2     
Constant  -5.54 (2.33)    
SSGPA    0.66 (0.32)** 0.85 1.94 4.45 
ACS    0.40 (0.17)* 0.97 1.49 2.31 
Unweighted average 
Constant -2.06 (1.37)    
SSGPA/ACS/NCS   0.59 (0.21)* 1.04 1.81 3.14 

Note Single predictors: R² = .03 (Cox & Snell), .06 (Nagelkerke). Model χ²(3) = 11.98, p < .01. * p = .02, ** p = .04 

Note Unweighted average: R² = .02 (Cox & Snell), .04 (Nagelkerke). Model χ²(1) = 7.98, p < .01. * p < .01 
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Table 3.A5. Two regressions with Y1 - whether students passed at least seven of eight first year courses - as the 
dependent variable. First, a backward logistic regression with the three single tools (SSGPA, ACS, NCS) as the 
predictors. Second, the logistic regression with the unweighted average of SSGPA, ACS and NCS as the 
predictor. Cohort 15-16, n = 377. See also Figure 3.4 in the chapter 
                                                           99% CI for Odds Ratio 
 B (SE) Lower Odds Ratio Upper 
Single predictors     
   Step 1     
Constant -11.35 (2.10)    
SSGPA    1.37 (0.32)* 1.72 3.94 9.02 
ACS    0.49 (0.13)* 1.18 1.63 2.27 
NCS   0.06 (0.09) 0.85 1.06 1.32 
   Step 2     
Constant -11.38 (2.10)    
SSGPA    1.43 (0.31)* 1.86 4.16 9.29 
ACS    0.49 (0.13)* 1.18 1.63 2.26 
Unweighted average 
Constant -4.82 (1.11)    
SSGPA/ACS/NCS  0.97 (0.18)* 1.64 2.63 4.23 

Note Single predictors: R² = .13 (Cox & Snell), .20 (Nagelkerke). Model χ²(3) = 53.38, p < .001. * p < .001  

Note Unweighted average: R² = .08 (Cox & Snell), .12 (Nagelkerke). Model χ²(1) = 32.83, p < .001. * p < .001 

 
 
Table 3.A6. Odds ratios, the odds of being admitted is the odds ratio times higher for successful students than for 
unsuccessful students, computed as ((hits/misses))/(false alarms/correct rejections)) for each of the admission tools 
with criterion ≥ 6.5 and ≥ 7, for each cohort. NCS ≥ 6.5 is not given, because NCS war calculated from a seven-
point scale and thus the ten-point scale jumps from 5.7 to 7.2 (see Table 3.A2) 

                                       Odds ratio 
Admission tool Criterion 13-14 14-15 15-16 
SSGPA ≥6.5 2.46 2.87 3.49 
ACS ≥6.5 2.11 1.92 2.46 
SSGPA/ACS/NCS ≥6.5 4.39 1.93 3.30 
SSGPA ≥7 4.01 2.32 3.76 
ACS ≥7 2.31 2.01 2.58 
NCS ≥7 3.31 0.85 2.38 
SSGPA/ACS/NCS ≥7 3.23 1.61 4.66 
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Abstract 
This longitudinal, mixed-method, double-cohort study investigates how the accuracy of the 
prediction of academic success throughout a university bachelor programme might differ 
across time and types of in-programme academic success. The previously validated 
predictors were prior academic achievement, a programme-specific admission test score, a 
non-grade based psychosocial score, and their combined score. Academic success across 
time was calculated as first-year-mean-grade, second-and-third-year-mean-grade, and 
bachelor-mean-grade. Types of academic success were calculated as theoretical-courses-
mean-grade, research-skills-courses-mean grade and professional-skills-courses-mean-grade 
across the bachelor programme. The prediction of academic success was stable across time 
for all pre-programme predictors. Focus groups with students and teachers provided a 
definition of academic success surpassing the knowledge and skills as graded in courses. The 
focus groups agreed on the realisation of academic success as a reciprocal personal and 
community effort. Implications for admission, programme objectives, curriculum design and 
assessment are discussed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ACADEMIC SUCCESS – TIME AND TYPES 

56 
 

Introduction 
The Taxonomy of Bloom describes the staircase arrangement of learning goals towards 
reaching programme objectives (Anderson, 2005; Bloom, 1956). This suggests that - at the 
time of admission - first year academic success in university can be better predicted than 
success in later stages of the programme. The later stages are found to be better predicted by 
the most recent academic achievement (Stegers-Jager, Themmen, Cohen-Schotanus, & 
Steyerberg, 2015; Vulperhorst, Lutz, de Kleijn, & van Tartwijk, 2018).  

Both applicants and institutions could benefit from valid predictions of academic 
potential at the time of application. A diversity of goals would be served by optimising the 
decision outcome for either the institution or the applicant: selection of students with the 
highest probability of academic success, selection of students aiming at diversity goals, 
informing training and student counselling or assisting the applicant in making ‘the right 
choice’. Cognitive capacity, psychosocial factors, study skills and characteristics of teachers 
and instruction together determine the degree of academic success students achieve 
(Richardson et al., 2012; Robbins et al., 2004; Schneider & Preckel, 2017). Academic 
potential at the time of application and academic success in-programme may result from 
diverse mixes of factors that constitute being ‘willing’ and ‘able’. 

Different operationalisations and analyses are applied to investigate the prediction 
of academic success. Academic success and failure are frequently operationalised in terms of 
GPA, retention, drop-out and time to degree. Secondary school grades, standardised 
admission tests and ‘non-cognitive’ factors such as motivation, community commitment, 
personality or self-management are common predictors (Richardson et al., 2012). Regression 
analyses are common (e.g. Niessen, Meijer, & Tendeiro, 2016; Schmitt, 2012) and of course 
are very useful in meta-analyses (Richardson et al., 2012; Schneider & Preckel, 2017). 
Approaches such as modelling the probability of success (Sawyer, 2013), Signal Detection 
Theory (van Ooijen-van der Linden, van der Smagt, te Pas, & Woertman, 2018; van Ooijen-
van der Linden, van der Smagt, Woertman & te Pas, 2017), discriminant function analysis 
(Shulruf et al., 2018) and path models (Vulperhorst et al., 2018) are less common, but provide 
more information. More elaborate prediction models requiring different weights of different 
(sub)scores on predictors, whether or not for different groups of students, and more specific 
operationalisations of academic success provided more detailed information on how to 
predict what type of academic success for whom (Schmitt et al., 2009; Shulruf et al., 2018; 
Shulruf, Hattie, & Tumen, 2008; Steenman, Bakker, & van Tartwijk, 2016). These less 
common approaches and methods provide information that complements the information on 
predictive validity from other methods: information on the probability of success given 
specific scores on predictors, on the effects of specific cut-off scores and on the selection 
outcomes at the individual level.  

Accurate ‘detection’ of future academic success in individuals, resulting in correct 
admission decisions to admit or reject, requires quantitative data at group level. At group 
level, secondary school grades appear the best and most stable predictor of (first year) 
university grades and cognitive admission tests can have incremental predictive validity 
(Patterson et al., 2016; Richardson et al., 2012; Steenman et al., 2016). Programme-specific 
work samples and Situational Judgements Tests appear valuable in complementing domain-
general predictors of academic success with domain-specific predictors of academic success 
(de Visser et al., 2018; Niessen, Meijer, & Tendeiro, 2016; Stegers-Jager, 2018; Visser et al., 
2012). Decisions on the content and function of admission instruments are likely to differ 
between those focusing on selecting-in applicants with certain characteristics (in order to 
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ensure a diverse student population and workforce) and those with a focus on selecting-out 
applicants who are likely to fail and selecting in applicants with the best chances of success 
(i.e. in highly competitive selection procedures). However, neither including multiple 
predictors, nor the use of more specific models or different approaches have (yet) led to 
perfect predictions of academic success. The current imperfect predictions of academic 
success are congruent with the qualitative notion of teachers and tutors that are familiar with 
both students who persist and become academically successful against the odds and with 
students whose potential they believe in, yet who do not (yet) manage to demonstrate their 
potential (for example in their course grades).  

After having awaited academic success of one cohort, Signal Detection Theory can 
help build the knowledge-base resulting from hypothetical retrospective selection decisions. 
Its outcome can be continuously updated and extended as new students commence and 
proceed (or not) through the programme. We previously validated secondary school grades, 
grades from a programme-specific work sample and a non-grade based psychosocial score 
as predictors of first year academic success (van Ooijen-van der Linden et al., 2018, 2017). 
We now investigate academic success throughout the bachelor programme, using a twofold 
approach. The first approach is a quantitative comparison of the accuracy of pre-programme 
predictors in predicting academic success across time and type of learning goals. The first 
question we ask is: Are there differences in the prediction accuracy of in-programme 
academic success across time (first year, second and third year and in the bachelor as whole)? 
The second question is: Are there differences in prediction accuracy across types of academic 
success - theoretical knowledge courses, research skills courses and professional skills 
courses? If so, what differences? In further elaboration on types of academic success, we ask 
what constitutes academic success. Operationalisation of academic success in course credits 
or grades certainly is convenient and meaningful, but how valid are these measures? Do they 
cover all relevant elements of academic success, and if not, what elements are covered 
differently or not at all in course credits or grades? It may be that not all learning goals need 
to be formally tested, but testing and assessment policies do influence study behaviour and 
thus what is learned (Kickert, Stegers-Jager, Meeuwisse, Prinzie, & Arends, 2018). The 
second approach entails the collection of qualitative data – from focus groups –  on the 
definition of academic success and facilitating and interfering factors in realising academic 
success.  

 
Methods 

Participants 

The participants (see Table 4.1) were the students of cohorts starting 2013-2014 and 2014-
2015 of a broad Psychology programme in The Netherlands. The applicants of cohort 2013-
2014 were offered a non-obligatory work sample ‘studying for a week’. This was the pilot 
for the selection procedure that would be used next year to select 80% of the numerus clausus 
of 500. The remaining 20% would be admitted through weighted lottery. In 2013 279 enrolled 
students had fully participated in the matching programme (229 women with a mean age of 
19.1 years, SD = 1.1, and 50 men with mean age 19.9 years, SD = 1.9), in 2014 346 students 
(272 women with a mean age of 19.3 years, SD = 1.9, and 74 men with mean age 19.9 years, 
SD = 1.9). 
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Table 4.1. Means, standard-deviations, and n of the participants of cohort 2013-2104 (n = 279) and cohort 2014-
2015 (n = 346) for each of four pre-programme predictors (S, A, NG-PSF, SAN), for each of three types of academic 
success across time (Y1, M, and B) and for each of three types of academic success across the bachelor programme 
(BTh, BRs, and BPs) 

 2013-2014 2014-2015 
 

M (SD) n M (SD) n 

Pre-programme  
(application and work sample) 
S 

6.8 (0.5) 279 6.8 (0.5) 346 
A 

6.2 (1.8) 279 7.2 (0.9) 346 
NG-PSF 

5.7 (2.0) 279 5.6 (1.6) 346 
SAN 

6.2 (1.1) 279 6.5 (0.7) 346 
In-programme 

Y1 
7.0 (1.3) 272 7.1 (0.6) 346 

M 
6.6 (2.1) 255 6.8 (1.7) 328 

B 
7.2 (0.5) 233 7.2 (0.5) 183 

In-programme types of academic success 

BTh 
7.0 (1.3) 272 7.0 (0.7) 345 

BRs 
6.9 (1.8) 262 7.1 (1.3) 337 

BPs 
6.4 (2.1) 254 6.5 (2.0) 318 

 
All analyses were run retrospectively, after having awaited the academic success of 

the participants. Since the data used from cohort 2013-2014 consisted of (anonymized) 
administrative information (for which no informed consent is needed as per our institution's 
guidelines and national regulations), we did not retrospectively try to obtain such consent. 
As we added optional questionnaires to the standard matching programme for cohort 2014-
2015 to strengthen our research (although these data were not used in the presented analyses), 
we asked applicants to give written and informed consent. We only used data of applicants 
who gave their written consent. The project as a whole and the use of the data of cohort 2013-
2014, was approved by the Ethics Committee of the Faculty of Social and Behavioural 
Sciences of Utrecht University (FETC15-057) before commencement of this research. 

 
Quantitative data: accuracy in predicting academic success across time and types of 

academic success 

Academic success 

Academic success is operationalised in two ways, one based on time, one based on type of 
academic success, see Table 4.2. For the Psychology bachelor programme at Utrecht 
University, students are required to pass at least six of the eight first year courses, in order to 
proceed to the second year. The courses in the first year and first quarter of the second year 
(i.e. 75 EC of the 180 EC bachelor programme) are compulsory. After that, students choose 
one of seven major tracks (60 EC) corresponding to their topic of interest in Psychology. The  
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Table 4.2. Descriptions and abbreviations of all four pre-programme predictors, three operationalisations of 
academic success across time and four types of in-programme academic success. 

Type of academic success 
Pre-programme (application and work sample) 
S Mean of secondary school grades as reported in the application form 
A Admission test score, unweighted average of grade for multiple choice exam and essay 
NG-PSF Non-grade based psychosocial score, from the application form 
SAN Unweighted average of S, A and NG-PSF 
In-programme, across time 
Y1 Mean grade of all course grades in the first year 
M Mean of all major track grades obtained in the second and third year 
B Mean of all grades in the bachelor (for only those with a Y1 and M score) 
In-programme types of academic success 
BTh Mean course grade of the followed theoretical courses in the first, second and third year 
BRs Mean course grade for the three methods and statistics courses, the practicals in 

research skills, a programming course and the bachelor thesis 
BPs Mean course grade for the professional skills courses (communication and diagnostics) 
ipNG-PSF Non-grade based psychosocial factors influencing in-programme academic success, 

such as motivation, personality, self-regulatory skills and psychosocial contextual 
factors (e.g. social integration) 

 
programme objectives require all students to pass at least the first ten compulsory courses 
and a major track (M): two theoretical courses, a course on methods and statistics, a course 
on professional skills, a course on research skills and a bachelor thesis. The subsets of courses 
in the major tracks ensure fulfilment of above-mentioned requirements for graduation. 
Another six courses (45 EC) are required to reach the bachelor total of 180 EC and can be 
freely chosen from courses offered at Dutch universities or abroad.  

In our previous studies, we validated the pre-programme predictors used in the 
current study (van Ooijen-van der Linden et al., 2018, 2017). In those studies, we investigated 
only first year academic success. Because having passed six courses in the first is the 
minimum required to be allowed to continue the programme, we previously operationalised 
academic success as having passed at least seven of the eight first year courses. In the current 
study, the prediction of academic success throughout the bachelor is investigated, and thus 
having passed a certain number of courses is not a useful measure of academic success. We 
now operationalise academic success as a mean grade ≥ 7. Y1 is the mean of the course 
grades for the first-year courses. M is the mean of the major track course grades. We excluded 
the six free to choose courses, because content and learning goals differ across the seven 
major tracks and even more widely across students as they also follow courses at other 
programmes and universities. Minors from other programmes and universities would 
tremendously increase variance in what the course grades reflect. The major track courses 
are the backbone of requirements for graduation and allow a meaningful comparison with Y1 
and a meaningful clustering of types of academic success. B is the mean of all course grades 
of the first year (Y1) and the major track courses (M). As we excluded the 45 EC free to 
choose courses from the major track mean, we also excluded them from the B mean. Y1, M 
and B serve to answer the question on the predictability of academic success across time. The 
B courses were also split into theoretical courses, research skills courses and professional 
skills courses to be able to answer the question on the predictability of different types of 
academic success.  

For all types of academic success, (mean) grades ≥ 7 on a 10-point scale were used 
to classify students as successful and (mean) grades < 7 were used to classify students as 
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unsuccessful. Seven is a logical cut-off score for defining academic success as the mean 
grades for Y1, M and B range from 6.6 to 7.2 (SD’s ranging from 0.5 to 2.1), in both cohorts 
(see Table 4.1). Note that if 6 were the cut-off score, by definition everybody (S) or almost 
everybody (A, NG-PSF and SAN) would be successful, see Table 4.3. 

 
Table 4.3. The percentages of students scoring ≥ 6.5 out of 10 and ≥ 7 on each of the four pre-programme predictors. 
The percentages of students classified as academically successful, scoring ≥ 7, are given for academic success in-
programme, across both time and types of academic success 

  Pre-programme (application  
and work sample) 

In-programme 
across time 

In-programme types of 
academic success 

  S A NG-
PSF 

SAN  Y1 M B  BTh BRs BPs 

2013-
2014 

% ≥ 6.5 80.3 52.7 58.1 41.6         
% ≥ 7 43.0 37.6 16.8 24.4  60.7 67.8 63.1  58.1 77.1 61.0 

2014-
2015 

% ≥ 6.5 77.5 78.9 66.5 52.9         
% ≥ 7 41.6 63.3   8.7 24.3  51.7 58.8 61.2  47.8 73.0 59.7 

 
Predictors of academic success 

The predictors are listed in Table 4.2. Secondary school grades (S) are obtained from the 
application form and the unweighted average of Dutch, English, maths, social sciences and 
biology (if taken in secondary school, which not all students did) is calculated. The cognitive 
admission test score (A) is the unweighted average of the grade for a written essay and a 
multiple-choice exam from the work sample. The non-grade based psychosocial score (NG-
PSF) is a behavioural and self-report motivational score derived from the application form: 
it was calculated from questions on grade goal (whether applicants are willing to work harder 
for grades > 6 on a ten-point scale), community commitment (self-report of community 
service activities in the past years), whether they took an extra final exam topic and whether 
they reported interest in the honours programmes available in the psychology curriculum. S, 
A, and NG-PSF were the ‘single’ tools. The fourth tool is the unweighted average of S, A 
and NG-PSF (SAN).  
 
Analyses 

All participants were classified as unsuccessful or successful for each measure of academic 
success. A comparison of the accuracy of the prediction of each measure of academic success 
by each predictor requires a retrospective, hypothetical selection decision for each applicant. 
See  Chapter 3 and 2 for details on the application of Signal Detection Theory in selection. 
Starting with the first predictor, S, and the first measure of academic success, Y1, each 
applicants’ S-score was compared to all possible criteria, 6 to 8 in steps of 0.1. For example, 
with the criterion set at S ≥ 7, a student with S = 6.4 would be rejected. A student with S = 7 
or S = 8.2 would be admitted. The possible selection outcomes at individual level with S ≥ 7 
as the admission criterion and Y1 ≥ 7 as the measure of academic success, are as follows. A 
rejected student, based on a S-score < 7, that had obtained a Y1 grade lower than 7, would 
be deemed a correct rejection in signal detection theory terms; rejected and unsuccessful, a 
correct decision. A rejected student (based on a S-score < 7) scoring 7 or higher on Y1-total 
would be deemed a miss; rejected and successful, an incorrect decision. An admitted student 
(based on a S-score > 7), that had obtained a Y1 grade lower than 7, would be deemed a false 
alarm; admitted and unsuccessful, an incorrect decision. An admitted student (based on a S-
score > 7) scoring 7 or higher on Y1 would be deemed a hit; admitted and successful, a 
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correct decision. After classifying all participants as correct rejection, miss, false alarm or 
hit, for all possible criteria, the resulting hit rates and false alarm rates at group level can be 
used to calculate the area under the Receiver Operating Characteristic curve (AUC), a 
measure of accuracy ranging from 0.5 – chance level discerning of unsuccessful students 
from successful students – to 1, perfect accuracy. AUC is a non-parametric measure of 
accuracy, which suits our data with non-normal distributions. The AUCs and their 95% 
confidence intervals were computed for all four predictors (S, A, NG-PSF, SAN) predicting 
all six measures of academic success - Y1, M, B, and B split into BTh, BRs and BPs. The 
pROC package in R was used to compute the AUCs and the confidence intervals (Robin et 
al., 2011). 
 
Qualitative data: academic success defined and its facilitating and interfering factors 

Two groups of in total 12 first year students, a group of seven second and third year students, 
a group of seven tutors/teachers of first year students and a group of three supervisors of 
bachelor theses participated in four focus groups moderated by the researcher or a research 
assistant. The answers to the three questions in Table 4.4 were each discussed in half an hour. 
Each participant wrote down their personal answer in key terms on a post-it before 
exchanging what was written down, followed by a moderated discussion. Participants were 
encouraged to write down and discuss everything they deemed relevant for academic success 
in the broadest sense.  
 The entries on the post-it’s answering the first question were confirmatory clustered 
in theoretical (Th), research skills (Rs) and professional skills (Ps), and in-programme non-
grade based psychosocial factors (ipNG-PSF) such as motivation and self-regulatory skills. 
These clusters match the organisation of the curriculum. ipNG-PSF can be clustered in five 
domains: personality traits, motivational factors, self-regulatory learning strategies, students' 
approaches to learning and psychosocial contextual influences, like social integration, social 
support, goal commitment and stress (Richardson et al., 2012). The clustering was done 
independently by two of the authors.  
 
Table 4.4. The three questions to which the answers of the participants were discussed in focus groups. Participants 
(max. nine per group) wrote down their personal answers in silence on post-its. Each participant told the group their 
answers after which a moderated discussion of the answers followed 

Question 1 What is academic success? 
Question 2 What facilitates and what interferes with the realisation of academic success as just 

discussed? 
Question 3 What facilitates and what interferes with obtaining high grades in the programme? 

 
Results 

Quantitative data: Accuracy in predicting academic success across time and types of 

academic success 

Figure 4.1 shows that the confidence intervals of the AUCs of S, A and NG-PSF predicting 
Y1, M and B overlap for both cohort 2013-2014 and 2014-2015, indicating the AUCs do not 
differ significantly. The only exception is that prediction of Y1 by SAN is more accurate than 
the prediction of M by NG-PSF in cohort 2014-2015. In as far as this single comparison could 
be informative, it makes sense that the combined pre-programme predictor predicting the 
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Figure 4.1. Accuracy in predicting academic success across time. Areas under the curve and their 95% confidence 
intervals - in grey bars, x-axis - for S, A, NG-PSF, and SAN predicting Y1, M and B, for both cohorts (y-axis). Also, 
for Y1 predicting M. 
 
immediately following academic success is more accurate than a single predictor predicting 
second and third year academic success.  

Y1 yielded higher accuracy in predicting M ≥ 7 than the pre-programme predictors 
did, AUC-2013-2014 = 0.84, 95% CI 0.79 – 0.89 and AUC-2014-2015 = 0.81, 95% CI 0.76 
– 0.86, see the bottom and rightmost confidence intervals for each cohort in Figure 4.1. This 
is in line with the idea of the most recent academic success being most predictive of 
subsequent academic success (Stegers-Jager et al., 2015; Vulperhorst et al., 2018). 

The AUCs for S, A, NG-PSF, and SAN predicting BTh, BRs and BPs are presented 
in Figure 4.2. With SAN as the predictor, success in theoretical courses is better predicted 
than success in research skills courses and in professional skills courses.  
 
Qualitative data: Academic success defined and its facilitating and interfering factors 

What is academic success? 

All factors written down in response to question 1 - ‘What is academic success?’ – were 
classified as a knowledge factor, a research factor, a professional skills factor, or a ipNG-
PSF, matching the organisation of types of academic success in the curriculum. Knowledge 
was mentioned literally by first year students, tutors and bachelor thesis supervisors. The 
second and third year students mentioned knowledge indirectly, as in ‘flexible and practical 
application of learned information’. Research skills (Rs) were explicitly and frequently 
mentioned in three focus groups: first year students, tutors and bachelor thesis supervisors all 



ACADEMIC SUCCESS – TIME AND TYPES 

63 
 

 
Figure 4.2. Accuracy in predicting different types of academic success. Areas under the curve and their 95% 
confidence intervals – in grey bars, x-axis -  of cohort 2013-2014 and 2014-2015 combined for S, A, NG-PSF, and 
SAN predicting BTh (theoretical courses, n = 617), BRs (research skills courses, n = 599) and BPs (professional 
skills courses, n = 572) (y-axis). 
 
wrote down the ability to design, execute and report research and contribute to science as 
elements of academic success. Professional skills (Ps) were explicitly mentioned in all focus 
groups: finding, processing and applying information, and reflection. Communication skills 
were explicitly mentioned by tutors and bachelor thesis supervisors, whereas students 
mentioned them implicitly as having a large network of contacts, sharing knowledge and 
inspiring others. Additionally, many entries appeared broader than the focus on 
communication and diagnostics in the professional skills courses: integrity, ethics, critical 
thinking and contributing to science and/or society.  

As expected, these broader entries could be categorized as ipNG-PSF: 
independence, self-esteem, creativity, motivation, self-regulatory skills such as perseverance, 
being committed to learning in a broad sense, doing more than just passing courses and 
obtaining good grades, being able to apply knowledge and solve problems, personal 
development toward better understanding of oneself and science, open mindedness, curiosity, 
integrity, being involved and constructive critical thinking. Critical thinking, asking 
questions and the ability to integrate information appeared as major elements of academic 
success in all focus groups. The ipNG-PSF entries greatly outnumbered the entries on 
knowledge and research and professional skills. Both researchers who performed the 
confirmatory clustering added categories to further specify ipNG-PSF that appeared different 
from the more commonly reported ipNG-PSF such as personality traits, motivational factors, 



ACADEMIC SUCCESS – TIME AND TYPES 

64 
 

self-regulatory learning strategies, students' approaches to learning and psychosocial 
contextual influences (Richardson et al., 2012). These different entries were on both 
community and a sense of meaning and satisfaction and they applied to academic success 
both within-programme and after graduation: being inspired and inspiring others, asking 
questions, making a difference in science and society, being passionate about what you do. 
Please note that these entries appear to describe motivation and we do think they cover 
motivational constructs, but they are different from study-specific motivational factors like 
learning and performance goal orientation, self-efficacy, locus of control, grade goal and self-
esteem (Richardson et al., 2012). They appear to better match notions from positive 
psychology on how engagement, relations and meaning are elements of human flourishing 
(Coffey, Wray-Lake, Mashek, & Branand, 2016; Esfahani Smith, 2017; Kristjánsson, 2012).  
 
What facilitates and what interferes with the realisation of academic success as just 

discussed and with obtaining high grades in the programme? 

The answers on question 2 - ‘What facilitates and what interferes with the realisation of 
academic success as just discussed?’  - and question 3 - ‘What facilitates and what interferes 
with obtaining high grades in the programme?’ - are presented as an answer to one question 
‘What facilitates and what interferes with the realisation of academic success?’, without a 
further specification of academic success. The overlap in the answers to both questions made 
separate reports redundant. 

The answers to the questions on facilitating and interfering factors could be 
categorized into factors in the educational setting, personal factors, and in contextual factors 
not specifically related to education. The three types of facilitating and interfering factors 
were all three mentioned in all focus groups. In the educational setting, a safe learning 
environment, community, roll models, feedback, clarity on learning goals and expectations 
and being challenged were written down as facilitating academic success. Interfering factors 
in the educational setting were lack of clarity and feedback, pressure to perform, and lack of 
room for either questions, individuality, and/or creativity. Academic success was thought to 
be facilitated by the following personal factors: motivation, curiosity, goal-directedness, self-
efficacy, self-regulatory skills such as discipline and perseverance, and openness. These 
factors were also part of the answer to the question ‘what is academic success?’, indicating 
overlap between the elements defining academic success and factors relevant in realising 
academic success. Investing both the effort and time required to realise academic success – 
in a broad sense or high grades in-programme – was also explicitly mentioned. Interfering 
factors are lack of the facilitating factors and fear of failure, stress, being passive, personal 
circumstances, and (mental) health issues. The contextual factors could be summarised as 
social support, familial circumstances and financial resources. These facilitating and 
interfering factors complement the descriptions of community and satisfaction in response to 
the question on what is academic success. Students and teachers collaborate in creating the 
space and freedom in which learning is invited and inspired, according to the focus groups. 
  
Summary of focus groups’ main message. Overall, the focus groups supported the elements 
of academic success that are the conceptual building blocks of the curriculum: knowledge, 
research skills, professional skills and ipNG-PSF. The ipNG-PSFs critical thinking, 
independence and self-regulation skills appeared as prominent elements of academic success. 
The realisation of academic success surfaced in the focus groups as a noteworthy addition to 



ACADEMIC SUCCESS – TIME AND TYPES 

65 
 

a definition of (reached) academic success. The needs for a safe learning environment and 
supportive others were stressed by all groups with regard to realising academic success. In 
addition, senior students stressed the need for personal development other than grade-based 
academic performance. The relational nature of realising academic success appeared as the 
connecting factor in how facilitating and interfering factors result in a certain degree of 
academic success. Interactions between educational, personal and contextual facilitating and 
interfering factors were repeatedly mentioned. Individual differences in what factors are 
experienced as facilitating and interfering were also mentioned multiple times by the 
students. For example, ADHD was mentioned as interfering when studying less interesting 
subjects (high distractibility) and as facilitating studying highly interesting subjects (super-
focus).  

The definition of academic success as operationalised in the curriculum was 
confirmed quickly and unanimous in the focus groups. In addition, the focus groups provided 
a qualitative viewpoint extending the definitional approach that is most convenient working 
with quantitative data. A process-approach of academic success resonated through all four 
focus groups, as opposed to the more result-based approach in which grades indicate to what 
degree specified goals on knowledge acquisition, research skills, professional skills or 
relevant ipNG-PSF have been reached. The ipNG-PSF turned out to be part of both the 
definition and the realisation of the contents of the definition. The ipNG-PSF category was 
broadened to include higher order motivational elements pertaining to community, meaning 
and satisfaction. To conclude, space for individual differences, the development of self-
regulation and the relational nature of academic success and its realisation were the main 
determinants of academic success according to the focus groups.  
 
Discussion 
Secondary school grades (S), an admission test score based on the exam and essay of a work 
sample (A) and a non-grade based psychosocial score (NG-PSF) as obtained from the 
application form were used to predict academic success across time (Y1, M, B) and three 
types of academic success (BTh, BRs and BPs). The accuracies - areas under the ROC-curves 
and their 95% confidence intervals - were computed using a Signal Detection approach. The 
bachelor programme consists of theoretical courses, research skills courses on a range of 
methods and statistics and professional skills courses on diagnostics and communication. 
Throughout the programme self-regulation skills, collaborative and metacognitive skills are 
addressed in the tutoring programme and as part of assignments. The focus groups confirmed 
knowledge, research skills, professional skills and ipNG-PSF as constituting elements of 
academic success. Whereas grades for theoretical courses are predominant in academic 
success as course grades, the focus groups indicated professional skills and a multitude of 
ipNG-PSF dominant in determining academic success defined as being a critical, inquisitive 
team player who uses knowledge and skills to make a difference in science and society.  
 
Quantitative data: Accuracy in predicting academic success across time and types of 

academic success 

The overlapping confidence intervals of the three single pre-programme predictors of in-
programme mean grades in the first year, the major track and the bachelor as a whole 
indicated the similar predictive validity of all three predictors (Niessen, Meijer, & Tendeiro, 
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2016; Patterson et al., 2016; Richardson et al., 2012; Steenman, Bakker, & van Tartwijk, 
2016; Stegers-Jager, 2018; Visser et al., 2012), not only for first year academic success, but 
also for the second and third year. We had expected the pre-programme predictors to be less 
accurate in predicting study success in the second and third year than in the first year, because 
the most recent academic achievement is reported to be more predictive of future academic 
achievement than earlier academic achievement (Stegers-Jager et al., 2015; Vulperhorst et 
al., 2018). Yet, the predictive validity of pre-programme predictors did not diminish with 
time. However, the accuracy of the prediction of academic success later in the programme 
was indeed higher if the most recent academic success was used as the predictor: mean grade 
in the major track was better predicted by the first year mean grade than by the pre-
programme predictors.  

Interestingly, types of academic success were found to differ in predictability: the 
accuracy of the combined pre-programme predictor in predicting the mean grade in 
theoretical courses was higher than the accuracy of predicting the mean grades in research 
skills courses and professional skills courses. The pre-programme predictors apparently are 
better aligned with the content and assessment of the theoretical courses than with the 
research skills courses and the professional skills courses (Steenman, 2018, 95-116). An 
explanation for this finding could be based on a comparison of the degree of common ground 
or shared content validity across the types of academic success and its predictors. Grades for 
theoretical courses could be argued to better represent domain-general skills than research 
skills and professional skills courses do. Of course, theoretical courses have a specific 
content, the contents differ greatly across programmes, and students practice and learn more 
than ‘what’s in the book’, but the course grades primarily reflect the ability to remember and 
reproduce information. This is also the ability used to pass exams in secondary education. 
Programme-specific research skills courses and professional skills are more likely to differ 
more from what is done or at what level it is done in secondary education and therefore could 
be argued to be less predictable by pre-programme predictors. The work sample could be 
argued to be more representative for the theoretical courses in programme - learning and 
assessment of text book knowledge, lectures and writing assignments – than for the research 
skills courses and professional skills courses. In addition, the research skills courses and 
professional skills courses are mainly placed in the second and third year of the programme, 
after students have acquired relevant basic knowledge and skills. The work sample is 
necessarily more representative for the first-year programme than for the major track. Given 
the characteristics of the studied curriculum, the work sample is therefore argued to be more 
representative for theoretical courses than it is for research skills courses and professional 
skills courses. 

The combined pre-programme predictor SAN did not have higher accuracy than the 
constituting single predictors, but it does have two advantages policy makers might want to 
consider. It has a wider range of scores and thus a wider decision space of criteria to choose 
from (van Ooijen-van der Linden et al., 2018). Also, in SAN a domain-general score (S) is 
complemented with a domain-specific score (A) and a non-grade based psychosocial score 
(NG-PSF), which both have predictive validity. A and NG-PSF can be valuable in providing 
the applicant with domain-specific information on how the programme matches personal 
interests and learning preferences. The institution can benefit from information that allows 
selecting-in applicants with certain characteristics to ensure a diverse student population and 
that allows the provision of suitable training in study skills and counselling. 

 



ACADEMIC SUCCESS – TIME AND TYPES 

67 
 

Qualitative data: Academic success defined and its facilitating and interfering factors 

The professional and research skills constituting academic success as discussed in the focus 
groups were broader than these skills as described in the course descriptions. Of course, 
teachers and students work on these broader learning goals in tutorials, seminars, the bachelor 
thesis and they are formatively assessed. Knowledge, research skills, professional skills and 
ipNG-PSF were thought to match both the formally assessed and the non-graded objectives 
of the curriculum. In the literature, personality and cognitive NG-PSF and ipNG-PSF closely 
linked to study behaviour appear dominant (Jensen, 2015; Patterson et al., 2016; Richardson 
et al., 2012), but also see Gajda, Karwowski, and Beghetto (2017)), but in the focus groups 
higher order motivational and community-related elements were more frequently mentioned 
and stressed (Coffey et al., 2016; Deci & Ryan, 2008; Esfahani Smith, 2017). Of course, 
these are harder to quantify, but that is irrespective of their possible relevance and the focus 
groups were unanimous on the determinative power of engagement, community and meaning 
in academic success and its realisation (see also Kristjánsson, 2012). This qualitative addition 
does align with less data-driven notions in the literature of what defines well-functioning 
academics (Cortes, 2013; Ruitenberg, 2011; Sedlacek, 2003; Sternberg, 2018; Sternberg et 
al., 2012). Regular check-ups whether the formal programme objectives and all curriculum 
parts are (still) aligned with all elements of academic functioning deemed relevant, appear 
warranted (see also Steenman, 2018, 95-116). 

The entries on facilitating and interfering factors in realising academic success fitted 
a categorisation in educational setting, personal factors, and in contextual factors not 
specifically related to education. The personal factors partly overlapped with the ipNG-PSF 
constituting academic success: motivation and self-regulatory skills were mentioned again. 
Investing time and effort and fear of failure were ‘new’ factors. In the educational setting and 
the contextual factors, social support in general and the collaboration of peers with each other 
and of students with teachers were deemed important determinants of academic success. The 
relational nature of education and how academic success is co-created, was paramount in the 
focus groups (Biesta, 2013; Ruitenberg, 2011). 

On the part of the institution, clear communication on the content of learning goals, 
the do’s and don’ts in how to work on them, clear feedback on the progress and supportive 
personal communication appeared as major elements in the realisation of academic success. 
Academic success in itself and as realised by individual students is a work in progress in- and 
after programme in which students and teachers collaborate in creating safe, inspiring 
learning experiences. Personal and interpersonal factors outnumber knowledge-related, 
research skills factors and technical professional skills factors in defining academic success 
and in facilitating and interfering factors in realising academic success.  
 
Implications 

The practice of an obligatory go/no go decision for progress to the second year of the 
programme is supported by the higher accuracy of first year mean grade than the pre-
programme predictors in predicting academic success in the major track, as applied in the 
programme under study. Low success in the first year predicts low success in the following 
years and it does so with higher accuracy than the prediction at the time of application. This 
updated information on the probability of academic success is at least worth sharing with the 
students investing time, effort and money and it allows evidence-based policy (see also 
Arnold, 2015; Sneyers & De Witte, 2017).  
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The factors deemed most relevant in defining and realising academic success, 
according to the focus groups, are underrepresented in course grades. This might explain the 
current limited accuracy of pre-programme predictors predicting in-programme academic 
success. Grades are convenient and informative, but only part of the picture. Thus, active and 
recurrent monitoring of the alignment of programme objectives, the curriculum, assessment 
and admission would be a good idea in terms of quality assurance (Wijngaards-de Meij & 
Merx, 2018). In addition, qualitative notions of how interactions between students and 
teachers can create an environment in which academic growth is fostered appear to beg the 
question how to balance quality assurance with room for autonomy, trust and the educating 
power of reciprocal relations. 
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Abstract 
Past academic achievement is commonly used as a predictor for future academic 
achievement. Valid non-academic predictors could be a valuable addition in university 
admission. We investigated the benefit of such predictors, redefined as non-grade based 
psychosocial factors. A systematic review of prospective studies and an additional literature 
search allowed an integration of information on non-grade based psychosocial factors with 
underlying characteristics of human functioning. This resulted in five empirically supported 
clusters of non-grade based psychosocial predictors that appeared congruent with the five 
elements of well-being theory (Seligman, 2011). To complete the theoretical framework, we 
placed the empirical findings and well-being theory in the existential, social cognitive and 
socioeconomic context of the student-environment match of freshmen entering university. 
The result is a basic set of clusters of non-grade based psychosocial factors and a theoretical 
framework, meant to aid further research and decisions on admission procedures. 
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Introduction 
Decades of research on academic achievement reveals prior academic achievement as the 
most robust but far from perfect predictor of academic achievement at university. Even with 
additional predictors, most studies report 20-50% of explained variance in university Grade 
Point Average (GPA) by secondary education grades and other predictors. Higher 
percentages of explained variance have been found only with more elaborate 
operationalisations of academic achievement than GPA, retention or drop-outs (Shulruf, 
Hattie, & Tumen, 2008; Steenman, Bakker, & van Tartwijk et al., 2016).  

A strength-based approach appears to make sense in selection and the prediction of 
academic achievement at university, because given their eligibility, university applicants are 
by definition cognitively privileged. Yet, given human imperfection, it is merely logical to 
also consider the possible influence of weaknesses and deficits. Even if selecting out 
applicants whose chances to succeed are (too) small is not the purpose of an admission 
procedure, addressing risk factors with appropriate training, workshops or coaching can 
lessen the impact of deficits and might even boost academic achievement over and above the 
optimisation of available strengths. In addition, proper tertiary education delivers graduates 
with more capabilities than those required to pass courses, a traineeship and writing theses 
(Cortes, 2013; Sedlacek, 2003; Stemler, 2012; Sternberg, 2018; Sternberg, Bonney, Gabora, 
& Merrifield, 2012). Qualities such as empathy, integrity and being a team player have been 
most thoroughly studied in medical school, but are probably relevant in other fields as well 
(Patterson et al., 2016; Stegers-Jager, 2018, and see the report of focus group data on 
academic success in Chapter 4). For other qualities, such as how to use one’s knowledge 
and skills wisely and creatively, the learning processes and outcomes conceivably differ 
across programmes (Sternberg, 2018). Therefore, a broad, yet programme-specific approach 
of academic functioning is required (Niessen & Meijer, 2017). One possible approach to such 
a broad, yet programme-specific, assessment is to include measurements of non-cognitive 
factors in the admission process. 

Standardised tests and a multitude of ‘non-cognitive’ factors have been investigated 
in attempts to improve the quality and inclusiveness of selection of university applicants. 
‘Non-cognitive’ and ‘non-intellectual’ are widely used terms in the literature to denote 
anything other than academic grades obtained in previous education or (standardised) 
cognitive admission tests (Cortes, 2013; Richardson, Abraham, & Bond, 2012). Many 
constructs reported as non-cognitive clearly have a cognitive component (see also 
Sommerfeld, 2011) if ‘cognitive’ is defined as any process involving the processing of 
information, including thinking and reasoning. Examples are grade goal (Richardson et al., 
2012) -  whether one is willing to work harder for a higher grade - and learning strategy – 
preferring surface or deep learning strategies (Diseth & Kobbeltvedt, 2010). This multitude 
of constructs and measurements is in line with the complexity of human functioning in the 
transition from school to an academic environment and with a focus on inclusion of students 
from minority groups and selecting-in applicants with characteristics deemed desirable. 
However, this diversity in the literature does not facilitate evidence-based decisions on the 
implementation of non-cognitive assessment of academic potential. The majority of the 
literature on non-cognitive factors is focused on the predictive validity of desirable 
characteristics, complemented by socio-economic status (SES), cultural background, 
educational background, and being a first generation student, although procrastination and 
anxiety are well-known as risk factors (D’Lima, Winsler, & Kitsantas, 2014; Heller & 
Cassady, 2017; Komarraju, Ramsey, & Rinella, 2013; Richardson et al., 2012; Thomas, 
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Cassady, & Heller, 2017). The academic achievement that is required (and tested) in each of 
the years of university programmes and what is required from an academic in working life 
changes over time (Anderson, 2005; Bandura, 2006; Steenman et al., 2016; Sternberg et al., 
2012). Different types and levels of academic achievement - for example reproducing and 
applying existing knowledge vs. synthesizing new knowledge or collaborative vs. leadership 
communication skills - require different predictors if the goal is to accurately estimate future 
academic achievement.  

What is needed first is a definition of ‘other predictors’ that is more useful than 
‘non-cognitive factors’ or ‘non-academic factors’. Sommerfeld (2011) already called for a 
linguistic switch from ‘non-cognitive’ to ‘non-academic’ with ‘non-academic’ defined as 
“the student’s ability to adapt to and meet the varying demands of a college environment”, in 
contrast to factors that are based on formal education. Sommerfeld proposed the following 
subgroups of non-academic factors; disposition, habits of mind, executive functioning 
abilities, external resources, and college knowledge (i.e., knowing ‘how to do’ college). 
Sommerfeld also provided references of examples for each of them, but she did not provide 
a rationale for this set of subgroups. The field appears to agree that meta-cognition, creativity, 
social competencies, motivation, and personality are relevant for academic achievement at 
university and even more so in working life (Cortes, 2013; Patterson et al., 2016; Richardson 
et al., 2012; Sedlacek, 2003). Hence, non-academic factors could be more accurately 
described as non-grade based psychosocial factors (NG-PSF). The rationale for this 
description is to discern the usage of prior formal education and cognitive admission tests in 
grade-based assessment of academic potential from assessment of academic potential based 
on non-grade based psychosocial factors. The demarcation of grade-based assessment of 
academic potential from NG-PSF is not perfect; motivation and social skills do play a role in 
grades obtained and conversely NG-PSFs such as self-regulation and communication require 
cognition. Therefore, the proposed distinction should be read as: primarily cognitive, grade-
based assessment of academic potential versus primarily emotional and social non-grade 
based assessment of academic potential. The relation between psychosocial factors and 
academic achievement might - or is even likely to – differ in tertiary education from that in 
secondary education. Grade-based academic achievement is relatively context-independent 
and more content-related: it requires comparable basic cognitive abilities across educational 
contexts, due to the inherent focus in education on knowledge acquisition, reproduction, 
application and general skills in information processing and self-regulation, which are similar 
across contexts. The cognitive abilities of the person being educated also develop rather 
predictively from little to more knowledge and skills. Of course, different tertiary 
programmes can require different levels of grades as entrance requirements, but as far as 
tertiary programmes require specific subjects and/or levels of grades on the secondary school 
diploma, the requirements match the content of the tertiary programme. NG-PSF are arguably 
more context dependent, less content-related and more dependent on higher order cognitive-
emotional processes: the degree of psychosocial (mis)match between individuals, their 
classmates, their teachers and the demands of the educational context, is more likely to differ 
from secondary to tertiary education than the required content-related cognitive abilities 
(Balloo, Pauli, & Worrell, 2017; Brinkworth, McCann, Matthews, & Nordström, 2009; 
McPhail, 2015). An evidence-based implementation (and monitoring) of NG-PSF in 
admission ideally requires programme-specific constructs and instruments. A theoretical 
framework that is capable of both general and programme-specific explanations would be 
helpful.   
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 Therefore, the purpose of this review is twofold. We present a basic set of clusters 
of predictors of academic achievement that includes both intrapersonal and interpersonal 
factors by summarizing and integrating the available empirical studies on NG-PSF. In 
addition, we propose a theoretical framework that places the clusters in a general view of 
academic functioning. Suggestions are offered how to use both in admission procedures, 
policies and future research. 
 
Reviews 

Systematic review of prospective studies 

We searched Scopus (title, abstract, key terms), Web of Science (topic), PsycInfo (abstract), 
ERIC (abstract, title, heading word, identifiers), and PubMed (title, abstract) using the 
following search terms: (admission OR selection OR academic OR student OR entrance) 
AND (achievement OR success OR retention OR outcome* (including ‘outcome’, 
‘outcomes’ and other words starting with ‘outcome’) OR performance OR attrition) AND 
(GPA OR Grade Point Average OR Gradepoint Average OR gradepoint average OR grade 
point average) AND (non-cognitive OR non-intellectual OR motivation OR behavior OR 
behaviour). This resulted in 3429 papers to which we added 572 papers from previous 
searches. The flow diagram of the inclusion and exclusion of papers is given in Figure 5.1. 
After removal of duplicates 2569 papers remained. In step 1a we excluded the majority of  
articles published prior to 2011, because the meta-analysis of Richardson et al. (2012) was 
on articles published between 1997-2010 and thus covered that period. Prospective studies 
prior to 2011 that were not included in the above meta-analysis were included. We excluded 
all articles not reporting findings on academic achievement of university students and all 
articles not reporting on NG-PSF. Applying these criteria left 835 papers for step 1b: 
exclusion of papers on non-prospective studies, papers on non-bachelor tertiary education, 
papers not reporting data, and papers not on admission or selection. Papers that should have 
been excluded on one or more of these criteria, but nonetheless appeared possibly relevant, 
were left in to decide on them again in step 1c. This resulted in 101 papers to be screened for 
eligibility, step 1c, of which 86 were excluded with documented reasons. In most cases data 
on NG-PSF was collected after students entered the programme. The systematic review 
included 15 papers described in Table 5.1. 
 
Systematic review – findings 

The main characteristics and findings of the prospective studies investigating NG-PSF as 
predictors of academic achievement are presented in Table 5.1. NG-PSF are presented in 
boldface. 
 
Table 5.1 demonstrates that an overall view on the predictive validity of NG-PSF based on 
prospective studies alone is rather disorganised: though the number of prospective studies is 
small, the diversity in NG-PSF is large, and the gained explanatory power through adding 
NG-PSF as predictors of academic achievement to prior academic achievement differs 
widely across studies. The lowest odds ratio of higher risk for lower clinical grades for a 
minority group was 0.17 (Stegers-Jager, Themmen, Cohen-Schotanus, & Steyerberg, 2015).  
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Figure 5.1. Flow diagram of the inclusion and exclusion of papers in the review. The ‘*’,’+’ and ‘&’ are the symbols 
indicating the respective studies in the references. 
 
The drop-out rates were maximally 17% or 2.6 times lower in NG-PSF based admission 
groups than in grade-based admission groups (Christersson, Bengmark, Bengtsson, Lindh, & 
Rohlin, 2015; Urlings-Strop, Stijnen, Themmen, & Splinter, 2009). The strongest correlation 
of an NG-PSF with academic achievement was 0.47, though correlations 0.15 – 0.30 were 
more prevalent (Edwards, Friedman, & Pearce, 2013; Patterson et al., 2016 and see Table 
5.1). NG-PSF generally explain less variance in university academic achievement than prior 
academic achievement. Adding to this the diversity in selectivity of programmes, curricula 
and programme objectives, no general recommendations can be formulated on which NG-
PSF are suitable in general or for certain programmes. Though Table 5.1 might be read to 
suggest that NG-PSF could be deemed irrelevant, this was incongruent with our notion from 
other publications (e.g. Patterson et al., 2016; Richardson et al., 2012; Stegers-Jager, 2017) 
that the implementation of NG-PSF in selection and admission is work in progress and worth 
the effort of further investigation.  

This notion and the limitations of a constructive interpretation of the prospective 
studies enticed us to attempt another way to arrive at a constructive interpretation, preferably 
one that gives an explanation of how the predictive validity of academic achievement by NG-
PSF could be explained from cognitive, emotional and social human functioning. 
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Figure 5.2. Clusters of non-grade based psychosocial factors (NG-PSF) as found in prospective studies and in 
reviews. The combination of prospective studies and reviews is required to obtain a fuller view of the available 
knowledge. Clusters from the prospective studies and the reviews sharing similarity in content are connected by a 
dashed line. The reported non-NG-PSFs Situational Judgment Tests, Ethics, and Aptitude are depicted because we 
do use them in the integration. Meaningful learning is indirectly discussed below as we explain how the degree of 
student-environment match of students at colleges matters for academic achievement. 
 

Integrative review 

To integrate the findings based on the prospective studies with relevant findings from weaker 
designs and theoretical perspectives, we broadened the inclusion criteria to include multiple 
non-prospective studies.  

To the fifteen included papers reporting prospective studies on the prediction of 
academic achievement in bachelor university programme by NG-PSF, we added 11 reviews 
found with additional searches (step 2a in Figure 5.1, ‘+’). These reviews partly overlap, and 
they include many studies with correlational designs. After thorough reading of these 26 
prospective studies and reviews (‘*’ and ‘+’), we performed additional screening of 
previously excluded papers and additional searches, including screening of the references of 
included papers. This resulted in the inclusion of 43 additional publications (step 2b in Figure 
5.1, ‘&’) relevant for interpreting the results of the 15 originally included papers. In total, 69 
publications were included in a combined systematic and integrative review. 
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Integrative review – findings 

The included reviews and meta-analyses are presented in Table 5.2. Again, NG-PSF are 
presented in boldface. A clustering of NG-PSF based on both the prospective studies and the 
reviews is presented in Figure 5.2. The combination of prospective studies and reviews is 
required to obtain a fuller view and more adequate description of the available knowledge 
than would have been possible based on a systematic review on prospective studies on NG-
PSF alone. 

Figure 5.2 shows a discrepancy between the clusters of NG-PSF based on the 
prospective studies and the clusters based on the reviews. The prospective studies provide a 
cluster that could be covered by the term Communication (see also Figure 5.3), which did 
not appear from the reviews. The reviews suggest a cluster that could be called Creativity 
and Curiosity, which did not appear in the prospective studies. The results of the systematic 
review and the integrative review together (see Figure 5.2) can be further summarized to 
five NG-PSF appearing relevant for academic achievement in a university programme: 
cluster Personality, cluster Curiosity and Creativity, cluster Communication, cluster 
Motivation and cluster Coping and self-regulatory skills. Descriptions of the clusters are 
presented in Box 5.1 (see also Figure 5.3).  

Besides the five clusters of NG-PSF and prior academic achievement (see Figure 
5.3), some factors appear from the integrative review that are not necessarily covered by the 
given definition of NG-PSF, but do appear relevant for predicting academic achievement: a 
cluster of factors that could be named Socio-economic factors and anxiety as a single factor. 
Both socio-economic factors and anxiety would contribute to a framework on academic 
achievement that includes interpersonal functioning. The literature on NG-PSF is primarily 
focused on intra-individual factors and factors with positive relations with academic 
achievement. Socio-economic factors can have intra-individual consequences, but are not 
intra-individual. Anxiety can be experienced intra-individual, but in many cases anxiety is 
related to oneself in relation with others. Here we only note that anxiety was not categorised 
as a personality trait, because test-anxiety would be a form of state anxiety and was 
categorised under Self-regulated learning strategies by Richardson et al. (2012). In general, 
anxiety could be considered as an element of emotional stability and they are clearly related 
(Spinhoven, Hemert, & Penninx, 2017), but emotional stability correlates at best only weakly 
with academic performance (Jensen, 2015; Poropat, 2009; Richardson et al., 2012). Test-
anxiety does correlate (negatively) with academic performance, however (Richardson et al., 
2012). 

Of course, prior academic achievement is a major predictor of academic 
achievement and cognitive admission test scores are relevant (e.g., Edwards, Friedman, & 
Pearce, 2013; Patterson et al., 2017; Richardson et al., 2012). Given the broad assessment of 
cognitive and self-regulative capabilities that are reflected in the grades obtained throughout 
secondary school and exam grades based on tests of the overall material, this appears logical. 
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Box 5.1. Empirically supported clusters of NG-PSF 
Personality Personality as described by the Big Five Model (Soto & John, 2017) is the relatively 

stable pattern of thinking, feeling and behaving of a person. Conscientiousness is 
most strongly positively related to academic performance, followed by openness 
(which is the Big Five factor closest to creativity and curiosity) and agreeableness. 
Emotional stability and extraversion are weakly or not related to academic 
performance (Jensen, 2015; Poropat, 2009; Richardson et al., 2012). Note that 
personality includes more relatively stable patterns of thinking, feeling and 
behaving than described by the Big Five, for example impulse control and approach 
and avoidance tendencies. 

Curiosity  
and  
creativity 

Wanting to learn more and the ability to create something new out of available 
sources (Gajda, Karwowski, & Beghetto, 2017; Sternberg, 2018). In the context of 
tertiary education, it is a distinct way of being besides other personality traits or 
types of motivation. 

Communication Communication constitutes the ability to communicate effectively with peers, 
lecturers, supervisors, colleagues, clients and others, given the purpose or goal and 
context of the interaction with the other person(s). The quality of someone’s 
communication determines the quality of collaboration and can highly influence 
the result of collaboration (Korthagen, Attema-Noordewier, & Zwart, 2014). 
Communication connects all other clusters with each other. Sensitive and effective 
communication is required to optimally make use of coping and self-regulatory 
skills, motivation (and community commitment and self-efficacy), personality 
strengths or curiosity and creativity. 

Motivation Motivation, community commitment, and self-efficacy form the cluster constituted 
of things a person is willing and daring to invest into, be it in terms of time, 
attention, effort or other means (Deci & Ryan, 2008). More motivation (in terms of 
approaching a desired goal), self-efficacy and community involvement are related 
to higher academic achievement. This cluster is related to all the other clusters 
because what one is willing and daring to invest in can be in the realm of 
communication, self-management (coping and self-regulatory skills, and 
personality), or creativity and curiosity. We chose to cluster self-efficacy with 
motivation and community commitment, because of the focus on intention, goal 
setting and active behaviour in this cluster. 

Coping and Self-
regulatory skills 

Coping and self-regulatory skills are the practical skills that a person uses to deal 
with daily life. If combined with pattern recognition and meta-cognitive skills, a 
person can extend the available coping and self-regulatory skills and improve 
judgement and successful execution of what will work best in a given situation. In 
general, more diverse coping capabilities and healthy self-regulatory skills are 
positively related to academic achievement (Credé & Kuncel, 2008; Richardson et 
al., 2012). 
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Table 5.1. Overview of prospective studies measuring non-grade based psychosocial factors (NG-PSF), marked “*” 
in the references. NG-PSF as defined in the text are presented boldface. SJT = Situational Judgment Test. None of 
the included studies published earlier than 2011 were included in the meta-analysis of Richardson et al. (2012) 

Authors Study 
characteristics 

 Main findings 

Patterson 
et al. 
(2017) 

N 2569 
 

All machine-marked tests (MMT) and core 
medical training (CMT) selection methods were 
positively correlated with performance in all 
MRCP(UK) elements.  
The results show that the selection methods 
have differential prediction throughout the 
training pathway and for different types of 
criterion outcomes, with the CMT interview and 
SJT being stronger predictors of PACES, β = 
0.25 for the interview and β = 0.22, both p < 
0.001 for the SJT, while the Clinical Problem 
Solving Test was a stronger predictor of the 
MRCP(UK) written examinations (part 1 and 
part 2). The interview did predict MRCP 1 and 
2, β = 0.08 and β = 0.09, both p < 0.01. The SJT 
did predict MRCP 1 and 2, β = -0.06, p < 0.05 
and β = 0.09, p < 0.01. 
 
 
Note: MRCP(UK) examination is required to 
pass to be eligible for specialty training. 
 

Cohort(s) 2008-2009 
 

Operationalisation 
academic 
achievement 

MRCP(UK) 
examination entails 
three components: parts 
1 and 2 are both written 
exams, the third part is 
a clinical examination 
(practical assessment of 
clinical examination 
skills – PACES) 
 

Programme Medical 
 

Location UK 
 

NG-PSF 
 

SJT (50 items) 
and communication 
skills (interview) 

Lucieer, 
Stegers-
Jager, 
Rikers, & 
Themmen 
(2016)  

N 550 
 

This study showed that students who were 
selected on non-cognitive criteria did not 
outperform lottery-admitted students during the 
Bachelor years of medical education, Welch F 
= 1.77.  
 
Students who were selected on cognitive 
criteria did earn more ECTS in the first 52 
weeks: 51.8(14.3) for cognitive selected 
students, 44.8(20.4) for lottery-admitted 
students and 48.1(18.4) for non-cognitive 
selected students, Welch F = 7.42, ɳ² = 0.02. 
They also dropped out less often than lottery-
admitted students, 11% vs. 21%.  
 

Cohort(s) 2008-2009 
 

Operationalisation 
academic 
achievement 

First year GPA and # 
course credits. Chances 
of dropping out, 
probability of passing 
3rd-year OSCE, 
completing the Bachelor 
program in 3 years. 
 

Programme Medicine 

Location Netherlands 
 

NG-PSF 
 

Quality and quantity 
of extracurricular 
activities before 
application 

 

 

 

 

 



REVIEW ON PSYCHO-SOCIAL FACTORS 

80 
 

Ballard, 
Hagan, & 
Cheramie 
(2015) 

N 176 
 

Chalk carving performance – scored from 0 to 
10 - did not differentiate the groups. The 
purpose of the chalk carving test was to be able 
to reject applicants who lack hand skills. 
Four groups of students were compared on their 
chalk carving score at admission: the top 10% 
graduates (n = 62), the bottom 10% graduates (n 
= 62), those who repeated a year (n = 25) and 
those who were dismissed or resigned (n = 27).  
The means and standard deviations of the four 
groups were 6.9(1.2), 6.5(1.2), 6.7(1.3) and 
6.8(1.5) respectively. The p-value of the 
ANOVA was 0.39. 
 
 

Cohort(s) 1998-2008 
 

Operationalisation 
academic 
achievement 

Top 10% of class, 
bottom 10% of class, 
repeated and 
dismissed 
 

Programme Dental 
 

Location USA 
 

NG-PSF 
 

Chalk carving 

Christersson, 
Bengmark, 
Bengtsson, 
Lindh, & 
Rohlin 
(2015) 

N 126 and 157 
 

The alternative admission group (n = 126) 
presented lower rate of dropouts than the grade 
admission group (n= 157), 3% vs 20%, p < 
0.001, and a larger proportion graduated within 
the expected time, 88% vs. 60%, p < 0.01. No 
difference between the groups in academic 
performance. Empathy was positively 
correlated with study rate, r (201) = 0.18, p < 
0.05. The outcomes of the clinical examination, 
diagnostic skills, interpersonal skills and overall 
performance also correlated positively with 
empathy, r (183) = 0.17, p <0.05, r (183) = 0.19, 
p < 0.01 and r (182) = 0.24, p < 0.001.  Problem 
solving matrices predicted low proportion failed 
examinations, r (198) = -0.21, p < 0.01. 
Predictive power of folding was limited and so 
was that of the interview; both correlated with 
one subscore of students’ self-assessment, r 
(173) = 0.19, p < 0.05 for overall students’ self-
assessment with folding and r (158) = -0.21, p 
< 0.01 for the interview students’ self-
assessment of interpersonal skills. Manual 
dexterity was not correlated with academic 
progress or performance. 
 

Cohort(s) 2001-2006 
 

Operationalisation 
academic 
achievement 

Drop-outs, study 
rate, failed 
examinations, 
clinical examination 
at the end of the 
programme 
 

Programme Dental programme 
 

Location Sweden 
 

NG-PSF 
 

Problem-solving 
matrices, spatial 
capacity test, manual 
dexterity, capacity 
for empathy and 
interview 
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Stegers-
Jager, 
Themmen, 
Cohen-
Schotanus, 
& 
Steyerberg 
(2015) 

N 2357 
 

For achievement in clinical training, 
students from a minority group and first-
generation students had higher risk of 
lower clinical grades; odds ratios of 0.17, 
0.44, 0.30 and 0.43, for 
Surinamese/Antillean, 
Turkish/Moroccan/African, Asian and 
Western non-Dutch students (versus 1 for 
Dutch students). First generation students 
also had higher risk of lower clinical 
grades: an odds ratio of 0.38.  
 
The predictive value of pre-admission 
characteristics and past performance for 
future academic performance changes 
throughout medical school. 

Cohort(s) 2002-2007 
 

Operationalisation 
academic 
achievement 

Year 1 GPA, Pre-clinical 
GPA, year 1 courses 
completed in ≤ 1 year, 
pre-clinical courses 
completed in ≤ 4 years, 
having achieved at least 3 
of 5 clerkship grades ≥ 8  
 

Programme Medical 
 

Location Netherlands 
 

NG-PSF 
 

Ethnicity, first-
generation student, 
medical doctor as a 
parent 

Khan, 
Mukhtar, & 
Tabasum 
(2014) 

N 4666 
 

The data suggests incremental predictive 
validity of aptitude comparable to that of 
the Entrance Test for academic 
achievement, F = 2.07, p = 0.03.  
 

Cohort(s) 2011 
 

Operationalisation 
academic 
achievement 

Post-admission 
examinations (MBBS 
Professional 
Examinations) 
 

Programme Medical/dental 
 

Location Punjab, India 
 

NG-PSF 
 

Aptitude: ethical and 
behavioural concepts, 
abstract non-verbal 
reasoning 
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Pitt, 
Powis, 
Levett-
Jones, 
& 
Hunter 
(2014) 

N 139 
 

Students with lower aloofness and higher 
scores for involvement, self-control and 
resilience had better academic 
performance, r = -0.23**, -0.24**, -0.25** 
and -0.20 for aloofness, r = 0.23**, 0.26**, 
0.22* and 0.19 for self-control and r = 
0.21*, 0.21**, 0.16 and 0.13 for resilience 
for three consecutive years of a cohort of 
students. Students with higher scores in 
control were also noted to have better 
attendance. Students who entered the 
programme with extreme personality 
scores did not differ significantly in 
progression and performance from those 
with no extreme scores.  
* p < 0.05 
** p < 0.01 

Cohort(s) 2009 

Operationalisation 
academic 
achievement 

Students' academic and 
clinical performance, life 
event stress, class 
attendance and programme 
progression 

Programme Nursing 

Location Australia 

NG-PSF 
 

Multiple, personal 
qualities: aloofness, 
confidence, involvement, 
empathy, narcissism, 
control, resilience 

Edwards, 
Friedman, 
& Pearce 
(2013) 

N 650 
 

Interview scores showed inconsistent 
correlations with GPA. For institution A, 
the course GPA of students of year 1, 2 and 
3 had correlations of 0.21, 0.43* and 0.47* 
with Understanding people. For institution 
B, the course GPA of students of year 1, 2, 
3 and 4 had correlations of 0.29*, 0.19*, 
0.05 and 0.17* with Understanding people. 
For institution C, the course GPA of 
students of year 1 and 2 had correlations of 
0.18, -0.09 with Understanding people. 
* p < 0.05 
 
 
Note: The UMAT consists of three 
sections: Section 1 – Logical Reasoning & 
Problem-Solving Section 2 – 
Understanding People; and Section 3 – 
Non-Verbal Reasoning. The three sections 
can be combined to form a Total score. 

Cohort(s) 2006-2007 
 

Operationalisation 
academic 
achievement 

GPA 

Programme Medical 

Location Australia 
 

 NG-PSF 
 

Interview and the UMAT 
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Lievens 
(2013) 

N 607 and 261 
 

SJTs predict other outcome measures than 
cognitive examination. That is, they predict 
interpersonal GPA during medical 
education, r (607) = 0.21, p <0.001. 
Secondly, interpersonal SJTs maintain their 
validity for predicting OSCE results (7 
years later), r(261) = 0.12, p < 0.05, job 
performance (9 years later*), r(261) = 0.15, 
p < 0.05 and performance on a case-based 
panel interview, r(261) = 0.19, p < 0.01.  
In a hierarchical regression SJT’s had 
significant added value after high school 
GPA and cognitive tests for interpersonal 
GPA, OSCE performance, doctor 
performance and performance on a case-
based panel interview: 4.4%, 1.4%, 2.2% 
and 3.4% additional explained variance. 
 
* For students pursuing careers in general 
practice, additional outcome measures (9 
years after sitting examinations) included 
supervisor ratings and the results of an 
interpersonal objective structured clinical 
examination (OSCE), a general practice 
knowledge test and a case-based interview. 

Cohort(s) 1999-2000 
 

Operationalisation 
academic 
achievement 

First-year GPA, GPA in 
interpersonal commu-
nication courses, GPA in 
non- interpersonal cour-
ses, Bachelor’s degree 
GPA, Master’s degree 
GPA and final-year GPA 
(after 7 years). * 
 

Programme Medical 
 

Location Belgium 
 

NG-PSF 
 

Situational Judgement 
Test (SJT) 

Dawson, 
Macfadyen, 
Lockyer, & 
Mazzochi-
Jones 
(2011) 

N 132 
 

Interview scores significantly correlated 
with student academic performance, r 
(132) = 0.25, p < 0.05.   
 

Cohort(s) 2007-2008 
 

Operationalisation 
academic 
achievement 

Final first year exam 
 
 
 

Programme Medicine 
 

Location Australia 
 

NG-PSF 
 

MMI: Questions designed 
to uncover attributes such 
as critical thinking, 
decision making, 
communication skills, 
leadership, and 
knowledge of health care 
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Pitigoi-
Aron, 
King, & 
Chambers 
(2011) 

N 148 
 

Tests of dexterity and interviews were not 
predictive of cumulative GPA for the first 
half of the programme. One of the two 
dexterity scores and one the two interview 
scores were predictive of total programme 
GPA, r = 0.15, p < 0.05 and r = 0.18, p < 
0.05. 
Although this study confirms the predictive 
value of written tests such as the TOEFL 
and NBDE, it also contributes to the 
literature documenting inconsistent results 
regarding other types of predictors. It may 
be the case that characteristics of individual 
programs or features of the applicant pools 
for each may require use of admissions 
predictors that are unique to schools.  
 
Note: Not on a bachelor programme, but 
on an International Dental Studies 
programme for foreign trained dentists. 

Cohort(s) 1994-2004 
 

Operationalisation 
academic 
achievement 

Cumulative GPA 

Programme Dental 
 

Location US 

NG-PSF 
 

Dexterity, interview 
(unstandardized) 

Urlings-
Strop, 
Stijnen, 
Themmen, 
& Splinter 
(2009) 

 
N 

 
389 and 938 
 

The dropout rate was 2.6 times lower in the 
selected group than in the lottery-admitted 
group, in a two-step procedure in which the 
first step consisted of selection on 
extracurricular activities (the second step 
consisted of five cognitive tests).  
Study rate and mean grade per first 
examination attempt per year did not 
differentiate between the groups, except for 
one of four years for one of four cohorts 
where the selected students had a higher 
GPA than the lottery-admitted group, 
t(204) = 3.04, p = 0.003. 

Cohort(s) 2001-2004 
 

Operationalisation 
academic 
achievement 

Drop-out rate, study rate 
(credits per year) and mean 
grade per first examination 
attempt per year 
 

Programme Medical 
 

Location Netherlands 
 

NG-PSF 
 

Quality and extent - ≥ 160 
hours per year over two 
consecutive years - of their 
extracurricular activities 
before application. Only 
activities that had lasted for 
at least 2 years and had been 
carried out during the 3 
years immediately prior to 
application were taken into 
account. 
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Künzel 
& Breit 
(2007) 

N 172 
 

This study supports existing selection 
practices relating to cognitive and non-
cognitive skills. Depending on the cohort 
investigated, the score obtained in the four 
steps of the assessment procedure accounts 
for 15% - 30% of the variance in first-year 
academic success. The problems of 
students who fail to make satisfactory 
progress stem from various factors, 
including academic, personal, medical, and 
social components, in various degrees. 
 
The personal statement was coded for 
plausibility (precision, objectivity and 
linguistic standard); modul (concreteness 
of ideas, communication skills, congruence 
between personal ideas and the reality of 
the profession); and insight into medicine 
or veterinary medicine. 
 
In binary logistic regressions, plausibility 
correlated -0.16 for Austrian students and 
0.11 for German students. Modul correlated 
-0.18 for Austrian students and 0.02 for 
German students 

Cohort(s) 2005 

Operationalisation 
academic 
achievement 

First year examinations 
(successful, passing all three 
examinations, or 
unsuccessful) 

Programme Veterinary 

Location Austria 
 

NG-PSF 
 

Ratings of social 
competency (soft skills), 
communication skills, and 
motivation based on the 
content of a written personal 
statement. 

Lumb 
& Vail 
(2004) 

N 738 
 

Assessment of non-academic interests was 
negatively associated, r = -0.27, p = .05) 
with performance. This was not the case in 
earlier years (data not shown). No 
explanation for this finding. 

Cohort(s) 1994-1997 
 

Operationalisation 
academic 
achievement 

Performance in Year 3 objective 
structured clinical examination 
(OSCE) 
 

Programme Medicine 
 

Location UK 
 

NG-PSF 
 

Non-academic interests 
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Stolte, 
Scheer, 
& 
Robinson 
(2003) 

N 87 
 

All of the non-cognitive admissions 
parameters significantly correlated with the 
outcome measures. 
For didactic GPA: 
Interview: r = 0.24, p = 0.03 
Essay: r = 0.30, p = 0.005 
Total non-cognitive evaluation: r = 0.34, p 
= 0.002 
 
Note: In the essay applicants answered the 
question “How would obtaining a PharmD 
degree change your practice of pharmacy?” 
 
NB. Not on under-graduates. 
 

Cohort(s) ? 
 

Operationalisation 
academic 
achievement 

Composite portfolio score, 
didactic GPA (without 
including portfolio grades), 
and overall GPA. 
 

Programme Pharmacy 
 

Location US 
 

NG-PSF 
 

Interview by standardised 
form (primarily on 
motivation and 
communication) and an 
essay assessing 
interpersonal skills, 
leadership ability, and other 
non-cognitive qualities 
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Table 5.2. Overview of reviews and meta-analyses reporting on non-grade based psychosocial Factors (NG-PSF) 
in predicting academic achievement in university, marked “+” in the references. Findings relevant for the review of 
relevant NG-PSF are presented in boldface 

Authors Perio
d 

Type of 
review 

Academic 
achievement 

Non-academic 
predictors of 
academic 
performance 

Main findings 

Gajda, 
Karwowski, 
& Beghetto 
(2017) 

1960-
2017 

Meta-
analysis on 
120 studies 

Standardized 
tests and 
GPA 

Creativity Correlation between creativity 
and academic achievement was 
r = .22, 95% CI [.19, .24]. An 
analysis of moderators 
revealed that this relationship 
was constant across time but 
stronger when creativity was 
measured using creativity tests 
compared to self-report 
measures and when academic 
achievement was measured 
using standardized tests rather 
than grade point average.  
 

Schneider & 
Preckel 
(2017) 

1980-
2014 

Review on 
38 meta-
analyses 

Performance 
outcomes 
that indicate 
the extent to 
which a 
person 
accomplishe
d specific 
goals that 
were the 
focus of 
activities in 
instructional 
environments
, specifically 
in college 
and 
university 

105 variables Social interaction in courses 
and student achievement are 
closely related. Academic 
achievement is strongly 
associated with meaningful 
learning by high quality 
microstructure of the courses: 
clear communication on 
learning goals, course content 
and progress of the students. 
Conceptually demanding 
learning tasks and relating 
information to students also 
contributes to achievement. 
How a method is implemented 
strongly affects achievement. 
Students with high 
achievement have high self-
efficacy, high prior 
achievement and intelligence, 
conscientiousness and apply 
goal directed use of learning 
strategies. 

Dakduk, 
Malavé, 
Torres, 
Montesinos, 
& Michelena 
(2016) 

1990-
2013 

Quantitative Graduate 
GPA in MBA 
programs 

Work 
experience, 
personality, 
motivation, 
learning 
strategies, self-
efficacy beliefs, 
achievement 
expectations 

Results on the non-academic 
predictors of academic 
achievement are not consistent 
enough to consider them valid 
predictors of student 
performance. 
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Patterson et 
al. (2016) 

1997-
april 
2015 

Narrative Overall quality 
(type of 
evidence, 
effectiveness, 
procedural 
issues, 
acceptability 
and cost-
effectiveness) 
is summarized. 

194 studies on 
eight selections 
methods; 
aptitude tests, 
academic 
records, personal 
statements and 
references, SJTs, 
personality 
factors, 
interviews, 
MMIs, and 
selection centres. 

Achievement in different 
selection methods may 
differentially predict 
performance at the various stages 
of medical education and clinical 
practice.  

Jensen 
(2015) 

 -  Narrative Differentiation 
between 
learning and 
academic 
achievement/ 
GPA 

Personality traits Openness is associated with 
learning: Intrinsic motivation, a 
deep approach to learning and 
learning goals are associated 
with general knowledge and 
good test results. 
Conscientiousness is associated 
with academic achievement: 
Extrinsic (in combination with 
intrinsic) motivation, an 
achieving (in combination with 
deep) approach to learning and 
performance goals (in 
combination with learning goals) 
are associated with high grades.  
 

Kreiter & 
Axelson 
(2013) 

 -  Narrative   Coaching and faking may be an 
insurmountable obstacle to the 
use of valid personality tests in 
high stakes selection. 
 

von Stumm 
& 
Ackerman 
(2013) 

1900-
2011 

Meta -
analysis of 
112 
studies 

Adult intellect, 
including 
crystallized 
intelligence, 
academic 
performance, 
college entry 
tests, and 
acquired 
knowledge 

34 investment 
traits in eight 
categories: 
investment, 
social curiosity, 
abstract thinking, 
intellectual 
curiosity, 
absorption, 
openness, 
novelty seeking, 
ambiguity.  

Intellectual efficiency, 
Intellectual disposition, Need 
for Cognition, and 
Thoughtfulness were related to 
both academic performance and 
college entry tests. Absorption, 
Academic curiosity, Typical 
Intellectual Engagement and 
the Openness facets of 
Aesthetics, Feelings and Ideas 
were related to academic 
performance. Intolerance for 
Ambiguity and Novelty 
Experiencing Internal Cognition 
were related to college entry 
tests. Investment appears to be a 
crucial, presently overlooked 
factor in life-span cognitive 
development. 

 
 
 
 
 



REVIEW ON PSYCHO-SOCIAL FACTORS 

89 
 

Richardson, 
Abraham, 
& Bond 
(2012) 

1997-
2010 

Meta-
analysis 

GPA 42 non-intellective 
constructs in five 
domains: 
personality traits, 
motivational 
factors, self-
regulatory learning 
strategies, students' 
approaches to 
learning, 
psychosocial 
contextual 
influences 

Performance self-efficacy 
showed a large correlation with 
GPA. Academic self-efficacy, 
grade goal, and effort 
regulation were medium-sized 
related to GPA. Test anxiety had 
a small negative correlation with 
GPA. 

Poropat 
(2009) 

through 
2007 

Meta-
analysis 

GPA Big Five: 
agreeableness, 
conscientiousness, 
emotional stability, 
extraversion, 
openness 
 

Conscientiousness is the most 
relevant Big Five factor. 

Credé & 
Kuncel 
(2008) 

through
-2005 

Meta-
analysis 

First-
semester 
freshman 
GPS, 
freshman 
GPA, 
general 
GPA, 
performanc
e in 
individual 
classes 

Study skill 
constructs - mix of 
cognitive, 
behavioural, 
motivation and 
affective 
constructs: study 
skills, study habits, 
study attitudes, 
study anxiety, 
study motivation, 
deep processing, 
surface processing, 
strategic 
processing, 
metacognitive 
skills, aggregate 
measures 

Study motivation and study 
skills exhibit the strongest 
relationships with both grade 
point average and grades in 
individual classes. Study 
attitudes and study habits are 
also related to academic 
performance. Academic 
specific anxiety was found to 
be an important negative 
predictor of performance.  
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Robbins et 
al. (2004) 

1984-
2004 

Meta-
analysis 
of 109 
studies 

Cumulative 
grade point 
average and 
persistence 
(retention) 

Psychosocial and 
study skill factors 
in nine broad 
constructs: 
achievement 
motivation, 
academic goals, 
institutional 
commitment, 
perceived social 
support, social 
involvement, 
academic self-
efficacy, general 
self-concept, 
academic-related 
skills, and 
contextual 
influences 

Best predictors for GPA were 
academic self-efficacy and 
achievement motivation. 
Moderate relationships between 
retention and academic goals, 
academic self-efficacy, and 
academic-related skills. 
Supplementary regression 
analyses confirmed the 
incremental contributions of 
the psychosocial and skill 
factors over and above those of 
socioeconomic status, 
standardized achievement, and 
high school GPA in predicting 
college outcomes. 
 

 
 

Based on the covered literature, a full prediction of academic achievement can be 
divided into a set of basic clusters, as depicted in Figure 5.4. The five NG-PSF clusters are 
equal in size in the figure, because the current sparseness of available prospective data on 
NG-PSF does not decisively allow any other arrangement. Their ‘true’ relative weights in 
predicting academic achievement probably differs across individuals (strengths and 
weaknesses can compensate each other) and across programmes. The predictive validity of 
Curiosity and Creativity, and Communication probably even differs across years within 
programmes, due to the arrangement and types of learning goals. In addition, true prospective 
studies are scarce, medical schools are overrepresented and academic achievement is mainly 
operationalised as GPA, course credits, and drop-outs/retention. The studies providing more 
details on which type and level of academic achievement is predicted by certain NG-PSF (see 
Table 5.1) overall show the relevance of the constructs in Figure 5.4 (except Curiosity and 
Creativity, which appeared from the reviews and other publications) and at the same time 
highlight the variability in findings. Given the percentages of unexplained variance in 
predictions of academic achievement and our findings on NG-PSF, it appears only reasonable 
to leave room for the unknown, depicted as a question mark in Figure 5.4. We searched for 
information that would either help designing studies to fill in the missing information or that 
would explain why higher predictive validity in academic achievement is not feasible, step 
2b in Figure 5.1. A logical connection of the NG-PSF clusters with plausible theories would 
help building a theoretical framework. Below we propose such a connection and framework. 
 
Connecting clusters to theory 

Explanations of academic achievement are commonly based on theories on motivation 
(Braver et al., 2014; Eccles & Wigfield, 2002; Fryer, 2017), approaches to learning (Heikkilä, 
Niemivirta, Nieminen, & Lonka, 2011), social cognitive theory (Bandura, 2006; Brouwer, 
Jansen, Hofman, & Flache, 2016; Heller & Cassady, 2017), and student integration (Sommet, 
Quiamzade, Jury, & Mugny, 2015). These theories – fitting the necessarily narrow focus 
inherent to empirical studies – focus on concrete aspects of functioning. The complexity of 
academic functioning and achievement, however, is only partially covered by these theories. 
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Figure 5.3. Overall clustering of non-grade based psychosocial factors (NG-PSF) as found in prospective studies 
and in reviews. 
 
Especially given the transitional nature of the freshman year – adolescents leave compulsory 
school and are free to choose what education to follow (if any), many leave home and start  
dating or having romantic relationships – a broad theoretical perspective integrating 
intrapersonal, interpersonal, and contextual factors is required (Arnett, 2000; Schwartz, 
Zamboanga, Luyckx, Meca, & Ritchie, 2013). Identity theories provide such integrations and 
highlight the prominence of existential questions in emerging adulthood, but are too abstract 
to relate directly to NG-PSFs (Schwartz et al., 2013).  The five independent elements of well-
being in well-being theory - Positive emotion, Engagement, Relationships, Meaning, 
Achievement (PERMA) - appear to provide a ‘bridging’ perspective, see Box 5.2 (Coffey et 
al., 2016; Seligman, 2011).  The five-factor structure of PERMA is validated by Coffey et al. 
(2016) in a college sample and it was found to explain variance in GPA. 

It is important to keep in mind that the available data on the prediction of academic 
achievement in university and the available theory on learning, education, and alignment (of 
admission, the curriculum, and assessment), are strongly focused on individuality. 
Quantitative papers on interpersonal factors or contextual factors are scarce (Martin, 2007; 
Sommet, Quiamzade, Jury, & Mugny, 2015; Wang, Cullen, Yao, & Li, 2013), though the 
relevance of interpersonal processes in learning, teaching, and education is well known and 
was confirmed by our own students and teachers as described in Chapter 4 (Biesta, 2013; 
Ruitenberg, 2011; Smith et al., 2004; Vygotsky, 1978). 
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Figure 5.4. The currently empirically supported basic set of clusters of predictors of academic achievement. For 
all clusters, higher scores on the underlying constructs are positively related to academic achievement (with 
personality narrowed to conscientiousness and openness). The relative sizes of the pieces are only loosely based 
on the literature and serve to make two points. Point 1 is that the currently used NG-PSF explain a small part of 
the variation in academic achievement, which is most often operationalised as GPA. Point 2 is that variance in 
academic achievement is largely unexplained. 

 
NG-PSF and PERMA 

The five clusters of NG-PSF are proposed to match the five elements of well-being as 
presented in Figure 5.5 and Table 5.3.  
PERMA are in part cognitive, but are not the type of grade-based cognition as represented 
by prior academic achievement in secondary school, nor are these likely to share validity 
with standardised or programme-specific grade-based admission tests (examining knowledge 
or writing skills). Although positive psychology can indeed be argued to be too broad to be 
helpful, we think it can be helpful in combination with other perspectives on human 
functioning (Leontiev, in Batthyany & Russo-Netzer, 2014; Kristjánsson, 2012). If the five 
clusters of NG-PSF can be linked to PERMA, this could be a part of a theoretical framework 
that contributes to the development of evidence-based and programme-specific admission 
tools.  

Personality and Positive emotion appear a logical match, because a trait version of 
Positive emotion would be an element of Personality (see also Bleidorn, Hopwood, & Lucas, 
2016; Hampson & Edmonds, 2017). Curiosity and Creativity appears to match best with 
Engagement. We discern Creativity and Curiosity from Personality, because creativity 
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involves change (Gajda et al., 2017), whereas personality is the relatively stable pattern of 
thinking, feeling and behaving of a person. In the context of academic functioning it appears 
logical to make a distinction between the stable tendencies to ‘be’ a certain way that describe 
meaningful individual differences between all students on the one hand and the curiosity and 
creativity needed to become an excellent academic which not all students (yet) display, on 
the other. Since Communication is a prerequisite for Relationships, their match appears 
obvious. Motivation urges one to strive toward goals and Meaning determines whether one 
would choose something as a goal, hence their proposed match. Coping and Self-regulatory 
skills can be argued to match best with Achievement. It is the NG-PSF most obviously 
including cognitive elements and Achievement is probably the most cognitive element of 
well-being or at least is closest to academic achievement as reflected in GPA, course credits 
and retention. The need to succeed, however, is not limited to succeeding educationally. 
Extending ones coping and self-regulatory skills should enhance achievement in the broadest 
sense of the term. Coping and Self-regulatory skills and Achievement are also the most 
tangible behavioural constructs within the five clusters of NG-PSF and PERMA, respectively 
(see Figure 5.5). 

PERMA and its relevance for academic achievement can be explained by a 
combination of Bandura’s socio-cognitive theory (2006) with Self Determination Theory 
(Deci & Ryan, 2008), and Maslow’s needs (1943, 1967). Goals are central to motivational 
theory and short-term and long-term goals can be united in meaning. Meaning is arguably 
the most powerful motivating force in striving towards goals and is deeply intertwined with 
relationships (Esfahani Smith, 2017). Maslow (1943, 1967) describes how dissatisfied needs, 
for example emotional safety, belonging, and esteem, can impede further striving towards 
goals. The central role of meaning and relationships in human goal directed behaviour - and 
going to university is goal directed behaviour - is also explained by the role of intrinsic 
aspirations and relatedness in Self Determination Theory (Deci & Ryan, 2008). Competence 
and agency from Self Determination Theory complete the picture of human functioning as 
sketched by Maslow and Bandura. 

 
NG-PSF in university education 

An even more encompassing view on academic functioning would include theories on 
learning and education, thereby combining student-factors with academic education-factors. 
The accumulation of knowledge, personality, and skills through learning takes place ‘in 
context’ (Biesta, 2013; Dewey, 1938; Smith, MacGregor, Matthews, & Gabelnick, 2004; 
Vygotsky, 1978). The context ‘university’ is markedly different from the context ‘secondary 
school’. Entering university is a transitional experience, for most students in multiple ways  

Box 5.2. The five independent elements of well-being (Seligman, 2011) 
Positive emotion Positive emotion is defined as the pleasant life or happiness and life satisfaction. It 

is the subjective experience of life as something positive. 
Engagement Engagement, also known as flow or transcendence, is a state in which a person loses 

track of oneself and time through absorption in an activity. 
Relationships Relationships are the element in human functioning describing the need to belong. 

Humans are not a solitary species, we have a need to connect with other people. 
Meaning Meaning is defined as the need to belong to and serve something that is bigger than 

the self and that you believe is worth the investment of time, effort and other means. 
Achievement Achievement is the need to experience accomplishment, to succeed. 



REVIEW ON PSYCHO-SOCIAL FACTORS 

94 
 

Figure 5.5. Overall clustering of non-grade based psychosocial factors (NG-PSF) as found in prospective studies 
and in reviews, matched to Positive emotion, Engagement, Relationships, Meaning, and Achievement (PERMA). 
The colours match Box 5.1, 5.2 and 5.3, Figure 5.4 and the framework in Figure 5.6. 
 
since the learning environment for many students is not the only area of their life where major 
changes are taking place (Schwartz et al., 2013). Even if only the educational part of student 
life is considered, Gale and Parker (2014) explain how the transition can be described in three 
ways: as an adjustment to a new context during a certain period of time, as a stage of 
maturation or identity development and also, the most holistically oriented description of the 
three, as ‘becoming’. In line with this subjective experience of becoming, Martin's (2007) 
expressive (humanistic perspective), managerial (functional, goal directed perspective) and 
communal (sociocultural, interpersonal perspective) selves in educational psychology 
highlight the relevance of including different perspectives in shaping education and entrance 
to education. The complexity of the interactions of all the relevant characteristics and 
processes complicates the development and testing of models of academic achievement. 
Nonetheless, it does not seem unreasonable to presume that the available knowledge on 
learning and education should lend itself to some integration into a theoretical framework 
which scholars agree to be constructive in further shaping the field.  
 
NG-PSF and Existential psychology 

The relevance of meaning (motivation) and the relations with peers, family and teachers 
(communication) can be explained by the existential fear of meaninglessness, freedom and 
of isolation or not belonging (Breitbart, 2017; Yalom, 1980). Given the transitional nature of  
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Table 5.3. The five clusters of non-grade based psychosocial factors (NG-PSF) matched to the five elements of 
well-being in well-being theory, with key references for each match and the prospective studies of the systematic 
review matched to the five clusters 

NG-PSF Element of well-
being theory 

Key References References from 
systematic review of NG-
PSF* 

Personality  
 

Positive emotion Poropat (2009)  
Richardson et al. (2012)  
Wintre et al. (2011) 

Pitt et al. (2014) 

Curiosity and Creativity  
 

Engagement Gajda et al. (2017)  
Ketonen et al. (2016) 
Maslow (1943, 1967) 

 

Communication  
 

Relationships Goguen, Hiester, & 
Nordstrom (2011) 
Maslow (1943, 1967)  
Wang et al. (2013)  
Wintre et al., (2008) 
 

Christersson et al. (2015) 
Dawson et al. (2011) 
Edwards et al. (2013) 
Künzel & Breit (2007) 
Lievens (2013) 
Patterson et al. (2017) 
Pitt et al. (2014) 
Stolte et al. (2003) 

Motivation Meaning Bandura (2006) 
Cortes (2013)  
Deci and Ryan (2008) 
Robbins et al. (2004) 

Künzel & Breit (2007) 
Lucieer et al. (2016) 
Stolte et al. (2003) 
Urlings-Strop et al. (2009) 

Coping and Self-
regulatory skills 

Achievement Daniels et al. (2008)  
Deci and Ryan (2008) 
Galla & Duckworth (2015) 
Richardson et al. (2012)  
Robbins et al. (2004)  
Tuckman & Kennedy 
(2011) 

Pitt et al. (2014) 

*Ballard, Hagan and Cheramie (2015) falls outside these clusters with its focus on dexterity. The study of Stegers-
Jager, Themmen, Cohen-Schotanus and Steyerberg (2015) could not be categorised due to their focus on background 
variables. The study of Khan, Mukhtar and Tabasum (2014) is not categorised because the paper does not report on 
all collected data. The study of Lumb and Vail (2004) is not categorised because a definition of ‘non-academic 
activities’ was not given. The study of Pitigoi-Aron, King and Chambers (2011) could not be categorised due to 
their use of unstandardized interviews.  
 
the freshman year and the notion that fear is the main reason people refrain from actively 
striving towards their goals (without procrastinating), we now describe how existential fear 
might be meaningfully incorporated in a more holistic framework of academic functioning 
than is common in the literature on university admission and the prediction of academic 
achievement. Fear of failure and test anxiety, which are common among freshmen, appear to 
be better explained by existential fear than by individual differences in emotional stability or 
state or trait anxiety (Schwartz et al., 2013). Becoming an academic happens in the magic 
zone, not in the comfort zone. Working in the magic zone demands vulnerability, acting in 
uncertainty of how others will react and the outcome. Therefore, dealing with existential 
anxiety is relevant for academic functioning.  

Existential freedom, isolation, and meaninglessness (Batthyany & Russo-Netzer, 
2014; Yalom, 1980) are issues every person has to deal with (see Box 5.3). Meaning is a 
major ‘connecting’ construct between academic functioning, positive psychology, and 
existential psychology. Meaning motivates, but the need to belong in the face of existential 
isolation together with the responsibility (the flipside of freedom) for one’s own life, 
choosing a programme and place to study and figuring out whether to stick to the choice, can 



REVIEW ON PSYCHO-SOCIAL FACTORS 

96 
 

be quite a discouraging task. Yet, coping with existential fear can be aided through meaning 
and trust. A person who can assign meaning or who can trust oneself and others, can deal 
with whatever circumstances within or around her- or himself (Halama, in Batthyany & 
Russo-Netzer, 2014). The influence fear can have on behaviour and thoughts matches 
findings on negative predictive validity of procrastination and test anxiety (Richardson et al., 
2012).  

 
Integration. We connected findings on the prediction of academic achievement by 

NG-PSF with the literature on motivation, approaches to learning, social cognitive theory, 
existential fear and student integration. The clusters of empirically supported NG-PSF, the 
theories in the relevant literature and the transitional nature of the first step in becoming an 
academic logically point out the necessity of combining intrapersonal with interpersonal and 
contextual factors in a framework of academic functioning. We present such a framework, 
see Figure 5.6, intending to inspire investigation of academic functioning combining an 
evidence-based and holistic approach.  

Meaning and Relationships are the elements from positive psychology that are most 
closely linked to existential fear, existential connectedness and the fundamental need of 
emotional safety (Maslow 1943, 1967; Ruitenberg 2011; Yalom 1980). This cognitive-
emotional fundament is laid and shaped by one’s surroundings since birth or even conception.  
The child is informed about safety, its possibilities and its limitations through its interaction 
with its surroundings. Basic tendencies to approach or avoid interact with this information to 
influence the developing personality, which further shapes the interactions of the child with 
its surroundings. Indeed, approach and avoidance tendencies are found to influence study 
behaviour and academic achievement (Corr & McNaughton, 2012; Geller et al., 2018; 
Lüftenegger et al., 2016; van Yperen, Blaga, & Postmes, 2014). Successes and failures in all 
different sorts of tasks and interactions with others still further develop (or break down) self-
esteem and how safe one feels in certain situations, how freely one dares to explore (Bandura, 
2006). Thus, overt curiosity and creativity are shaped by existential fear, PERMA and 
previous and current social contexts. The latter highly influence whether and how one 
engages in learning experiences.  

How one deals with existential issues arises partly from the socioeconomic factors 
in one’s life (Bandura, 2006; Kriegbaum, Villarreal, Wu, & Heckhausen, 2016; Witkow, 

Box 5.3. Existential psychology applied to entrance to university (Breitbart, 2017; Yalom, 1980) 
Freedom Existential freedom is the responsibility for one’s functioning and not blaming others 

for things they are not responsible for (see also Biesta, 2013). Freedom - when for the 
first time choosing your education – can be a source of fear of making wrong choices, 
not being good enough and failing in any way imaginable. 

Isolation Existential isolation pertains to the fact that ultimately people cannot truly share their 
experiences with one another, yet we all have the need to belong and fear not to belong. 
Existential isolation can be a source of stress in breaking loose from one’s parents, 
dating and entering romantic relationships and building a new social network upon 
entering university. 

Meaning(lessness) Meaning(lessness) can be captured by the ultimate question “how does a being who 
needs meaning find meaning in a universe that has no meaning?” (Yalom, 1980, p. 
423). In the context of entrance to university; how does the choice for this programme 
and this university contribute to the experience of meaning?  

Death Fear of death is the fear of the end of one’s own life and what could happen after dying. 
Fear of death is not discussed in this review because it appears less prominent in the 
lives of most people entering university than the other existential issues. 
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Huynh, & Fuligni, 2015). The existential level and socioeconomic factors codetermine 
(Tynkkynen, Tolvanen, & Salmela-Aro, 2012) how well a freshman will find her- or himself 
to fit in the newly chosen academic environment (Schmitt, Oswald, Friede, Imus, & Merritt, 
2008; Wintre et al., 2008). How well does one fit in with peers and lecturers, to what degree 
can this person experience meaningful learning in this institution, in this programme? This 
student-environment-match as Wintre et al. (2008) call it, is linked to the existential level 
through attachment and safety; active participation in education can be exciting and students 
should feel safe or free (enough) to explore, experiment and ask questions in order to optimize 
learning (Brady et al., 2016). Though freedom to explore and determine one’s own course 
can be frightening (Yalom, 1980), future academics need to learn to deal constructively with 
that. Please note that anxiety and approach and avoidance tendencies play major roles in 
personality (Geller et al., 2018; Lüftenegger et al., 2016) and in curiosity and creativity. Thus, 
the existential level might not be explicitly or consciously present when following classes or 
studying, but it is a – literally – fundamental aspect of human functioning and well-being. 
Existential safety and freedom are required to allow academic potential to flourish and to not 
go unnoticed or wasted because of existential fear. 

Figure 5.6. Graphical framework of the integration of empirical findings and theoretical notions on the prediction 
of academic achievement by non-grade-based psychosocial factors (NG-PSF). NG-PSF, PERMA, Existential issues, 
socioeconomic factors and the student-environment match of an individual entering a specific programme at a 
specific university together determine academic achievement. The green top would include prior academic 
achievement if the framework would be on academic achievement in general. In PERMA, P = Positive Emotion, E 
= Engagement, R = Relationships, M = Meaning, A = Achievement. 
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Discussion 
The evidence for the predictive validity of NG-PSF for academic achievement as indicated 
by prospective studies is scarce and incoherent. Nonetheless, NG-PSF do appear relevant in 
academic achievement if non-prospective studies and non-empirical publications are 
considered in formulating an overall conclusion. The reviews combined provided enough 
information to formulate a theoretical framework aimed to explain the findings. The proposed 
framework integrates the intrapersonal, grade-based, cognitive approach of prediction of 
academic achievement with an approach that includes interpersonal and contextual factors. 
The gist of NG-PSF could also be framed as the emotional and social complement of the 
well-known cognitive predictors of academic achievement.  

The decision to extend the review and the choice to explore the use of PERMA and 
existential fear resulted in a fuller explanation framework of academic functioning than we 
could have given based on the systematic review alone. It allowed us to link the data to theory 
and to integrate the intrapersonal level with the interpersonal and contextual level. In 
addition, the intrapersonal explanation of academic achievement was elaborated to include 
the existential level: safety and fear of freedom and responsibility, the need to be recognized 
and to belong, and meaning(lessness).Although the framework does not prescribe specific 
admission instruments for specific programmes or admission goals, we do think it provides 
an overview of possibly relevant constructs from which to choose and an explanation how 
specific NG-PSF can be relevant in academic achievement. 

The how is described by the existential issues – ‘Who am I?’, ‘What kind of job do 
I want to do?’, ‘How do I want to relate to friends, family and other people?’, ‘What is 
important to me?’, ‘What responsibilities am I capable and willing to bear?’ - that 
characterise freshman and their emerging adulthood (Arnett, 2000; Schwartz et al., 2013). 
These rather encompassing life questions can be narrowed to the eudemonic and hedonic 
approach of human flourishing of well-being theory, in the context of selection and advice in 
university admission (Coffey et al., 2016; Seligman, 2011). PERMA from well-being theory 
connects the conceptual level of existential psychology and identity theory to the practical 
study behaviour of freshmen. Socio-economic factors and the overall match of the individual 
with the self-chosen academic institution and programme complete the explanatory 
framework (Bandura, 2006; Kriegbaum et al., 2016; Schmitt, Oswald, Friede, Imus, & 
Merritt, 2008; Tynkkynen, Tolvanen, & Salmela-Aro, 2012; Wintre et al., 2008; Witkow et 
al., 2015). The how in the proposed framework, in turn, can provide a rationale for the 
implementation of admission instruments with the purpose of identification of strengths and 
weaknesses of applicants, increasing inclusiveness or selecting-in on characteristics that are 
deemed relevant for either domain-general or domain-specific academic functioning (Cortes, 
2013; Sedlacek, 2003; Stemler, 2012; Sternberg, 2018; Sternberg, Bonney, Gabora, & 
Merrifield, 2012). 

Both applicant and institution are best served with the best possible indication of the 
chance of success, given the available information on previous academic achievement and 
the current assessment of both academic potential and the match between this individual and 
this programme at this institution (Cortes, 2013; Sedlacek, 2003; Stemler, 2012; Sternberg, 
2018; Sternberg et al., 2012). The best possible indication includes relevant predictors of both 
success and failure and complements grade-based predictions of grade-based types of 
academic success with predictors of other types of academic success. One of the causes for 
the imperfection of predictors of academic achievement is that mastering all learning 
outcomes of a programme takes time and such learning processes are predictable only to a 
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certain extent (Holdsworth, Turner, & Scott-Young, 2017; Tuckman & Kennedy, 2011; 
Turner et al., 2017). Although it would be informative to be able to know the potential to 
grow or learn, regardless of the starting point of the individual, assessing the potential to 
grow or learn at the time of application might be less or even im-possible for certain types of 
academic achievement, because they rely on a staircase of knowledge and skills that builds 
up from basic to more complex (Steenman et al., 2016). The higher steps of the staircase 
might not be predictable at the time of application, but only after reaching certain steps 
(Anderson, 2005; Lumb & Vail, 2004; Pitt, Powis, Levett-Jones, & Hunter, 2014). Studies 
indicate that future academic achievement is indeed best predicted by the most recent prior 
academic achievement (e.g. Stegers-Jager, Themmen, Cohen-Schotanus, & Steyerberg, 
2015). 
 
Implications 

The grade-based prediction of general cognitive academic achievement at university can be 
complemented with context-specific NG-PSF covering a mix of cognitive and emotional, 
non-grade-based predictors. The proposed framework is meant to aid decisions on the 
alignment of goals and content of admission procedures with programme content and 
objectives. The clusters of NG-PSF and their link with PERMA allow focused, programme-
specific questions on the prediction of academic achievement. In general, the Coping and 
Self-regulatory skills at the time of application as well as the potential to further develop them 
might be of special interest for programmes with heavy workloads or that require many hours 
of self-study. For a psychology programme, as a domain-specific example, it might be 
informative to know whether Curiosity and Creativity and Communication differentially 
predict clinical skills and research skills at the time of application or whether this is 
predictable only later in time (or not at all). The data such studies would yield, could help in 
keeping admission policies aligned with the (im)possibilities in prediction of academic 
achievement (Ruitenberg, 2011).  

Frameworks like the one presented will always be work in progress, analogous to 
the dynamic nature of education itself. The proposed framework integrating intra- and 
interpersonal factors in explaining academic achievement can contribute to better informed 
admission by instigating empirical and theoretical progress. Quantification of the probability 
of academic success in admission is a piece of a multidimensional puzzle, calling for an 
evidence-based and full view on the assessment of academic potential of individuals. 
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On the prediction of study success 
 
In university admission decisions, at least three different matters can be distinguished: the 
institutionally driven need or wish to restrict the number of students, the societal need for 
certain numbers of well-functioning academics, and the evidence-base which supports (or 
not) the validity of admission instruments and the procedure resulting in admission decisions 
(Nahai, 2013; van Loghem Sr., 1960). This dissertation addressed the validity of admission 
instruments and how to use them to minimise mistakes in selection. A Signal Detection 
approach was used to compare the accuracies of different admission tools, the selection 
outcomes using different criteria and the individual differences in predictive validity of 
different admission tools. Further, a systematic, extended review intended to restructure the 
chaos in the available information on ‘non-cognitive factors’, redefined as NG-PSF. 
Embedding the multitude of constructs in underlying, encompassing constructs and ideas 
provided a framework that may aid admission committees in designing admission tools as 
well as research them (see also Wilkinson & Wilkinson, 2016). A summary of the findings 
from Chapter 2 to 5 is presented below.  
 
Summary of findings 

 
• A work sample can be just as accurate as secondary school grades in predicting 

study success. 
• Accuracy of the prediction of study success did not get better than halfway between 

chance level and perfect accuracy, regardless of which combination of investigated 
admission tools is used. 

• The predictive validity of different admission tools differs between individuals. 
• The predictive validity of the pre-programme predictors is stable across time as 

students progress through the programme. 
• Study success in later stages of the programme is more accurately predicted by first 

year grades than by pre-programme predictors. 
• Study success in theoretical courses can be predicted with higher accuracy than 

study success in research skills courses and professional skills courses. 
• Students, teachers and researchers agree that academic success is broader than the 

knowledge, research skills and professional skills as graded in-programme. NG-
PSFs such as independence and motivation are major determinants of academic 
success and grades only partially reflect academic success. Motivation includes 
notions of community, meaning, and satisfaction. 

• The realisation of academic success is a community effort. It requires interaction 
with peers and teachers, development of self-regulatory skills, space for 
individuality, and supportive relations. 
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Open questions and themes 

We did not have time to investigate all individual differences we had data on, such as 
vocational education as prior academic achievement and sex. We also suggest a further 
exploration of  statistic possibilities: other analyses could for instance prove valuable in 
further analyses of individual and cohort patterns in the development of different types of 
academic success (Etz & Vandekerckhove, 2018; Yarkoni & Westfall, 2017). The work in 
progress will continue and this dissertation is just one episode in the never-ending series on 
selection, education and the psychology of individual differences. For now, the plot is as 
follows. If selection is viewed as an instrument with a certain role in education and if 
institutions have a responsibility for the consequences of their selection decisions, three 
themes arise from Chapter 2 to 5 that require continuous attention (Batthyany & Russo-
Netzer, 2014; Biesta, 2013; Ruitenberg, 2011; Steenman, 2018; Wijngaards-de Meij & Merx, 
2018). 
 
Theme 1. Signal Detection Theory as a best practice in selection and advice 

The accuracies of the investigated admission instruments for a broad Psychology Bachelor 
programme in discerning the willing and able students from students who will fail are not as 
high as is desirable to support evidence-based rejection of applicants. Preventing drop outs 
can be done successfully by implementing high criteria on multiple predictors, but preventing 
misses is impossible. Given the accuracies of the tested pre-programme admission tools, it 
could be argued that striving for optimal self-selection is the best option for minimising 
mistakes in admission and selection. If selection is deemed necessary, the best selection 
method might well be a (weighted) lottery and not a ranking of scores or a stepwise decision 
tree based on cut-off scores (see also Wouters et al., 2017). This argument stems from a 
viewpoint that highly values freedom in choosing one’s education and that is based on 
trusting students to take their responsibility for their learning processes. Other viewpoints on 
education and responsibility lead to other conclusions (Hofstee, 1990; Kotzee & Martin, 
2013; Nahai, 2013).  

As is repeatedly argued in Chapter 2 to 4, the information Signal Detection Theory 
provides on sensitivity and specificity of admission instruments and on the effects of specific 
criteria on both group and individual level makes it a highly informative tool in monitoring 
admission instruments. In case of selection without a numerus clausus, Signal Detection 
Theory allows evidence-based setting of criteria to aim at specified admission goals. In case 
of a numerus clausus, the rejected applicants cannot be categorised as either misses or correct 
rejections. Yet, the data of the admitted applicants allow hypothetical, retrospective 
selections whose outcomes can be used to inform future selection decisions. In case of open 
admission, Signal Detection Theory informs on the accuracy of admission instruments in 
discerning successful students from unsuccessful students and thus helps to optimise advice. 
Ideally, this leads to optimal self-selection of applicants (Gaertner & Larsen McClarty, 2015) 
in which applicants use valid information – preferably including programme-specific 
information from a work sample – to decide whether or not to enrol and how to work with 
their strengths and weaknesses.  
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Figure 6.1. Of the students of cohort 2013-2014 and 2014-2015 (n = 416) who finished their bachelor, the 
percentages that descended or ascended at least 1 or even 2 points in their average grades comparing secondary 
school grades with the admission test score, the first year and the second and third year. See also Chapter 4. 
S   = average grade at secondary school  
A   = admission test score 
Y1 = average grade in first year 
M  = average grade in second and third year 
 
Theme 2. Individual differences in academic success and its prediction 

The predictive validity of all currently known selection instruments is limited and different 
instruments select different successful students. We can only estimate the individual’s 
potential for academic success at the time of application. Due to the developmental nature of 
potential, the age of most applicants, and the transitional nature of entering university, even 
applicants themselves cannot know their own potential (Arnett, 2000; van der Zanden et al., 
2018).  

As reported in Chapter 4 (Table 4.1), the standard deviations of the average 
secondary school grade, the work sample grade and the course averages in-programme vary 
from 0.5 to 2.1 points on a ten-point scale. Figure 6.1 depicts the percentages of the students 
of cohort 2013-2014 and 2014-2015 who had finished their bachelor at the time of the 
analysis and whose average changed at least one or two points over time: starting at the top 
bar, part 1 depicts the percentage of 416 students who scored at least one point lower on the 
admission test (A, unweighted average of exam and essay grades) than their average grade at 
secondary school (S), the percentage that scored at least two points lower on A than on S 
(second bar), and the percentages that scored at least one and two points higher on A than on 
S (third and fourth bar). Part 2 depicts the percentages of students scoring at least one and 
two points lower and higher in their first year (Y1) compared to S. In part 3, Y1 is compared 
to A. In parts 4 to 6, the average in the second and third year (M) is compared to Y1, S and 
A. With the depicted maximum below 30%, the percentages in Figure 6.1 show that over 
70% of the students score within a range of two points – no more than one point below or 
one point above - on a ten-point scale if their averages in secondary school, the admission 
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test and courses are compared. In these scores both time and type of academic success differ 
in all comparisons (see Table 4.2). Given that the interpretation of average grades of 6 versus 
8 in terms of academic potential requires individual information on the time and effort 
invested in obtaining the grades (and in other activities) and on personal and circumstantial 
facilitating and interfering factors, I proceed to discuss the individual differences that can be 
interpreted from this figure. The upper two striped bars in Figure 6.1 depict 74 students who 
scored at least 1 point higher on the admission test (A) than in secondary school (S) and 58 
students who scored at least 1 point higher in the first year (Y1) than in S. Of them, 22 scored 
at least 1 point higher on both A AND Y1 compared to S. So, the majority of the ascenders 
ascended more than 1 point on only one of the measurements of university academic success 
compared to secondary school. The third striped bar depicts 114 students who scored at least 
1 point higher on Y1 than A, and 58 students scored at least 1 point higher on Y1 than S. Of 
them, 24 of them scored at least 1 point higher on Y1 compared to both S AND A. Again, the 
majority of the ascenders ascended more than 1 point compared to only one of the 
measurements of previous academic success. Of the descenders, 77 students scored at least 
one point lower on A than S, and only three students scored at least one point lower on Y1 
than S. There were 41 students who scored at least one point lower on Y1 than A, and only 
three students scored at least one point lower on Y1 than S. Part 4 shows that within-
programme the average grades are stable: only one student scored at least one point higher 
on M than on Y1, there were no other ascenders or descenders. There were 59 students who 
scored at least one point higher on M than S and 120 who scored at least one point higher on 
M than A. Apparently, the admission test is difficult, ascending in average grade occurs more 
frequently than descending and changes in average grades primarily occur around the 
transition from secondary education to tertiary education. Figure 6.1 stresses the message of 
Chapter 4 and that from van der Zanden, Denessen, Cillesen and Meijer (2018): it appears to 
make sense to investigate patterns in the development of academic success for different 
subgroups of applicants. This could help improve student advice and support. 

In dealing with the uncertainty in the prediction of academic success, it probably is 
more constructive to assist applicants in reflection on the degree to which they think they are 
(or can become) willing and able than it is to provide them with questionnaires, test scores 
and a one-sided judgement based on their estimated probability of success. Applicants are 
unlikely to be able to value the information of admission instruments as most of them have 
not (yet) been trained in interpreting this type of data. They have to trust the judgement of 
the programme admission committee. This dependence might not be the best start for 
becoming an academic. Trusting students with the responsibility for the choice they made 
and for their learning process would probably be a better start, according to Deci and Ryan 
(2008). Of course, they need teachers that provide them with a learning environment in which 
competence, agency and relatedness are developed (see also theme 3). A programme-specific 
work sample can provide such an environment, even though it is for a short period of time, 
and thus help applicants to make a correct decision as they enter tertiary education and 
education is no longer compulsory. The grades obtained in a work-sample might be lower or 
higher than applicants are used to obtain (see part 1 in Figure 6.1): together with the accuracy 
of A being comparable to that of S (see Figure 3.4), this indicates a programme-specific 
work sample offers information beyond (general) prior academic achievement.  

Overall, advice or selection based on multiple, valid, local, programme-specific 
predictors, including NG-PSFs and experiential learning in a work sample, complements the 
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information as available from previous academic success (see also Fonteyne, Duyck, & De 
Fruyt, 2017).  

 
Theme 3. Realisation of academic success is a community effort 

An inventory of “What is academic success?” at a (scientific) community effort named the 
Helmholtz retreat, held June 27-29, 2018 (helmholtzschool.nl), confirmed the findings of the 
focus groups reported in Chapter 4: knowledge, research skills, professional skills, and NG-
PSF as major clusters defining academic success, and an additional cluster on contributing to 
science and society. In line with the focus groups reported on in Chapter 4, independence and 
critical thinking were the main NG-PSF. The clusters on ‘Contributing’, NG-PSF and study 
success in general (with entries on grades, knowledge, research skills and professional skills) 
received the most entries. It would require more formal focus groups to discuss the meaning 
of the entries, but I interpret the entries on ‘Contributing’ as at least partially referring to 
meaning and thus to also be in line with the previous held focus groups:  
 
“When you achieve an academic position that makes you feel happy not only in a professional 
but also personal way.”  
 
“Live a happy life. If academic potential, academic success may lead to a happy life. But 
other routes as well. So, academic success: live up to academic potential, but not necessarily 
makes you happy.” 
 
These answers can be on positive emotion and nothing more, but might also refer to meaning 
and engagement. Another quote underlines the complexity of categorising the entries: 
 
 “Number & quality of new insights as published (in broad sense)” 
 
I interpret this as follows: it is not on the number of publications, but on the content; new 
insights. Both the number and the quality of new insights ‘count’ in academic success and no 
minimum is given. Further, they only count if shared through publications, but note the 
specification “in broad sense”. So, a publication does not necessarily have to be one in a peer-
reviewed scientific journal or a presentation at a conference, any sharing counts. Without 
having had the opportunity to discuss the answers as I had with the previous focus groups, I 
would say this is on impact and/or meaning. Unless the person who wrote it down just likes 
to compete with her- or himself or with others to get as much high-quality publications on 
new insights as possible because it’s fun. Both explanations are on motivation, one primarily 
on achievement and competence, the other goes deeper. Overall, this inventory, again, 
confirmed the relevance of the ideas from positive and existential psychology in defining 
academic success.  

Maybe “relevance” is an understatement. Existential psychology, Self-
Determination Theory and positive psychology are the solid ground of the playground 
adolescents enter as they commence a university programme (Batthyany & Russo-Netzer, 
2014; Biesta, 2013; Deci & Ryan, 2008). The interaction with their peers, their tutors and 
their teachers provides the fences, the toys and the games. Genuine attention and 
unconditional regard of teachers for their students invites students to actively participate. In 
other words, if the relatedness in the educational setting provides safety, learning is facilitated 
(Motta & Bennett, 2018). The experience of safety, freedom (and responsibility) and 

https://helmholtzschool.nl/
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directions - on how to use the freedom - creates a magic zone where learning takes place. 
The experience of competence and autonomy builds further competence and autonomy. 
Being successful in following a self-chosen university programme and in life after tertiary 
education is accomplished by fitting in the academic community: the better one’s personality 
matches the nature of the learning/working environment, the higher one’s curiosity and 
creativity, the better one’s communication, the higher one’s motivation and the better one’s 
coping and self-regulation skills, the higher one’s academic success. In other words: the more 
positive emotions one experiences, the more engagement, the more positive relationships one 
has, the more meaningful one’s activities are deemed, and the more one achieves, the more 
one flourishes (see Box 5.1, Box 5.2 and Coffey, Wray-Lake, Mashek, & Branand, 2016). 
That is the relatively easy part. The difficult part is dealing with fear, as fear is the main 
reason people refrain from striving towards goals, that is, refrain from finding meaning. 
Meaning is primarily found in relationships and we can be (and most of us easily are) afraid 
of what others will think of us if we do or say something, or what they will think if we refrain 
from saying or doing something.  

The point on individual differences might at first sight be categorically different 
from the point on community, but it is not. They are two sides of the same coin and deserve 
equal attention. Individuality only exists as a contrast of one individual with at least one other 
individual. We need each other to able to know who we are and we have a need to belong. 
The individual contributes to the community and the community is as strong and healthy as 
the individuals can make it, given their combined strengths and weaknesses.  
 
Looking forward 

Selection-wise 

The possibilities to improve the quality of selection decisions, both on the part of the 
institution and on the part of the applicant, lie primarily in making better use of the available 
instruments and data (e.g. Etz & Vandekerckhove, 2018; Yarkoni & Westfall, 2017). I do not 
expect we will develop instruments that predict academic success in a broad sense with 
perfect accuracy. I do think we could team up across institutions and nations to get a better 
understanding of general and specific factors in selection and education. This is still a work 
in progress and it probably always will be, as education prepares students for an ever-
changing world. Selection of students is in essence a Signal Detection problem and Signal 
Detection Theory is a highly feasible method (a few formulas in Excel) to monitor selection 
(and also advice) with its combination of information at group level, the individual level and 
about criteria. The results of Signal Detection analyses can inspire new questions and new 
ways to answer them.  
 
Education-wise 

The use of Signal Detection Theory to minimise mistakes in selection is a technical story. 
Signal Detection Theory is helpful in optimising alignment of admission, curriculum and 
assessment, but it is also only one part of the bigger picture that includes the personal and 
interpersonal character of academic success as pursued through education (Iloh, 2018). 
Education is only partly a technical thing. A blueprint metaphor appears to match the 
common, technical practice of programme objectives and learning goals that are leading 
curriculum design and alignment. The blueprint lines out everything in detail: students and 
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teachers just have to build their educational activities as instructed by the blueprint. That is 
not the end of story. It might even be argued to begin just there: education is a joint adventure 
starting after the vehicle was built using the blueprint. I suggest we take what we have learned 
from the work with blueprints and draw a map on which to plan and monitor a discovery 
journey. The programme objectives and learning goals remain the designated end points as 
indicated on the blueprint. The difference is in how to reach them: not by means of further 
following the blueprint, but by co-creating shared discovery journeys on which everybody 
involved is both learner and teacher (Biesta, 2013). That applies at the time of application 
with regard to the decision of the applicant to commence a specific programme at a specific 
institution and to what happens after commencement. The map is given, how to use it is up 
to the fellowship of learners (Gale & Parker, 2014; Motta & Bennett, 2018; Ruitenberg, 
2011). Do we have a responsibility to help each other the best we can? 
I think we do and that we should allow space for academic success to happen, in all its 
multidimensional, personal and interpersonal, and intuitive glory. If students and teachers 
can step out of their comfort zones into magic zones where learning is central, and not the 
assessment of what has been learned so far, this will help academics and future academics 
reach their full potential and flourish (see the Closing Figure). Flourishing people are more 
successful than non-flourishing people and flourishing is built on meaning and relationships. 
 
Closing remarks on how to minimise mistakes in selection 

• Use Signal Detection Theory to monitor advice and selection. 
• Develop pre-programme work samples and curricula that inform self-selection. 
• Allow students and teachers to co-create magic zones. 

 

Closing Figure. Graphical representation of the conclusion on the definitions and relations of different types of 
academic success in-programme (study success) and academic success in a broader sense, including after-
programme success. Study success can be clustered as course-grades and non-grade based success as reflected in 
interactions with peers, teachers and others. Both types of study success partially overlap. Academic success includes 
and is more than study success. Are we creating magic zones for the co-creation of academic success in our 
admission procedures and curricula? 
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In dit hoofdstuk geef ik een Nederlandstalige samenvatting van wat ik in dit proefschrift in 
het Engels heb beschreven. Eerst beschrijf ik de context en het probleem van het project als 
geheel en dan leg ik de toepassing van signaaldetectie in selectie van studenten voor een 
universitaire opleiding uit. Die uitleg is bedoeld om te helpen bij het lezen van de daarop 
volgende samenvattingen van hoofdstuk 2, 3 en 4, waarin ik signaaldetectieanalyses gebruik. 
Daarna volgt een samenvatting van de samenvatting en een conclusie. Ik sluit het hoofdstuk 
af met een blik op de horizon. 
 
Context van dit proefschrift 
Het bachelorprogramma Psychologie aan de Universiteit Utrecht zou in 2014 voor het eerst 
zelf (decentraal) gaan selecteren (in plaats van de centrale loting door de Dienst Uitvoering 
Onderwijs). Volgens de regels van het spel geschiedt selectie op basis van meer dan alleen 
het gemiddelde middelbareschoolcijfer (https://www.rijksoverheid.nl/onderwerpen/hoger-
onderwijs/numerus-fixus). Op grond van ervaringen aan de Universiteit van Amsterdam en 
de literatuur leken proefstuderen en bepaalde psychosociale factoren zinvolle 
toelatingsinstrumenten (Richardson, Abraham, & Bond, 2012; Visser, van der Maas, Engels-
Freeke, & Vorst, 2012). Om volgens de regels en inhoudelijk zinvol te kunnen selecteren, 
werden in 2013 een week proefstuderen en een aanmeldformulier ontworpen. De 
proefstudeerweek had twee doelen: de kandidaten informeren over hoe goed de Bachelor 
Psychologie aan de Universiteit Utrecht aansluit bij hun interesses en de opleiding voorzien 
van voorspellers van academisch potentieel.  
 
Gezien de eenzijdige beslissing van de universiteit om een aanmelder af te wijzen, is het ook 
de eenzijdige verantwoordelijkheid van de universiteit om afwijzingsbesluiten te baseren op 
degelijke informatie en procedures. Om gefundeerde selectiebeslissingen te kunnen nemen, 
is informatie nodig over welke voorspellers geschikt zijn en over hoe ze te gebruiken. In de 
literatuur worden vrijwel uitsluitend regressie-analyses gerapporteerd en hoe informatief die 
ook zijn (die laten zien in welke mate hogere middelbareschoolcijfers, proefstudeercijfers en 
een hogere psychosociale score samenhangen met hogere studiecijfers), ze bieden geen 
informatie over hoe hoog een aanmelder zou moeten scoren om een bepaalde kans op 
studiesucces te hebben. Daar komt nog bij dat de voorspellende waarde van de beschikbare 
instrumenten verschilt per instrument en voor verschillende universiteiten, opleidingen en 
cohorten (Credé & Kuncel, 2008; Edwards, Friedman, & Pearce, 2013; Richardson et al., 
2012; Robbins et al., 2004). Om goed geïnformeerd maatwerk te kunnen leveren in decentrale 
selectie onderzochten we de voorspellende waarde van onze toelatingsinstrumenten. Daarbij 
namen we de vrijheid om buiten de gebaande analyse-paden te treden.  
 
Probleem 
Studiesucces wordt meestal gedefinieerd als Grade Point Average (GPA), cursuscijfers of op 
tijd afstuderen. De voorspellende waarde van de beschikbare instrumenten die iets zeggen 
over de kans op studiesucces is verre van perfect. Toch moet op individueel niveau besloten 
worden of iemand toegelaten wordt of niet. De beslissers moeten het doen met onvolmaakte 
informatie en zullen dus onvermijdelijk incorrecte beslissingen nemen: toelating van 
personen die later onsuccesvol blijken en afwijzing van personen die succesvol zouden zijn 

https://www.rijksoverheid.nl/onderwerpen/hoger-onderwijs/numerus-fixus
https://www.rijksoverheid.nl/onderwerpen/hoger-onderwijs/numerus-fixus
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geworden. Dit proefschrift biedt een (niet het) antwoord op de vraag hoe incorrecte 
beslissingen in selectie te minimaliseren. 
 
De voorspelling van studiesucces en signaaldetectietheorie 

Ieder individu heeft een bepaald potentieel voor academisch succes. De zichtbaarheid 
daarvan wordt mede bepaald door allerlei factoren binnen en buiten de persoon (Gale & 
Parker, 2014; Richardson et al., 2012; Wintre et al., 2008). Relevante factoren buiten de 
persoon zijn kenmerken van het onderwijs (didactisch en sociaal) en de sociale omgeving 
(familieomstandigheden, vriendenkring, woonomgeving). Idealiter kan een 
toelatingsinstrument een perfect onderscheid maken tussen de pure potentie en de 
beïnvloedende factoren, maar de realiteit is anders. Het academisch succes in een opleiding 
(het ‘signaal’ in signaaldetectietheorietermen in deze context), waaraan de persoon nog moet 
beginnen, kan geschat worden op het moment van aanmelding, maar pas later blijkt of de 
persoon daadwerkelijk succesvol is. Of er uiteindelijk sprake zal zijn van academisch succes, 
hangt af van het samenspel tussen de potentie (het signaal zoals geschat ten tijde van de 
aanmelding) en alle beïnvloedende factoren (de ruis in signaaldetectietermen). En hoe die 
zich in de loop van de tijd ontwikkelen. Er kunnen twee soorten incorrecte 
toelatingsbeslissingen genomen worden: afwijzen van personen die succesvolle studenten 
zouden zijn geworden en toelaten van personen die de opleiding niet afronden. Er zijn ook 
twee soorten correcte beslissingen: toelaten van personen die succesvol blijken en afwijzen 
van personen die niet succesvol zouden zijn geworden. De vraag is hoe accuraat ten tijde van 
de aanmelding het onderscheid gemaakt kan worden tussen personen die succesvol zullen 
worden en personen die niet succesvol zullen worden. Om daar iets over te kunnen zeggen, 
is een groep aanmelders nodig waarvan niemand afgewezen wordt en die al een poosje met 
de opleiding bezig zijn. 
 
Op zijn vroegst na de eerste tentamens kunnen de studenten onderverdeeld worden in een 
groep succesvollen en een groep onsuccesvollen. Een inschatting van het academisch 
potentieel op het moment van aanmelding zegt dus niet alleen iets over de kans dat een 
individu terecht als toekomstig succesvol wordt ingeschat (sensitiviteit van de inschatting), 
maar ook over de kans dat een individu terecht als toekomstig onsuccesvol wordt ingeschat 
(specificiteit van de inschatting). Hiermee wordt duidelijk dat selectie van studenten een 
signaaldetectieprobleem is (zie ook https://nl.wikipedia.org/wiki/Signaaldetectietheorie). De 
basis van de toepassing van signaaldetectietheorie in selectie is hoe succesvolle en 
onsuccesvolle studenten worden geclassificeerd als hits, misses, false alarms en correct 
rejections, de termen die in signaaldetectietheorie worden gebruikt om beslissingsuitkomsten 
(in dit geval toelatingsbeslissingen) te beschrijven. Een onsuccesvolle en afgewezen student 
wordt als een correct rejection beschouwd (een correcte beslissing), een succesvolle en 
toegelaten student wordt als een hit beschouwd (ook een correcte beslissing). Een 
onsuccesvolle, toegelaten student wordt als false alarm beschouwd en een succesvolle, 
afgewezen student wordt als miss beschouwd (beide onjuiste beslissingen). Vergelijk het met 
een medische test die niet alleen ziekte moet detecteren, maar ook de afwezigheid van de 
ziekte waarop getest wordt. In het geval van selectie van studenten wordt toekomstig (!) 
studiesucces (of juist een inschatting van te weinig potentieel daartoe) ‘gediagnostiseerd’ of 
liever ingeschat op basis van eerdere academische prestaties en andere toelatingsscores. Na 
het academisch succes van minstens één lichting studenten te hebben afgewacht, is bekend 
hoeveel cursussen iedere student heeft gehaald en met welke cijfers (uiteraard zijn er ook 
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andere vormen van academisch succes die hierin toepasbaar zouden kunnen zijn). Die 
gegevens maken het mogelijk alle studenten te classificeren als succesvol of onsuccesvol. 
Met de gegevens erbij die beschikbaar waren voordat deze studenten aan de opleiding 
begonnen – middelbareschoolcijfers, toelatingstestscore(s) en psychosociale score – kunnen 
retrospectief hypothetische selectiebeslissingen genomen worden. Zo kunnen de selectie-
uitkomsten na toepassing van verschillende (combinaties van) instrumenten en verschillende 
criteria vergeleken worden. Met iedere lichting studenten wordt de beschikbare kennis 
uitgebreid en kunnen voor de volgende lichting beter geïnformeerde beslissingen genomen 
worden. Zie Box 7.1 voor een stapsgewijze toelichting van signaaldetectie in selectie. 
 
De toegevoegde waarde van signaaldetectietheorie bestaat uit de combinatie van informatie 
die het geeft. Op groepsniveau informeert het over zowel sensitiviteit als specificiteit van 
toelatingsinstrumenten en over de effecten van specifieke criteria (Green & Swets, 1966; 
Robin et al., 2011; Stanislaw & Todorov, 1999). Dit maakt het mogelijk om te streven naar 
het voorkomen van de ene soort incorrecte beslissing ten opzichte van de andere of om te 
streven naar selectie die neutraal is met betrekking tot de twee soorten (onvermijdelijke) 
incorrecte beslissingen, zie Box 7.1. Naast de informatie op groepsniveau geeft 
signaaldetectie ook informatie op individueel niveau over met welk instrument en welk 
criterium een specifiek persoon terecht of onterecht zou worden toegelaten. Met deze 
combinatie van informatie kan het toelatingsinstrumentarium en het criterium voor 
toekomstige cohorten worden ingesteld op het streven naar specifieke toelatingsdoelen.  
 
De informatie over selectieuitkomsten is natuurlijk alleen volledig als aanmelders, die 
zouden zijn afgewezen bij (strenge) selectie, wel worden toegelaten. Door de 
omstandigheden dat deelname aan de proefstudeerweek niet verplicht was in 2013 en dat in 
2014 en 2015 het aantal inschrijvingen de numerus fixus niet overschreed, waren volledige 
signaaldetectieanalyses mogelijk met de gegevens van deze cohorten.  
 
Overzicht van onderzoek en resultaten 

Hoofdstuk 2 

Dit project begon met een onderzoek naar de voorspellende waarde van middelbareschool-
cijfers, proefstudeercijfers en een psychosociale score voor studiesucces in het eerste jaar van 
de bachelor Psychologie van Universiteit Utrecht. Na hun eerste studiejaar werden degenen 
die minstens zeven van de acht eerstejaars cursussen hadden gehaald als succesvol 
bestempeld. Degenen die minder cursussen hadden gehaald, werden als onsuccesvol 
bestempeld. Van alle drie de enkelvoudige toelatingsinstrumenten en hun gemiddelde als 
toelatingscore werd vervolgens berekend hoe accuraat ze zijn in het onderscheiden van 
succesvolle van onsuccesvolle studenten. Deze berekeningen lieten zien dat het 
proefstudeercijfer en de psychosociale score mogelijk zinvollere voorspellers zijn dan de 
meer gebruikelijke regressie-analyses laten zien, zie  Tabel 2.4, Tabel 2.5, Figuur 2.2 en 
Figuur 3.3. Ieder van de drie enkelvoudige instrumenten selecteerde bovendien meer 
succesvolle dan onsuccesvolle unieke studenten, die dus niet door de andere twee 
instrumenten werden geselecteerd, zie Tabel 2.6. Dit gold voor toelatingscriteria die zo 
waren gekozen dat 70%, 50% en 30% van het aantal aanmelders zou worden toegelaten. 
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 Box 7.1. Signaaldetectie in selectie in acht stappen.  
Stap 1 – informatie verzamelen 
 
Aanleiding: we gingen voor het eerst zelf selecteren.  
 
In de literatuur vonden we dat prestaties in eerder 
gevolgd onderwijs studiesucces voorspellen, dat er 
goede ervaringen zijn met proefstuderen en dat 
psychosociale factoren  ook studiesucces kunnen 
voorspellen 
 

Stap 2 – Voorbereiding deel 1 – ontwerpen van 
instrumenten 
 
We ontwierpen een proefstudeerweek en een  
aanmeldformulier. Op het aanmeldformulier vroegen 
we aanstaande studenten hun middelbare-
schoolcijfers in te vullen en we stelden vragen over 
psychosociale factoren zoals motivatie en activiteiten 
naast school. 
 
Dat leverde drie voorspellers van studiesucces: 

- Gemiddelde middelbareschoolcijfer 
- Proefstudeercijfer 
- Psychosociale score 

 
Stap 3 – Voorbereiding deel 2 – data verzamelen 
 
Aankomend studenten vulden het aanmeldformulier 
in en kwamen proefstuderen.  
En toen wachtten we tot ze studieresultaten hadden.   
 
 

Stap 4 – Data verwerken 
 
We noemden studenten succesvol als ze minstens 7 
van de 8 cursussen in jaar 1 gehaald hadden en 
onsuccesvol als dat niet het geval was. We verdeelden 
de studenten dus in twee groepen: succesvol en 
onsuccesvol, zie ‘Data’ in het plaatje. Afhankelijk van 
de definitie van succes, kan de samenstelling van 
beide groepen verschillen. 
 

Stap 5 – Signaaldetectieanalyse doen - deel 1 
 
We hadden uitgezocht welke voorspellers we moesten 
gebruiken en we wisten de scores van de studenten op 
de voorspellers, maar wat gingen we daar mee doen? 
 
We gebruikten de scores op de voorspellers om 
hypothetische selectiebeslissingen op te baseren, zie 
x-as ‘Data’ in het plaatje.  
 
Het criterium staat bij zowel ‘Fictief toelatingsbesluit’ 
en ‘Data’, omdat we het gebruikten om fictieve 
toelatingsbesluiten te nemen aan de hand van echte 
data. Dat leverde fictieve selectie-uitkomsten op. 
 

Stap 6 – Signaaldetectieanalyse doen - deel 2 
 
Als een student in spé op of boven het criterium 
scoorde, lieten we de persoon toe. Als een student in 
spé onder het criterium scoorde, wezen we de persoon 
af (nogmaals, achteraf en fictief), zie ‘Fictief 
toelatingsbesluit’ in het plaatje. 
 
Fictieve toelating van een succesvolle student is een 
hit, fictieve afwijzing van succesvolle student is een 
miss, fictieve toelating van een onsuccesvolle student 
is een false alarm en fictieve afwijzing van een 
onsuccesvolle student is een correct rejection, zie 
‘Uitkomst van fictieve selectie’ in het plaatje. 
 
 

Stap 7 – Signaaldetectieanalyse doen - deel 3 
 
Om te kunnen zien hoe accuraat de voorspellers onderscheid kunnen maken tussen succesvolle en onsuccesvolle 
studenten, hebben we voor alle drie de voorspellers met alle mogelijke criteria gerekend.  
Alle drie voorspellers zijn cijfers van 1 tot 10. De werkelijk behaalde score van iedere student hebben we 
vergeleken met criteria van 4,0, 4,1, 4,2 enzovoort tot de hoogst gehaalde score. Zo hebben we fictieve 
selectiebeslissingen genomen zoals beschreven in stap 5 en 6, zie ook ‘Fictief toelatingsbesluit’ in plaatje. 
 
Dit levert een proportie hits (proportie hits + proportie misses = alle succesvollen) en een proportie false alarms 
op (proportie false alarms + proportie correct rejections = alle onsuccesvollen) op. Daarmee wordt de 
accuratesse van de voorspeller berekend, zie ‘Uitkomst van fictieve selectie’ in het plaatje. 
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Stap 8 – Samenvatting en vervolg 
 
We hebben het studiesucces van een lichting studenten afgewacht en ze toen verdeeld in een groep succesvollen 
en een groep onsuccesvollen. Ook konden we hun scores op de voorspellers van studiesucces, die al bekend 
waren voor ze met de opleiding startten, vergelijken met mogelijke toelatingscriteria. Zo namen we achteraf 
fictieve selectiebeslissingen. De uitkomsten daarvan lieten zien wat de accuratesse was van de voorspellers in 
het onderscheiden van succesvolle en onsuccesvolle studenten. Zie Overzicht van onderzoek en resultaten en 
Tabel 7.1. 
 
Zo deden we selectie met signaaldetectie. Deze informatie konden we gebruiken om de toelatingsinstrumenten 
voor het jaar erop te finetunen. Met iedere nieuwe lichting studenten kwam er meer informatie bij. 

 
Hoofdstuk 3 

De bevinding dat ieder van de drie toelatingsinstrumenten bij drie verschillende 
toelatingspercentages meer unieke hits dan false alarms opleverde, gaf aanleiding dit  
grondiger te onderzoeken. Nu werden drie lichtingen studenten onderzocht. 
 
Eerst werd de voorspellende waarde van middelbareschoolcijfers, proefstudeercijfer en hun 
ongewogen gemiddelde uitgerekend voor de ‘nieuwe’ lichtingen studenten, zie Figuur 3.4. 
De psychosociale score, welke gevoelig is voor sociaal-wenselijk invullen, verloor aan 
voorspellende waarde nu er geselecteerd werd. Om de toegevoegde waarde van het gebruik 
van meerdere toelatingsinstrumenten (bij gelijke voorspellende waarde) in kaart te brengen, 
werden uit de drie enkelvoudige toelatingsinstrumenten nog vier instrumenten geconstrueerd: 
drie 'dubbele' instrumenten die bepaalden of studenten op of boven het criterium scoorden op 
twee van de drie toelatingsinstrumenten en niet de derde. Ook werd een drievoudig 
toelatingsinstrument geconstrueerd dat bepaalde of studenten op alle drie de enkelvoudige 
voorspellers op of boven het criterium scoorden. Deze set van zeven toelatingsinstrumenten 
was wederzijds exclusief: iedere student werd door één van de zeven geselecteerd of helemaal 
niet, zie Figuur 3.5. Het bleek dat ieder instrument succesvolle studenten selecteerde die niet 
werden geselecteerd door de andere instrumenten. Weliswaar selecteerden alle 
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toelatingsinstrumenten ook onsuccesvolle studenten, maar in alle drie de lichtingen zijn de 
proporties hits (correcte beslissingen) groter dan de proporties false alarms (incorrecte 
beslissingen). Dit betekent dat het gebruik van proefstudeercijfers en een psychosociale score 
naast de middelbareschoolcijfers zinvol is.  
 
Zowel de sensitiviteit als de specificiteit waren hoger bij de gecombineerde instrumenten en 
het drievoudige toelatingsinstrument was het meest accuraat. Voor zover ons bekend zijn 
signaaldetectie-analyses de enige manier om de in hoofdstuk 3 gerapporteerde details over 
sensitiviteit, specificiteit en individuele verschillen in de voorspellende waarde van 
toelatingsinstrumenten te verkrijgen. 
 
Hoofdstuk 4 

De volgende stap was om de voorspelling van studiesucces in het eerste jaar uit te breiden 
naar de voorspelling van studiesucces in de gehele bachelor Psychologie. Succes werd in dit 
onderzoek gedefinieerd als een gemiddelde cijfer van 7 of hoger. Studenten met een lager 
gemiddelde werden als onsuccesvol bestempeld. 
 
Twee benaderingen werden gehanteerd. De eerste was om de voorspelling van studiesucces 
in de tijd te onderzoeken. We vergeleken de accuratesse van de voorspellers-aan-de-poort 
door hun voorspellingen van studiesucces-in-jaar-1 te vergelijken met die van studiesucces-
in-jaar-twee-en-drie en die voor de bachelor als geheel. Ook vergeleken we hoe accuraat de 
voorspellers-aan-de-poort en studiesucces-in-jaar-1 zijn in het voorspellen van studiesucces-
in-jaar-twee-en-drie. De tweede benadering bestond uit een nader onderzoek van 
verschillende typen academisch succes door de cursuscijfers 
(https://students.uu.nl/fsw/psychologie/onderwijs/studieprogramma) te clusteren in drie 
typen academisch succes: cijfers voor theoretische cursussen, cijfers voor cursussen 
onderzoeksvaardigheden en cijfers voor cursussen professionele vaardigheden.  
De voorspelling van studiesucces-in-jaar-twee-en-drie op basis van de voorspeller-aan-de-
poort bleek even accuraat als de voorspelling studiesucces-in-jaar-1, terwijl we hadden 
verwacht dat, aan de poort, het studiesucces in latere jaren van de opleiding slechter te 
voorspellen zou zijn dan studiesucces in het eerste jaar. Wel was het gemiddelde 
eerstejaarscijfer een accuratere voorspeller van studiesucces-in-jaar-twee-en-drie dan de 
voorspellers-aan-de-poort, zie Figuur 4.1. Daarnaast bleek dat succes in de theoretische 
cursussen beter voorspelbaar was dan succes in de cursussen onderzoeksvaardigheden en 
professionele vaardigheden, zie Figuur 4.2.  
 
Deze cijfermatige benadering werd aangevuld met kwalitatieve data uit focusgroepen waarin 
eerstejaars studenten, meerderejaars studenten, tutoren van eerstejaars studenten en 
bacheloronderzoekbegeleiders (het afsluitende onderdeel van de bacheloropleiding) een 
geleide discussie voerden over wat academisch succes is en welke factoren helpen en 
hinderen in het realiseren ervan. De vier groepen waren het eens over het grote aandeel 
psychosociale factoren in de definitie van academisch succes in de opleiding en daarna. 
Kritisch denken, vragen stellen en het vermogen informatie te integreren vormden de kern 
van academisch succes. Een brede leergierigheid, nieuwsgierigheid, betrokkenheid en 
integriteit werden ook in alle groepen genoemd. Deze psychosociale factoren worden in de 
literatuur veelvuldig genoemd en daarmee bevestigden de focusgroepen hun relevantie. In de 
focusgroepen kwam nog een ander cluster psychosociale factoren duidelijk naar voren. Dit 

https://students.uu.nl/fsw/psychologie/onderwijs/studieprogramma
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cluster wordt wel besproken in de literatuur over positieve psychologie, maar nauwelijks in 
de literatuur over het voorspellen van studiesucces: deel uitmaken van en bijdragen aan een 
groter geheel, zingeving en tevredenheid.  
Wat betreft de realisatie van academisch succes waren de focusgroepen het eens over het 
belang van de kwaliteit van communicatie en relaties tussen studenten onderling, met 
docenten en met naasten. De helpende en hinderende factoren werden onderverdeeld in 
persoonlijke factoren, factoren in de onderwijssetting en contextuele factoren. Helpende 
persoonlijke factoren zijn motivatie, nieuwsgierigheid, doelgerichtheid, zelf-effectiviteit, 
openheid en zelf-regulatievaardigheden zoals discipline en uithoudings- en 
doorzettingsvermogen. De tijd investeren en de moeite doen die nodig zijn om het voor elkaar 
te krijgen werden ook expliciet genoemd. Helpende factoren in de onderwijssetting zijn een 
veilige leeromgeving, je opgenomen voelen in de academische wereld, rolmodellen, 
feedback, uitgedaagd worden en duidelijkheid over leerdoelen en verwachtingen. Hinderende 
persoonlijke factoren zijn een gebrek aan helpende factoren, faalangst, stress, passiviteit, 
persoonlijke omstandigheden en (mentale) gezondheidsproblemen. Hinderende factoren in 
de onderwijssetting zijn gebrek aan duidelijkheid en/of feedback, prestatiedruk en gebrek aan 
ruimte voor vragen, individualiteit en/of creativiteit. De belangrijkste contextuele factoren 
zijn sociale steun, familieomstandigheden en financiële middelen. Kortom: volgens de 
focusgroepen kunnen studenten en docenten samen een verschil maken in hoeveel mensen 
welke mate van academisch succes behalen. 
 
Hoofdstuk 5 

Naarmate het onderzoek vorderde, bleek steeds weer dat de bevindingen met psychosociale 
scores zowel in de eigen studies als in de literatuur wisselend waren. Diverse psychosociale 
scores worden in de literatuur samengenomen onder de noemer ‘niet-cognitieve’ of ‘niet-
intellectuele’ factoren, terwijl die noemer in veel gevallen niet terecht lijkt. Vrijwel alles wat 
niet op een school- of toetscijfer gebaseerd is, wordt ‘niet-cognitief’ genoemd in de literatuur. 
Motivatie, persoonlijkheid, studievaardigheden, zelf-effectiviteit en zelfbeeld worden 
bijvoorbeeld allemaal als niet-cognitief gerapporteerd. Hoewel het verschil met eerdere 
academische prestaties en met cognitieve prestaties op toelatingstests, schrijfopdrachten en 
toetsen tijdens proefstuderen duidelijk is, ontbrak het naar ons inzicht aan ordening in de niet-
cognitieve factoren. 
Deze onduidelijkheid in de ordening van psychosociale factoren zou het voortschrijdend 
inzicht in helpende en hinderende factoren in academisch succes kunnen remmen. 
Tegelijkertijd lijkt er wel conceptuele consensus te zijn over de toegevoegde waarde van 
psychosociale scores als voorspellers van academisch succes (Cortes, 2013; Patterson et al., 
2016; Richardson et al., 2012). Ze bieden de mogelijkheid om potentieel succesvolle 
studenten te selecteren die minder hoge cijfers haalden, maar die wel geschikt zijn. Ook 
bieden ze de mogelijkheid om diversiteit binnen de studentenpopulatie te waarborgen, wat 
voor een grotere diversiteit aan referentiekaders binnen de studentenpopulatie zorgt en 
daarmee rijkere leerervaringen kan bieden (Reid & Garson, 2017).  
 
Een integratief literatuuroverzicht op basis van zowel prospectieve studies (15 artikelen, in 
prospectieve studies worden de voorspellers voorafgaand aan de start met de opleiding 
gemeten worden en niet tijdens de opleiding) als andere bronnen (11 literatuuroverzichten en 
43 artikelen en boeken) bood grond om vijf clusters van niet-cijfermatige psychosociale 
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factoren te onderscheiden, die matchen met de vijf elementen van welbevinden uit de 
positieve psychologie:  
 
Persoonlijkheid – Positieve emoties  
Nieuwsgierigheid & creativiteit – Betrokkenheid 
Communicatie – Relaties 
Motivatie – Betekenisgeving  
Coping en zelfregulatie – Succeservaringen 
 
Samen met de existentiële, sociaal-cognitieve en socio-economische achtergrond van de 
student-omgeving-match werd een theoretisch kader gevormd ter ondersteuning van 
onderzoek naar studiesucces en studieloopbaanbegeleiding (van Ooijen-van der Linden, 
Woertman, van den Brink, van der Smagt, & te Pas, n.d.). Dit kader geeft een geïntegreerd 
overzicht van cognitieve en psychosociale factoren die relevant bevonden zijn voor 
studiesucces. Het biedt een logischer ordening van de diverse soorten psychosociale factoren, 
in de zin dat de nadruk weggehaald wordt van de noemer ‘cognitief’ versus ‘niet-cognitief’. 
De verschillende lagen van het menselijk studeren/leren - van diepe beweegredenen tot 
concreet (studie)gedrag - worden met elkaar in verbinding gebracht door een tussenliggende 
laag (waar cognities in meer of mindere mate een rol in spelen, maar dat is van ondergeschikt 
belang) van psychosociale factoren. Die tussenliggende laag bestaat uit de vijf eerder 
genoemde clusters. 
 
Hoofdstuk 6 – Samenvatting van de samenvatting en conclusie 

Een overzicht van de empirische bevindingen uit hoofdstuk 2 tot en met 4 is gegeven in Tabel 
7.1. 
De conclusie na een reeks signaaldetectieanalyses op data van drie lichtingen 
psychologiestudenten is dat de accuratesse van de onderzochte toelatingsinstrumenten in het 
onderscheiden van succesvolle en onsuccesvolle studenten te wensen over laat. De  
middelbareschoolcijfers, het proefstudeercijfer en de psychosociale score voorspellen 
toekomstig academisch succes, maar in het verleden behaalde resultaten bieden geen garantie 
voor de toekomst. Zodra je minstens één student toelaat, is het voorkomen van false alarms 
– zelfs bij zeer strenge selectie – onmogelijk. Zodra je er voor kiest om niet iedereen toe te 
laten, is het voorkomen van misses onmogelijk. Bovendien selecteren verschillende 
enkelvoudige instrumenten verschillende succesvolle studenten. Uiteraard kunnen deze 
conclusies niet zonder meer gegeneraliseerd worden naar andere toelatingsinstrumenten, 
opleidingen en landen. Dit project laat wel zien hoe in het algemeen de kwaliteit van selectie 
en advies technisch gewaarborgd kan worden door jaarlijkse signaaldetectieanalyses en door 
proefstuderen aan te bieden.  
 
Gezien de verschillen tussen het voortgezet en universitair onderwijs en de verschillen tussen 
universitaire opleidingen is het niet verrassend dat de voorspellende waarde van 
middelbareschoolcijfers beperkt is (Richardson et al., 2012; Steenman, Bakker, & van 
Tartwijk, 2016). De overgang van voortgezet onderwijs naar universitair onderwijs brengt 
een grote verschuiving met zich mee in wat van adolescenten wordt verwacht en vereist. De 
aankomend studenten zijn zelf ook geen vaste factoren: mensen veranderen nu eenmaal in de 
loop van de tijd en veel studenten in spé bevinden zich in een turbulente ontwikkelingsfase  
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Tabel 7.1. Overzicht van de bevindingen uit hoofdstuk 2 t/m 4 
Puntsgewijze samenvatting van de bevindingen 
Een proefstudeercijfer kan net zo accuraat zijn in het voorspellen van studiesucces als middelbareschoolcijfers 
De accuratesse van alle onderzochte enkelvoudige en gecombineerde toelatingsinstrumenten is verre van perfect. 
Een meervoudig toelatingsinstrument dat vereist dat aanmelders op of boven het criterium scoren, op alle drie 
de enkelvoudige voorspellers, is het meest accuraat in het onderscheiden van succesvolle en onsuccesvolle 
studenten 
Verschillende toelatingsinstrumenten selecteren verschillende (succesvolle) personen 
Voorspellers die bij aanmelding beschikbaar zijn, zijn even accuraat in het voorspellen van studiesucces in het 
eerste jaar als in het voorspellen van studiesucces in jaar twee en drie en in de bachelor als geheel 
Studiesucces in latere fases van de opleiding wordt beter voorspeld door eerstejaars studiecijfers dan door 
voorspellers die bij aanmelding beschikbaar zijn 
Studiesucces in theoretische cursussen kan met hogere accuratesse worden voorspeld dan studiesucces in 
cursussen voor onderzoeksvaardigheden en cursussen voor professionele vaardigheden door voorspellers die bij 
aanmelding beschikbaar zijn 
Studenten, docenten en onderzoekers zijn het er in focusgroepen over eens dat academisch succes breder is dan 
de kennis, onderzoeksvaardigheden en professionele vaardigheden zoals die beoordeeld worden in de opleiding. 
Psychosociale factoren zoals onafhankelijkheid en motivatie zijn belangrijke determinanten van academisch 
succes en cijfers geven slechts gedeeltelijk een afspiegeling van academisch succes. Community, zingeving en 
tevredenheid werden ook genoemd als bepalende elementen in academisch succes 

 
(Arnett, 2000). Veel van hen beslissen voor het eerst in hun leven zelf of ze verder gaan met 
onderwijs volgen (of niet) en zo ja, welk onderwijs en waar. Ze verlaten het ouderlijk huis en 
moeten een nieuw sociaal netwerk opbouwen (om nog maar te zwijgen over de energie en 
tijd die het kost om te daten). Het eerste jaar op de universiteit is voor veel 
eerstejaarsstudenten een periode met meerdere grote en kleine levensgebeurtenissen en vele 
dagelijkse beslommeringen. Tel daar bij op dat studiesucces in latere stadia van het 
programma afhankelijk is van binnen de opleiding verworven kennis en vaardigheden 
(Anderson, 2005; Bloom, 1956; Steenman et al., 2016; van Ooijen-van der Linden, te Pas, 
van Lin, Woertman, & van der Smagt, ingediend). Het is dus niet zo gek dat het tot op heden 
onmogelijk blijkt om voor iedereen vóór de start met een nieuwe opleiding een accurate 
voorspelling van studiesucces in die opleiding te geven. 
 
De informatie uit de eerdere hoofdstukken wordt in hoofdstuk 6 samengevat en geïntegreerd 
tot drie thema’s met ieder een boodschap: 
 
Thema 1. Signaaldetectietheorie als een best practice in selectie en advies 

Gebruik signaaldetectietheorie om kwaliteit van selectie en advies te waarborgen.  
Thema 2. Individuele verschillen in academisch succes en de voorspelling ervan 

Ontwikkel proefstudeerprogramma's en curricula die zelf-selectie informeren.  
Thema 3. Realisatie van academisch succes als gezamenlijke inspanning 

Als studenten en docenten, ongeacht de opleiding waar het over gaat, uit hun 
comfortzones in magische zones kunnen stappen - waar leren centraal staat en niet 
beoordelen van het geleerde - zal dit academici en toekomstige academici helpen 
hun volle potentieel te benutten. 
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Blik op de horizon 

Implicaties voor onderzoek 

Signaaldetectietheorie is een eenvoudig te implementeren methode (in bijvoorbeeld Excel of 
R) om vragen over de effectiviteit van selectie en advies te beantwoorden. Het ontbrak aan 
tijd om alle individuele verschillen te onderzoeken waarover gegevens beschikbaar waren, 
zoals HBO-opleiding als eerdere academische prestatie en geslacht. Gegeven de imperfectie 
van de huidige beschikbare voorspellers van studiesucces is het zinvol om actief op zoek te 
blijven naar nieuwe, aanvullende manieren om informatie uit gegevens te halen. Andere 
analyses zouden waardevol kunnen zijn in verder onderzoek naar de ontwikkeling van 
verschillende soorten academisch succes (bijvoorbeeld Etz & Vandekerckhove, 2018; 
Yarkoni & Westfall, 2017). De mogelijkheden om de kwaliteit van selectiebeslissingen op 
korte termijn te verbeteren, lijken voornamelijk te liggen in een beter gebruik van de 
beschikbare instrumenten en gegevens in de voorspelling van academisch potentieel. 
Instellingen binnen en buiten Nederland kunnen samenwerken aan een beter begrip van 
algemene en specifieke factoren in selectie, onderwijs en studiesucces. Dit is werk in 
uitvoering en zal dit waarschijnlijk altijd blijven, omdat onderwijs studenten voorbereidt op 
een steeds veranderende wereld.  
 
Implicaties voor onderwijs 

Een blauwdrukmetafoor lijkt overeen te komen met de gebruikelijke praktijk van eindtermen 
en leerdoelen die leidend zijn in het ontwerp van onderwijs binnen opleidingen. De 
blauwdruk geeft alles in detail weer: studenten en docenten geven leeractiviteiten vorm 
volgens de instructies van de blauwdruk en zo kunnen studenten de eindtermen halen. Maar 
dat is niet het hele verhaal. Sterker nog, het valt te verdedigen dat het daar pas begint: 
onderwijs is een gezamenlijk avontuur dat begint nadat het voertuig is gebouwd met behulp 
van de blauwdruk. Dat wat we geleerd hebben van het werk met blauwdrukken kan gebruikt 
worden om een kaart te tekenen waarop een ontdekkingsreis kan worden gepland en gevolgd. 
De eindtermen en leerdoelen blijven de eindpunten zoals aangegeven op de blauwdruk. Het 
verschil zit hem in hoe ze te bereiken: niet door de blauwdruk nauwkeurig te volgen, maar 
door gezamenlijke ontdekkingsreizen te maken waarbij alle reisgenoten zowel student als 
docent zijn (Biesta, 2013). De kaart en het voertuig worden gegeven, hoe die te gebruiken is 
aan het reisgezelschap (Gale & Parker, 2014; Motta & Bennett, 2018; Ruitenberg, 2011). Een 
VWO-diploma (of anderszins voldoen aan de toelatingseisen) en proefstuderen bieden geen 
garanties, wel een hoopvol en informatief startpunt voor een volgende etappe.  
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Afsluitende Figuur. Grafische weergave van de conclusie over de definities en relaties van verschillende soorten 
academisch succes. Studiesucces kan worden geclusterd in cursuscijfers en in niet-cijfermatig succes zoals 
weerspiegeld in interacties met leeftijdsgenoten, docenten en anderen. Beide soorten studiesucces overlappen 
gedeeltelijk. Academisch succes omvat en is meer dan studiesucces. Creëren we magische zones voor het co-creëren 
van academisch succes in onze toelatingsprocedures en curricula? 
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