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Introduction 

During a snowy and stormy night you have a somewhat 

precognitive dream about the consequences of your decisions have on 

the world and the individuals around you. In this dream, you see an 

outcome that is undesirable, or negative, and you wish you had a 

second chance to change your behavior and thus change the course of 

events your life will take to avoid this undesirable outcome. In “A 

Christmas Carol” (Dickens, 1843), the main protagonist of the story 

experiences such dreams, where his life is essentially evaluated with a 

negative outcome. Based on the information gleamed from this 

evaluation, he decides to change his life to avoid the negative outcome 

he saw in his dreams. These life-changing revelations are, of course, not 

prevalent in daily life. In daily life, we have to prospectively anticipate 

certain outcomes of our decisions and adjust accordingly, as the most 

momentous decisions in life are those we may only make once in a 

lifetime. 

Outside of those momentous decisions, however, the majority of our 

decisions seem to come with the prospect of a second chance to achieve 

the desired outcome. For example, researchers aiming to publish their 

results in a scientific journal have multiple opportunities to ultimately 

achieve this goal, be it after extending their study or shopping their 

article to a different journal. In the context of exams, there is often the 

possibility to re-take the exam if one were to fail, for example in 

licensing exams such as the ‘bar exam’ to become a lawyer in the United 

States or the exam to be licensed as a psychologist. More importantly, 

also consider the policies of the many schools in higher education that 

adhere to the ‘learning for mastery’ system – an educational system that 

aims for each student to master the to-be-learned materials or skills to a 

criterion-level of performance (Bloom, 1968; Carroll, 1963; Kulik, Kulik, 

& Bangert-Drowns, 1990). Typically, these policies allow an examinee to 
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re-take or ‘resit’ the exam until the exam is passed. It is these resit 

exams and its effects on students’ study-time investment decisions that 

is the main focus of this dissertation. Before discussing the literature on 

resit exams in more detail, however, literature on several related fields 

that provide an insight into the possible behavioral effects related to the 

availability of second chances in general will be discussed. 

 

Second Chances 

Even though many decisions may come with second chances, 

remarkably little is known about how the prospective knowledge that 

one has a second chance to achieve one’s goal influences decision-

making processes. Yet, it seems clear that the prospect of a second 

chance could have significant effects on the choices people make. 

Consider, for example, the types of decision problems that have been 

commonly used in research on judgment and decision making under 

uncertainty (e.g., Kahneman & Tversky, 1979). In these decision 

problems, people are typically required to make a choice between a risky 

option with high expected value (e.g., a 70% chance of gaining $100) 

and a safe option yielding a sure gain of lower expected value (e.g., a 

100% chance of gaining $70). Research investigating these types of 

decision problems has provided ample evidence that people are generally 

risk averse and are more likely to choose the sure-gain option over the 

riskier option, regardless of the fact that the riskier option has a higher 

expected value. The question of interest, however, is what would happen 

if one would know that there is a second chance at making the same 

choice in case the desired outcome is not attained through the decision 

made for the first chance. It seems intuitively clear that the prospect of 

a second chance has the potential to change the decision one makes. 

More specifically, it seems likely that the prospect of a second chance 

could increase preference for the risky, and potentially more profitable, 
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option on the first try, as one could still go for the lower, but sure, gain 

the second time around if the desired outcome is not obtained initially. 

Evidently, such a change in risk preference, if true, could have 

important implications for theories of judgment and decision making, as 

these theories generally agree that people are risk averse for decisions 

involving a choice between two potential gains (e.g., Kahneman & 

Tversky, 1979).  

 

Repeated Gambles 

One line of research in which a related change in risk preference is 

indeed observed, is research on the effects of repeated gambles. As in 

the research by Kahneman and Tversky (1979) described above, 

participants in a repeated-gambles task are presented with a decision 

problem and asked to make a choice. The difference in this line of 

research, however, is that choices are contrasted between single 

gambles (i.e., one decision for a single gamble) and repeated gambles 

(i.e., one decision that is used for multiple iterations of the same 

gamble). The results from this line of research show that participants 

are more likely to choose a risky gamble or accept a risky bet when this 

gamble or bet is played repeatedly, as opposed to only once (Samuelson, 

1963; see also Benartzi & Thaler, 1999; Keren & Wagenaar, 1987; 

Redelmeier & Tversky, 1992).  

This repeated-gambles effect is in line with the hypothesized 

second-chance effect in classic decision problems proposed above. Both 

show that participants are inclined to take or accept more risk when a 

choice or a bet can be repeated. The important difference, however, lies 

in the fact that in the repeated-gambles paradigm, participants are 

asked to commit to the same choice for each gamble opportunity, such 

that they have to choose the same option for each of a series of repeated 

gambles. With this design, the outcome is said to reflect the 
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participants’ ability to oversee the long-run consequences of following a 

particular strategy, that is, to gauge whether the risky gamble or bet 

might be profitable in the long run. In contrast, the second chance 

described here pertains to how the prospect of that second chance 

influences a first decision. In this case, the decision on the first chance 

is likely not based on explicit calculation or intuition about the expected 

outcome of repeating that choice, but on the fact that there will be a 

second chance to do things differently in case the first decision turns 

out badly, a back-up plan so to speak (Shin & Milkman, 2016; see also 

Napolitano & Freund, 2017). Thus, the repeated-gambles effect 

demonstrates another important exception to the well-established 

notion that people are generally risk averse in decisions involving gains, 

and show they sometimes even take more risk.  

 

Multiple Means and Backup Plans 

Next to the repeated-gambles effect, the opportunity to achieve one’s 

desired outcome, or goal, through different means has been shown to 

affect the way individuals go about achieving that goal. In the field of 

goal pursuit, research suggests that individuals are less committed to a 

particular means to achieve a goal when more such means are available 

(Huang & Zhang, 2013; Kruglanski, Pierro, & Sheveland, 2011). 

Additionally, it has also been suggested that individuals are less likely to 

achieve a goal (e.g., achieving high performance on a sentence 

unscrambling task to receive a free snack) if they have first thought of a 

back-up plan for achieving that goal (i.e., thinking of another way in 

which you can obtain free food on campus; Shin & Milkman, 2016; see 

also Napolitano & Freund, 2017). In view of these findings, one could 

argue that in decision problems with a second chance, the prospect of 

that second chance could lead to lower commitment to winning the 

gamble on a first attempt as the second chance offers them an 
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alternative means in the form of a back-up plan. This essentially 

neutralizes the risk of any potential loss on that first chance, thereby 

potentially reducing the effects of loss aversion and facilitating risk-

taking decisions (Kahneman & Tversky, 1979). An important 

consideration that derives from the current work is that such a lack of 

commitment can be considered rational under some conditions (see 

Chapter 2), as it could entail an attempt to maximize utility by trying to 

achieve one’s goal with the least amount of effort. 

Taken together, the above results suggest that knowing that a 

second chance is available, either in the form of a back-up plan or 

repeated gambles, can affect behavior. More specifically, they suggest 

that individuals are not as committed to achieving success on a first try 

if they know there is still the opportunity to achieve that success in 

another way. With this in mind, let us now turn back to the case of resit 

exams; a form of exams that allows students to still complete a course 

after failing to pass an exam opportunity, by getting a second chance to 

do so through resitting this failed exam. The question of interest that is 

central to this dissertation leads from this: does the knowledge that one 

has the opportunity to resit a failed exam lower a student’s commitment 

to passing on the first exam opportunity, and if so, is this reflected as 

less time being spent studying for this exam? 

 

Resit Exams 

 If a chance to redo a failed exam opportunity would indeed lead 

students to lower their study-time investment for that exam, which in 

turn would potentially lead to less knowledge being accumulated, why 

then are resit exams provided in an educational context where the main 

focus is on ensuring students learn as much as possible? The 

opportunity for redoing an exam stems from the ideology of the learning-

for-mastery system: every student can master the materials for a 
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particular course to a satisfactory level, given that they have enough 

study time and exam opportunities to show this mastery (Bloom, 1974; 

Carroll, 1963; Kulik, Kulik, & Bangert-Drowns, 1990). While resit exams 

are prevalent in European higher education, for example the A-level 

exams in the UK (e.g., Centre for Education Research and Policy, 2012b) 

and many university programs in The Netherlands utilize them, they are 

not commonly used in the United States where students usually have a 

single chance to pass a final high-stakes exam. Crucially, however, in 

those places where resit exams are implemented, there does not seem to 

be a consensus on policies regarding the way those resit exams should 

be implemented. Upon inspection of such resit policies, they seem 

diverse in nature and are seemingly constructed on the basis of 

assumptions rather than empiricism. This lack of consensus regarding 

resit-exam policy can perhaps be seen as a reflection of the fact that 

only a relatively small amount of literature is available on the topic. 

Despite the rather limited literature, resit exams have received some 

attention over the years. For example, in 1980 it was already 

hypothesized that rational students would potentially utilize study 

strategies that provide the quickest road to passing an exam, given that 

resit exams are available (Wilbrink, 1980). In more recent years, 

Ricketts (2010) raised the question of whether resit exams could provide 

an unfair advantage to those students utilizing them over their peers 

who pass through the first exam, as the results obtained on a first exam 

are often discarded when taking a resit. Thereby, the fact that resit-

students failed on their first attempt is ignored. This consideration of an 

unfair advantage does seem valid, given that resit students can spend 

more time on studying. Consequently, research has shown resit 

performance to be better than performance on the initial exam, though 

this is suggested to be due to worse-than-expected results on the first 
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exam opportunity (Al-Bayatti & Jones, 2003; McManus, 1992; Pell, 

Boursicot, & Roberts, 2009; Scott, 2012).  

Using a more experimental approach to quantify the potential 

detrimental effects of resit exams on exam performance, Grabe (1994) 

manipulated the availability of single or multiple examination 

opportunities for students taking a course. Grabe found no differences 

between the exam conditions on ultimate test performance, but did find 

that allowing multiple examinations resulted in worse initial test 

performance when compared to a single exam situation. Like his 

colleagues above, Grabe reasoned that the worse initial test performance 

was likely due to poorer preparation and students trying to pass with 

minimal effort. It thus seems that the availability of a resit exam might 

indeed affect student effort in the sense of poorer preparation. The 

question remains, however, what underlies this possible change in 

students’ study-time investment decisions in light of the availability of a 

resit opportunity. 

Some decades after initial efforts to model student preparation for 

an exam (Wilbrink, 1980), Kooreman (2013b, see also Kooreman, 2013a) 

published a mathematical model of students’ study-time investment. 

This model aimed to provide a rationale to poorer first-exam preparation 

as a result of knowing the option to resit is available. To do so, it 

assumed that rational students will strive to maximize utility by 

optimizing the trade-off between the costs of investing one’s time on 

studying, and the benefits one enjoys when passing the exam. By 

optimizing this trade-off, and maximizing utility, the optimal study-time 

investment can be derived as the point at which any additional 

investment of study time would produce more costs than benefits. Since 

predictions of this model showed maximum utility was reached at lower 

amounts of study-time investment for a first exam with resit opportunity 

than for a single-chance exam, a resit exam would potentially offer 
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rational students the option to reduce their preparation time for a first 

exam opportunity accordingly. Due to the probabilistic nature inherent 

to exam-taking, especially when involving multiple-choice exams, this 

would surely go hand in hand with a so-called windfall gain where a 

student passes the exam despite not being fully prepared. Indeed, 

Kooreman showed that while the availability of a resit exam increased 

the overall passing probability by about 8%, the average amount of 

study time per passed exam was reduced by 39-63% across simulations 

for different levels of exam difficulty, student ability, and knowledge 

depreciation between the first attempt and resit exam. 

 

A Model and Experimental Investigation of Resit Exams 

The above makes clear that the availability of resit exams might 

potentially lead students to underperform on initial exam opportunities, 

and that this possibly works through a reduction in study-time 

investment. This can be regarded as the resit opportunity potentially 

increasing risk-taking behavior, since a reduction in study time would 

go hand in hand with a reduction in the amount of knowledge one 

accumulates through studying, and therefore with a reduction in the 

probability of knowing the answers to all the exam questions. This poses 

a potential problem for academic achievement goals, especially since 

students will still have a chance of passing without full preparation, 

especially in the case of multiple-choice exams where guessing can lead 

to the correct answer.  

Since the results discussed above suggest that study-time 

investment, and therefore accumulated knowledge, can be reduced by 

possibly more than half when students are offered the opportunity to 

resit an exam, one might question whether such a dramatic reduction in 

study time is indeed accurate. To further this investigation, we 

introduce a mathematical model of study-time investment (see Chapter 
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2), based on predictions derived from a modification of Kooreman’s 

(2013b, see also Kooreman, 2013a) model. A first reason for this 

modification is that the parameterization of the initial model could be 

improved with regards to the function relating study time to passing 

probability. Secondly, our model utilizes a more applied approach to the 

concept of exam-taking, by modeling study-time investment for a 

specific exam consisting of 60 multiple-choice items with three answer 

alternatives. This applied approach will hopefully aid in forming a 

much-needed empirical basis on the effects of resit exams that can be 

used in devising evidence-based educational policies regarding their 

implementation. 

 

Overview of this Dissertation 

It is the aim of the this dissertation to further test the proposed 

mechanisms behind this potential ‘resit effect’ derived from our model of 

study-time investment for multiple-choice exams (Chapter 2). One of its 

core predictions is that the optimal amount of study-time investment is 

lower for a first exam with resit opportunity than it is for a single-

chance exam. Chapter 2 describes two experiments that tested this 

prediction, and shows that indeed less fictional study time is invested to 

pass a simulated exam when a resit opportunity is available, and that 

this effect can be reduced by applying rules for conditional access to the 

resit exam. Additionally, Chapter 3 describes the rationale behind a 

particular parameter included in our model of study-time investment 

regarding the amount of time, and thus the amount of forgetting that 

takes place as a function of time, in between the first exam and the resit 

opportunity. The prediction of the model regarding this parameter is 

that an increase in the time between the first exam and resit will result 

in a reduction of the resit effect. This prediction is based on the idea 

that more course materials will be forgotten, and that this would 



Chapter 1 

21 

ultimately require a greater study-time investment to attain sufficient 

knowledge to pass through the resit opportunity. An empirical test of 

these predictions, using the same study-time investment paradigm used 

in Chapter 2, showed that the magnitude of the resit effect decreases as 

forgetting, or ‘depreciation’ of one’s initial study-time investment, 

increases. This suggests that perhaps the resit effect could be 

counteracted by introducing more time in between exam opportunities.  

In an attempt to generalize the resit effect beyond a study-time 

investment task utilizing fictional, or hypothetical, time investments, 

Chapter 4 describes the results of two experiments using a task that 

asked for the investment of actual time on studying materials to pass a 

short subsequent test. To closely follow the study-time investment task 

used in Chapters 2 and 3, the learning task used in Chapter 4 retained 

some characteristics that should have allowed for the optimization of 

study-time investments. The results of the experiments, however, 

showed no difference between the time participants spent studying for a 

first exam with resit opportunity and for a single-chance exam. Chapter 

4 additionally describes the results of a questionnaire study in which 

first-year psychology students indicated they would indeed have studied 

more if they knew in advance that the option to resit would not have 

been available to them, regardless of how much time they previously 

already spent studying for the exam. Chapter 4 finally suggests that 

perhaps the resit effect was not found with the learning task due to the 

fact that no a priori deliberation was possible regarding students’ study-

time investment decisions, and thus that the resit effect might play a 

role in advance study-time planning.  

To assess whether no resit effect was observed in the experimental 

studies described in in Chapter 4 due to a lack of a priori deliberation 

on the investment decision, or whether it was due to the increased costs 

of having to invest real time, Chapter 5 investigates the effects of 
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investing actual time, rather than merely hypothetical study-time units, 

on the resit effect. To do so, the study-time investment task used in 

Chapters 2 & 3 was expanded to include a condition in which a 

proportional amount of real waiting time was required along with the 

investment of hypothetical study time. This condition was introduced to 

assess whether the resit effect only occurs when the nature of the 

study-time investment is hypothetical, or whether it still occurs when 

the investment of actual time is required. The results of the experiment 

revealed the presence of the resit effect with both the investment of 

hypothetical study time, and the investment of real time. Given these 

results and the fact that Chapter 4 showed students indeed seem to 

take the prospect of a resit exam into account in their study planning, 

Chapter 5 concludes that the resit effect is not dependent on the nature 

of the study-time investment. Instead, the resit effect most likely 

depends on whether a priori deliberation on, and thus optimization of 

study-time investment strategies is possible. This suggests that resit 

effects might thus occur in situations that satisfy this condition, such 

as when making an advance study-time planning. 

To conclude this dissertation, the general discussion addresses 

some theoretical and practical implications and considerations that 

stem from the presented results. In terms of theory, these results, in 

combination with conclusions drawn from existing literature, point 

towards the possible existence of a more general ‘second-chance effect’. 

In terms of practice, the presented results allow for the formulation of 

specific recommendations with regard to devising evidence-based resit 

policies; which are discussed accordingly.  
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Abstract 

Although many educational institutions allow students to resit exams, a 

recently proposed mathematical model suggests that this could lead to a 

dramatic reduction in study-time investment, especially in rational 

students. In the current study, we present a modification of this model 

in which we included some well-justified assumptions about learning 

and performance on multiple-choice tests, and we tested its predictions 

in two experiments in which participants were asked to invest fictional 

study time for a fictional exam. Consistent with our model, the prospect 

of a resit exam was found to promote lower investments of study time 

for a first exam and this effect was stronger for participants scoring 

higher on the cognitive reflection test. We also found that the negative 

effect of resit exams on study-time investment was attenuated when 

access to the resit was made uncertain by making it probabilistic or 

dependent on obtaining a minimal, non-passing grade for the first 

attempt. Taken together, these results suggest that offering students 

resit exams may compromise the achievement of learning goals, and 

they raise the more general implication that second chances promote 

risky behavior.  

  

Keywords: education, assessment, second chances, resit exams, 

risk taking, investment decisions, rationality, mathematical

 modeling.  
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Introduction 

Although the most momentous decisions in life may be those we 

make only once in a lifetime, the majority of our decisions come with the 

prospect of a second chance. Specifically, there are many situations in 

which one has to decide on the investment of time and effort to achieve 

a certain goal (e.g., passing a test) knowing that there will be a second 

chance to achieve this goal later in time. As a case in point, consider the 

policies of licensing exams for psychologists and lawyers in the U.S., 

and those of the many schools that adhere to the learning for mastery 

system – a system of education that aims for each student to master the 

to-be-learned materials or skills to a criterion-level of performance 

(Bloom, 1974; Carroll, 1963; Kulik et al., 1990). Typically, these policies 

allow an examinee to re-take or “resit” the exam until the exam is 

passed, thus raising concern about whether it is fair to compare 

students based on their final grade for the exam (Ricketts, 2010; see 

also Al-Bayatti & Jones, 2003; McManus, 1992; Pell et al., 2009; Scott, 

2012).  

Aside from concerns about fairness, another potential problem is 

that resit exams might compromise the achievement of learning 

objectives because they might lead students to invest less time in 

studying for an exam. The basis for this concern stems from a recent 

study by Kooreman (Kooreman, 2013b, 2013a), who constructed a 

mathematical model to analyze how resit exams might affect study-time 

investment for rational students. In constructing this model, Kooreman 

assumed that such students will strive to maximize utility by optimizing 

the trade-off between the cost of study-time investment and the benefit 

of passing the exam. To derive the optimum in this trade-off, Kooreman 

combined two functions of which the first expressed a concave 

relationship between study time and passing probability whereas the 

second expressed a linearly increasing cost of increasing study time. By 
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combining these functions, the optimal study-time investment could be 

derived as the point at which any additional investment of study time 

would produce more costs than benefits. In modeling the effect of a resit 

exam, Kooreman further assumed that rational students will distribute 

the same amount of time across preparing for a first attempt and resit 

exam, meaning that the total amount of time invested in preparing for 

the first attempt and resit exam would not exceed the amount of time 

invested to pass that exam without a resit. By implication, a resit exam 

would offer such students the option of investing less time in preparing 

for the first exam opportunity, knowing that they could still invest 

additional time so as to be optimally prepared for the resit. As a result, 

the validity of exam outcomes would be compromised because students 

who invest less than the optimal amount of time might have a windfall 

gain in passing that exam. Indeed, by analyzing scenarios with and 

without a resit exam, Kooreman showed that while the availability of a 

resit exam increased the overall passing probability by about 8%, the 

average amount of study time per passed exam was reduced by no less 

than 39-63% across simulations for different levels of exam difficulty, 

student ability, and knowledge depreciation between first attempt and 

resit exam.   

Evidently, the results from Kooreman’s (Kooreman, 2013b, 2013a) 

analyses are alarming in suggesting that the investment of study time, 

and hence, the learning of course materials, may be reduced by more 

than half when students are offered the opportunity to resit an exam. 

One might question, however, whether this prediction of such a 

dramatic reduction in study time is indeed accurate. In this regard, it is 

interesting to consider the results of a study by Grabe (Grabe, 1994), 

who conducted an experimental field study in which resit policy was 

manipulated for an undergraduate course in educational psychology. 

Specifically, Grabe examined test scores on a series of three 45-item 
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multiple-choice tests that took place at different moments in the course 

and that contributed to the score for a final, summative pass-or-fail 

examination. In doing so, Grabe compared the test scores of three 

groups of students. The so-called “Conventional” group had only one 

opportunity for each test. In contrast, the other two groups both had 

three opportunities for each test (i.e., 2 resit opportunities, spaced at 

one-week intervals), and these groups differed in that for one group, the 

score that counted towards the final examination was the best score of 

all three attempts (the “Best” group), whereas this was the last test 

score for the other group (the “Last” group).1 Consistent with the 

predictions by Kooreman, the results showed that performance on the 

first attempt was significantly higher for the Conventional (N = 88, M = 

33.6, SD = 5.3) than for the Best group (N = 96, M = 31.3, SD = .9; 

Cohen’s d = .41), but there was no significant difference between the 

Conventional and Last group (N = 87, M = 32.4, SD = 6.4). Taken 

together, these results suggest that the predictions by Kooreman’s 

model, while in the correct direction, may somewhat overestimate the 

effect that resit exams have on study-time investment for an initial test. 

At the same time, however, it is important to note that the study by 

Grabe should not be interpreted as a conclusive test of Kooreman’s 

model. This is because the model’s predictions concern the effects of 

resit exams on study-time investment and passing probability for a 

criterion-based, pass-or fail-test, whereas Grabe examined the effect of 

resits on test scores that merely contributed to the score for a final 

pass-or-fail exam.  

                                                
 
1 It is of interest to note that each of the three types of resit policies investigated 

by Grabe (1994) are currently implemented in different bachelor and masters 

programs in the Netherlands, thus highlighting the lack of knowledge and 

consensus about the effects of resit exams. 
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Figure 2.1. Output of our model relating study time to its costs, the acquired 

knowledge and associated passing probability for a 60-item multiple choice 

exam, and the resulting expected utility investing study time for an exam with 

(R1) or without resit (NR).  

 

The Current Study: A Modification and Empirical Test of 

Kooreman’s Model 

In the current study, we aimed to conduct a test of the effect of resit 

exams on study-time investment for a pass-or-fail exam. In doing so, we 

derived predictions from a modification of Kooreman’s (2013b, 2013a) 

model. We had two important reasons for modifying this model. Firstly, 

closer scrutiny of the model learned that its parameterization could be 

improved for the function relating study-time to pass rate. Secondly, we 

included additional assumptions so as to be able to derive quantitative 

predictions for a laboratory experiment in which participants had to 

decide on study-time investment for a fictional exam consisting of 60 

multiple-choice items with three answer alternatives. In the following 

sections, we elaborate on these points as we describe the workings of 

our model.  
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Modeling Study-Time Investment, Passing Probability and 

Utility for an Exam. The workings of the model we constructed are 

illustrated in Figure 2.1, which depicts the model’s assumptions and 

predictions for the relationship between study-time investment and its 

costs, acquired knowledge, passing probability, and the resulting net 

utility, for a multiple-choice exam with or without resit opportunity. A 

key point of departure from Kooreman’s (Kooreman, 2013b, 2013a) 

model was that we began with the assumption that knowledge of course 

materials will accumulate in an exponential fashion with increasing 

investments of study time, as suggested by studies of human memory 

and learning (for a review, see Murre, 2014): 
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with t denoting study time and β denoting the learning rate parameter. 

This function with β = set at 6.6 is shown as the blue line in Figure 2.1. 

To model exam performance, we used a multiple-choice exam consisting 

of 60 items with 3 answer alternatives, and we assumed that for each 

item, a student would either know the correct answer, with pknow(t), or 

else guess randomly. Accordingly, the probability of having a particular 

number of correct answers, n, given study time t can be described as the 

convolution of two density functions, thus summating the number of 

items predicted to be known and the number of items predicted to be 

guessed correctly: 
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with functions k and g denoting binomial probability functions 

associated with knowing and guessing, respectively, N the total number 

of items, and a the number of alternatives per item. Passing probability, 

given a criterion number of correct answers ncrit, is then given by: 

 

      ( )     (         ), (2.3) 

 

with H denoting the cumulative probability function associated with h. 

This function is depicted as the red line in Figure 2.1, for an exam with 

60 items that each have 3 answer alternatives, using ncrit = 42 that 

corresponds to a 56% criterion level of knowledge.2 Note that this S-

shaped function markedly differs from the strictly concave function that 

was posited for the relationship between study-time investment and 

passing probability rather arbitrarily by Kooreman (2013b, 2013a; c.f. 

Figure 1 in Kooreman, 2013b).  As will be shown below, this difference 

in the shape of the passing-probability function leads our model to 

predict more modest effects of resit exams than those suggested by 

Kooreman’s model. 

In modeling the costs of investing study time, we followed Kooreman 

(Kooreman, 2013b) in assuming that they increase linearly as a function 

of study time, 

 

      ( )      , (2.4) 

 

                                                
 
2 The criterion of 56% knowledge is a commonly used standard for passing 

exams at the University of Groningen. 
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with w denoting the cost per unit of study time t.3 This function is 

shown as the green line in Figure 2.1. Taken together with the effect of 

study time on passing probability, this function allows for the 

calculation of total expected utility as a function of study time, as 

follows:  

 

          ( )       ( )           , (2.5) 

 

with Upass denoting the utility of passing the exam, set arbitrarily to 1 in 

our simulations. This utility function is presented as the solid black line 

in Figure 2.1, for a case in which w = 0.1. As can be seen in this figure, 

an investment of no study time produces a utility of 0. As the 

investment of study time increases from 0, utility first decreases 

because ppass initially remains close to 0 as the probability of scoring the 

criterion number of correct items remains low. As the investment of 

study time increases further, utility starts to increase because the 

passing probability then quickly rises, and eventually peaks at the 

optimal amount of study time. With even higher levels of study time, 

however, utility starts to decrease because ppass increases only 

marginally beyond the optimum, whereas the cost of study-time 

investment continues to increase linearly. For future reference, we 

define toptimum as the optimal amount of study time in a no-resit 

condition, uoptimum as the associated maximum utility, and poptimum as the 

associated passing probability. 

 

                                                
 
3 In reality, of course, while the costs should strictly increase with study time, 

this increase may assume more complicated forms than the linear one used 

here. 
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Modeling the Effect of Resit Exams. We now report how the 

model described above can be expanded to yield predictions for a case in 

which students have unconditional access to a resit if they fail to obtain 

a passing grade for an exam. In doing so, we will use the abbreviations 

R1 and R2, respectively, to refer to the first exam and resit in a resit 

condition. To denote exams without resit we will henceforth use the 

abbreviation NR (No Resit).   

In expanding the model to a resit condition, we made the 

simplifying assumption that there is no forgetting of knowledge between 

R1 and R2. In addition, we followed Kooreman (2013b, 2013a) in 

assuming that if students fail on R1 after investing an amount of study 

time that is less than toptimum, they will invest an additional amount of 

study time in preparing for R2 so that the effective total study time 

equals toptimum and the probability of passing R2 is poptimum. In case they 

invested an amount of study time equal to or more than toptimum for R1, 

we assumed that they will not invest any additional study time for R2. 

Thus,  
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Under these assumptions the expected utility for study-time 

investments for R1 can be derived and computed using the following 

utility function: 
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As can be seen by inspecting the resulting utility function in Figure 

2.1, the expected utility for R1 remains fixed at the level of uoptimum for 

investments of up to about 3 units of study time. This reflects the fact 

that for such investments, the probability of passing R1 is close to zero, 

in which case students are assumed to invest an additional amount of 

study time to achieve toptimum and poptimum for R2. As study-time 

investment increases beyond this point, expected utility starts to 

increase and reaches a maximum that is distinctly higher than uoptimum, 

at a distinctly lower amount of study time than toptimum in the condition 

without resit, after which it drops off again for the same reason stated 

before for the no-resit condition. 

The Resit Effect  

What can be seen from comparing the utility functions for the first 

attempt in the resit condition (R1) and the single attempt in the no-resit 

condition (NR) in Figure 2.1 is that the maximum expected utility for an 

exam with resit is reached at a level of study-time investment that is 

lower than for an exam without resit. Specifically, the model suggests 

that the optimal investment may drop from 7 to 5.5 units, yielding a 

decrease of 20% of study time and a corresponding 12% decrease in 

acquired knowledge. Thus, in line with Kooreman’s (2013b, 2013a) 

model, our model also predicts that resit exams will promote lower 

investment of study time. Importantly, however, the predicted 

magnitude of this effect is less dramatic than that predicted by 

Kooreman’s model. This difference between the models can be traced 

completely to the difference between the shapes of the passing 

probability function, ppass(t), with the S-shaped function of the present 

model stemming directly from the combination of an exponential 

learning curve and the statistical properties of multiple-choice tests. 
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Experiment 1: A Test of the Model’s Predictions 

To test the predictions of our model, we designed an investment 

task in which participants had to invest fictional study time to pass a 

fictional exam, under conditions with and without a resit. Importantly, 

on each trial participants were shown the same passing-probability 

function (see Figure 2.2; note that this is the same function as shown in 

Figure 2.1 and discussed in the text) and they were informed about the 

linear time-cost function. They then indicated the amount of study time 

that they wished to invest. Thus it was not our aim to test the model’s 

assumptions that underlie the predicted passing-probability function or 

the assumed linear time costs. Rather, each participant was confronted 

with exactly the same optimization problem and provided with all the 

necessary information to arrive at optimal investments. In our 

perspective, this is a useful and perhaps even necessary intermediate 

step toward attempts to investigate possible resit effects in more 

naturalistic and realistic settings. If participants were to show resit 

effects in these highly controlled conditions, this would be an 

interesting, novel, and useful result that should motivate subsequent 

efforts to investigate such effects in more realistic settings. If, on the 

other hand, resit effects would fail to show up in these controlled 

conditions, the possibility that they would show up in more natural 

conditions would seem extremely remote, as such conditions typically 

come with many complicating factors, such as individual differences in 

prior knowledge and experience, learning capabilities, and subjective 

costs of study-time investments, the forgetting of knowledge over time, 

imperfectly designed exams, far more varied and less precise subjective 

estimates of passing-probability functions, that would surely 

compromise the reliable and consistent expression of such effects. 

At each trial, the invested study time was translated into pknow and, 

using the simple binary model for a 60 item, 3-alternative multiple-
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choice exam, this value was used to generate a probabilistic exam score 

consisting of the number of correct answers (0-60) and associated grade 

(0-10; in steps of one point). If this grade was a 6 or higher (rounded up 

from 5.6, the grade related to the minimal knowledge level required for 

passing the exam) the participant passed the exam. In the resit 

condition, participants had two opportunities to pass the exam. To 

increase the likelihood that participants would take this investment task 

seriously and try to optimize expected utility, we used monetary pay-offs 

such that each unit of study time cost 1 cent, whereas passing the exam 

produced a monetary reward of 10 cents. Lastly, to determine whether 

the effect of resit exams is associated with rationality, we had 

participants complete the Cognitive Reflection Test (CRT; (Frederick, 

2005)) – a test that is known to be associated with performance on 

several indices of rationality in judgment and decision making (Toplak et 

al., 2011).  

 

Predictions Examined  

To the extent that participants act rationally in seeking to maximize 

expected utility, our model yields several predictions for study-time 

investment and passing probability on exams done with and without 

resit. Specifically, the model predicts that time investment would be 

equal for NR and for R2 (c.f. Equation 6), whereas it should be about 

20% lower for R1. Secondly, as can be derived from Equation 9, the 

model predicts that the overall passing probability will be higher in the 

resit condition than in the no-resit condition. This is because the 

chance of passing R2 would be expected to be equal to the chance of 

passing NR, while there would be a windfall gain for the resit condition 

stemming from the probability that students could also pass R1. 

Importantly, since the amount of time invested on such passed R1s is 

expected to be lower than that invested time for passed NRs, it 
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furthermore follows that the average amount of study time invested per 

passed exam would be lower overall in the resit condition. Lastly, since 

the model takes a rational calculation of expected utility as its starting 

point, one would also expect that the effect of resit exams on study-time 

investment would be stronger for participants who score higher on the 

CRT (Frederick, 2005). 

 

Method 

Participants  

Fifty first-year psychology students (21 male) from the University of 

Groningen participated in the experiment in return for course credit. 

Their mean age was 20.6 years (SD = 2.27). Written informed consent 

was obtained from all participants prior to the experiment. Additionally, 

ethical approval was obtained from the Ethical Committee Psychology 

(13175-NE) at the University of Groningen before the start of data 

collection. 

 

Materials  

The study-time investment task was programmed in MATLAB and 

run on computers situated in a room with 5 computer set-ups, which 

were enclosed by paperboard walls. The stimulus for the task consisted 

of a graph which depicted the relationship between study time, defined 

in terms of 12 arbitrary units along the x-axis, and the probability of 

passing the 60-item multiple-choice exam along the y-axis (Figure 2.2) – 

this function remained the same throughout the experiment. The graph 

included a cursor that could be moved along the curve by the 

participant. Prior to starting the investment task, participants 

completed the CRT (Frederick, 2005).  
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Design and Procedure  

The study-time investment task required participants to indicate 

their choice of study-time investment for passing an exam. They were 

informed that they would pass the exam if their grade was a 6 or higher. 

To select a desired amount of study time, participants could move a 

cursor along the curve in the graph, and they had to click the mouse to 

select the amount of study time they wanted to invest.  

Figure 2.2. A plot showing the relationship between study-time investment (x-

axis) and the probability of passing a simulated exam (y-axis) that was used as 

the stimulus across the two experiments. Also depicted is the feedback that was 

presented after study time was invested. 

The availability of a resit was manipulated within-subjects in a 

blocked design, such that each participant completed 6 blocks of 60 

trials, of which 3 blocks included a resit option whereas the other blocks 

did not. The resit and no-resit conditions were presented in alternation 

and half the participants started with the resit condition whereas the 

other half started with a no-resit condition. At the start of the first two 

blocks, participants completed 5 practice trials. Prior to starting the 
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task, participants were informed about the nature of the exam, the 

required number of correct answers to pass the exam, and the nature of 

the relationship between study-time investment and the probability of 

passing the exam. In addition, participants were informed that they 

could earn real money such that they would obtain a reward of 10 cents 

if they passed the exam, with the cost of study time being 1 cent per 

unit invested. A failure to pass the exam produced no reward. After 

deciding on their investment, participants were informed of the number 

of correct answers and the resulting grade and earnings, and they also 

received information about their total net earnings up to that point in 

the task.  

In the resit condition, participants moved on to the next trial if a 

passing grade was obtained on R1. If R1 yielded a failing grade, they 

moved on to R2 after the result of R1 had been presented for 2.5 

seconds. For R2, the choice of study-time investment was restricted to 

an amount equal or higher than the study time invested for R1. This 

was made clear by presenting the cursor on the study time invested for 

R1 and by coloring the curve green above this point, thus highlighting 

which additional amount of time could be invested for R2. 

  

Data Analysis  

In presenting the results for both experiments reported here, listed 

study times for R2 represent total effective study times (study time used 

to prepare for R1 + any additional study time used to prepare for R2). To 

test our predictions, we used the JASP software package (Love et al., 

2015) to compute Bayes factors as a means to assess the extent to 

which the results provided evidence in favor or against our predictions 

(Rouder et al., 2009). Specifically, we used Bayesian paired samples t-

tests to compare NR, R1, and R2 in terms of study-time investment, 

passing probability, and study-time per passed exam and we used one-
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sample t-tests to compare study time and passing probability to the 

point-estimates derived from our model. Lastly, we used a Bayesian 

correlation to assess the evidence for a positive correlation between 

participants’ CRT scores and the resit effect, defined in terms of the 

difference in study-time investment for NR and R1. When we predicted a 

difference in a specific direction (e.g., study time R1 < R2), we used a 

one-sided test to contrast the evidence for this predicted effect against a 

null effect. For predicted null effects (e.g., study-time investment on R1 

was predicted to be equal to the optimal amount of study time derived 

from our model), we used a two-sided test thus specifying inequality as 

the alternative to the predicted equality of study-time investment. Thus, 

all Bayes factors were computed in such a way that values greater than 

1 would indicate evidence in favor of the predicted effect, whereas values 

between 0 and 1 would indicate evidence against the predicted effect. In 

reporting the results of these Bayes factors analyses we adhered to 

Jeffreys (1961) in classifying BFs > 3 or < .33 as “strong” evidence, 

whereas BFs > 100 or < .01 were classified as “decisive” evidence. 

 

Outlier Exclusion  

Investments of less than 2 or more than 10 study-time units were 

classified as outliers and excluded from further analysis. This entailed a 

loss of 0.4% of the trials. A comparison of the results with and without 

these outliers showed that outlier exclusion did not affect the results. 
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Table 2.1. Results Experiment 1. 

Exam  Study Time % Passed Study Time 
per Passed 
Exam 

Mean (SD) Model Mean (SD) Model Mean (SD) 

NR 6.2 (.5) 7.0 77.6 (9.5) 92.0 6.3 (.5) 

R1 5.2 (.7) 5.5 53.7 (17.8) 64.5 5.4 (.7) 

R2 6.5 (.7) 7.0 78.6 (8.6) 92.0 6.4 (.7) 

R1&R2 5.9 (.7) 7.0 89.2 (6.2) 96.7 5.8 (.5) 

Note. Model predictions and data for study-time investment and percentage 

passed are shown together with the average amount of study time per passed 

exam. NR = exam in no-resit condition, R1 = first exam in resit condition, R2 = 

resit exam in resit condition, R1&R2: results averaged across the first attempt 

and resit exam in the resit condition. M = mean, SD = standard deviation. 
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Table 2.2. Results of Bayes factors analyses for Experiment 1. 

Outcome 
Measure 

Prediction Bayes Factor 
Prediction vs. 
Alternative 

Study Time NR > R1 3.7 x 1013 

 NR = R2 5.8 x 10—4 

 R1 < R2 7.3 x 1018 

 NR > [R1&R2] 45857 

 NR = Model NR 8.7 x 10—12 

 R1 = Model R1 0.21 

 R2 = Model R2 0.001 

 [R1&R2] = Model 4.9 x 10—14 

% Passed NR > R1 3.8 x 1011 

 NR = R2 4.5 

 R1 < R2 2.8 x 1013 

 NR < [R1&R2] 7.6 x 1013 

 NR = Model NR 3.2 x 10—12  

 R1 = Model R1 0.003 

 R2 = Model R2 1.0 x 10—12  

 [R1&R2] = Model 2.9 x 10—9 

Study Time 
per Passed 
Exam 

NR > R1 6.5 x 1013 

 NR = R2 1.0 

 NR < [R1&R2] 3.0 x 1014 

 R1 < R2 1.2 x 1016 

Note. Outcome measure denotes the outcome measure examined, prediction 

specifies the effect by the model. All Bayes factors express the ratio of evidence 

for the predicted effect against the alternative. Thus, values greater than 1 

signify evidence in favor of the prediction, whereas values between 1-0 express 

evidence for the alternative, and a value of 1 signifies no evidence in either 

direction. BFs > 3 or < .33 are considered as strong evidence whereas BFs > 100 

or < .01 are considered as decisive evidence (Jeffreys, 1961). 
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Results 

Table 2.1 lists the results of Experiment 1 while Table 2.2 lists our 

predictions and the results of the Bayes factors analyses we did to test 

these predictions. As can be seen by inspecting these data, the results 

produced decisive evidence in favor of our main prediction that 

participants would invest less study time in preparing for an exam when 

a resit was available. Specifically, the results confirmed that 

participants invested less time in preparing for R1 than for NR and that 

they invested less time for R1 than for R2. Concomitantly, passing 

probability was lower for R1 than for NR, and lower for R1 than for R2. 

Furthermore, the results also make clear that a substantial percentage 

of R1s were passed in spite of lower investments of study time. As a 

result, the overall probability for passing an exam was higher in the 

resit condition, but the average amount of study time invested per 

passed exam was lower for this condition.  

Aside from corroborating the predicted differences in study-time 

investment and passing probability, the results also produced a number 

of outcomes that were inconsistent with our predictions. Specifically, 

while we predicted that participants would invest an equal amount of 

study time for R2 and NR, the results yielded decisive evidence for a 

difference in study-time investment, such that more time was invested 

for R2 than for NR. Importantly, however, the analysis of passing 

probability showed that this difference in study-time investment did not 

result in a difference in passing probability, as the analysis of passing 

probability produced strong evidence for equal passing probabilities for 

R2 and NR. A second regard in which the results deviated from 

predictions was that the participants did not invest the predicted 

optimal amount of study time for each type of exam, such that 

participants invested less than the predicted amount of study time for 

all three types of exams, and for the resit condition overall. As a result, 
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passing probability was lower than predicted by the model for all exams 

as well. 

Lastly, we examined whether there was a positive correlation 

between the resit effect, defined in terms of the difference in study-time 

investment for NR and R1, and the participants’ CRT scores. 

Examination of performance on the CRT showed that on average, 

participants answered 1.26 of the three questions correctly (SD = 1.03), 

with 14, 16, 13, and 7 participants having 0, 1, 2, and 3 correct 

answers, respectively. A Bayesian test of whether CRT scores were 

positively correlated with the resit effect yielded a correlation of r = .34 

and a Bayes factor of 6.1, indicating that the data produced strong 

evidence in favor of the existence of a positive relation between CRT 

scores and the effect of resit exams on study-time investment. 

  

Discussion 

Taken together, the results of Experiment 1 can be said to largely 

conform to our main predictions, as participants were found to invest 

less time in preparing for an exam when a resit was available, and this 

effect was furthermore found to be stronger for participants with high 

scores on the CRT (Frederick, 2005). Importantly, however, there are 

also two regards in which the data did not conform as closely to our 

model’s assumptions and predictions. Firstly, the results showed that 

study-time investment for the different types of exams was lower than 

the optima derived from our model, indicating that participants did not 

succeed in maximizing utility because they invested less than the 

optimal amount of study time for passing the exams. Secondly, we 

found that participants invested more time for resit exams (R2s) than for 

exams without resits (NRs) whereas our model assumes that an equal 

amount of study time would be invested for these two kinds of exams. 

Importantly, however, the difference in study-time investment for NR 
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and R2 did not yield a difference in passing probability. The reason for 

this can be seen in Figure 2.1, which shows that the functions relating 

passing probability and expected utility to study time are relatively flat 

at the optimal amount of study time predicted by our model. By 

implication, minor deviations from the optimum amount of study time 

were relatively inconsequential for passing probability and utility, thus 

allowing participants to attain close to the maximally attainable utility 

even when investing somewhat less than the optimal amount of study 

time.   
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Experiment 2 

The results of Experiment 1 make clear that in investing fictional 

study time for a fictional exam, the availability of a resit exam causes 

students to invest less time in preparing for an exam. As a result, a 

considerable percentage of students may pass the exam without having 

gained mastery of the required amount of course materials. In light of 

this concern, an important question is how the effect of resit exams on 

study-time investment might be mitigated. In addressing this matter, it 

is important to note that access to resit exams is typically 

unconditional, meaning that there are no detrimental consequences to 

not passing an exam, as one could always still invest more time to be 

optimally prepared for the resit. But what if access to resit exams would 

no longer be guaranteed, for instance because one needs a certain 

minimal grade, or because access to the resit is uncertain because it is 

probabilistic? Arguably, such restrictions on access to resit exams 

would reduce the risk that students do not study hard enough to 

acquire sufficient knowledge to pass the exam, as this would now entail 

a risk of not getting access to the resit exam. Accordingly, imposing 

restrictions on access to a resit exam could mitigate the resit effect by 

getting students to invest more time in preparing for the first exam 

opportunity.  

In Experiment 2, we examined and tested the predictions of our 

model for how study-time investment would be affected in case access to 

a resit exam is probabilistic or conditional on obtaining a minimal non-

passing grade. Specifically, we replicated the unconditional resit (UR) 

and no-resit (NR) conditions of Experiment 1, and we included two new 

conditions in which access to the resit was conditional on obtaining a 

minimal grade of 4 (i.e., the grade-based resit condition, GR) or on 

chance, such that there was only a 50% probability of gaining access to 

the resit in case a non-passing grade was obtained on R1 (i.e., the 
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probabilistic resit condition, PR). For the latter condition, we derived 

model predictions using formula 2.9, whereas the predictions for the 

former condition were derived from formula 2.10: 
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where paccess R2(tR1) is analogous to the derivation of ppass(t) in Equation 3: 

 

           (   )     (                     ), (2.11) 

 

with ncrit, access R2 denoting the minimum number of correct answers 

required to score a grade of 4 or higher (ncrit, access R2 = 34).4 

  

  

                                                
 
4 A critical number of correct answers set at 34 corresponds to a knowledge level 

of at least 35%, which is required to score at least a 4 on the exam. 
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Predictions  

As can be seen in Figure 2.3, our model predicts that the optimal 

amount of time investment for the conditions with restricted access to 

the resit lies between the optima of the resit condition with unrestricted 

access and the no-resit condition. Specifically, as can be seen in this 

figure, our model predicts that the resit effect will be weakest in the PR 

condition, stronger in the GR condition, and strongest in the UR 

condition. 

Figure 2.3. Model output for the utility associated with investing study time for 

an exam without a resit (NR) or with a resit for which access is unconditional 

(UR), based on obtaining a minimum non-passing grade of 4 (GR), or 

probabilistic with a 50% chance (PR).  
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Method 

Participants  

The participants in Experiment 2 were 48 students (14 male, Mage = 

19.8, SDage = 3.23) from the University of Groningen who participated in 

return for course credit. Written informed consent was obtained prior to 

participation in the experiment. Additionally, ethical approval was 

obtained from the Ethical Committee Psychology (14038-NE) at the 

University of Groningen before the start of data collection. 

 

Design and Procedure  

The four conditions (i.e., NR, UR, GR, and PR) were implemented as 

a within-subjects factor in a blocked design. That is, for each condition, 

participants completed one block of 60 trials that was preceded by 5 

practice trials.5 Each possible order of the four conditions was used 

twice across the 48 participants. The procedure of Experiment 2 was the 

same as in Experiment 1, with exception of the two added conditions in 

which access to the resit exam was either probabilistic or contingent on 

obtaining a grade of 4 or more points. Another change in the procedure 

was that Experiment 2 did not make use of monetary incentives, 

meaning that participants did not earn or loose actual money.  

 

Data Analysis  

In analyzing the results of Experiment 2, we followed the same 

procedures as those used for data analysis in Experiment 1. The 

analyses reported below aimed to test our predictions that each of the 

                                                
 
5 The reason for not including 3 blocks per condition, as we did in Experiment 1, 

was that further analyses of the results of Experiment 1 showed that the 

difference between the resit and no-resit conditions was already evident in 

comparing the first block of each condition. 
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three resit conditions would yield a resit effect, with the magnitude of 

this effect being strongest for UR, weaker for GR, and weaker still for 

PR. In addition, we examined if the results of Experiment 2 replicated 

Experiment 1’s unpredicted result of higher investments of study time 

for UR2 than for NR. 

 

Outlier Exclusion  

Investments of less than 2 and more than 10 units of study time 

were classified as outliers and excluded from further analysis. As a 

result, a total 0.5% of all trials were excluded. A comparison of results 

with and without outliers showed that the exclusion had no significant 

impact on the results. In addition, we had to exclude the data from two 

participants, because they did not yield data for one or more resit 

conditions because of passing all exams on the first attempt. 

Accordingly, the results reported below stemmed from 46 participants. 
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Table 2.3. Results Experiment 2. 

Exam  Study Time % Passed Study Time 
per Passed 
Exam 

Mean (SD) Model Mean (SD) Model Mean (SD) 

NR 6.4 (.6) 7.0 81.2 (10.9) 92.0 6.5 (.6) 

UR1 5.4 (.8) 5.5 57.5 (20.8) 64.5 5.6 (.8) 

UR2 6.5 (.8) 7.0 80.6 (12.9) 92.0 6.6 (.9) 

UR1&UR2 6.0 (.7)  90.5 (9.1)  6.0 (.5) 

GR1 5.7 (.8) 5.7 63.2 (18.6) 67.3 5.8 (.8) 

GR2 6.7 (1.0) 7.0 81.5 (12.2) 92.0 6.8 (.9) 

GR1&GR2 6.2 (.8)  91.1 (8.0)  6.1 (.6) 

PR1 5.9 (.6) 6.5 70.1 (15.5) 84.8 6.0 (.6) 

PR2 6.7 (.8) 7.0 82.9 (16.5) 92.0 6.8 (.8) 

PR1&PR2 6.3 (.7)  81.9 (10.7)  6.1 (.5) 

Note. Model predictions and data for study-time investment and percentage 

passed are shown together with the average amount of study time per passed 

exam. NR = exam in no-resit condition, UR1 and UR2 = the first and resit exam 

in unconditional resit condition, UR1&UR2 denotes overall results for the 

unconditional resit condition, meaning the results for both R1 and for UR2 on 

trials in which UR1 was failed. Same terminology applies for GR = grade 

restricted resit condition, and PR = probability restricted resit condition. M = 

mean, SD = standard deviation. 
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Table 2.4. Results of Bayes factors analyses for Experiment 2. 

Outcome 
Measure 

Prediction Bayes Factor 
Prediction vs. 
Alternative 

Study Time NR = UR2 4.3 

 NR > UR1 9.7 x 1010 

 NR > PR1 95196 

 NR > GR1 1.4 x 108 

 RE_UR > RE_GR 16.6 

 RE_GR > RE_PR 3.3 

% Passed NR = UR2 5.9 

 NR > UR1 7.8 x 108 

 NR > PR1 1.7 x 106 

 NR > GR1 36421 

 GR1 > UR1 5.4 

 PR1 > GR1 24.5 

Note. Outcome measure denotes the outcome measure examined, prediction 

specifies the effect by the model. All Bayes factors express the ratio of evidence 

for the predicted effect against the alternative. Thus, values greater than 1 

signify evidence in favor of the prediction, whereas values between 1-0 express 

evidence for the alternative, and a value of 1 signifies no evidence in either 

direction. BFs > 3 or < .33 are considered as strong evidence whereas BFs > 100 

or < .01 are considered as decisive evidence (Jeffreys, 1961). RE_UR denotes the 

magnitude of the resit effect on study-time investment for the unconditional 

resit condition. The same terminology applies for the remaining two resit 

conditions.  
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Results 

The results of Experiment 2 are listed in Table 2.3, and Table 2.4 

presents the outcomes of the Bayes factors analyses. The results 

conformed fully to our predictions. Specifically, they showed that equal 

amounts of study time were invested for NR and UR2, and they showed 

that, compared to NR, study-time investment and passing probability 

were lower for the first exam attempt in each of the three resit 

conditions. In addition, the results showed that the resit effect was 

strongest in the UR condition, weaker in the GR condition and weakest 

in the PR condition. As in Experiment 1, actual study-time investments 

generally were somewhat lower than the optimal values predicted by our 

model.   

As in Experiment 1, we aimed to use the results of Experiment 2 to 

test the correlation between the magnitude of the resit effect and 

performance on the CRT. Unfortunately, however, the participants’ CRT 

scores in Experiment 2 did not allow for a proper assessment of this 

correlation, as only 2 participants had 3 questions correct, whereas the 

number of participants with 0, 1, 2 correct answers was 8, 28, and 8. 

Accordingly, we decided to combine the data across Experiments 1 and 

2 to assess the correlation between the resit effect and CRT, for the resit 

effect for the condition with unconditional access to a resit. A Bayesian 

correlation analysis showed that these data reaffirmed our finding in 

Experiment 1, showing a positive correlation of r = .25 with a Bayes 

factor of 4.6, thus indicating that the results offered strong support for a 

positive correlation between the resit effect and CRT. 

 

Discussion 

Consistent with the predictions of our model, the results of 

Experiment 2 show that restricting access to resit exams might be an 

effective method to mitigate the reduction of study-time investment in 
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preparing for a first attempt at passing an exam. Specifically, the results 

show that participants invested more fictional study time in preparing 

for a fictional exam when access to the resit was probabilistic or 

conditional on obtaining a minimum grade of 4, with the former being 

most effective in countering the effect of resit exams on study-time 

investment. In addition, an analysis combining the results for 

Experiments 1 and 2 replicated the finding of a positive correlation 

between the magnitude of the resit effect and performance on the CRT 

(Frederick, 2005). Lastly, it is worth noting that the results of 

Experiment 2 differed from those of Experiment 1, in that they provided 

evidence that participants invested an equal amount of study time for 

unconditional resit exams and exams without resit, an effect that was 

assumed by our model, but not found in Experiment 1. In considering 

an explanation for this difference, it is important to note that the 

difference in study-time investment found in Experiment 1 was 

inconsequential for the passing probability, and that furthermore, the 

results of Experiment 2 showed a numerical difference in the same 

direction as that found in Experiment 1. Hence, it appears to be the 

case that participants may invest slightly more study-time for a resit 

exam than for an exam without resit, perhaps reflecting a tendency to 

overcompensate on the resit after a failure to pass the first attempt at 

an exam – a possibility discussed further in detail below in the General 

Discussion. 

 

  



Do Resit Exams Promote Lower Investments of Study Time? 

56 

General Discussion 

In the current study, we followed up on the work by Kooreman 

(2013b, 2013a) and Grabe (1994) by investigating how resit exams 

might influence the investment of study time and, concomitantly, the 

probability of passing an exam. To this end, we modified Kooreman’s 

model of resit exams by including some well-justified assumptions 

about learning and performance on multiple-choice tests, and we 

conducted two experiments to test the predictions of the model. In these 

experiments, participants were asked to invest study time for a fictional 

pass-or-fail exam that either did or did not include a resit opportunity. 

Consistent with our model’s predictions, the results of Experiment 1 

showed that resit exams promoted lower investments of study time in 

preparing for an exam, and this effect was stronger for participants 

scoring high on a test of rationality, the CRT (Frederick, 2005). 

Importantly, since a substantial percentage of the exams with lower 

investments were still passed, the average amount of study time per 

passed exam was lower when a resit exam was available. To determine 

how this unwanted effect of resit exams might be countered, we modeled 

and tested the effect of restricting access to resit exams in Experiment 

2. Consistent with our predictions, the results of this experiment 

showed that the resit effect was attenuated when access to the resit was 

uncertain because it was probabilistic or based on obtaining a minimal 

non-passing grade.  

 

Rationality or Reactive Decision Making? 

In interpreting the current results, an interesting question is 

whether the resit effect indeed stems from a rational attempt at 

maximizing utility, as assumed by our model (see also Kooreman, 

2013b), or whether other factors might also contribute to this effect. In 

addressing this question, it is of relevance to note that there are 
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different lines of research that show that participants tend to react to 

losses and gains, such that a loss is more likely to be followed by a safe 

choice whereas a gain is more likely to be followed by a riskier choice. 

For instance, studies on response caution show that when participants 

make an error in a speeded judgment task they will typically respond 

more slowly on the next trial, thus suggesting that there is an increase 

in decision threshold to safeguard against another mistake on the next 

trial (for a recent review of this literature, see Forstmann et al., 2015; 

see also Rabbitt, 1966). Likewise, in a paradigm more closely related to 

the current resit paradigm, Kareev, Avrahami, and Fiedler (2014; see 

also Avrahami & Kareev, 2011) showed that a financial decision yielding 

a gain is more likely to be followed by a risky decision than a decision 

that yielded a loss.  

The relevance of these findings to interpreting the current results 

lies in the fact that in our study, the overall pass rate was significantly 

higher in the conditions involving resit exams, meaning that these 

conditions included more trials in which the participant’s investment 

decision on a previous exam yielded a gain. Thus, one could argue that 

perhaps the lower investment of study time in the resit condition was 

driven by a reaction to the gain of passing a previous exam, and not by 

a rational expected utility analysis. Importantly, however, further 

examination of the current dataset makes clear that this hypothesis 

cannot account for the resit effect we found. To be precise, we examined 

this hypothesis in a post-hoc analysis which included the results for the 

no-resit and unconditional resit conditions of Experiments 1 and 2, and 

which compared for each condition the trials in which the previous 

exam was passed or failed (i.e., NRPreviousPassed – NRPreviousFailed and 

R1PreviouPassed – R1PreviousFailed). The results of this analysis showed that 

passing on the previous trial, as compared to failing, did not lower 

study-time investment on the current trial, thus arguing against the 



Do Resit Exams Promote Lower Investments of Study Time? 

58 

idea that the lower investment of study time for a first exam in the resit 

condition was driven by a reaction to the outcome of the previous trial.6 

 

Why Were Investments Suboptimal?  

Another aspect of the current study that deserves further scrutiny 

is the fact that participants invested less than the predicted optimal 

amounts of study time for all exam types considered. At present, we can 

conceive of two reasons why participants invested less than the optimal 

amounts of study time. The first is that participants may have 

subjectively overestimated their likelihood of passing the exam when the 

actual passing probability they chose by means of their investment was 

relatively low. This would be consistent with the certainty effect 

epitomized by prospect theory’s pi-function (Kahneman & Tversky, 

1979), which denotes the fact that people generally overestimate the 

likelihood of low-probability events. Alternatively, the finding of lower-

than-optimal investments could be explained by assuming that 

participants behaved risky in an attempt to “beat the odds” in passing 

the fictional exam. While such a risky strategy might be less likely in 

case of preparing for a real exam, it is important to bear in mind that 

such real exams typically do come with unconditional access to resit 

exams and this surely will not discourage a risk-seeking student from 

following this strategy.  

                                                
 
6 Specifically, when considering only those trials in which the previous trial 

yielded a non-passing grade on the exam, the average amount of study time 

invested for NR and R1 were 6.1 (SD = 0.5) and 5.1 (SD = 0.6), respectively. For 

trials preceded by a trial yielding a passed exam, the amounts of study time 

invested for NR and R1 were 6.2 (SD = 0.5) and 5.2 (SD = 0.6), respectively. 

Bayes factors analyses comparing the effects of passing (Previous Passed - 

Previous Failed) for the two conditions showed no evidence for lower study time 

investment after passing, with Bayes factors of 17.1 and 31.3 in support of the 

null hypothesis for NR and R1, respectively. 
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Resits and Goal Pursuit 

In demonstrating that resit exams promote lower investment of 

study time for a fictional exam, the current findings can be said to 

resonate well with two recent findings from studies on goal pursuit. 

Specifically, these studies suggest that people are less committed to a 

particular means to achieving a goal when more such means are 

available (Huang & Zhang, 2013; Kruglanski et al., 2011) and they 

suggest that participants are less likely to achieve a goal (e.g., achieving 

high performance on a sentence unscrambling task so as to receive a 

free snack) if they have first thought of a back-up plan for achieving that 

goal (i.e., think of another way in which you can obtain free food on 

campus; Shin & Milkman, 2016; see also Napolitano & Freund, 2016). 

Interpreted in view of these findings, one could argue that in the current 

study, the prospect of a resit exam led participants to be less committed 

to passing the exam on their first attempt, as the resit exam offered 

them an alternative means in the form of a back-up plan. An important 

consideration that derives from the current work is that this lack of 

commitment is rational, because it entails an attempt to maximize 

utility by trying to achieve one’s goal with the least amount of effort.  

 

Resits and Repeated Gambles 

Another line of research that is of interest to discuss in the context 

of the present findings can be found in studies investigating the 

repeated gambles effect – the finding that participants are more likely to 

choose a risky gamble or to accept a risky bet when this gamble or bet is 

played repeatedly, as opposed to only once (Samuelson, 1963; see also, 

Benartzi & Thaler, 1999; Keren & Wagenaar, 1987; Redelmeier & 

Tversky, 1992); The similarity between this effect and the resit effect lies 

in the fact that both show that participants are inclined to take or 

accept more risk when a choice or a bet is repeated. The important 
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difference, however, lies in the fact that in the repeated-gambles 

paradigm, the participants are asked to commit themselves to the same 

choice for each opportunity, such that they have to choose the same 

option for each of a series of repeated gambles, or decide whether they 

are willing to play the same bet several times in a row. With this design, 

the outcome can be said to reflect the participants’ ability to oversee the 

long-run consequences of following a particular strategy, that is, to 

gauge whether the risky gamble or bet might be profitable in the long 

run. In contrast, the resit effect described here pertains to how the 

prospect of a second chance influences a first choice. In this case, the 

first choice is not based on explicit calculation or intuition about the 

expected outcome of repeating that choice, but on the mere fact that 

there will be a second chance to do things differently in case the first 

decision turns out badly, a back-up plan so to speak (Shin & Milkman, 

2016; see also Napolitano & Freund, 2016). Thus, the current findings 

can be said to supplement the repeated-gambles effect in demonstrating 

another important exception to the well-established notion that people 

are generally risk averse in decisions involving gains. 

  

Limitations and Extensions of the Model 

Although the current study provides a first set of findings indicative 

of the potential effects of resit exams on study-time investment, the 

current work did not address the full scope of this issue. Specifically, 

the present research focused on the core assumption of our model, 

namely that the way in which students allocate study time under 

different examination rules can be aptly described as rational, with 

students striving to maximize expected utility by seeking an optimal 

trade-off between the costs of study-time investment and the 

(probabilistic) benefits of passing the exam. That the results were in 

good accordance with the predictions of the model is an important 
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outcome, but it obviously represents only a first step towards a more 

complete understanding of whether and how different types of 

examination rules and policies may influence study behavior in higher 

education. To generate clear and unambiguous predictions for the 

present study, the model was effectively stripped of much of its relevant 

scope and functionality. For instance, in its full form the model 

incorporates mechanisms to assess and predict effects on study-time 

investment for a wide range of examination rules and various 

psychological factors such as forgetting of acquired knowledge from R1 

to R2, students’ ambitions to obtain high grades rather than seeking to 

pass exams with minimal effort and minimal grades, and temporal 

discounting of future study-time costs and benefits for R2 as compared 

to R1. In addition, the model can also be adjusted in terms of its 

assumptions about the costs of study-time investment, which in reality 

may take on more complicated forms than the linear relationship we 

incorporated in the current version of the model. Some of these effects 

will be briefly discussed, in order to provide a broader perspective on the 

results of the present study. 

To start, it is of relevance to note that our choice for the value of the 

learning rate parameter (β = 6.6) merely served to define the dynamic 

temporal range of the model. With the utility of passing the exam fixed 

at 1, the time-cost parameter w represents the cost per unit of study 

time as a fixed proportion of that utility. The choice of w = 0.1 in the 

present work was motivated solely by the fact that it yielded a tradeoff 

with fairly distinct optima for the expected-utility functions. Much larger 

values for w (which, for instance, might represent a scenario in which 

time is at a premium due to other time-consuming obligations) result in 

non-positive expected utilities for any nonzero time investment, making 

t = 0 (passing up on preparing for and taking the exam) the optimal 

choice. Smaller values for w (which might occur for exams that cannot 
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be failed without very serious repercussions) generally result in larger 

time investments, but this effect is much more evident for the no-resit 

condition than for the resit condition. Thus, the model predicts smaller 

values of w to be associated with stronger resit effects (see also 

Kooreman, 2013b, 2013a). 

While we assumed no forgetting in the present study, this 

assumption would seem unrealistic and perhaps also unfortunate as 

forgetting intuitively might make the option of a resit a less attractive 

one, as it would involve having to spend extra study time to regain some 

of the knowledge acquired earlier in preparing for R1. This intuition is 

borne out by simulations of the model in which forgetting is activated. 

For instance, 50% forgetting of the knowledge gained earlier resulted in 

a marked reduction (by some 40%) of the resit effect, with w set at 0.1. 

These mitigating effects of forgetting on the resit effect were much less 

evident, however, at smaller values of w (in accordance with results 

from Kooreman, 2013a, 2013b, who reported no impact of forgetting on 

the resit effect for the very small values of w used in his model). The 

question of whether or not to include forgetting in the model is 

complicated further by the fact that it is not actual forgetting that is at 

issue here but students’ beliefs about their own forgetting. Available 

evidence points towards a strong stability bias with respect to learning 

and forgetting, i.e. students generally have rather unrealistic beliefs 

regarding the quality and stability of their learning (for a review, see 

Bjork et al., 2013). Empirical studies would seem required to determine 

the degree to which considerations of forgetting impact the way in which 

students deal with the opportunity of a resit. 

Finally, in the present study participants were explicitly motivated 

to achieve a minimal passing grade with the least amount of study time. 

Surely, many students will have higher aspirations and, for various 

reasons, aim at passing an exam with flying colors. An important 
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question therefore is whether such students might be immune to the 

siren call of a resit opportunity. Unfortunately, provided that study time 

is also a limited commodity for such students, the model predicts that 

while they will obviously invest substantially more study time in general, 

the resit effect will be just as apparent, and in absolute terms even 

larger, for them as compared to less ambitious students, when access to 

the resit is unconditional. Interestingly, the model also predicts that the 

resit effect for the more ambitious subcategory of students can be 

effectively eliminated if access to the resit is made conditional on 

obtaining a failing grade on R1 (in which case cutting back on study 

time for R1 would entail a very real risk of being stuck with a 

disappointingly low passing grade). This latter example also illustrates 

how a computational model of the way students deal with resit policies, 

when its core assumptions have been properly validated, may serve as 

an important instrument to inform policy decisions in higher education 

(Michaelis & Schwanebeck, 2016).  

 

Conclusions 

Remarkably, even though resit exams are widely prevalent in higher 

education, little is known about how they might affect students’ study-

behavior. In the current study, we presented and tested a mathematical 

model that can be used to derive predictions for how rational students 

would deal with the opportunity of a resit exam. By explicitly modeling 

knowledge accumulation as a function of study time, and by employing 

basic derivations of probabilistic outcomes on multiple-choice tests as a 

function of accumulated knowledge, our model can be said to offer a 

closer approximation of exam preparation in real life than the model 

proposed by Kooreman (2013b, 2013a). Evidently, however, there are 

many regards in which our model can be expanded further, for instance 

by incorporating students’ ambitions to obtain high grades instead of 
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merely passing an exam, by incorporating assumptions about the 

depreciation of knowledge, and by incorporating assumptions about the 

temporal discounting of perceived costs of study-time investment for a 

resit. By demonstrating that the current, simple version of the model 

produces accurate predictions for study-time investment in a laboratory 

task, the current study can be said to mark the starting point of a line 

of inquiry that might contribute to the development of a proper scientific 

foundation for resit policies in higher education. 
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Abstract 

In accordance with a rational model of study-time investment, we 

previously found that the prospect of a resit exam leads to lower 

investments of fictional study-time for a first exam opportunity in an 

investment game utilizing simulated exams. In the current study, we 

investigated whether the depreciation of one’s first-exam investment 

reduces the resit effect. Specifically, we investigated study-time 

investments for a simulated multiple-choice exam in which 0, 50, or 

100% of the initial study-time investment was lost before the resit exam. 

In accordance with our predictions, we found that the magnitude of the 

resit effect decreased as investment depreciation increased. This finding 

suggests that the negative effect of resit exams on study-time 

investment may be countered by creating conditions under which 

investment depreciation (i.e. forgetting) is expected to occur, for 

instance, by increasing the temporal interval between the first attempt 

and resit exam.  

  

Keywords: resit exams, investment decisions, investment 

depreciation, education, mathematical modeling, rationality.  
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Introduction 

Research on decision making has generally focused on situations in 

which individuals are asked to make a single choice. Recently, however, 

two lines of investigation have provided evidence that choice behavior 

may change in interesting ways when the prospect of a second chance is 

introduced. In one line of research it was found that the availability of a 

second opportunity to achieve a goal may lead to a reduced probability 

of achieving this goal in a first opportunity to do so (Napolitano & 

Freund, 2016; see also Shin & Milkman, 2016; Napolitano & Freund, 

2017). In a second line of work, studies on the effects of resit exams - 

the opportunity to re-do a failed exam in order to pass a course - 

suggest that study-time investment for a first exam may be 

substantially lower if a resit is available (Kooreman, 2013b, 2013a; 

Nijenkamp, Nieuwenstein, De Jong, & Lorist, 2016; Michaelis & 

Schwanebeck, 2016). It is this latter phenomenon – the resit effect – that 

the present study is specifically concerned with. 

As proposed by Kooreman (2013b, 2013a) and empirically verified 

by Nijenkamp and colleagues (2016), the resit effect can be understood 

in terms of utility maximization. Specifically, the availability of a resit 

exam is assumed to change the tradeoff between the costs of study-time 

investment and the benefits of enhanced passing probability in such a 

way that rational students – that is, those motivated to optimize this 

tradeoff through maximizing expected utility – will now find an optimum 

at a reduced study time investment for the first opportunity. As pointed 

out by Kooreman (2013b, 2013a), resit exams thus present a potential 

windfall gain for students, enabling them to gain, on average, an overall 

higher passing rate with a lower average total study-time investment. 

From a broader educational perspective, the effects of resit exams on 

students’ study strategies should be cause for concern, as this windfall 

gain would be completely due to students being provided an opportunity 
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to pass at the first attempt with reduced study-time investment, and 

thus less knowledge, as compared to a no-resit policy. If, despite this 

reduced investment, a substantial proportion of students succeeds in 

passing at the first attempt, the result will be that the average level of 

knowledge across all students who passed the exam, either at the first 

or the second attempt, will be lower than that in case of a no-resit 

policy, potentially compromising the achievement of intended learning 

objectives.  

A number of restrictive policies have been proposed to maintain the 

benefits and reduce the potential drawbacks of resit exams, including 

the windfall gain that is likely to materialize if resit opportunities are 

offered freely and unconditionally. For instance, we have found in a 

laboratory study (Nijenkamp et al., 2016) that the resit effect was 

markedly attenuated when access to the resit was made probabilistic 

(50%) as opposed to unconditional, whereas the effect was hardly 

affected when access was made conditional upon obtaining a minimum 

non-passing grade (4 on a 1-10 scale) on the first exam. Likewise, 

Michaelis and Schwanebeck (2016) discussed several examination 

policies that might help to attenuate the resit effect, such as imposing a 

financial charge for the resit, capping resit marks at the pass threshold, 

listing the number of attempts needed to pass in the exam report, and 

malus points accounts.  

While these suggestions may be relevant and useful in some 

educational settings, some are likely to raise multiple concerns 

regarding, for instance, equal opportunity and fairness. In the present 

study we focused on the potential for controlling the resit effect through 

a potentially less controversial factor or manipulation, depreciation of 

initial investments - that is, the extent to which the effort put into 

achieving one’s goal during a first attempt fails to yield any savings or 

benefits for the second attempt to achieve the same goal. This factor is 
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particularly relevant, and probably unavoidable, when considering the 

case of resit exams, as the resit effect could well depend on the extent to 

which the student expects to benefit from any savings from the first 

learning episode towards the exam. Similarly, we could have focused on 

other factors that likely influence the resit effect, such as students 

capitalizing on the likelihood of the resit exam questions being similar in 

content to the first exam (see also Kooreman, 2013b, 2013a; Michaelis 

& Schwanebeck, 2016), or the fact that the first exam functions as a 

learning opportunity to be better prepared for the resit (i.e., the testing 

effect; e.g., see Roediger & Karpicke, 2006). Since we aimed to provide a 

first empirical test of the effect of investment depreciation on the resit 

effect, however, and given that the above-mentioned effects currently 

cannot be readily implemented in our investment-game paradigm, we 

chose to solely focus on investment depreciation in the current study. 

Depreciation of initially invested study time, conceptualized more 

commonly as forgetting of some of the knowledge that was acquired 

when studying for the first attempt, intuitively would seem to make a 

resit a less attractive option, as it would require students to spend extra 

study time to regain lost knowledge. However, Michaelis and 

Schwanebeck (2016) pointed out that forgetting could affect the resit 

effect in multiple, and sometimes opposite ways. For example, if one is 

already expecting to resit an exam it would not be useful to invest a high 

amount of time on the first exam in that case, as much of this effort will 

be in vain due to forgetting. On the other hand, and as is the case for 

our model outlined below, if one wants to optimize the utility of ones 

investment while being faced with forgetting, it is optimal to invest more 

on a first exam in order to avoid the resit. Regardless of the ambiguities 

surrounding the potential effect, forgetting is a pervasive property of 

human memory and the degree of forgetting is known to depend on the 

length of a retention interval (Ebbinghaus, 1885; see also Rubin & 
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Wenzel, 1996). Therefore, manipulating the degree of forgetting by 

increasing the time between first exam opportunity and the resit exam 

might provide effective means to counteract the resit effect. Similarly, 

manipulating students’ beliefs about their own forgetting might already 

provide means to counteract the resit effect, as it has been shown that 

individuals tend to underestimate the amount of forgetting that will 

occur in between moments of learning and moments of testing (Koriat, 

Bjork, Sheffer, & Bar, 2004; Kornell & Bjork, 2009). The task used in 

the current paper, however, is modeled after a situation where the 

effects of forgetting are known and simply the degree of forgetting is 

manipulated. 

Previously, we briefly described preliminary results of model 

simulations on possible mitigating effects of depreciation on the resit 

effect (Nijenkamp et al., 2016). In the next section, we present and 

explain these simulation results and model predictions in detail. 

Interestingly, while our model predicts proportionally large mitigating 

effects of depreciation on the resit effect, the original model of Kooreman 

(2013b, 2013a) predicts little or no such effects, whereas Michaelis and 

Schwanebeck (2016) state that their model simulations show overall 

mitigating effects of depreciation on the resit effect, but they provide no 

indication as to the size of these effects. We then report the results of a 

laboratory study designed to test the model’s predictions or, more 

precisely, to test people’s ability to conform to the model predictions and 

thus deal optimally, from a utility maximization perspective, with known 

degrees of depreciation of initial investments in a resit scenario. 

 

Modeling the Effects of Depreciation 

The model of study-time investment presented and validated in 

our previous paper (Nijenkamp et al., 2016) builds upon Kooreman’s 

(2013b, 2013a) model, but critically extends it by implementing an 
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empirically well-established exponential learning function and by 

formalizing the probabilistic relationship between acquired knowledge 

and passing probability through the use of a fictional multiple-choice 

exam. The model assumes that students will seek to maximize expected 

utility associated with studying for and taking an exam, where expected 

utility is a sole function of invested study time for the first exam. In case 

of a single exam (no resit), we denote the study time at which expected 

utility peaks by          (see the solid vertical gray line in Figure 3.1) 

and the associated passing probability by         . The base model 

without forgetting (see Supplementary 2 for an overview) assumes that if 

there is a resit opportunity and the first exam has been failed          

does not change. Therefore, the effective total amount of study time 

invested for the resit, that is, the sum of invested study time for the first 

exam and any additional invested study time for the resit, will always be 

equal to the optimal time investment for a single exam opportunity (i.e., 

        ). In other words, if first-exam investments are less than         , 

the amount of additional time invested on the resit will be to get the 

total time invested on both exams to equal         ; Additionally, if the 

time invested on the first exam is more than         , no additional time 

will be invested on the resit - this is the reason that expected utility is a 

sole function of invested study time for the first exam also in case a resit 

opportunity is available. In the present study, we implemented the 

possibility of depreciation of study-time investment in the model by 

means of two minor extensions to its mathematical structure. Formula 

2.6 from Chapter 2 is extended with a parameter (1 – D): 

 

        (         (   )       ) (3.1) 

 

With tR2 denoting the additional study-time investment for the resit 

exam (R2), toptimum representing the optimal time investment, D denoting 
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the level of depreciation, with a value between 0 and 1, and tR1 denoting 

the study-time investment for the first exam (R1). Note that (   )      

denotes the effectively saved study-time investment for the first exam. 

Formula 2.7 from Chapter 2 is similarly extended with parameter (1 – 

D): 

 

             (              ((   )     )) (3.2) 

 

With ppass R2 denoting the passing probability for R2, poptimum representing 

the optimal passing probability, and ppass denoting the passing 

probability for an exam as a function of a particular time investment 

(see Appendix II for a full overview of the model).  

 

Predictions 

Predictions of the extended model are depicted in Figure 3.1. The 

figure shows expected utility as a function of invested study time for the 

first exam for four cases (in each case the utility associated with passing 

the exam was set to 1 and the cost per unit of invested study time set to 

0.1 – see Appendix II for details): 

 

1. Exam without resit opportunity (NR). As the investment of study 

time increases from 0, utility initially decreases because passing 

probability initially remains close to 0. As invested study time 

increases further, however, utility starts to increase as passing 

probability begins to rise quickly (see Figure 3.2), and eventually 

peaks at         . 

2. Exam with resit opportunity and 0% depreciation. Utility starts at 

the maximum expected utility for the no-resit case – this is due to 

the fact that the model assumes an optimal investment of study 

time for the resit. At low levels of invested study time, utility 
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remains at this constant level, which is jointly due to the fact that 

passing probability initially remains close to 0 and the fact that any 

invested study time on the first exam is fully transferred to the resit 

in the absence of depreciation. As invested study time increases 

further and passing probability quickly rises, expected utility 

reaches a maximum that is substantially higher than that in the 

no-resit case, at a time investment that is substantially lower than 

        . This is the resit effect, aptly characterized by Kooreman as 

a windfall gain for rational students. These predictions of the model 

were empirically verified by Nijenkamp and colleagues (2016) in a 

laboratory study. 

3. & 4. Exam with resit opportunity and 50% or 100% depreciation. 

These two cases are of central interest in the present study. In 

contrast to the utility function for the resit scenario with 0% 

depreciation, the functions for these two cases show a decrease of 

expected utility across the initial range of invested study time for 

which passing probability remains close to 0 - this reflects the 

partial (50%) or complete (100%) lack of transfer of invested study 

time to the resit. Expected utility subsequently rises as passing 

probability quickly rises for larger time investments, and it can be 

seen to reach maxima at time investments smaller than         . 

However, both in terms of the reduction of optimal study-time 

investment and of enhanced maximum expected utility, the resit 

effect can be seen to be reduced by about 45% and 85%, for 50% 

and 100% depreciation respectively, as compared to the effect 

obtained for 0% depreciation (see the vertical gray lines in Figure 

3.1). This suggests that anticipated forgetting, and, as discussed 

later, various ways of manipulating the degree of such anticipated 
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forgetting, may offer great potential for mitigating unwanted resit 

effects.7 

 

Figure 3.1: Model predictions. Model predictions for expected utility as a 

function of invested study time for the first exam, without a resit (NR; Case 1) or 

with a resit with no depreciation (R1:0%; Case 2), 50% depreciation (R1:50%; 

Case 3), or 100% depreciation (R1:100%; Case 4) of invested study time. The 

vertical gray lines represent the points of maximum utility in each condition. 

In the present study, these four cases were used to test people’s 

ability to conform to the model’s predictions and thus deal optimally, 

from a utility-maximization perspective, with known degrees of 

depreciation of initial investments in specific resit scenarios. The basic 

resit effect, obtained by contrasting the no-resit condition with the 0%-

                                                
 
7 Note that with a depreciation factor of 100% (i.e. full forgetting) the model still 

predicts a small resit effect. This prediction is not tied to idiosyncrasies of the 

model, as it is easy to show that the derivative of the expected-utility function in 

this condition is negative at toptimum under very general assumptions. See 

Appendix I for a formal proof. 



Chapter 3 

77 

depreciation condition with resit, has been empirically obtained before 

(Nijenkamp et al., 2016), and we expect to replicate this finding here. 

Most important for the present purposes is the question whether 

depreciation will lead participants to adopt a more conservative study-

time investment strategy, resulting in a reduction of the basic resit effect 

by approximately 45% and 85%, for 50% and 100% depreciation, 

respectively, as predicted by the model. 

 

Method 

Participants 

Seventy first-year psychology students (17 male) from the University 

of Groningen participated in the experiment in return for course credit. 

Their age ranged from 17 to 28 (M = 19.9 years, SD = 2.03). Approval of 

the Ethics Committee Psychology (15037-NE) was obtained before the 

start of data collection. Written informed consent was obtained from all 

participants prior to the experiment. 

 

Materials  

The study-time investment task (Nijenkamp et al., 2016) was 

programmed in MATLAB and run on computers situated in a room with 

5 computer set-ups, which were enclosed by paperboard walls. The 

stimulus for the task consisted of a graph which depicted the 

relationship between study time, defined in terms of 12 arbitrary units 

along the x-axis, and the probability of passing a simulated 60-item 

multiple-choice exam along the y-axis (Figure 3.2). The graph was the 

same on every trial, for every participant, and included a cursor that 

could be moved along the curve so as to allow the participant to select a 

desired amount of study time. 
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Figure 3.2: Example trial. The plot that was used as the stimulus material, 

showing the relationship between study-time investment (x-axis) and the 

probability of passing a simulated exam (y-axis). Illustrated here is a trial from 

the 50% depreciation condition in which the first exam is failed. Panel A 

illustrates the moment at which participants make their R1 investment at the 

point indicated by the cursor. Panel B illustrates the end of the R1 investment, 

where access to the resit is granted. Feedback consisting of the number of 

correctly answered questions, the grade, and whether access to R2 is granted is 

given. After the feedback, participants see the blue line and square move from 

the position of the red square (the R1 investment) to the position on the curve 

that is equal to 50% of the R1 investment. Panel C illustrates the start of R2, 

with the blue line and square representing the depreciated R1 investment and 

the black square representing the selected R2 investment. Panel D illustrates 

the end of R2, with the green square indicating the final R2 investment. 

Feedback consisting of the number of correctly answered questions, the grade, 

the gains/losses, and the total earnings up until that point is given. 

Calculations for the gains/losses for R2 are based on the initial R1 investment 
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and the additional time investment on R2, counted from the starting point after 

depreciation (i.e. the blue square). 

Design and Procedure  

The study-time investment task (see Figure 3.2) consisted of a 

graph showing a curvilinear function relating study-time investment to 

the probability of passing a simulated 60-item multiple-choice exam. 

Participants were asked to indicate their choice of study-time 

investment for passing the simulated exam. They were informed that 

they would pass this exam if their grade was a 6 (out of 10) or higher. To 

select the desired amount of study time and associated passing 

probability, participants could move a cursor along the curve in the 

graph, and they had to click the mouse to select the amount of study 

time they wanted to invest. After their investment, feedback on the 

outcome of the simulated exam was generated by the model based on 

the amount of invested study time. This feedback was shown to the 

right of the curvilinear function. 

The availability of a resit option was manipulated within-subjects in 

a blocked design, such that each participant completed 6 blocks of 60 

trials, of which 3 blocks included a resit whereas the other blocks did 

not. The resit and no-resit conditions were presented in alternation, and 

half the participants started with a resit condition, whereas the other 

half started with a no-resit condition. On a between-subjects level it was 

manipulated how much of the invested time on R1 was depreciated (i.e. 

forgotten) when moving to R2 (0, 50, or 100%). Prior to starting the task, 

participants completed the CRT (Frederick, 2005), an index of rationality 

(Toplak, West, & Stanovich, 2011). As we previously found a positive 

correlation between the resit effect and CRT scores (Nijenkamp et al., 

2016) participants were assigned to a depreciation condition based on 

their CRT score (0%-depreciation: n = 27, M = 1.56, SD = 1.15; 50%-

depreciation: n = 22, M = 1.54, SD = 1.22; 100%-depreciation: n = 21, M 
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= 1.52, SD = 1.25). In a similar fashion, as gender differences have been 

found with regards to CRT scores (Frederick, 2005), we attempted to 

arrive at an equal distribution of male and female participants across 

conditions by assigning participants to conditions on the basis of their 

gender (0%-depreciation: nMale = 8, nFemale = 19; 50%-depreciation: nMale = 

4, nFemale = 18; 100%-depreciation: nMale = 5, nFemale = 16).  

Prior to starting the task, participants were informed about the 

nature of the exam, the required number of correct answers to pass the 

exam, the nature of the relationship between study-time investment and 

the probability of passing the exam, and how much of their R1-

investment they would lose when moving to R2. In addition, participants 

were informed that each unit of study time would cost them 1 point 

whereas they would earn 10 points if they passed the exam. A failure to 

pass the exam resulted in a loss in points that was dependent on the 

amount of time they had chosen to invest. After deciding on their 

investment, participants were informed of the number of correct 

answers, the resulting grade, the number of lost or gained points, and 

they also received information about their total net earned points up to 

that moment in the task.  

In the resit condition, participants moved on to the next trial if a 

passing grade was obtained on R1. If R1 yielded a failing grade, they 

moved on to R2 after the result of R1 had been presented for 2.5 

seconds. In case participants lost 50% or 100% of their investment, they 

saw the cursor move to the position that corresponded to respective 

percentages of their R1-investment. In case of 0% loss, the choice of 

study-time investment for R2 was restricted to an amount equal or 

higher than the study time invested for R1. This was made clear by 

presenting the cursor on the study time invested for R1, or at the 

respective point after depreciation, and by coloring the curve above this 

point green, thus highlighting which amount of time could be invested 



Chapter 3 

81 

for R2. To indicate the knowledge savings in case of depreciation the 

part of the curve below the new starting point was colored blue (see 

Figure 3.2). Participants received information on the meaning of part of 

the curve turning blue. 

 

Data Analysis  

For the data analysis we used the JASP software package (Love et 

al., 2015). We computed Bayes factors to assess the extent to which the 

data provided evidence in favor or against our predictions (see Rouder et 

al., 2009). As a first step we assessed the influence of our depreciation 

manipulation using a Bayesian one-way ANOVA. Next, we used 

Bayesian t-tests to assess whether the predicted resit effects, defined as 

the difference in study-time investments between NR and R1, were 

larger than zero, whether their magnitude was equal to the model’s 

predictions, and to compare the resit effects between the depreciation 

conditions. Furthermore, we used Bayesian ANOVAs and t-tests to 

compare the passing probability and average total study-time 

investment per passed exam across conditions. For the resit conditions, 

the total study time was computed as the sum of time invested for R1 

and the additional time that was invested for R2 (after depreciation of 

the R1 investment).    

In reporting the results of the Bayes factors analyses we adhered to 

Wetzels et al. (2011) in classifying BFs ≥ 3 and ≤ 10 or ≥ .1 and ≤ .33 as 

“substantial” evidence in favor of H1 or H0, respectively, whereas BFs 

between 10 and 30 or between .03 and .1 were classified as “strong” 

evidence, and BFs between 30 and 100 or between .01 and .03 were 

classified as “very strong” evidence, and BFs > 100 or < .01 were 

classified as “decisive” evidence. Additionally, we classified BFs between 

1 and 3 or between 0.33 and 1 as ‘anecdotal’ evidence in favor of H1 or 

H0, respectively. 
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Outlier Exclusion  

Investments of less than 2 or more than 10 study-time units were 

classified as outliers and excluded from further analysis. This entailed a 

loss of 1.3% of all recorded trials. Comparing the results with and 

without the outliers, it was found that the exclusion of these outliers did 

not affect the results. 

 

Results 

Depreciation and the Resit Effect 

A Bayesian ANOVA on the mean difference in time invested between 

NR and R1 (i.e. the resit effect) for each participant revealed that there 

was strong evidence in favor of an effect of depreciation (BF10 = 19.35), 

with the resit effect being smaller for conditions with greater degrees of 

depreciation (see Figure 3.3). Specifically, follow-up t-tests showed that 

there was very strong evidence (BF10  = 77) that the magnitude of the 

resit effect was larger with 0% depreciation than with 100% 

depreciation, but there was only anecdotal evidence that the resit effect 

was larger with 0% than with 50% depreciation (BF10  = 2.2), and with 

50% than with 100% depreciation (BF10  = 2.2).  

Next, we examined whether each of the three depreciation 

conditions showed a reliable resit effect, as predicted by the model. 

Replicating our previous findings (Nijenkamp et al., 2016), there was 

decisive evidence (BF10  = 1686) in favor of a resit effect in the condition 

with 0% depreciation, meaning that less time was invested on R1 than 

on NR (Figure 3.3). Likewise, we found strong evidence (BF10  = 12.3) in 

favor of a resit effect in the condition with 50% depreciation. However, 

for the condition with 100% depreciation, there was only anecdotal 

evidence (BF10  = 0.6) for a resit effect.  
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Figure 3.3: Mean study-time investments. Mean study-time investments for NR 

(single exam), R1 (first exam with resit opportunity), and R2 (resit exam) per 

depreciation condition (0%, 50%, or 100%). With depreciation, the total R2 time 

presented corresponds to the objective R2 investment (i.e. the R2 investment 

without the addition of the depreciated R1 investment).  

In a subsequent series of analyses, we compared the magnitudes of 

the observed effects to the magnitudes of the effects predicted by the 

model. For the conditions with 0, 50, and 100% depreciation, the model 

predicted that the resit effect would be equal to a reduction of 1.4 , 0.7, 

and 0.2 time units, respectively, whereas the observed mean resit effects 

equaled 0.6 (SD = 0.6), 0.3 (SD = 0.5), and 0.1 (SD = 0.3) time units, 

respectively, for these conditions. Bayesian tests comparing the 

observed to the predicted resit effects showed that there was decisive 

(BF10 = 3.16e-5) and very strong evidence (BF10 = 0.03) against the resit 

effect being equal to the model’s prediction for the 0% and 50% 

depreciation conditions, respectively, and no evidence (BF10 = 1.13) for 

either hypothesis for the 100% condition. Importantly, however, 

although the absolute magnitudes of the resit effects and the 

depreciation effect did not match the magnitudes predicted by the 
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model, the relative decrease in the magnitude of the resit effect across 0, 

50, and 100% depreciation did match the relative decrease predicted by 

the model, such that the resit effect decreased by approximately 45% 

and 85% across the 50% and 100% depreciation conditions, 

respectively. 

 

Comparison of Time Invested per Passed Exam 

An important aspect of the resit effect is that the reduction in study 

time invested for R1 (compared to NR) may entail a windfall gain such 

that students may occasionally pass their exams with less study time. 

To determine how the depreciation manipulation influenced this 

windfall gain, we ran a Bayesian ANOVA on the mean difference (i.e. 

resit minus no resit) in the average total amount of study time invested 

per passed exam. A passed exam in the resit condition constitutes an 

exam that is passed with passing R1, or with passing R2 after a failed 

R1. As can be seen in Table 3.1, the average amount of study time 

invested per passed exam was lower in the resit condition than in the 

no-resit condition for the 0%-depreciation condition, such that 

participants invested 0.2 (SD = 0.4) study-time units less per passed 

exam in the resit condition. According to a Bayesian one-sided t-test, 

the data yielded strong evidence (BF10  = 15.1) that this difference was 

smaller than 0. Importantly, however, a comparison of this effect across 

depreciation conditions showed it was reversed when depreciation was 

present, with the ANOVA showing decisive evidence (BF10 = 6.0e6) for a 

main effect of a difference across depreciation conditions. Specifically, 

participants now invested more time per passed exam in the resit than 

in the no-resit conditions, with the differences being M = 0.2 (SD = 0.6), 

and M = 0.8 (SD = 0.5), respectively, for the 50 and 100% depreciation 

conditions. Further analyses showed that the difference was unreliable 

for the 50% depreciation condition, where we found anecdotal evidence 
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against the difference score being unequal to zero (BF10  = 0.7). However, 

there was decisive evidence (BF10  = 45512) that participants invested 

more study time per passed exam for the resit exams in the 100% 

depreciation condition. 

 

Table 3.1. Mean study-time investment and standard deviation per passed 

exam per depreciation condition 

Note. A passed exam in the resit condition constitutes an exam that is passed 

with passing R1, or with passing R2 after a failed R1. In the resit condition 

without investment depreciation study-time investments per passed exam are 

defined as the investment on R1, plus the additional investment on R2. In the 

resit conditions with depreciation, the total time per passed exam is defined as 

the R1 investment, plus the difference between the depreciated R1 investment 

and the R2 investment. D indicates the level of depreciation. The mean 

difference score reported is obtained after subtracting the mean of the no resit 

condition from the resit condition in each depreciation condition (i.e. a higher 

difference score corresponds to more time being spent per passed exam or a 

higher proportion of passed exams in the resit condition than in the no resit 

condition). 

  

Depreciation Condition Total Study Time per 

Passed Exam 

Percentage of Passed 

Exams 

Mean (SD) Mean 
Difference 
(SD) 

Mean (SD) Mean 
Difference 
(SD) 

D = 0% No Resit 6.3 (.6) -0.2 (.4) 78.2 (11.7) 13.3 (7.7) 

Resit 6.1 (.6) 91.4 (6.4) 

D = 50% No Resit 6.9 (.8) 0.2 (.6) 84.5 (9.3) 9.5 (7.5) 

Resit 7.1 (.4) 94.0 (4.9) 

D = 100% No Resit 6.6 (.7) 0.8 (.5) 81.5 (11.8) 12.4 (7.4) 

Resit 7.4 (.4) 93.9 (5.9) 
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Comparison of Passing Probability 

Lastly, we examined how the depreciation manipulation influenced 

the percentage of passed exams in the resit and no-resit conditions. For 

these analyses, we compared the differences in the percentages of 

passed exams between the resit and no resit conditions across the three 

depreciation conditions. As can be seen in Table 3.1, all depreciation 

conditions yielded a higher passing probability for the resit exam than 

for the first exam opportunity, with the differences being M = 13.3 (SD = 

7.7), M = 9.5 (SD = 7.5), and M = 12.4 (SD = 7.4) for the 0, 50, and 100% 

depreciation conditions, respectively. For each depreciation condition, 

the Bayesian analyses indeed showed that there was decisive evidence 

that the percentage of passed exams was higher for the resit than for 

the first exam opportunity, all BF10’s > 3366, and a Bayesian ANOVA 

revealed there was only anecdotal evidence for an effect of depreciation 

the difference between the depreciation conditions. 

   

Discussion 

In the current study, we aimed to assess whether the resit effect 

(Nijenkamp et al., 2016) is counteracted by introducing depreciation of 

the study-time invested for a first exam opportunity. In accordance with 

our predictions, the results showed that participants invested less study 

time for an exam when a resit was present, and this resit effect 

decreased as the degree of depreciation increased. In other words, 

participants made a rational optimization of the trade-off between the 

costs of investing time and the benefits of passing the exam, depending 

on how much of their initial investment was depreciated when moving to 

the resit. Furthermore, although the model over-predicted the 

magnitude of the resit effect and the depreciation effect when 

considering the absolute outcomes, the degree to which the resit effect 

was reduced did match the relative decrease predicted by the model, 
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such that the resit effect was decreased by about 45% and 85% for the 

conditions with 50 and 100% depreciation. Importantly, the occurrence 

of depreciation not only mitigated the resit effect on study-time 

investment, but it also countered the windfall gain that arises from the 

resit effect. Specifically, whereas the 0% depreciation condition showed 

that participants invested less time per passed exam in the resit 

condition, this effect was reversed when depreciation was present, such 

that these conditions showed that participants invested more, instead of 

less, time per passed exam in these resit conditions. Taken together, 

these findings suggest that conditions that foster the depreciation of 

study-time investments could be a potent means to counter the resit 

effect and the associated windfall gain of passing a first exam 

opportunity with a reduced amount of study time. 

 

Implications of the Results 

Before discussing the implications of the results, it is important to 

restate that the conclusions reached in the current paper are based on 

data obtained from a laboratory task that required the investment of 

fictional study time to pass a simulated exam. As this task is an 

abstraction of real exam-taking, the following discussion should be 

taken as provisional.  

Given the results of the current study, what can be said, by 

extension, about the implications of these results for resit policies? As 

mentioned in the introduction, investment depreciation between R1 and 

R2 can be seen as an analogue for the forgetting of knowledge over time 

between a first exam and a resit exam. Imagine the investment of study 

time on R1 as having a certain value or worth, and when this exam is 

not passed the value of the invested study time starts to decrease as 

more of the acquired knowledge from the study-phase for R1 is 

forgotten. The more time there is between a failed R1 and the R2, the 



Controlling the Resit Effect by Means of Investment Depreciation 

88 

more knowledge the students would have forgotten (Ebbinghaus, 1885; 

see also Rubin & Wenzel, 1996). Usually, students know when R2 is 

scheduled, theoretically allowing them to take this knowledge into 

account when investing study time for R1. This is supported by the 

finding that students adjust their study behavior to the way their 

curriculum is organized. For example it has been found that students’ 

study behavior changes when exams are more spread out over the year 

or when resit exams are less spread out over the year, with the result 

that overall study progress increased (Jansen, 2004; see also Crombag 

et al., 1985; Van der Drift & Vos, 1987). 

Therefore, to prevent the windfall gain that exists by allowing 

students unrestricted resit exams the scheduling of R2 should be such 

that it allows for the loss of knowledge to incur sufficient costs and to be 

a sufficient prospective deterrent for students. Given the relationship 

between forgetting and the passing of time, our results suggest that R2 

should be scheduled as far away from R1 as possible for the resit to 

provide students with an extra chance of passing the exam, while 

abolishing the reduction of study-time investment per passed exam on 

R1. This recommendation is in contrast to publications that have 

advocated, although seemingly without empirical basis, that R2 should 

be scheduled closer in time to R1, so that students might capitalize on 

the already-acquired knowledge after learning for the first exam 

opportunity, supposedly increasing the student’s learning efficiency 

(e.g., Wijnen et al., 1992; Hulst & Jansen, 2002; Jansen, 2004). Our 

results suggest that such resit policies promote the use of resit exams, 

in the sense that students could reduce their study-time investment for 

R1 and capitalize on the windfall gain outlined in the introduction. Our 

recommendation does find support from Walsh (2010), who states that 

‘fast resit exams’ do not allow for a period of serious remediation on the 

student’s part and allow students to capitalize on chance, and from 
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Bruijns and Kok (2014), who state that resit exams scheduled close in 

time to the first exam opportunity might result in more students 

preparing insufficiently for a first exam opportunity. Additionally, our 

recommendation finds support from the finding that more students pass 

R1 if R2 is scheduled less favorably (Cohen-Schotanus, 2012), thus 

highlighting the potential to increase educational efficiency.8  

Research on judgments of learning has shown, however, that 

individuals generally over- or underestimate how much knowledge they 

will have retained when they will make a test on the learned materials 

(for a review, see Koriat, 2007). Moreover, when taking the factor of time 

between learning and testing into account, individuals have generally 

been shown to have an indifference to the anticipated retention interval 

when judging how well their eventual performance will be, thereby not 

taking into account that forgetting will take place (e.g., Carroll, Nelson, 

& Kirwan, 1997; Maki & Swett, 1987; Shaddock & Carroll, 1997). 

Additionally, it has been shown that individuals underestimate the 

amount of forgetting that will occur in between moments of learning and 

moments of testing (Koriat et al., 2004; Kornell & Bjork, 2009).  

Despite the fact that individuals do not seem to possess accurate 

metacognitive perception of the amount of knowledge they will retain in 

the moments between learning and testing, however, participants did 

                                                
 
8 Using a Bayesian ANOVA, we indeed found decisive evidence (BF10 = 860) for 

an effect of depreciation on the proportion of passed R1 exams in the resit 

condition. Compared to 0% depreciation (M = 62.5, SD = 18.8), we found very 

strong evidence for pass rates to be different in the 50% (M = 79.3, SD = 10.1; 

BF10 = 63) and 100% (M = 80.4, SD = 10.8; BF10 = 82) depreciation conditions. 

We found substantial evidence (BF10 = 0.3) against a difference in the proportion 

of passed R1 exams between 50% and 100% depreciation. Thus, our data 

supports the notion that a less favorable scheduling or R2 – meaning R2 is 

scheduled further away in time from R1 (i.e. more investment depreciation) - 

increases the proportion of passed R1 exams. 
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take depreciation into account when making fictional study-time 

investments in the current study, potentially highlighting fundamental 

differences between our resit paradigm and real-life study situations. 

Despite these potential fundamental differences, it is important to note 

that the relevance of using investment depreciation/forgetting to 

minimize the resit effect does not lie solely in scheduling R2 exams later 

in time, but also lies in training students’ metacognitive skills with 

regard to learning and forgetting. Future research should focus on 

bridging the gap between our resit paradigm and real-life study 

situations, and assess the existence of the resit effect and the effects of 

investment depreciation in real-life study scenarios. Furthermore, future 

directions for research should also include focusing on whether the 

availability of resit exams, and by extension forgetting, influences 

established memory effects such as, for example, the difference in 

retention of learned information through deep versus shallow learning 

(e.g., see Chin & Brown, 2000), massed versus spaced learning (e.g., see 

Kornell & Bjork, 2008), and the testing effect (e.g., see Roediger & 

Karpicke, 2006). 

In the broader context of the recent literature on second chances 

and backup plans, that we referred to at the start of the introduction, a 

resit exam would seem to provide a particularly simple and clear 

example of a backup plan or, more precisely, a contingent backup plan, 

defined by Napolitano and Freund (2016) as a backup plan that links 

future actions to specific contingency conditions associated with failure 

of first-choice plans. Whereas such backup plans typically are 

intentionally developed and then held in reserve, which may introduce 

practical advance costs and detract resources from developing and 

using the first-choice plan (Napolitano & Freund, 2016; for exceptions, 

see Shin & Milkman, 2016), resit exams require no such advance 

investments from students. This greatly simplifies the development of 
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formal models to compare different strategies in terms of associated 

expected utilities, as we did in the current paper. Interestingly, very 

similar to the resit effect reported here, recent research suggests that 

backup plans may lead to a reduced probability of achieving one’s goal 

by the first-choice plan (Napolitano & Freund, 2017; Shin & Milkman, 

2016). As for the resit effect (e.g., Grabe, 1994), such effects of backup 

plans have been ascribed, at least in part, to negative effects on people’s 

motivation and effort to pursue the goal through Plan A (Napolitano & 

Freund, 2016, 2017; Shin & Milkman, 2016). As suggested by Shin and 

Milkman (2016), such effects may be mediated by a decreased desire to 

attain the primary goal. Our model suggests a quite different account, 

however, as it shows how negative effects of a second chance or backup 

plan on the effort invested in the first chance, or first-choice plan, need 

not reflect decreased motivation to achieve the goal. Rather, it might 

reflect a shift in the maximum of the curve relating invested effort in the 

first attempt and overall expected utility towards lower levels of effort 

(e.g., see Figure 3.1).  

In the present work, we investigated how such effects are 

modulated by the level of investment depreciation. This depreciation 

factor can be generalized to the question of the extent to which 

resources and effort invested in pursuing a goal in the first attempt, or 

with the first-choice plan, might benefit performance success in the 

second attempt, or backup plan. This factor appears to have received 

little or no attention in the literature on the effects of backup plans so 

far, with all of the studies in this field that we know of using virtually 

complete depreciation, or lack of transfer, from the first-choice plan to 

the backup plan (Napolitano & Freund, 2016, 2017; Shin & Milkman, 

2016). The strong modulation by the level of depreciation of the resit 

effect found in the present study, suggests that potentially related 
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effects of backup plans may be similarly modulated by degree and type 

of transfer between first-choice and backup plans. 
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Abstract 

Previous studies have shown that the prospect of a resit opportunity 

lowers hypothetical study-time investments for a first exam, as 

compared to a single-chance exam (i.e., the resit effect). The present 

paper describes a first experiment in which we aimed to generalize this 

effect from hypothetical study-time investments to a learning task 

allowing for the optimization of actual study-time investments while 

participants studied pairs of pseudowords for a subsequent multiple-

choice test, given either a single chance or two chances to pass. Against 

our expectations, the results of the experiment showed no resit effect for 

the amount of actual time participants spent studying the materials in 

the experimental learning task. To better allow for the optimization of 

study-time investments, the learning task was adapted for a second 

experiment to include an indication of passing probability. These 

results, however, also did not show a resit effect. Taken together with 

findings from a third questionnaire study showing that students seem to 

take a resit prospect into account by indicating they would have studied 

more for an exam if the option to resit would not have been available, 

these findings lead us to argue that a resit prospect may primarily affect 

advance study-time allocation decisions.    

 

Keywords: resit exams, study-time allocation, advance study-time 

planning, learning, exam taking.  
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Introduction 

Resit exams are a type of exam used in certain educational systems 

that adhere to the learning for mastery system (Bloom, 1968; Carroll, 

1963; Kulik et al., 1990). They offer students the opportunity to take an 

examination a second time after failing the first exam attempt in order 

to have a second chance at showing mastery of course contents, and 

thus offer a second chance at passing a course without having to re-do 

the course as a whole. Concerns have been expressed in the literature 

that these resit exams may result in grade inflation, due to potential 

undesirable effects of the prospect of such resits on student learning 

and, more specifically, on students’ strategies regarding study-time 

investment and test taking (Al-Bayatti & Jones, 2003; Centre for 

Education Research and Policy, 2012a, 2012b; see also Burr et al., 

2018; McManus, 1992; Pell et al., 2009; Ricketts, 2010; Scott, 2012; 

Yocarini et al., 2018). However, empirical evidence for such potential 

adverse behavioral effects of resit exams is scarce. This may be one of 

the reasons for a pronounced lack of consensus across educational 

systems and institutions regarding the question of whether resit exams 

should be offered at all and, if so, what appropriate resit policies are.9  

In recent work it has been found that the prospect of having a 

second chance to pass a simulated exam (i.e., a resit exam) indeed leads 

to a reduction of hypothetical study-time investment, as compared to 

only having a single chance to pass the simulated exam (Nijenkamp et 

al., 2016, 2018). Since these studies found this effect with the 

investment of only hypothetical study time, and the fundamental 

                                                
 
9 As a case in point, across different bachelor and masters programs in 

Universities in the Netherlands, different resit policies are implemented, with 

some not offering any resits, highlighting the lack of knowledge and consensus 

about the effects of resit exams. 
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psychological mechanisms underlying the effects of a resit prospect are 

not yet precisely known, it is paramount to establish whether a similar 

resit effect would occur in a task requiring the investment of actual time 

on learning materials for a subsequent test. Therefore, the current paper 

reports the results of a controlled experimental study using a paired-

associates learning task asking for the investment of actual time to 

study for and pass a few short multiple-choice tests. In a follow-up 

experiment this learning task was adapted to include an indication of 

passing probability to better allow for the optimization of study-time 

investments. Additionally, the results of a questionnaire study, asking 

students whether they would have changed their study behavior if the 

option to resit a failed first exam would not have been available for two 

exams they made previously, are reported. 

  

Evidence for the Resit Effect 

Despite the limited empirical evidence available on the effects of 

resit exams, there are some indications that they might indeed influence 

the way students prepare for exams if actual study-time investment is 

involved. In an experimental field study, for example, Grabe (1994) 

manipulated the resit policy for a course, by either allowing students a 

single opportunity to pass an exam, or three opportunities (i.e., two resit 

opportunities) with either the best or last grade of these opportunities 

counting towards the final grade. Grabe observed that student 

performance on the first out of three exam opportunities (with the best 

grade out of all attempts determining the final grade) was significantly 

lower than when a single exam opportunity was available. This finding 

suggests that, under some conditions, the opportunity to resit results in 

poorer preparation for the first exam opportunity.  

Grabe (1994) argued that the resit effect could reflect a negative 

effect of the availability of second chances on students’ motivation to do 
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well on the first examination attempt. In line with this reasoning, 

research has shown that students’ academic performance does indeed 

seem to be sensitive to differences in the specific rules making up 

assessment policies, possibly through motivational and self-regulatory 

factors (Elikai & Schuhmann, 2010; Johnson & Beck, 1988; Kickert et 

al., 2018, 2019). Further research has also shown that academic 

performance (Kickert et al., 2020) and study delays (Schmidt et al., 

2021) might be affected by changes in resit policies specifically. 

Moreover, in another study it was reported that students, at least those 

who are impatient, tend to not exert sufficient effort to pass through the 

first exam and instead shift their study efforts to the resit exam (Non & 

Tempelaar, 2016). Assuming that the net invested study time for the 

resit exam would be similar to that invested for a single chance exam (as 

suggested by Nijenkamp et al., 2016), this would imply the presence of a 

resit effect in at least a subset of students. 

In another line of research, poorer test performance in the first 

attempt has been explained using utility-maximization models 

(Kooreman, 2013b, 2013a; Michaelis & Schwanebeck, 2016; Nijenkamp 

et al., 2016; for a similar conceptualization, see also Wilbrink, 1980). 

Such models assume that rational students will seek to optimize a 

trade-off between the cost of investing study time, thereby gaining 

knowledge, and the probability of passing an exam. Accordingly, they 

generally predict that the optimal study-time investment for the first 

exam is lower when the option to resit is available. Nijenkamp and 

colleagues (2016, 2018), for example, used an extension of Kooreman’s 

(2013a, 2013b) mathematical model specifically modeling multiple-

choice exams, by incorporating a well-established exponential learning 

function to relate the amount of acquired knowledge of course materials 

to invested study time. This model allowed for precise predictions for the 

effects of different resit policies on the optimal study-time investment, 
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and these predictions were subjected to an empirical test using an 

investment task that required students to invest hypothetical study-time 

to pass a simulated multiple-choice exam. The results showed that, in 

close accordance with the model’s predictions, investments of 

hypothetical study time were lower for a simulated exam with resit 

opportunity than for a single exam opportunity (i.e., the resit effect). 

Furthermore, the magnitude of this resit effect was found to be 

positively correlated with the Cognitive Reflection Test (CRT; Frederick, 

2005), which in turn has been shown to be correlated to performance on 

several indices of rational decision making (Toplak et al., 2011). Thus, 

the above results support the notion that resit opportunities could lower 

students’ preparation for an exam, and suggest that especially rational 

students may exhibit a resit effect.  

An important consideration in interpreting the results of these 

earlier studies (Nijenkamp et al., 2016, 2018) is that students, and 

especially rational students, are capable of using the available 

information about the relationship between study time and passing 

probability to maximize expected utility in the condition without resit 

opportunity. Moreover, these studies demonstrate students’ cognitive 

abilities to appreciate and utilize the fact that the function relating 

overall expected utility to invested study time for the first exam is 

changed, often in quite subtle ways, by the availability of a resit 

opportunity under various resit policies and assumptions about the 

degrees of forgetting in between exams (for graphical illustrations of 

such changes, see Nijenkamp et al., 2016, 2018). This suggests that, at 

the very least, students must have appreciated the fact that availability 

of resit opportunities lowers the optimal amount of to-be-invested study 

time in the first attempt. Since they adapted their time investments in 

the first exam accordingly, and thereby accepted the lower passing 

probabilities related with lower study-time investments, this can also be 
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taken to suggest that providing a resit opportunity could promote the 

use of risky study-time investment strategies. 

While the previous findings demonstrate that students are capable 

of maximizing utility when investing hypothetical study time to pass a 

simulated exam under different resit policies, a potentially relevant 

limitation of the investment task used in the previous studies by 

Nijenkamp and colleagues (2016, 2018) is that participants were 

provided with precise and reliable information about passing probability 

as a function of invested study time. In real-life learning tasks, however, 

estimates of passing probability will likely not be given and students 

instead will have to rely on their own estimates. These estimates might 

be rather imprecise and biased, as they are based on judgments of 

learning during actual studying (Bjork et al., 2013; Metcalfe & Kornell, 

2005), or on general experiences and beliefs regarding how passing 

probability varies as a function of study time for that type of task and 

expected type of exam. This does not mean, however, that students 

could not attempt to maximize expected utility using those imprecise 

estimates and as a result produce a resit effect. 
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Experiment 1 

As mentioned above, the investment task used to initially observe 

the resit effect did not require the investment of actual time on studying 

materials for a subsequent test. Therefore, the results of the studies by 

Nijenkamp and colleagues cannot be taken to imply the presence of resit 

effects in settings that do involve learning through the investment of 

actual time. Therefore, as a first step to test whether the resit effect, 

stemming from the optimization of a trade-off between the cost of 

investing time and the benefit of passing the exam or test, generalizes to 

a context requiring the investment of actual time on studying materials 

for a subsequent test, the present study extends the above line of 

investigation with the use of an experimentally tractable Paired-

Associates Learning (PAL) task. The PAL task retained many of the 

mechanics of the investment task used in previous research (e.g., 

Nijenkamp et al., 2016). Specifically, the two tasks are similar in the 

sense that in both tasks participants were informed beforehand about 

the cost of investing study time and that they were incentivized to 

optimize the trade-off between the cost of investing study time and the 

probabilistic benefit of passing the exam in order to maximize a 

monetary pay-off. The crucial difference between the study-time 

investment task and the PAL task, however, is that participants in the 

PAL task had to invest actual time studying material, rather than 

hypothetical study time, without having to indicate beforehand how 

much time they would want to invest.  

Since study-time allocation has been found to be affected by 

aspects such as item difficulty (Son & Kornell, 2009; Son & Metcalfe, 

2000; Thiede & Dunlosky, 1999), pseudowords were utilized in the PAL 
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task rather than English words.10 Pseudowords are more uniform in 

nature and are without semantic content (see Mak & Twitchell, 2020). 

This absence of semantic information should increase item difficulty, 

and therefore facilitate strategic optimization behavior, as previous 

research has found that an increase in item difficulty triggers top-down 

strategic allocation of study time (Undorf & Ackerman, 2017). Moreover, 

the use of pseudowords should have reduced any influence or noise as a 

result of the specific randomized stimuli participants were exposed to, 

and allowed us to isolate any effects of a resit prospect on actual study-

time allocation. Additionally, a surprise memory test was included at the 

end of the experiment to test whether any differences in study-time 

allocation as a result of having one or two chances to pass the test 

would also lead to a difference in the retention of the studied 

pseudoword pairs.  

In previous studies using the study-time investment task 

(Nijenkamp et al., 2016, 2018) the goal was to simply pass the test to 

receive a small monetary bonus and, to allow them to maximize this 

bonus, participants were provided with the information necessary to 

approximate the shifting optimal study-time investments due to a resit 

prospect. Since the PAL task used in the current experiment retained 

many of these features, we hypothesize that participants will invest less 

time studying the pseudoword pairs for a test if a resit is available. We 

also expect the resit effect to be larger for participants scoring higher on 

the CRT (Frederick, 2005; Nijenkamp et al., 2016; Toplak et al., 2014). 

                                                
 
10 In a pilot study, the use of English words in the PAL task proved to be too 

easy for participants. This caused test performance to be close to ceiling across 

all conditions with little study-time investment, and left participants with little 

room to possibly reduce their study-time investments as part of the 

experimental manipulation. 
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Furthermore, mirroring concerns expressed in the literature that 

providing resit exams could inflate grades, and therefore pass rates 

(Centre for Education Research and Policy, 2012a, 2012b), and in 

accordance with previous findings (Nijenkamp et al., 2016), we 

hypothesize that overall pass rates will be higher in the condition with a 

resit, while the average time invested per passed exam (regardless of 

passing through the first chance or resit) will be lower. Due to the 

exploratory nature of the surprise memory test, no specific hypotheses 

are made with regards to the possible outcome. 

 

Method 

Participants  

We conducted an a priori power analysis (Faul et al., 2007), 

assuming both a Type I and Type II error probability of .05 (i.e., Power = 

0.95). Using the resit effect data from Experiment 1 by Nijenkamp and 

colleagues (2016; MNR = 6.22, SDNR = 0.53, MR1 = 5.22, SDR1 = 0.71, r = 

0.58, dz = 1.69), the analysis based on the difference in means between 

two dependent matched pairs revealed a necessary sample size of 6 

participants to attain sufficient statistical power to observe a resit effect. 

Since actual, rather than hypothetical, study-time investments might 

lead to more noisy data, we included a higher number of participants to 

ensure sufficient statistical power. Ultimately, 46 first-year Psychology 

students (31 female) from the University of Groningen participated in 

exchange for course credits during a single data collection period. Their 

ages ranged from 18 to 29 (M = 20.9, SD = 2.5). The study was approved 

by the Ethical Committee Psychology (15160-NE), and participants gave 

their written informed consent prior to starting the experiment. 
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Materials  

The PAL task was programmed in MATLAB (MathWorks, 2017), 

using the Psychophysics Toolbox extensions (Brainard, 1997; Kleiner et 

al., 2007; Pelli, 1997), and run in a setting consisting of 10 computer 

set-ups enclosed by paperboard walls. The PAL task used pseudowords 

that were generated using the Wuggy software (Keuleers & Brysbaert, 

2010), using the sub-syllabic English language module. The words used 

to generate the pseudowords consisted of 294 English language words 

randomly chosen from a list of words downloaded from the English 

Lexicon Project website (Balota et al., 2007), with a length of 5 

characters, a log Hyperspace Analogue to Language (Lund & Burgess, 

1996) frequency of 6 or more, and which did not end with an –s, due to 

the fact that these words consisted mostly of plural nouns. 

   

Design and Procedure  

The task consisted of six tests (i.e., blocks) with or without a resit 

opportunity, for which participants had to spend time studying the 

accompanying materials. As the presence of a resit opportunity was a 

within-subjects manipulation, each participant studied for and made 3 

tests with and 3 tests without the opportunity to resit a failed first-

chance test. The presence of a resit opportunity alternated between 

tests, with the presence of a resit for the first test being counterbalanced 

across participants. Prior to studying the materials for each test, 

participants were told how many chances they had to pass that test and 

that they would have a maximum of five minutes to study twenty 

pseudoword pairs. The twenty pseudoword pairs that needed to be 

studied were chosen at random for each test for each participant from 

the 294 total available pseudowords, to avoid any bias in the study 

materials. Participants were instructed that they could cycle through 

the items and proceed to the test at any point in time, depending on 
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their own judgment of whether they were ready to take the test. They 

were also informed that for some of the tests they would have a second 

chance to study and pass in case they failed to do so through the first 

chance, and that their aim in the experiment should be to pass each 

test by obtaining a minimum grade of 6 out of a maximum of 10. Before 

the experiment, participants were informed of the nature of the trade-off 

between spending time on studying and passing the test: if they spend 

less time on studying the materials while still passing the test, they 

would earn a higher monetary pay-off than when they would spend 

more time on studying. 

During the study phase, the pairs of pseudowords that needed to be 

learnt were shown one after the other in an order that was fixed for that 

test and that participant. Participants controlled the presentation of 

pairs using the mouse and they could re-study the pairs if they desired 

to do so. On the screen, it was shown how much time was left of the 

total of five minutes of available study time, as well as how many pairs 

the participant had viewed. Additionally, a decreasing counter showed 

how many cents participants could earn at any given moment during 

the learning phase if they moved on to and passed the test (Figure 4.1). 

In the test phase, participants were asked to complete ten multiple-

choice questions based on ten pseudoword pairs that were randomly 

selected from all studied word pairs. Each question showed the first 

studied pseudo word of the pair, together with three answer alternatives 

for its associate. These alternatives included the correct answer, a foil 

chosen from the other pseudoword pairs presented as study materials 

for the same test, and a randomly chosen pseudo word from a list of 

unused words. After the test, the grade, which was equal to the number 

of correct answers, was presented. The criterion for passing the test was 

6 correct answers. If a participant did not pass the test (i.e., grade ≤ 5), 

then they would lose a number of cents that was proportional to the  
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Figure 4.1: Task display. The task display as presented to participants during 

the study phase in Experiment 1. The display showed the pseudoword pair in 

the middle, an indication of the type of exam in the top left, an index indicating 

which word pair the participants was studying at the bottom, and the time, 

bonus, and total earnings counters at the top right. Additionally, the display 

included two light-gray buttons on which the participants could click at any 

point to either continue to the next pair, or take the test.  

amount of time that was invested during the learning phase. However, if 

a participant passed the test, then the outcome would be a gain of a 

number of cents that was proportional to the time not used for studying 

(i.e., the monetary bonus that was shown on the screen at the time the 

participant was studying and chose to take the test). The importance of 

this trade-off was explained to participants in the instructions to 

encourage them to optimize this trade-off between the costs of investing 

time on learning the pairs and the benefit of passing the test (i.e., 

gaining a monetary bonus). The maximum monetary bonus per test was 
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set at 66 eurocents, and the amount they received at the end of the 

experiment was dependent on their performance (max €4). 

For the tests in the condition with a resit opportunity, participants 

had two chances to pass each test. If they failed to pass the first test, 

participants went through the learning phase and test phase a second 

time. The procedure for the learning phase and the test phase of the 

first attempt (R1) of the tests with resit opportunity was the same as the 

procedure described above for the single-chance test (No Resit, or NR) 

scenario. For the resit opportunity (R2), participants again had five 

minutes to restudy the same material as for the first test. The test for 

R2, however, consisted of eight out of the ten pseudoword pairs that 

were not tested during R1, plus two randomly selected pairs that had 

also been tested in R1, and alternatively asked participants to choose 

the correct option for the first pseudo word of the studied pair after the 

second word was prompted. The remaining two untested pairs of the 20 

studied pairs were used near the end of the experiment for the surprise 

memory test. For this test, participants were presented with pairs of 

pseudowords they studied in that combination previously, or pairs 

where the second pseudo word was randomly chosen from a list of 

previously unstudied words. There was a 50% chance that the 

presented pseudoword pair was as studied previously, or whether it was 

a new pairing of pseudowords. Participants were asked to indicate 

whether the pair had been presented in that combination during the 

study phase (‘correct’), or whether it was a new combination (‘incorrect’). 

At the end of the experiment participants completed the Cognitive 

Reflection Test (CRT, 7-item version; Toplak et al., 2014). The CRT 

assesses the tendency to reflect on an intuitive, yet incorrect response 

alternative until the correct response is found. CRT scores have been 

found to be correlated with measures of rationality (Toplak et al., 2011). 
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Data Analysis.  

We computed Bayes factors to assess the extent to which the data 

provided evidence in favor of or against our predictions (see Rouder et 

al., 2009). Bayes factors were calculated using the JASP software 

package (Love et al., 2019). In reporting the results of the Bayes factor 

analyses we adhered to Wetzels et al. (2011) for classifying the Bayes 

factors. 

 

Results 

Comparing the average study-time investment in seconds for the 

first-chance (R1; M = 175.2, SD = 69.4) and single-chance exam (NR; M 

= 181.2, SD = 68.6; see Table 4.1) a Bayesian one-sided paired samples 

t-test revealed there was anecdotal evidence (BF10 = 0.58) against the 

hypothesis that the time invested in R1 would be less than that invested 

in NR. In a subsequent analysis, we investigated whether the resit effect 

(i.e., study time NR minus study time R1) correlated with a participant’s 

CRT score. A one-sided Bayesian correlation analysis revealed there was 

anecdotal evidence against our hypothesis of a positive correlation (r = 

.13, BF10 = 0.41). In other words, there was no clear evidence 

distinguishing whether the resit effect was larger in magnitude for 

participants scoring higher on an index of rationality or not.  
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Table 4.1. Descriptive Statistics Experiment 1 

Test Mean 
Overall 
Study 
Time in 
Seconds 
(SD)  

Mean 
Study 
Time per 
Word Pair 
in Seconds 
(SD) 

Mean 
Number 
of Word 
Pairs 
Viewed 
(SD) 

Mean 
Grade 
(SD) 

Mean 
Proportion 
of Passed 
Tests (SD) 

NR 181.2 
(68.6) 

5.2 (3.3) 37.6 (13.0) 7.7 (1.7) 0.85 (0.27) 

R1 175.2 
(69.4) 

5.4 (3.3) 35.8 (12.1) 7.5 (1.8) 0.82 (0.28) 

R2 95.5 (71.4) 3.7 (2.9) 27.3 (13.0) 6.9 (1.9) 0.68 (0.43) 

Note. Mean values, averaged over both passed and failed tests, for overall study 

time in seconds, study time per word pair in seconds, number of word pairs 

viewed (values higher than the total amount of included word pairs per test 

reflect the repeated studying of certain pairs), grade, and percentage of passed 

tests for NR (single chance), R1 (first test opportunity), and R2 (resit 

opportunity) in Experiment 1. Standard deviations are presented in 

parentheses.   

For the analysis comparing the time invested per passed test, a one-

sided paired samples t-test revealed strong evidence (BF10 = 0.10) 

against our hypothesis that the time invested per passed test would be 

lower in the overall resit condition (M = 193.2, SD = 68.9) than in the 

no-resit condition (M = 188.8, SD = 64.7), with participants investing 

marginally more time per passed test in the resit condition.11 Comparing 

the pass rates (i.e., the proportion of tests with a grade ≥ 6) between the 

                                                
 
11 A passed exam in the resit condition is an exam that is passed through either 

R1 or R2. As the particular analyses in this paragraph only include data from 

passed tests, the descriptive statistics for the resit and no-resit conditions 

reported here deviate from those reported in Table 4.1. Additionally, two 

participants, who did not pass any NR tests, were excluded from this analysis. 

Excluding these participants from the main analyses yielded no noteworthy 

differences in results. 
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resit and no-resit conditions through a one-sided paired samples t-test, 

we found substantial evidence (BF10 = 4.92) that pass rates were higher 

in the condition with resit (M = 0.94, SD = 0.17), than in the no-resit 

condition (M = 0.85, SD = 0.27). 

As an exploratory analysis we also examined the results for the 

surprise memory test to determine whether the retention of the item 

pairs differed between the resit and no-resit conditions. A two-sided 

Bayesian paired samples t-test revealed there was substantial evidence 

in favor of a null effect (BF10 = 0.25), indicating no difference in the 

proportion of correctly identified word pairs that were learned during the 

experiment for the no-resit tests (M = 0.6, SD = 0.2) and the tests with 

resit opportunity (M = 0.7, SD = 0.2). 

We also ran analyses on the performance on tests three through six, 

based on the idea that a resit effect might well depend on participants 

having gained some experience regarding the relationship between 

investing study time and the probability of passing the test. The results 

of this analysis, however, were similar to those based on all tests, 

presented above. 

 

Discussion 

Except for the rather obvious finding that overall pass rates were 

higher in the resit condition than in the single test condition, our 

hypotheses were not confirmed. Most important, the resit effect 

observed in previous work using an investment task with hypothetical 

study-time investments (Nijenkamp et al., 2016) did not generalize to 

the PAL task utilizing actual time to study materials for a subsequent 

test used in the current experiment. Note that this is despite the fact 

that the average grade in the no-resit condition was 7.7 (out of 10), 

which is substantially higher than the minimum passing grade of 6, 

leaving seemingly ample room for a reduction in study time and the 
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concomitant passing probability for R1 (i.e., a resit effect). A possible 

explanation for this discrepancy lies in the fact that in the previously-

used investment task the precise relationship between study time and 

passing probability was visually displayed to participants, possibly 

aiding them in the optimization of their study-time investments, 

whereas no such explicit information was available to participants in the 

current experiment. We therefore adapted the PAL task in a follow-up 

experiment to include an indication of passing probability as an 

increasing function of the time spent learning the materials. With this 

addition, the information presented to participants in Experiment 2 

more closely resembled that displayed in the study-time investment 

task, and might, as compared to Experiment 1, provide participants 

with additional information and motivation to optimize their study-time 

investment decisions and produce a resit effect.        

  



Chapter 4 

113 

Experiment 2 

We adapted the PAL task used in Experiment 1 to include an 

indication of the probability that a participant would pass the test, given 

the amount of time they already spent studying at any point during the 

learning phase. Note that we could only provide a rough estimation of 

this probability, as it crucially depends on learning capability or 

learning speed, which is likely to show substantial variation both within 

and between individuals (e.g., Wang, 1983). To create this indication of 

passing probability, we used a computational model (Nijenkamp et al., 

2016) to obtain a function (Figure 4.2) relating passing probability for an 

exam with ten 3-alternative multiple-choice questions and a passing 

grade of 6 out of 10 (no correction for guessing) to study-time 

investment, taking into account the maximum amount of time 

participants would be able to study the material in the actual 

experiment. The general form of the function, with relatively flat portions 

at very short and long study times, and an intermediate dynamic range 

of study times across which passing probability increases quite steeply 

from about zero to about one, is a characteristic of the highly nonlinear 

relationship between the amount of acquired knowledge and the passing 

probability for multiple-choice exams (for details, see Nijenkamp et al., 

2016). This general form may therefore apply to all participants, and 

displaying a real-time indication of passing probability may provide 

them with useful information to help them estimate expected utility as 

well as motivate them to attempt to maximize it. The same hypotheses 

as in Experiment 1 were tested for Experiment 2. 
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Figure 4.2: Passing probability function. The passing probability function 

used in Experiment 2.The function relates the investment of a maximum of 5 

minutes of study time to the probability of passing an exam consisting of 10 3-

alternative multiple-choice questions.  

Method 

Participants  

The experiment was completed by 39 first-year students (18 female) 

from the Psychology Bachelor Program of the University of Groningen, 

who did not participate in Experiment 1. They participated in exchange 

for course credits. Their ages ranged from 18 to 27 (M = 20.5, SD = 2.1). 

The study was approved by the Ethical Committee Psychology (16177-S-

NE), and participants gave their written informed consent prior to 

starting the experiment. 
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Materials and Procedure 

The materials and procedure were the same as for Experiment 1, 

with the exception that in Experiment 2 an approximate passing 

probability (between 0% and 100%) as a function of invested study time 

was presented in the top-right of the screen, next to the invested time, 

the bonus counter, and the total bonus earned up until that point 

(Figure 4.3). The color of the passing probability approximation was 

initially red for all participants at the start of the learning phase, 

indicating a low passing probability, and became progressively greener 

as passing probability approached 100%. As explained above, the 

passing probability function was derived from a model of study-time 

investment on multiple-choice exams (Nijenkamp et al., 2016), 

assuming an exam consisting of ten 3-alternative questions, a passing 

grade of 6, and a maximum study time of five minutes (i.e., 300 

seconds). The instructions that participants received were the same as 

in Experiment 1, with the addition of the following text that informed 

them about the function of the passing probability indication: “On the 

screen it will also state the passing probability for the exam when you 

are learning the word pairs. This passing probability is an estimate 

based on the amount of time you have spent during the learning phase, 

which you can use to make an informed decision about how much time 

you will spend on learning the word pairs”. 

 

Data Analysis  

The data analysis procedure was the same as for Experiment 1. 
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Figure 4.3: Task display. The task display as presented to participants during 

the study phase in Experiment 2. The display showed the pseudoword pair in 

the middle, an indication of the type of exam in the top left, an index indicating 

which word pair the participants was studying at the bottom, and the time, 

bonus, total earnings, and passing probability indication counters at the top 

right. Additionally, the display included two light-gray buttons on which the 

participants could click at any point to either continue to the next pair, or take 

the test. 

Results and Discussion 

To determine whether a resit effect occurred in Experiment 2, we 

compared the time participants spent studying the pseudoword pairs for 

R1 (M = 164.8, SD = 78.7) and NR (M = 168.3, SD = 72.7; Table 4.2). A 

one-sided Bayesian paired samples t-test revealed there was substantial 

evidence (BF10 = 0.30) against the presence of a resit effect. A one-sided 

analysis examining the correlation between the resit effect (M = 3.5, SD 

= 34.5) and the CRT scores of participants showed substantial evidence 
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(r = -.18, BF10 = 0.10) against our hypothesis of a positive correlation, 

indicating that the magnitude of the resit effect was not larger for more 

‘rational’ participants. 

  

Table 4.2. Descriptive Statistics Experiment 2 

Test Mean 
Overall 
Study 
Time in 

Seconds 
(SD) 

Mean 
Study 
Time per 
Word Pair 

in Seconds 
(SD) 

Mean 
Number 
of Word 
Pairs 

Viewed 
(SD) 

Mean 
Grade 
(SD) 

Mean 
Proportion 
of Passed 
Tests (SD) 

NR 168.3 
(72.7) 

5.9 (3.3) 31.0 (11.0) 7.1 (1.7) 0.74 (0.29) 

R1 164.8 
(78.7) 

5.9 (3.1) 30.0 (10.3) 7.2 (1.8) 0.77 (0.30) 

R2 101.2 
(51.5) 

4.3 (2.8) 25.3 (11.2) 6.9 (2.5) 0.81 (0.34) 

Note. Mean values, averaged over both passed and failed tests, for overall study 

time in seconds, study time per word pair in seconds, number of word pairs 

viewed (values higher than the total amount of included word pairs per test 

reflect the repeated studying of certain pairs), grade, and percentage of passed 

tests for NR (single chance), R1 (first test opportunity), and R2 (resit 

opportunity) in Experiment 2. Standard deviations are presented in 

parentheses.   

In accordance with the results of Experiment 1, a one-sided paired 

samples t-test revealed strong evidence (BF10 = 0.07) against our 

hypothesis that participants would spend less time per passed test in 

the resit condition (M = 192.2, SD = 75.8) than for the no-resit condition 

(M = 179.5, SD = 71.9).12 Another one-sided paired samples t-test 

                                                
 
12 As the particular analyses in this paragraph only include data from passed 

tests, the descriptive statistics for the resit and no-resit conditions reported here 

deviate from those reported in Table 4.2. Additionally, two participants, who did 

not pass any NR tests, were excluded from this analysis. Excluding these 
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revealed decisive evidence (BF10 = 24398) in favor of our hypothesis that 

the proportion of passed tests would be higher in the condition with 

resit opportunity, passed either on R1 or R2 (M = 0.94, SD = 0.19), than 

in the no-resit condition (M = 0.74, SD = 0.29).  

As part of the exploratory analysis on the results of the surprise 

memory test, a two-sided Bayesian paired samples t-test revealed there 

was anecdotal evidence in favor of a null effect (BF10 = 0.43) indicating a 

failure to distinguish whether the proportion of correctly remembered 

word pairs did or did not differ between the no-resit (M = 0.6, SD = 0.2) 

and resit conditions (M = 0.7, SD = 0.2). 

 

Meta-Analysis of Both Experiments 

Since the tasks used in Experiment 1 and 2 were nearly identical, 

with the exception of the added passing probability information for 

Experiment 2, we merged the data of both experiments for a combined 

analysis with greater statistical power. Using one-sided Bayesian paired 

samples t-tests to analyze the merged dataset, we found there was 

anecdotal evidence (BF10 = 0.51) against the hypothesis that time 

investments for R1 (M = 170.4, SD = 73.5) were lower than for NR (M = 

175.3, SD = 70.4). We also found substantial evidence against the 

hypothesis of a positive correlation between the resit effect and the CRT 

(r = -.03, BF10 = 0.11). Additionally, we found strong evidence (BF10 = 

0.05) against the hypothesis that less time would be invested per passed 

exam in the resit condition (M = 192.8, SD = 71.7) than in the no-resit 

                                                                                                                                               
 
participants from the main analyses yielded no noteworthy differences in 

results. 
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condition (M = 170.4, SD = 73.5).13 Lastly, we found decisive evidence 

(BF10 = 61640) in favor of the hypothesis that the proportion of passed 

exams was higher in the resit condition (M = 0.94, SD = 0.17) than in 

the no-resit condition (M = 0.80, SD = 0.28). 

 

  

                                                
 
13 Two participants, who did not pass any NR tests, were excluded from this 

analysis. Excluding these participants from the main analyses yielded no 

noteworthy differences in results. 
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Discussion Experiments 1 and 2  

In Experiments 1 and 2, we examined whether the prospect of a 

resit test would lead participants to reduce their actual study-time 

investment for a first test opportunity in a Paired-Associates Learning 

(PAL) task. The task required participants to spend time learning 

pseudoword pairs for a test under conditions with and without a resit 

opportunity. Despite our efforts to stay close to the design of the 

hypothetical study-time investment task that was previously found to 

produce robust and sizable resit effects (Nijenkamp et al., 2016, 2018), 

especially with the added passing probability indication in Experiment 

2, the current study did not yield these effects in two experiments that 

involved the investment of actual time studying materials for a 

subsequent test. Furthermore, unlike the previous studies using the 

hypothetical study-time investment task, the current study did not yield 

support for a positive correlation of the resit effect with CRT scores and 

also did not replicate earlier findings suggesting that less study time 

may be invested per passed exam in a resit condition.  

 

Implications for the Resit Effect  

Given the strikingly different behavioral effects of resit prospects in 

the hypothetical study-time investment task and the PAL task used in 

the above experiments, it is important to address what the absence of a 

resit effect with actual study-time investments might imply for the 

possible presence and underlying mechanisms of resit effects in learning 

scenarios requiring actual learning of materials. Initially, we thought of 

the need for actual time investments, as in the PAL task, as a better 

approximation of naturalistic learning scenarios than the rather 

abstract and artificial study-time investment task. Given this 

perspective, the absence of resit effects in the PAL task could therefore 

be taken to argue against the presence of resit effects in settings 
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requiring actual learning. On the other hand, concerns about negative 

effects of a resit prospect in educational settings requiring actual 

learning have been expressed in the literature (Al-Bayatti & Jones, 

2003; Burr et al., 2018; Centre for Education Research and Policy, 

2012b, 2012a; Kickert et al., 2020; McManus, 1992; Non & Tempelaar, 

2016; Pell et al., 2009; Ricketts, 2010; Scott, 2012; Yocarini et al., 

2018), and have indeed been found in a field study by Grabe (1994; for 

similar findings, see Centre for Education Research and Policy, 2012b), 

as well as in more abstract studies using the study-time investment 

task (Nijenkamp et al., 2016, 2018). Therefore, the notion of resit effects 

in settings requiring actual study time to be allocated to learning 

materials should perhaps not be dismissed just yet. Instead, we will 

argue that the PAL task could in fact have forced participants to 

approach their study-time investment in a different way than in the 

study-time investment task. 

The nature of the time investment highlights one fundamental 

difference between the study-time investment task and the PAL task 

that might have led to the discrepancy in resit effect results: The study-

time investment task required fictional time investments, whereas the 

PAL task used in the current study required the investment of a 

participant’s actual time on studying. This difference highlights the 

possibility that perhaps the fact that actual time was invested led 

participants to not want to accept a lower chance of passing the test 

when a resit prospect was available, as re-sitting the test can be seen as 

costly since it requires spending more actual, ‘real’, time participating in 

the experiment. Indeed, many studies have shown a decrease in people’s 

willingness to take risks when the consequences of a gamble are real 

(e.g., Feather, 1959; Irwin et al., 1992; Lafferty & Higbee, 1974; Levin et 

al., 1988; Slovic, 1969; Xu et al., 2016). Given this information, we can 

draw a parallel of a similar difference between, for example, making a 
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study planning, where you allocate a certain amount of 

hypothetical/fictional time to study moments, and sitting down in a 

library only to stop studying for an exam after you reach an on-the-go 

decision to stop studying. In this example, the decisions one makes 

whilst making a study planning do not have the same ‘real’ 

consequences as the decisions one makes when actually spending time 

on studying. The fact that the investment of ‘real’ time therefore perhaps 

made participants more averse to taking the risky approach of reducing 

their study time for the first test opportunity in the resit condition. 

Related to this, failures to pass a test in the PAL task might also be 

associated with real psychological costs, as such failures might be taken 

to reflect poorly on participants’ learning ability, metacognitive skills, or 

self-efficacy. Such anticipated psychological costs of failure might have 

further discouraged greater risk taking for a first-chance test. 

Even though we do not wish to deny that study-time allocation in 

real-life learning tasks may at least in part be decided based on a 

judgment of learning made on-the-go, especially when tasks are novel, 

this would imply that the ability to deliberate on the number of available 

exam chances, and consequently the appropriate amount of study-time 

to allocate, could be a requirement for the resit effect to occur. 

Especially in the context of higher education, where there is a marked 

emphasis on self-regulated learning (e.g., Ariel et al., 2009; Zimmerman, 

2002), it would make sense that offline and advance study-time 

allocation by means of advance strategic planning of multiple competing 

and time-consuming activities, would typically be a more plausible 

mechanism underlying study-time allocation strategies. This importance 

of advance study-time allocation for the resit effect, in turn, would imply 

that the effect could be the result of the way students take resit 

prospects into account when planning out their study-time allocation.  
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Questionnaire Study 

To support the notion that a resit opportunity might indeed affect 

advance study-time allocation strategies, we additionally discuss the 

results of a questionnaire study in which students were asked about 

their study behavior. More specifically, two questions asked whether 

students would study more, less, or the same for two previously 

completed exams if they had known in advance that the resit exam was 

not an option for them. We expect that students would indeed indicate 

that they would spend more time preparing for their exam if the option 

to resit would not have been available. For this hypothesis we follow the 

results from the studies using the study-time investment task 

(Nijenkamp et al., 2016, 2018), as the study time involved in this 

questionnaire is hypothetical in nature rather than real in the sense of 

the PAL task. To further contextualize the results for these main 

questions, we also report the results of additional questions assessing 

the amount of time participants actually spent in preparation for the 

exams and whether they ultimately passed the corresponding courses. 

  

Method 

Participants  

In total, 92 participants completed the questionnaire in return for 

course credits. Of these participants, five were excluded due to having 

indicated on the last question of the survey that they did not provide 

truthful answers. Ten participants were excluded from the dataset as 

they did not complete the entire survey. Finally, five participants were 

excluded for answering the questionnaire in less than five minutes (300 

seconds), while several test runs had shown it takes at least five 

minutes to finish the entire survey, Therefore the data from these 

participants was regarded as potentially dubious. Of the remaining 72 

participants (44 female), 48 indicated their age was between 18 and 20, 
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and the remaining 24 participants indicated their age was above 20. 

Before data collection, the study was approved by the Ethical Committee 

Psychology (PSY-1819-S-0058) of the University of Groningen. 

Additionally, participants gave their written informed consent prior to 

filling out the questionnaire, and were debriefed about the purpose of 

the study after completion. 

    

Materials and Procedure  

The questionnaire consisted of questions taken from scales 

assessing, the academic delay of gratification (Bembenutty & 

Karabenick, 1998), personality traits (Soto & John, 2017), academic 

self-efficacy (Davidson et al., 2009), and time management behavior 

(Macan et al., 1990). Furthermore, the questionnaire contained 

questions regarding students’ study habits for specific courses of their 

first-year psychology curriculum. The main questions of relevance for 

this study asked participants to indicate whether they would ‘study 

more’, ‘study the same’, or ‘study less’ in response to the following 

scenario and question about two courses for which they completed the 

exam previously: ‘Imagine you have planned your vacation and you are 

very excited to go. At the beginning of the block you check the exam 

schedule and you find out that the resit of Developmental/Social 

Psychology got rescheduled. The resit is now planned during your 

vacation. Unfortunately, you cannot change your vacation plans. If this 

would have actually happened to you, what would you do?’ Another 

question assessed how much time participants had actually spent in 

preparation for the completed exams of these two courses (‘How much 

time did you put into the preparation of the Developmental/Social 

Psychology exam?’), on which they could answer either ‘Very little, so I 

did not expect to pass the exam’, ‘Just enough to hopefully pass the 

exam’, ‘A good amount that would ensure me of passing the exam’, or ‘A 
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lot, so that I could obtain a high grade’. A final question, to assess 

whether participants ultimately passed the respective exams, asked ‘Did 

you pass the Developmental/Social Psychology exam?’ on which they 

could answer either ‘Yes’ or ‘No’.  

 

Educational Context  

The questionnaire was completed by first-year students at the 

University of Groningen enrolled in the English and Dutch Bachelor 

programs of Psychology. The first year of the program consists of 11 

courses (worth 60 ECTS) of seven weeks, and is divided into four blocks 

of approximately two months each. Exams take place at the end of each 

block, and in the year of data collection the resit exams were scheduled 

after the exam period of the next block. The questionnaire asked 

students about their study habits for two courses (i.e., Developmental- 

and Social Psychology) that were assessed through a multiple-choice 

exam on which students were graded on a 10-point scale (1 = poor, to 

10 = perfect). The minimum grade required to pass the exam was 5.5. If 

students did not obtain a passing grade, they had the option to resit 

their failed exam. There were no restrictions on the grade for the resit 

exam, except for the fact that if a student resits a failed exam their final 

grade will be the last grade they obtained. 

 

Results and Discussion 

The JASP software package (Love et al., 2019) was used to compute 

Bayesian multinomial tests to analyze the questions regarding whether 

students would invest more, less, or the same amount of time on 

studying for a first exam opportunity if they knew they could not attend 

the resit opportunity for each exam. For the Social Psychology exam, 

decisive evidence (see Wetzels et al., 2011) was found for the observed 

pattern of answers to be different than a null model using a uniform 
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answer distribution (BF10 = 6.97x1020) and a model in which the 

majority of participants (n = 70) would have answered they would study 

the same when there was no option to resit (BF10 = 1.65x10106). For the 

question regarding Developmental Psychology, decisive evidence was 

found as well for the observed pattern of participants’ answers to be 

different than a uniform answer distribution (BF10 = 6.15x1014) and a 

model where the majority of answers (n = 70) were they would have 

studied the same (BF10 = 6.27x1082). Taken together with the frequency 

distribution data (Table 4.3), the above analyses seem to conclude that, 

if the students knew in advance there was no resit exam, most 

participants would have studied more than if the option to resit was 

available. This conclusion seems to imply that students take the 

availability to resit a failed exam into account when deciding on how 

much time to allocate to studying for an exam. 

 

Table 4.3. Frequency Distribution Table 

Course 

Distribution of Answers (%) 

‘Study 
Less’ 

‘Study the Same’ ‘Study More’ 

Social Psychology 0 (0%) 8 (11.1%) 64 (88.9%) 

Developmental 
Psychology 

0 (0%) 17 (23.6%) 55 (76.4%) 

Note. Frequencies, with proportions in parentheses, of the number of 

participants that answered ‘study less’, ‘study the same’, or ‘study more’ to 

questions about two courses (Social Psychology and Developmental Psychology) 

for a questionnaire study that asked about how participants’/students’ study 

habit for an exam would have changed if they knew in advance they would have 

no option to resit in case of failure.   
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Using JASP, we analyzed two other questions of interest using 

Bayesian contingency tables, with the ‘sample’ parameter set to a joint 

multinomial due to the sampling method used to collect the data (see 

Jamil et al., 2017). The Bayesian contingency table produces a Bayes 

factor that indicates the evidence in favor of the alternative hypothesis 

of dependence between rows and columns (or against H0, independence 

between rows and columns). In the context of the current analysis, the 

rows signify the amount of exam preparation a student indicated on the 

questionnaire, and the columns represent whether a student indicated 

they passed the exam (Tables 4.4 & 4.5). The analyses revealed decisive 

(BF10 = 317) and very strong (BF10 = 58) evidence in favor of the 

alternative hypothesis of dependence between rows and columns, for 

both the Developmental- and Social Psychology exams, respectively. 

Turning to Tables 4.4 and 4.5, this suggests that those who indicated 

they studied more indeed were more likely to obtain a passing grade as 

well. This might seem unsurprising; however, it suggests that the 

students’ metacognitive judgments regarding their study-time 

investment do indeed seem accurate enough to provide some insight 

into their actual study behavior.  
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Table 4.4. Contingency Table Developmental Psychology Exam 

‘How much time did you put into the preparation 
of the exam?’ 

‘Did you pass the 

exam?’  

No  Yes  Total  

‘A lot, so that I could obtain a high grade’   0   12   12   

‘A good amount that would ensure me of passing the 
exam’   

6  
 
26  

 
32  

 

‘Just enough to hopefully pass the exam’  
 
7  

 
16  

 
23  

 
‘Very little, so I did not expect to pass the exam’ 

 
5  

 
0  

 
5  

 
Total  

 
18  

 
54  

 
72  

 
 

 

Table 4.5. Contingency Table Social Psychology Exam 

‘How much time did you put into the preparation 
of the exam?’ 

‘Did you pass the 
exam?’  

No  Yes  Total  

‘A lot, so that I could obtain a high grade’   0   8   8   

‘A good amount that would ensure me of passing the 

exam’   
8  

 
15  

 
23  

 

‘Just enough to hopefully pass the exam’  
 
12  

 
14  

 
26  

 
‘Very little, so I did not expect to pass the exam’ 

 
11  

 
4  

 
15  

 
Total  

 
31  

 
41  

 
72  
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Finally, the question regarding whether the students would have 

changed their study-time investment if they knew the resit exam would 

not be available for them, and the question about how much they had 

actually studied were investigated using Bayesian contingency tables as 

well (Tables 4.6 & 4.7). The analyses revealed only anecdotal evidence 

against the alternative hypothesis for the Developmental- (BF10 = 0.41) 

and Social Psychology (BF10 = 0.30) exams, indicating evidence in favor 

of independence between the two questions. Upon inspection of Tables 

4.6 and 4.7, however, one can see this seems to be the case because 

most students indicated they would study more for their first exam 

chance if they knew the resit would not be available, regardless of how 

much study time they indicated they had already invested. This shows 

that even those who indicated they already studied a lot would aim to 

study even more if the resit would not have been available.14 Ultimately, 

this suggests that the availability of a resit exam does indeed influence 

the amount of time that is planned to be spent studying for an exam. 

 

  

                                                
 
14 Using the model of study-time investment by Nijenkamp and colleagues 

(2016), the resit effect (i.e., a reduced study-time investment due to the prospect 

of a resit exam) is indeed predicted to also be present, albeit with reduced 

magnitude, for those students that aim to achieve high grades rather than 

merely passing with a minimal grade. 
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Table 4.6. Contingency Tables Developmental Psychology Exam 

‘How much time did you put into the 
preparation of the exam?’ 

‘Imagine you have planned 

your vacation…’   

‘Study more’  
‘Study the 

same’  
Total  

‘A lot, so that I could obtain a high grade’  
 

8  
 

4  
 

12  
 

‘A good amount that would ensure me of 
passing the exam’  

 22   10   32   

‘Just enough to hopefully pass the exam’  
 

20  
 

3  
 

23  
 

‘Very little, so I did not expect to pass the 
exam’  

5  
 

0  
 

5  
 

Total  
 

55  
 

17  
 

72  
 

 

 

Table 4.7. Contingency Tables Social Psychology Exam 

‘How much time did you put into the 
preparation of the exam?’ 

‘Imagine you have planned 
your vacation…’  

‘Study more’  ‘Study the same’  Total  

‘A lot, so that I could obtain a high grade’  
 

5  
 

3  
 

8  
 

‘A good amount that would ensure me of 
passing the exam’   

21  
 

2  
 

23  
 

‘Just enough to hopefully pass the exam’  
 

24  
 

2  
 

26  
 

‘Very little, so I did not expect to pass the 
exam’  

14  
 

1  
 

15  
 

Total  
 

64  
 

8  
 

72  
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General Discussion 

While the lack of resit effects with the Paired-Associates Learning 

(PAL) task used in Experiment 1 and the adapted version including an 

indication of passing probability in Experiment 2 shows there are 

boundaries to the conditions under which such effects occur, it does not 

necessarily imply there are no resit effects possible in learning scenarios 

requiring the investment of actual time on studying materials for a 

subsequent test. The discrepancy in results between the PAL task and 

the study-time investment game used to initially observe the resit effect 

(Nijenkamp et al., 2016, 2018), taken together with the results of the 

questionnaire study presented in the current paper, provide a 

perspective on the resit effect that seems to imply the effect may 

primarily affect advance study-time allocation strategies (i.e., making a 

study planning). 

As a case in point, advance study-time allocation strategies have 

been shown to be influenced by factors such as current or future 

learning goals, judgments of an individual’s own learning abilities, and 

judgments of item difficulty (Cull & Zechmeister, 1994; Dunlosky & 

Hertzog, 1998; Metcalfe & Kornell, 2005; Thiede & Dunlosky, 1999). If 

this is the case, then the normative allocation of hypothetical study time 

in the investment task and accompanying model (Nijenkamp et al., 

2016) can be taken as a proxy of advance or planned allocation of study 

time. Consequently, we suggest that the prospect of a resit exam might 

also be a factor that influences advance study-time allocation strategies. 

The similarity between the mechanisms of the investment task and 

advance study-time allocation strategies is further emphasized by the 

fact that the relevant tradeoffs between costly study-time investments 

and probabilistic benefits of successfully passing exams in the 

investment task seem similar to those guiding the advance allocation of 

limited, hence costly, study time across multiple exams, or multiple 
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learning goals, in real-life academic settings. In both cases the goal is to 

identify optimal study-time investments or allocation policies that 

maximize expected utility. Also common to both cases is the rather 

abstract and hypothetical nature of the time investments and 

consequences under consideration, which, as discussed previously, has 

been shown to enhance people’s willingness to take risks such as those 

involved in the resit effect.  

A potentially significant difference between the study-time 

investment task, that has produced resit effects, and real-life study 

scenarios, however, is that participants in the investment task were 

provided with explicit and precise graphical information about passing 

probability as a function of invested study time. In real life, on the other 

hand, students undoubtedly must deal with less precise information 

about this relationship (Bjork et al., 2013). However, the resit effect 

might not critically depend on such precise and detailed information; it 

only requires students to appreciate the rather obvious fact that passing 

probability smoothly increases as a function of study time, and that the 

prospect of a resit offers them an almost risk-less opportunity to 

attempt to pass the first exam with considerably less invested study 

time than they would have invested without a resit opportunity. This 

latter appreciation is clearly indicated, especially for more rational 

students, by the robust resit effects that have previously been obtained 

with the study-time investment task, and in part by the results of the 

current questionnaire study that seem to indicate students would 

indeed study more when the resit exam would not have been available.  

All in all, from these considerations the presence of resit effects in 

students’ advance study-time allocation and planning decisions would 

seem possible, and indeed plausible. Note that, assuming students stick 

to these advance study-time allocation plans (Van Den Hurk, 2006; see 

also Puustinen & Pulkkinen, 2001; Zimmerman, 2002), this would 
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virtually guarantee a corresponding resit effect in the actual study time 

invested in preparing for an exam with a resit prospect. To illustrate, 

imagine a student planning their finals week and allocating five days for 

final preparations preceding an exam with no resit opportunity, but only 

three days in case of an exam with a resit opportunity to accommodate 

this timing conflict between academic pressures (see Grabe, 1994). This 

resit effect in the advance planning would almost surely translate to a 

similar effect in actual study-time allocation. Even in the case that the 

student would not strictly adhere to their preconceived study planning, 

one could imagine, based on the results of the questionnaire study, they 

would still appreciate the fact that having a resit option for the one 

exam allows them to prioritize their investment of limited study time for 

the exam without the resit opportunity, rather than studying equally for 

both. Essentially, the option to resit an exam might signal a lower-cost 

opportunity to optimize the trade-off between the benefits of passing the 

exam and the costs of investing limited time on studying, thereby 

allowing for more ‘risky’ study-time allocation strategies that yield a 

lower chance of passing but require less study-time investment. 
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What If You Could Try Again? A 

Comparison of the Resit Effect with 

Hypothetical and Real Time 

Investments 

 

 

 

 

 

 

 

 

 

 

 

Adapted for publication as Experiment 3 from: 

Nijenkamp, R., Nieuwenstein, M. R., de Jong, R., & Lorist, M. M. (2021). 

Second Chances in Learning: Does a Resit Prospect Lower Study-

Time Investments on a First Test? Journal of Cognition, 5(1), pp. 

1–23. DOI: https://doi.org/10.5334/joc.196 
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Abstract 

According to the resit-effect hypothesis, offering students a second 

chance to pass a test (i.e., a resit opportunity) will result in a reduction 

in study-time investments on the first exam opportunity. Previous work 

has provided preliminary evidence for this effect by showing that 

students tend to invest lower amounts of hypothetical study time to 

pass a simulated exam when a resit is available. In the current study, 

we examined whether this effect also occurs when a decision to invest 

study time entails a corresponding amount of real time to wait before 

the result of the decision is revealed. Comparing the resit effect for 

situations with and without such real time investments, no evidence 

was found for a difference in the magnitude of the resit effects. This 

indicates that the resit effect is robust across decisions involving 

hypothetical and real time investments. We reason that the resit effect 

may occur whenever individuals can deliberate prior to the decision of 

how much time to invest in studying to pass a test, regardless of 

whether this decision entails investing actual or hypothetical time.      

  

Keywords: resit effect, second chance, real vs. hypothetical 

investments, study-time planning. 
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Introduction 

The resit-effect hypothesis (Nijenkamp et al., 2016, 2018) proposes 

that students will invest less study time in preparing for an exam when 

there is an option to resit or redo that exam in case they fail to pass on 

the first opportunity. This hypothesis derives from mathematical models 

that simulate the putative effects of resit exams on study-time 

investments under the assumption that rational students will seek to 

optimize a trade-off between the costs of investing one’s time on 

studying, and the benefit of passing the exam (Kooreman, 2013b; 

Michaelis & Schwanebeck, 2016; Nijenkamp et al., 2016). Generally, 

these models show that the expected utility associated with the 

investment of study time peaks at lower levels of time investment for an 

exam with resit opportunity, than for an exam with only a single chance 

to pass. These models also show there might be a windfall gain of 

investing less time on studying, as it may result in students passing an 

exam with a lower amount of knowledge of course materials 

accumulated through studying (see also Kooreman, 2013b). 

Nijenkamp and colleagues (2016, 2018) provided some preliminary 

evidence in support of the existence of such a resit effect with the use of 

a study-time investment task. In these studies, first-year Psychology 

students were asked to decide on how much hypothetical study time 

they were willing to invest to pass a simulated multiple-choice exam, 

with or without a resit opportunity. The results showed that participants 

indeed invested less fictional study time for a first exam with resit 

opportunity. Moreover, as a reduction in study-time investment meant 

having a lower chance of passing the exam, it can be argued that the 

prospect of a resit opportunity led to an increase in risk taking over and 

above any risk participants might already be inclined to take in case of a 

single exam opportunity. Furthermore, it was found that this resit effect 

could be reduced by restricting access to the resit (Nijenkamp et al., 
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2016), or by capitalizing on the increase in forgetting of learned 

materials when the time between the first exam and resit opportunity is 

increased (i.e., ‘study-time investment depreciation’; Nijenkamp et al., 

2018). Moreover, the results of these experiments closely matched the 

predictions of a mathematical model that assumes students to approach 

study-time investment decisions as a rational optimization problem, 

such that they strive to maximize utility in trading off the costs of 

investing time on studying and the benefits of having a higher likelihood 

of passing an exam. 

Importantly, however, more recent work suggests that the resit 

effect does not generalize to a task that involves actual studying of 

materials for a test, as opposed to merely deciding how much 

hypothetical time one would be willing to invest to pass a test 

(Experiments 1 and 2 from Nijenkamp et al., 2021). In this work, the 

participants completed a Paired Associates Learning (PAL) task for 

which they had to study pseudo words and make short multiple-choice 

tests. During task performance, information was provided that would 

allow participants to optimize their study-time investments in a strategic 

manner. Specifically, participants were informed they had a maximum 

amount of time to study the materials on which they would later be 

tested. To prompt study-time optimization behavior, they were also 

informed about the fact that the reward associated with passing the test 

would be larger if they invested less study time. Lastly, participants 

were also informed of the amount of time they had already spent and 

what their predicted passing probability was at any given point during 

the learning phase. By including this information, the PAL task was 

similar to the previously-used study-time investment task (Nijenkamp et 

al., 2016, 2018) in terms of the available information. The PAL task 

differed, however, in the sense that participants could not, and were not 

asked to, make a deliberated decision about their study-time investment 
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before they began studying. Interestingly, the results of this study 

showed no difference in the amount of time that was spent studying in 

conditions with and without a resit opportunity.  

The fact that the resit effect was observed with the study-time 

investment task (Nijenkamp et al., 2016, 2018), but not in the PAL task 

(Experiments 1 and 2 from Nijenkamp et al., 2021) raises the question 

of why this is the case, especially since the PAL task was carefully 

designed to allow participants to follow a similar optimization approach 

as in the study-time investment task. Two possible differences between 

the tasks could underlie the discrepancy in the presence of a resit effect. 

Firstly, the PAL task did not ask for a priori study-time investment 

decisions. Instead, participants most likely made on-the-fly decisions 

regarding when to stop studying and take the test, based on their 

current judgment of learning and the information presented in the task. 

However, these on-the-fly decisions might be biased by illusions of 

competence that can occur when using paired-associates learning 

materials (Koriat & Bjork, 2005) and distorted timing judgments due to 

an increased cognitive load when studying the stimulus materials (e.g., 

see Block et al., 2010). This suggests that the nature of the study-time 

investment decision in the PAL task might not have enabled 

optimization behavior, and therefore did not produce a resit effect, 

despite all the necessary information being presented. In contrast, the 

study-time investment task only asked for an a priori decision with time 

for deliberation on the amount of hypothetical study time the 

participant would like to invest to have a certain probability of passing 

an exam, akin to making an advance study-time planning. Given the 

fact that the study-time investment task produced robust resit effects 

under differing conditions, combined with the fact that students do 

seem to take the prospect of a resit exam into account in their advance 

planning of study-time investments (Questionnaire Study from 
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Nijenkamp et al., 2021), the lack of a priori deliberation on the study-

time investment decision in the PAL task could indeed be what 

underlies the absence of a resit effect in that task. 

The second difference between the tasks was that the study-time 

investment task asked for the investment of hypothetical study time to 

pass a simulated exam, whereas the PAL task required the investment 

of actual time to study materials for and pass a test. Studies have 

shown a decrease in risk taking when the consequences of a gamble are 

real as compared to hypothetical (e.g., Feather, 1959; Irwin et al., 1992; 

Lafferty & Higbee, 1974; Levin et al., 1988; Slovic, 1969; Xu et al., 

2016). The fact that real study-time investments were required in the 

PAL task could have led participants to not be willing to take the 

additional amount of risk (i.e., investing less time on studying) on the 

first test opportunity that the resit opportunity affords due to essentially 

being a ‘free do-over’. This suggests that perhaps the lack of a resit 

effect in the PAL task could be explained by the ‘real’, and thus likely 

more costly, consequences of study-time investment decisions.15 

  

The Current Study 

In the current study, we set out to assess whether it was indeed the 

‘real’ nature, and therefore higher costs of the time investment in the 

PAL task that led participants to not adopt a risk-taking attitude and 

not reduce their study time for the first test opportunity when a resit 

was available, or whether it was the lack of an a priori, and planned out, 

investment decision that caused the lack of a resit effect, as suggested 

by Nijenkamp and colleagues (2021). To associate the investment of 

                                                
 
15 More recent simulations of our model of study-time investment (see 

Nijenkamp et al., 2016) indeed predict that the resit effect should become 

smaller when the costs associated with investing a unit of study time are higher. 
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fictional study time with the investment of a participant’s ‘real’ time, and 

thereby mimic a situation more similar to the investments made in the 

PAL task, we adapted the original study-time investment task with 

which the resit effect was originally observed (Nijenkamp et al., 2016) 

and replicated (Nijenkamp et al., 2018) to include a delayed feedback 

condition. Specifically, we compared the resit effect under two types of 

feedback: a condition with immediate feedback, as used in previous 

work, and a novel condition in which the feedback was delayed 

depending on the amount of study time participants invested. In 

essence, the current task should allow us to elucidate whether the resit 

effect is influenced by the nature of the time investment with which the 

investment decision is made. Furthermore, as previous work (Nijenkamp 

et al., 2016) has shown a positive correlation between the resit effect 

and an index of analytical/rational thinking (Cognitive Reflection Test, 

or CRT; see Frederick, 2005; also see Toplak et al., 2011), we included 

the CRT in the current study as well (7-item version; Toplak et al., 

2014). 

We hypothesize that in the immediate-feedback condition we will 

observe the resit effect as previously found under identical conditions in 

the study-time investment task (Nijenkamp et al., 2016, 2018). With 

regards to the delayed-feedback condition, we hypothesize there will be 

no resit effect if the PAL task revealed no resit effect due to the higher 

investment costs associated with the ‘real’, rather than hypothetical, 

investments (Experiments 1 and 2 from Nijenkamp et al., 2021). 

Alternatively, if the lack of an a priori, deliberated study-time 

investment decision was what led to a lack of resit effect in the PAL 

task, as suggested previously (Experiments 1 and 2 from Nijenkamp et 

al., 2021), we expect to observe a resit effect in the delayed-feedback 

condition. Furthermore, we expect any resit effects to be positively 

correlated with a participant’s CRT score (Toplak et al., 2014). 
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Method 

Participants 

The a priori power analysis (Faul et al., 2007) for t-tests used for 

Experiments 1 and 2, assuming both a Type I and Type II error 

probability of .05 (i.e., power = 0.95) and based on the resit effect data 

from Experiment 1 by Nijenkamp and colleagues (2016; MNR = 6.22, 

SDNR = 0.53, MR1 = 5.22, SDR1 = 0.71, r = 0.58, dz = 1.69), revealed a 

necessary sample size of 6 participants to attain sufficient statistical 

power to observe a resit effect. Given this relatively low number of 

participants and the fact that Experiments 1 and 2 did not reveal a resit 

effect with real time investments, we decided to collect data from as 

many participants as possible within a single data collection period of 

two days to ensure sufficient statistical power for the delayed-feedback 

condition. Ultimately, the participant sample consisted of 65 first-year 

psychology students (54 female; Mage = 19.7, SD = 2.1) from the 

University of Groningen, who participated for course credits. All 

participants gave their written informed consent prior to starting the 

experiment. Before data collection started, ethical approval was obtained 

from the Ethical Committee Psychology (17072-S-NE) of the University 

of Groningen. 

 

Materials 

The experiment was run in a lab consisting of 10 computer set-ups, 

enclosed by paperboard walls. We utilized the study-time investment 

task (Nijenkamp et al., 2016), programmed in MATLAB using the 

Psychophysics Toolbox extensions (Brainard, 1997; Kleiner et al., 2007). 

This task consisted of a graph with the probability of passing a 

simulated exam represented on the y-axis and study time, divided into 

12 arbitrary units, represented on the x-axis (Figure 5.1). Participants 
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could use the mouse to move a cursor along this function, and selected 

an amount of hypothetical study time by mouse click.  
 

 

Figure 5.1: Stimulus material. The plot used as the stimulus material. 

Depicted is the relationship between hypothetical study time investment (x-axis) 

and the probability of passing a simulated exam (y-axis). Also depicted is the 

feedback, consisting of the outcome of the simulated exam, shown after 

participants invested their desired amount of hypothetical study time. Due to 

the arbitrary nature of the number of study-time units, the numbers on the x-

axis were not presented to participants during the experiment, but are included 

in the figure for clarity. 

Design and Procedure 

Prior to starting the experimental task, participants completed the 

7-item CRT (Toplak et al., 2014), found to be an index of rational-

thinking tendencies (Toplak et al., 2011). Thereafter, participants 

received an instruction sheet detailing (1) the nature of the simulated 
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exam, which was modeled after a multiple-choice exam consisting of 60 

3-alternative questions and required a grade of 6 out of 10 to pass, (2) 

the probabilistic nature of the results of their study-time investment 

(i.e., investing the same amount of study time could lead to different 

exam outcomes), (3) the nature of the points system (i.e., each invested 

study-time unit cost one point, while passing the exam yielded 10 

points), and (4) the general set-up of the task: one (no-resit condition) or 

two chances (resit condition) to pass the exam, with feedback received 

either immediately or after a delay that was proportional to the height of 

their investment. The delay in feedback was such that higher study-time 

investments equaled longer delays, with 800 milliseconds waiting time 

added per invested unit of study time. Practically, the average 

participant waited about 5 seconds per simulated exam. 

In the No Resit (NR) condition participants had a single chance to 

pass the simulated exam, whereas in the resit condition participants 

were granted a resit opportunity (R2) to pass a failed first exam (R1). 

The feedback manipulation entailed that participants were given either 

immediate or delayed feedback. Due to the within-subjects nature of the 

study design, all participants completed all four possible conditions. The 

order in which these conditions were presented was counterbalanced 

across participants to account for potential order effects, with the 

restriction that the resit and no-resit conditions were always presented 

in alternation over the blocks. Half of the participants started with a 

resit opportunity, while the other half started with a single chance to 

pass the simulated exam. Participants always completed the single 

chance and resit blocks in succession within one feedback type before 

moving on to the other type of feedback. Half of the participants started 

the experiment with delayed feedback, while the other half started with 

immediate feedback. Taken together, each participant completed 4 

blocks consisting of 30 trials (i.e., simulated exams) each. At the start of 
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the first two blocks, participants completed 3 training trials to 

familiarize themselves with the task. 

Each trial started with the presentation of the stimulus graph 

(Figure 5.1). Participants were instructed to move a cursor from the zero 

point along the presented function, and to click a mouse button to 

select the position on the function representing the amount of study 

time they wished to invest. After indicating their investment in the 

condition without delay, participants immediately received feedback 

about their exam score, the resulting grade, the number of lost or 

gained points, and their total points up to that moment in the task. In 

the delayed-feedback condition, feedback was presented after seeing the 

plotted function in the stimulus build up from the zero point to the 

point of the curve corresponding to their investment at a speed of 800 

milliseconds per invested study-time unit – which made the waiting 

time, and therefore the ‘real’ consequences, dependent on their 

investment. The feedback remained on the screen for 2.5 seconds. In 

case of NR, participants progressed to the next trial/exam if they passed 

or failed. In the resit conditions, participants progressed to the next trial 

if they received a passing grade on R1. If they failed to receive a passing 

grade on R1 they progressed to the resit exam after the feedback for R1 

was presented. Feedback for R1 also included whether or not a 

participant would have access to R2. R2 followed the same procedure as 

a NR trial. 

  

Data Analysis 

The dependent variable used for data analysis consisted of the 

mean invested study-time units for both the NR and R1 exams in both 

the delayed- and immediate-feedback conditions. Data analysis was 

conducted using the JASP software package (Love et al., 2019). Bayes 

factors were used to assess the odds of our hypotheses being supported 
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by the data (see Rouder et al., 2009). We used a Bayesian repeated-

measures ANOVA (Rouder et al., 2012) and a Bayesian paired-samples 

t-test (Rouder et al., 2009) to assess whether the resit effect (i.e., the 

reduction in R1-time investments relative to NR investments) was 

present in both the immediate- and delayed-feedback conditions. Lastly, 

we used Bayesian correlation analyses to assess the degree to which the 

resit effect correlated to CRT scores. 

Bayes factors were classified according to Wetzels and colleagues 

(2011), where Bayes factors (BFs) ≥ 3 and ≤ 10 or ≥ .1 and ≤ .33 are 

classified as ‘substantial’ evidence in favor of H1 or H0, respectively, BFs 

between 10 and 30 or between .03 and .1 are classified as ‘strong’ 

evidence, BFs between 30 and 100 or between .01 and .03 are classified 

as ‘very strong’ evidence, and BFs > 100 or < .01 are classified as 

‘decisive’ evidence. Additionally, BFs between 1 and 3 or between 0.33 

and 1 are classified as ‘anecdotal’ evidence in favor of H1 or H0, 

respectively. 

  

Outlier Exclusion  

Investments of less than 2 or more than 10 study-time units were 

considered outliers and these trials were excluded from our analyses. 

This entailed a loss of 1.1% of all recorded trials. A comparison of the 

results with and without these outliers showed that their exclusion did 

not lead to any noteworthy differences in results. 
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Results 

A Bayesian repeated measures ANOVA revealed that the study-time 

investment data were best described by a model including just the main 

effect of exam type (i.e. NR or R1; see also Figure 5.2). An analysis of 

effects using the inclusion Bayes Factor across matched models 

(Mathôt, 2017) revealed there was decisive evidence in favor of the 

inclusion of the main effect of exam type (BFincl = 6.35x108), whereas 

there was anecdotal evidence against the inclusion of the main effect of 

feedback type (BFincl = 0.39) and the interaction between both main 

effects (BFincl = 0.39). As the ANOVA results did not show support in 

favor of the main effect for feedback type nor the interaction effect, the 

data for both the NR and R1 exam-types were collapsed over the 

feedback conditions for further analyses. A Bayesian paired samples t-

test revealed decisive evidence (BF10 = 4.14e5) in favor of R1-investments 

(M = 5.97, SD = 0.74) being lower than NR-investments (M = 6.33, SD = 

0.75), showing that participants invested less time when a resit option 

was available (i.e., the resit effect). 

To test whether the resit effect (NR investments minus R1 

investments) based on these collapsed NR and R1 variables was 

positively correlated with a participant’s CRT score, we conducted a 

Bayesian correlation test. The test revealed substantial evidence (r = .31, 

BF10 = 6.82) in favor of a positive correlation between the resit effect (M = 

0.36, SD = 0.48) and CRT scores (M = 2.60, SD = 1.94).   
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Figure 5.2: Mean study-time investment. Mean study-time investments for 

NR (single exam) and R1 (first exam with resit opportunity), per feedback 

condition (immediate vs. delayed). Error bars represent the 95% confidence 

intervals for the means.  

     

  



Chapter 5 

149 

Discussion  

With the current study we aimed to assess whether the investment 

of ‘real’ time, rather than merely hypothetical time, would reduce the 

magnitude of the resit effect (see Nijenkamp et al., 2016) to such a 

degree that it would be absent, or at the very least reduced in 

magnitude. Using Bayesian analyses, we replicated the resit effect 

reported in previous studies using the study-time investment paradigm 

with hypothetical time investments (i.e., immediate feedback; Nijenkamp 

et al., 2016, 2018). Furthermore, we also replicated the finding that the 

magnitude of the resit effect is correlated positively with a participant’s 

CRT score, a measure of analytical/rational thinking (Nijenkamp et al., 

2016; see also Toplak et al., 2014). These findings once again reinforce 

the idea that participants in the study-time investment task are able to 

optimize their investments, possibly by approximating the shifting 

maximum expected utility associated with the trade-off between the 

costs of investing hypothetical time and the benefits of passing the 

simulated exam under differing resit conditions.  

In the current study we also introduced a novel condition in which 

participants invested ‘real’ time, by delaying the feedback they received 

with an amount of time that was proportional to their study-time 

investments. As no resit effect was previously observed when 

participants solely invested ‘real’ time on actually studying for and 

making a test (Experiments 1 and 2 from Nijenkamp et al., 2021), the 

aim of this manipulation was to assess whether the magnitude of the 

resit effect would be affected by the inclusion of ‘real’ time investments 

in the study-time investment task. The data did not support this 

hypothesis, suggesting that the lack of a resit effect in previous work 

using a Paired Associates Learning (PAL) task paradigm (Experiments 1 

and 2 from Nijenkamp et al., 2021) might not have been due to 

participants having to invest real time. 
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The finding that feedback type did not affect the resit effect suggests 

that the nature of the time investment (i.e., real or hypothetical) might 

not influence the resit effect. On the other hand, our results (Figure 5.2) 

do provide an indication, though admittedly rather weak, for a smaller 

resit effect with delayed feedback, and thus with the investment of real 

time. Such a reduction in the effect would follow the predictions of 

study-time investment models (e.g., see Nijenkamp et al., 2016) 

indicating that it should decrease in magnitude as the investment cost 

per unit of study time increases. 16 If investing real time was indeed 

experienced as more costly than investing hypothetical time, it stands to 

reason that the delayed-feedback condition did show a resit effect 

because the investment possibly was not sufficiently costly to approach 

the costs induced with the investment of real time on actual studying. 

Additionally, having to wait in the delayed-feedback condition might not 

have been perceived as costly, or ‘real’, enough to reduce the risk-taking 

tendencies that a resit opportunity seems to promote. This implies that 

the results of the current experiment could have been somewhat 

different if the waiting time per invested study-time unit would have 

been long enough to induce a sufficiently high experienced investment 

cost. 

                                                
 
16 Interestingly, with higher investments costs the model predicts a lower 

optimal point for NR study-time investments than for R1 investments. In Figure 

5.2 it can be visually assessed that participants indeed show an indication of 

this, as they invested less on NR in the delayed-feedback condition (M = 6.26, 

SD = 0.80) than in the immediate-feedback condition (M = 6.40, SD = 0.79; BF10 

= 2.55), and that this reduction was not as large for R1 investments with 

delayed (M = 5.98, SD = 0.81) versus immediate feedback (M = 5.95, SD = 0.75; 

BF10 = 0.10). Since these differences between NR and R1 investments over 

feedback conditions were not fully statistically supported, we can only say that 

the data followed the model predictions in a qualitative manner. This points to 

the fact that this model might overestimate the magnitude of the predicted 

effects (see also Nijenkamp et al., 2016, 2018). 
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A different implication of the current results is that they support 

the proposed hypothesis that the PAL task (Experiments 1 and 2 from 

Nijenkamp et al., 2021) produced no resit effect due to the fact that 

study-time investment decisions were made on-the-fly, and therefore 

were not based on planned a priori deliberation. To illustrate, even if we 

assume that participants in the PAL task were in fact willing, motivated, 

and capable to take more risk in a resit scenario by studying less for a 

first-exam chance (as suggested by previous studies using the study-

time investment task, Nijenkamp et al., 2016, 2018, and questionnaire 

results in which university students indicated they would study more 

for an exam if the option to resit that exam was not available; 

Nijenkamp et al., 2021), ultimately they had to simultaneously invest 

actual time on studying to pass a test and optimize those investments 

according to utility maximization logic at the same time. As a result, 

participants might have opted instead to simply complete the apparent 

main task of studying items for a test and did not complete the 

seemingly secondary goal of optimizing their time investments. Since the 

study-time investment task used in the current study did not include 

the requirement of studying materials for a subsequent test, but simply 

asked for the investment of fictional or ‘real’ time to pass a simulated 

exam, participants still retained the opportunity to make a deliberate a 

priori decision to maximize utility, given the costs of investing study 

time and the gains associated with passing. As a result, participants 

produced a resit effect in the delayed-feedback condition as well. 

The occurrence of the resit effect only when there is room for a 

priori deliberation implies that such an effect might occur in students’ 

actual study-time planning as well. Study-time allocation by means of 

advance strategic planning of multiple competing and time-consuming 

activities might form a plausible mechanism underlying study-time 

allocation strategies (e.g., see Ariel et al., 2009; Puustinen & Pulkkinen, 
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2001; Zimmerman, 2002). Especially in the context of higher education, 

where there is a marked emphasis on self-regulated learning, such 

strategic planning strategies might indeed be utilized. Study-time 

allocation strategies are found to be influenced by a number of factors, 

such as judgments of item difficulty, judgments of one’s own learning 

abilities, and learning goals (Cull & Zechmeister, 1994; Dunlosky & 

Hertzog, 1998; Metcalfe, 2009; Metcalfe & Finn, 2008; Metcalfe & 

Kornell, 2005; Son & Metcalfe, 2000; Thiede & Dunlosky, 1999). We 

suggest therefore that study-time allocation strategies are influenced by 

the prospect of a resit exam as well. If so, the resit effect might be 

related to students’ changing decision rules when making a study-time 

planning, given either one or two chances to pass an exam; a situation 

that should afford the time and mental space to apply utility 

maximization principles to optimize their learning (see Son & Sethi, 

2006). Assuming that, at least part of, an advance study-time planning 

translates to actual study-time investment behavior as part of a self-

regulated learning approach (Van Den Hurk, 2006; see also Puustinen & 

Pulkkinen, 2001; Zimmerman, 2002), we propose that the reported 

negative effects of a resit prospect on first-exam performance in 

naturalistic study environments (Centre for Education Research and 

Policy, 2012b; Grabe, 1994) reflect changes in students’ study-time 

allocation strategies when making such a study planning.     
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Concluding Remarks 

One conclusion we can draw from observing the resit effect with the 

study-time investment task, but not with a learning task designed to 

approach more realistic exam-taking scenarios, is that the utility 

optimization approach assumed to underlie the resit effect might only be 

applied by individuals when they feel they have sufficient a priori 

information, cognitive resources, and time to do so. This highlights a 

potential shortcoming of classical decision research, as the decisions 

made in everyday life, like students’ study-time investment decisions, 

are not isolated, static decisions. Rather, these decisions occur in a 

dynamic world where often decisions are serial and interconnected, the 

state of the decision problem changes, and decisions have to be made in 

real time (Brehmer, 1992; Edwards, 1962). Imagine, for example, a 

scenario where a student needs to allocate their limited time to study for 

multiple exams simultaneously, and if possible have time left for social 

events. Having to complete multiple exams should increase the cost of 

investing a single unit of study time on either one of those exams, as the 

amount of available study time is ultimately finite. Furthermore, the 

contents of the exam could also influence the subjective benefit of 

passing it: students could assign a higher benefit to passing a relatively 

difficult exam (e.g., a statistics exam) than passing a relatively simpler 

exam. Moreover, if the student in the end could not adhere to the 

preconceived, normative, study plan, they will have to redefine their 

plan, taking into account the even smaller amount of available time, and 

as a result possibly altering their decision behavior due to heightened 

emotional states (for a review, see George & Dane, 2016).  

The point of this scenario sketch is to highlight how dynamic and 

complex study-time investment decisions can be, compared to the 

highly constrained and isolated settings under which they have been 

investigated to date. Despite that our approach has not elucidated the 
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specific effects of resit exams in naturalistic exam-taking settings, it has 

been theoretically insightful as one of the first steps made in this field. 

Furthermore, the study-time investment task, which is conceptually 

similar to classical decision-making paradigms, has pointed towards a 

potential broader influence that the availability of second chances in 

general could have on decision processes and risk-taking behavior 

specifically.  
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Overview 

This dissertation aimed to investigate the potential effects that resit 

exams in higher education could have on students’ study-time 

investment. The opportunity to resit a failed exam allows a student to 

show mastery of course materials on another examination in the same 

academic year, rather than having to redo the course in its entirety at a 

later point. While being a useful educational tool that aids students in 

achieving educational goals, resit exams might also lead to unwanted 

consequences, such as a reduction in study-time investment and 

consequent mastery of study materials on a first-exam opportunity.  

The line of investigation presented in this dissertation started off 

with the establishment of a formal model of study-time investment on a 

multiple-choice exam that predicted that, compared to an exam with a 

single chance to pass, it is ‘optimal’ to reduce the amount of study-time 

one invests on a first-chance exam if a resit opportunity is available 

(Chapter 1). According to this model, students should invest 

significantly less time on studying for a first-chance exam with resit 

opportunity than on a single-chance exam. In making this prediction, 

the model utilized the perspective of a rational student attempting to 

optimize the utility associated with the trade-off between the costs of 

investing time and the benefits of passing a three-alternative 60-item 

multiple-choice exam. Furthermore, the model showed that this 

reduction in study-time investment due to the prospect of a resit exam 

(i.e., the resit effect) should reduce in magnitude by restricting access to 

the resit exam by either requiring a minimal non-passing grade on the 

first-chance exam, or by making access to the resit exam probabilistic 

(i.e., 50% chance to gain access). The model also included a parameter 

that allowed it to make predictions on the magnitude of the resit effect 

as a function of the time scheduled in between the first exam and resit 

opportunity (Chapter 3). Assuming that the ‘value’ of one’s initial study-
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time investment for the first exam ‘depreciates’ by the loss of knowledge 

over time due to forgetting (Ebbinghaus, 1885; Rubin & Wenzel, 1996), 

the model predicted that increasingly higher levels of study-time 

investment were optimal again for the first-chance exam. In other 

words, the resit effect should reduce in magnitude the more time there 

is scheduled in between the first-chance exam and the resit opportunity, 

as more knowledge of course materials would be forgotten in that time 

and thus more costly time would need to be spend re-learning course 

materials to again attain a sufficient passing probability. 

Subsequently, the model predictions above were tested empirically 

using an investment task based on said model where participants were 

asked to invest an amount of fictional study-time to pass simulated 

exams. Experiment 1 of Chapter 2 established that participants indeed 

chose to invest less fictional study-time on a first-chance exam with 

resit opportunity than on a single-chance exam (i.e., the resit effect). 

Experiment 2 of that same chapter went on to test whether the resit 

effect could indeed be reduced in magnitude if access to the resit 

opportunity was restricted. The observed behavioral effects again 

followed, by approximation, the predictions of the model: grade-

restricting the resit opportunity led to a decrease in magnitude, but 

probability-restricted access led to a relatively bigger reduction in 

magnitude. Furthermore, the empirical results presented in Chapter 3 

show that the manipulation of investment depreciation (i.e., a loss in the 

value of one’s initial study-time investment for the first-chance exam 

due to the forgetting of course materials in between exam opportunities) 

indeed led to a reduction in the magnitude of the resit effect. Moreover, 

this reduction in magnitude increased as the degree of investment 

depreciation increased. Overall these empirical tests show that 

participants were sensitive to the predicted shifts in optimal study-time 
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investment depending on whether a resit opportunity was available and 

under what conditions access was granted.  

Interestingly, the behavioral resit effect as observed with the study-

time investment task used in Chapters 2 and 3 shows that participants 

were indeed able, to a certain degree, to optimize the utility associated 

with the trade-off between the cost of study-time investment and the 

benefit of passing the exam, as predicted by our model. This view is 

supported by the findings that the resit effect correlated positively with 

participants’ scores on the Cognitive Reflection Test (CRT; Frederick, 

2005) – a test that has been associated with performance on several 

indices of rationality in judgment and decision making (Toplak et al., 

2011). This apparent association between the magnitude of the resit 

effect and the degree of analytical/rational thinking tendencies, together 

with the utility-optimization roots of study-time investment models that 

predicted the resit effect (see also Kooreman, 2013b, 2013a; Michaelis & 

Schwanebeck, 2016), seems to point towards the resit effect as 

stemming from rational optimization strategies with regard to the 

investment of study time. Further support for this point comes from the 

fact that the resit effect can be seen as a risk-taking effect, and that 

higher CRT scores have been correlated to greater risk-seeking behavior 

when making decisions (Frederick, 2005). To specify, the resit effect, as 

operationalized by the model presented in the current dissertation, 

entails a reduction in study-time investment as well as a concomitant 

reduction in passing probability. This reduction in passing probability 

occurs, as less time invested in studying would surely lead to lower 

levels of knowledge or mastery of course materials, which in turn leads 

to a lower probability of answering sufficient answers correctly to pass a 

multiple-choice exam.  

In an effort to generalize the resit effect beyond the realm of fictional 

study-time investment and utility-based optimization models, Chapter 4 
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describes the results of a behavioral experiment utilizing a learning task 

that remained similar in mechanics to the study-time investment task 

used in Chapters 2 and 3. Surprisingly, however, two empirical 

experiments could not show evidence of any resit effects using a 

learning task that required the investment of actual time on studying 

pairs of pseudo-words to pass a subsequent short multiple-choice test, 

given one or two chances to pass. One possible explanation for this 

absence of a resit effect mentioned in Chapter 4 was that perhaps the 

nature of the study-time investment, namely actual time rather than 

merely fictional/hypothetical time, reduced participants’ risks-seeking 

tendencies (e.g., Feather, 1959; Irwin et al., 1992; Lafferty & Higbee, 

1974; Levin et al., 1988; Slovic, 1969; Xu et al., 2016; however, see also 

Kühberger et al., 2002) so that they did not reduce their time 

investment for the first-chance test, despite the availability of a resit 

opportunity that would mitigate the costs of not passing on the first test 

opportunity. Another possible explanation was that perhaps the resit 

effect was not found using the learning task, because it did not allow 

participants to make an a priori deliberated decision regarding their 

study-time investment, but rather based their decision to stop studying 

on judgments of learning made on-the-go. This absence of a priori 

deliberation may have prevented participants from optimizing their 

investment decision, and thus led to the absence of a resit effect. This 

latter possibility seems especially likely, as the results of the 

questionnaire study reported in Chapter 4 suggest that a majority of 

students do take a resit opportunity into account when deciding how 

much to study in preparation for an exam. Overall, these results point 

towards the fact that perhaps the resit effect would occur in real-life 

academic settings when students assign their time to studying when 

devising a study planning, a situation that would allow for a deliberated 

study-time investment decision. 
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The experiment reported in Chapter 5 again utilized the study-time 

investment task used to obtain the results described in Chapters 2 and 

3. The aim of the experiment described in this chapter was to test 

whether the investment of actual time was what caused the absence of a 

resit effect using the learning task used in Chapter 4. To do so, the 

study-time investment task again used the investment of fictional study 

time, but also included a condition in which these fictional time 

investments were tied to a participant’s real time by implementing a 

waiting time proportional to the investment. Interestingly, the resit effect 

occurred both with and without the addition of the real time investment. 

This could be due to the fact that the cost associated with the 

investment of real time in the study-time investment task was not high 

enough to approximate the costs associated with investing time learning 

actual materials. On the other hand, the presence of a resit effect with a 

real time component could also mean that the resit effect was not 

observed with the learning task used in Chapter 4 because participants 

did not have the opportunity to deliberate on their study-time 

investment decisions, and instead had to rely on judgments of learning 

made on-the-go while studying.   

From the perspective of the psychology of choice under uncertainty, 

the experimental results discussed above point towards the resit effect 

as an effect resulting from, and requiring, the optimization of an 

inherent trade-off that exists in studying for an exam. On the one hand, 

investing one’s time on studying is costly. Optimizing this trade-off at 

least to a certain degree seems necessary to efficiently perform as a 

student in current-day educational systems. The average student will 

likely not be preparing for just a single exam, but rather will have to 

devise a study plan aimed at efficiently distributing their limited time 

over the preparation for multiple competing exams (and perhaps still 

have some time left for other activities). On the other hand, passing an 
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exam has an inherent benefit, or gain. Obtaining a passing grade (or any 

desired grade) means achieving a goal and allows the student to 

progress through the curriculum. In this perspective, a resit opportunity 

can be seen as a tool that allows for efficient study-time allocation 

strategies that enables a student to prioritize their time for a more 

difficult exam (e.g., statistics) while being able to reduce their time 

investment for another first-chance exam that is not as difficult or high-

stakes. In essence, the opportunity to unconditionally resit a failed first 

exam provides a psychological safety net by signaling that no costs will 

be incurred by failing to pass on the first exam opportunity. As a result, 

it enables students to prioritize their study-time investments efficiently 

(i.e., allowing for study-time investment strategies on the first exam 

opportunity that do not maximize passing probability), while at the 

same time reducing the anxiety associated with the prospect of failing 

an exam due to lower levels of study-time investment. In line with this 

perspective, reintroducing or increasing the costs associated with failing 

to pass on the first exam opportunity, either through conditional access 

to the resit opportunity (Experiment 2 of Chapter 2) or through the loss 

of ‘value’ of one’s initial study-time investment through forgetting 

(Chapter 3), might indeed reduce the resit effect17, but might also hinder 

                                                
 
17 More recent simulations of the study-time investment model introduced in 

Chapters 2 and 3 indeed show that the magnitude of the resit effect is predicted 

to decrease when the cost associated with investing a single unit of study time 

increases. Additionally, the results from an unpublished experiment using the 

study-time investment task show that merely framing the first out of two 

chances as such, but in actuality it being identical to a single chance in terms of 

the potential for incurring costs, did not produce a resit effect. Specifically, a 

Bayesian independent samples t-test showed there was substantial evidence 

(BF01 = 3.42) in favor of the null hypothesis of no difference in study-time 

investments between the ‘first chance’ of a group of participants who had such a 

‘framed’ resit opportunity (n = 23), and the single chance of a group of 
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students to efficiently navigate their studies for multiple competing 

high-stakes exams if taken to an extreme.  

 

Theoretical Implications and Considerations 

The fact that a second chance to pass an exam in higher education 

(i.e., resit exams) seems to enable students to reduce their study-time 

investment for a first-chance exam raises the question of whether such 

effects would generalize beyond the realm of education to other types of 

situations involving second chances. In the field of goal pursuit, 

research has suggested that formulating a backup plan or having 

multiple attainment means when pursuing a goal can harm initial goal 

pursuit. Specifically, these studies suggest that people are less 

committed to a particular means of achieving a goal when more such 

means are available (Huang & Zhang, 2013; Kruglanski et al., 2011) and 

they suggest that participants are less likely to achieve a goal (e.g., 

achieving high performance on a sentence unscrambling task so as to 

receive a free snack) if they have first thought of a back-up plan for 

achieving that goal (i.e., think of another way in which you can obtain 

free food on campus; Shin & Milkman, 2016; see also Napolitano & 

Freund, 2016, 2017). From this perspective, it could be argued that the 

prospect of a resit exam perhaps leads students to be less committed to 

passing their exam on the first attempt, possibly as part of their study-

time investment strategy, as the resit exam can be seen as a form of 

backup plan that provides an alternative means to still pass a course.  

Similarly, it has been found that the knowledge that a gamble or a 

bet will be repeated also influences an individual’s behavior. Specifically, 

                                                                                                                                               
 
participants (n = 25) who were told they only had the one chance to pass the 

simulated exams. 
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participants are found to be more likely to choose a risky gamble or to 

accept a risky bet when this gamble or bet is played repeatedly, as 

opposed to only once (Benartzi & Thaler, 1999; Keren & Wagenaar, 

1987; Redelmeier & Tversky, 1992; Samuelson, 1963). This effect is 

similar to the resit effect central to this dissertation in the sense that 

both show an increase in risk-seeking behavior when a choice or a bet 

is, or can be, repeated. Despite the fact that repeated gambles and resit 

exams have conceptual differences – the former involves making a single 

decision for multiple iterations of the same gamble, whereas the latter 

allows for an adjustment of study-time investment between exam 

chances – they are similar in the sense that both allow for multiple 

chances to make up a previous ‘loss’. If one loses on an earlier iteration 

in a series of repeated gambles, the following iterations still provide 

additional chances to make up for previous losses incurred as a result 

of choosing the risky option. Similarly, a resit exam can be considered 

an additional chance that allows students to make up for their initial 

fail after investing too little study time to obtain a passing grade for the 

first-chance exam. Consequently, both seem to promote what can be 

seen as risk-tolerant behavior due to a certain dependence between 

chances or gambles and the ability to make up for previous losses or 

non-incurred gains. Moreover, in both situations this can be considered 

as a ‘rational’ course of action, as repeated gambles have been found to 

lead to risky decisions that maximize expected value (Keren & 

Wagenaar, 1987) and the results presented in this dissertation suggest 

that resit exams lead to reductions in study-time investment that 

maximize expected utility. 

The different effects discussed above point towards the possibility 

that the prospect of a future event or behavior influences behavior at the 

current moment. Interestingly, the concept of ‘spillunder’ effects from 

the behavioral intervention literature seems to support this notion as 
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well. A spillunder effect is defined as the expectation of a future 

behavior or outcome influencing a current behavior that precedes it 

(Krpan et al., 2019). To clarify, one example of such a spillunder effect 

described by Krpan and colleagues (2019) is an individual forming the 

intention to engage in sports in the future, but overeating in the present 

as a result of this anticipated physical activity. A parallel to the case of 

resit exams is again easily drawn: a student has the knowledge that in 

the future a resit opportunity is available, and as a result adopts more 

risky, in terms of passing probability, study-time investment strategies 

for the first exam opportunity. The idea that anticipation of future 

events can exert an inter-temporal influence on the trade-offs associated 

with current choice behavior is not novel (Jevons, 1905; see also 

Bentham, 2015). What is interesting, however, is that the effects 

discussed above point towards a clear indication that the anticipation of 

a future event or behavior that can make up for the potential negative 

outcomes of current behavior exerts an influence in the present. In 

other words, it seems that the general perception that one has a second 

chance to win, pass, or generally achieve a goal, in case one fails to do 

so on the first chance, can undermine the chances of success on that 

first chance by promoting a risk-tolerant attitude to otherwise risky 

decisions due to the absence of the immediate potential negative 

outcomes that are associated with that behavior. In that sense, having a 

second chance is much like gambling with house money (Thaler & 

Johnson, 1990): if the costs associated with accepting a risky bet are 

not actually incurred, or felt financially in this case, one might as well 

decide to accept such a bet if that means maximizing the potential 

gains.      

Given the above discussion and the results presented in this 

dissertation, the prospect of a second chance can be seen as promoting 

seemingly risk-tolerant behavior due to the compensatory nature of 
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such second chances: a backup plan compensates for a failure (or 

inadequacy) of the initial plan (Napolitano & Freund, 2016, 2017; Shin 

& Milkman, 2016), the availability of multiple goal attainment means 

allows for compensation in the sense of still being able to attain ones 

goal in case of inadequacy or failure of the main means to achieve a goal 

(Huang & Zhang, 2013; Kruglanski et al., 2011), a repeated gamble 

allows for the compensation of losses incurred in earlier gambles 

(Benartzi & Thaler, 1999; Keren & Wagenaar, 1987; Redelmeier & 

Tversky, 1992; Samuelson, 1963), anticipated future outcomes or events 

(e.g., going to the gym) can exert a, possibly negative, influence on 

current behavior (e.g., eating unhealthy) by allowing for the possibility of 

compensation (i.e., spillunder effects; Krpan et al., 2019), and, finally, 

the availability of resit exams allows for compensation of failure to pass 

on the initial exam opportunity. Taken together, these results seem to 

indicate that this future possibility to compensate (e.g., a resit exam, or 

second chance in general) influences current behavior, as any losses 

incurred as a result of current, risky, behavior (e.g., studying less for my 

first-chance exam, or accepting a higher risk of failing on the first 

chance in general) can be compensated for in the future and should 

therefore not be seen as losses that can currently be incurred. Moreover, 

the model and results presented in this dissertation, together with other 

models of resit effects (Kooreman, 2013b, 2013a; Michaelis & 

Schwanebeck, 2016; for a similar conceptualization, see also Wilbrink, 

1980) and the literature discussed above, point towards the fact that 

such more general ‘second-chance effects’ promoting risk-seeking 

behavior might be rational and indeed represent the optimization of 

trade-offs between costs and benefits.  

In conclusion, the prospect of being able to compensate for the 

costs incurred through potential negative outcomes in the present 

through an imagined or actual future event, opportunity, or behavior 
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seems to be a factor capable of adjusting the perception of the risk (e.g., 

Sjöberg, 2000) involved in the current behavior or decision, by signaling 

that those consequential costs, and thus the risk itself, are essentially 

hypothetical (e.g., Feather, 1959; Irwin et al., 1992; Lafferty & Higbee, 

1974; Levin et al., 1988; Slovic, 1969; Xu et al., 2016; however, see also 

Kühberger et al., 2002) and will not actually be incurred. For example, 

despite failing on a first exam chance, a student can still attain the 

superordinate goal of passing a course by doing well on a resit exam 

opportunity. In this example, failing on the first chance does not 

embody an actual failure; afterwards there is merely an additional 

chance to pass or, indeed, fail. Consequently, due to the absence of the 

costs involved in failing on the first chance, any behavior or decision 

involved in it will be shaped by the knowledge that there is a safety net 

in place in case of failure as only gains can be obtained through this 

first chance, especially in the case of an unconditional second chance.  

Since the prospect of a second chance signals losses will not be 

incurred in case of failure, it seems reasonable to explore decision 

options or investment strategies that could maximize those potential 

first-chance gains, but would otherwise be deemed too risky to choose 

due to their concurrent low chance of success in combination with high 

potential costs associated with failure. Interestingly, the fact that the 

prospect of a second chance seems to promote a risk-tolerant attitude 

by creating a situation on the first chance only involving potential gains 

goes against the well-established notion that people are generally averse 

to taking risk in decisions involving gains (Tversky & Kahneman, 1981). 

A potential explanation for this discrepancy in findings, however, is that 

in the case of a second chance as conceptualized in this dissertation the 

possibility of failure on the first chance is merely a postponement of a 

final outcome, and thus a possible loss through the second chance, not 

simply that one has not gained anything.    
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Practical Implications and Considerations 

The resit effect discussed in this dissertation has clear practical 

implications for educational policies surrounding the implementation 

and use of resit exams. While the lack of a resit effect observed with the 

learning task used in Chapter 4 might be taken to suggest that such 

resit effects do not generalize to real-life academic settings that require 

actual studying for a subsequent test, another perspective might be in 

order. Namely, in more practical academic settings similar negative 

effects of a resit prospect on first-exam performance have been found 

through a field study by Grabe (1994; for similar findings, see Centre for 

Education Research and Policy, 2012b). Combined with the results 

obtained through the study-time investment task used in Chapters 2, 3, 

and 5, this indicates that such resit effects might critically depend on 

the ability to deliberate a priori on the trade-offs inherent to the number 

of available exam chances, and consequently the appropriate amount of 

study-time to allocate. Even though study-time allocation in real-life 

learning tasks may, at least in part, be decided based on a judgment of 

learning made on-the-go, in the context of higher education, where there 

is a marked emphasis on self-regulated learning (e.g., Ariel et al., 2009; 

Zimmerman, 2002), it would make sense that offline and advance study-

time allocation by means of advance strategic planning of multiple 

competing and time-consuming activities, would typically be a more 

plausible mechanism underlying study-time allocation strategies. The 

results of the questionnaire study presented in Chapter 4 lend credence 

to this notion, as they show that students indeed could take the 

availability of a resit opportunity into account when deliberating on their 

study-time investment. 

Since the prospect of a resit exam opportunity does indeed seem to 

be able to lead students, especially those more calculating or analytical 

in nature, to invest less time on a first-chance exam, possibly resulting 
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in a lower mastery of course materials in the case of multiple-choice 

examinations, their implementation should depend on evidence-based 

policy. Currently, however, it seems there are no clear recommendations 

for the implementation of resit opportunities. As a case in point, each of 

the three types of resit policies investigated by Grade (1994) are 

currently implemented in different bachelor and masters programs in 

the Netherlands, a country where resit exams are commonly utilized in 

higher education, thus highlighting the lack of knowledge and 

consensus about the effects of resit exams. Moreover, policies in the 

Netherlands regarding when resit exams should be scheduled after the 

first exam opportunity seem to be based on recommendations from a 

committee that ultimately did not provide references to behavioral 

evidence for their specific recommendations (Wijnen et al., 1992). 

Interestingly enough, around 1980 there were already calls for taking 

into account the possibility that ‘efficient’, or rational, students could 

make use of resit opportunities to decrease their preparation efforts 

(Wilbrink, 1980), yet specific evidence-based policy recommendations 

have remained elusive. 

 

Recommendations 

To fill this gap, some specific recommendations for resit policies will 

be given below. Based on previous literature and the results presented 

in this dissertation, the resit effect (i.e., a reduction in study-time 

investment for the first exam opportunity in the prospect of the 

availability of a resit exam) could potentially be reduced or mitigated 

through multiple approaches. Most of these approaches, however, deal 

with the concept discussed in the theoretical implications section above: 

the prospect of a resit exam leads to a reduction or absence of the costs 

associated with failure on the first-chance exam. Therefore, 
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reintroducing such costs for students within resit policies should be 

preferred over unconditionally available resit opportunities. 

 

1. Should the availability of the resit opportunity be conditional?  

The results of Experiment 2 in Chapter 2 show that the resit 

effect introduced by unconditional resit exams can be substantially 

reduced by limiting access to such exams. Specifically, requiring a 

minimal non-passing grade (e.g., a 4 or 5 out of a maximum of 10) 

for access to the resit or making access probabilistic showed to be 

capable of reducing the resit effect observed with the study-time 

investment task. Furthermore, a modeling study showed that 

introducing other costs to accessing the resit opportunity, such as a 

charge for participating in the resit attempt, restricting the 

maximum grade obtained through a resit (e.g., 6 out of a maximum 

of 10), and introducing malus points, can also reduce the negative 

effect of resit prospects on student learning effort for first-chance 

exams (Michaelis & Schwanebeck, 2016).  

On the other hand, however, it should be taken into account 

that more restrictive resit opportunities would surely lead to higher 

pressure to perform in terms of passing high-stakes exams in 

higher education. This in turn might have negative effects on 

students (e.g., see van Vreden & Thijssen, 2019), so it is important 

to find a middle ground that also guarantees an appropriate and 

fair resit policy for students. One such middle-ground policy that 

can reduce the resit effect to a degree, but is not too restrictive, 

would for example be requiring a minimal non-passing grade on the 

first exam opportunity to gain access to the resit exam as 

mentioned above, as it requires that the examinee spends a certain 

amount of time at least trying to master the course materials. 

Alternatively, restricting the maximally obtainable grade for a resit 
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opportunity could be another such, though more restrictive, middle-

ground policy. Finally, restricting the number of resits opportunities 

available in single academic period could also be effective by making 

such opportunities more rare and costly; however the specific 

effects of such a policy have not been the subject of this 

dissertation.  

 

2. How long after the first-chance exam should the resit 

opportunity be scheduled?  

While there have been calls to schedule resit exams shortly 

after the initial exam opportunity so that students can capitalize on 

their already-accumulated knowledge of course materials without 

having to restudy too much due to forgetting as a function of time 

(e.g., Wijnen et al., 1992), there are indications that such ‘fast 

resits’ are not desirable. If the resit opportunity is scheduled shortly 

after the first exam opportunity, a substantial amount of knowledge 

of course materials accumulated for the first-chance exam is still 

available. While such ‘fast resits’ allow students to capitalize on 

their already-learned knowledge and increase their efficiency in 

terms of the amount of time spent on the pursuit of achieving 

educational goals, it also provides a potential disincentive to exert 

enough effort on learning for the first-chance exam (Michaelis & 

Schwanebeck, 2016). Especially with the probabilistic nature of 

multiple-choice exams, such a reduction in effort, and thus study-

time investment, could lead to the undesirable outcome that 

students still pass their first-chance exam with minimal knowledge 

of course materials (i.e., a ‘windfall gain’; see Kooreman, 2013b).  

Instead, as the results presented in Chapter 3 point out, the 

resit opportunity should be scheduled at a time point that allows for 

a sufficient degree of forgetting to have taken place (i.e., when a 
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sufficient amount of ‘depreciation costs’ have been achieved). That 

way, participating in a resit exam opportunity becomes costly, as 

one has to commit more costly time on re-studying previously-

learned course materials. On the other hand, however, scheduling a 

resit exam after such an amount of time that students would have 

forgotten nearly all knowledge of the course materials would surely 

increase performance pressure and induce a relatively high cost to 

not passing on the first chance, and would go against the spirit of 

allowing for resit opportunities. When the opportunity to resit 

entails having to study as though one is retaking the course in its 

entirety, the resit opportunity cannot be seen as a second chance 

anymore and in that sense would merely be a second single chance 

to pass the exam. Therefore, also with regard to the timing between 

a first exam and resit opportunity a middle-ground policy that takes 

into account the interests of both educational institutes as well as 

students should be preferable. 

      

3. Which grade should count?  

The results from an experimental field study by Grabe (1994), 

however, do point towards an answer to this question. Grabe 

manipulated the resit policy for an undergraduate course in 

educational psychology to include a so-called “Conventional” group, 

who only had one opportunity for each test. In contrast, the other 

two groups both had three opportunities for each test (i.e., 2 resit 

opportunities, spaced at one-week intervals), and these groups 

differed in that for one group, the score that counted towards the 

final examination was the best score of all three attempts (the 

“Best” group), whereas this was the last test score for the other 

group (the “Last” group). The results showed that performance on 

the first attempt was significantly higher for the Conventional than 
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for the Best group, but there was no significant difference between 

the Conventional and Last group. This points towards the 

conclusion that a resit system where the best grade out of all 

attempts counts might especially impact student effort for a first-

chance exam, whereas a resit system where the last grade counts 

might not be subject to such effects. Similarly, a resit system where 

the last grade counts is also found to have less of a negative impact 

on the accuracy of grading (Centre for Education Research and 

Policy, 2012a). On the other hand, however, the results presented 

in this dissertation stem from a paradigm utilizing a resit system 

where the last-obtained grade counts. Therefore the possibility of 

resit effects occurring under this grading rule should perhaps not 

be ruled out completely. 
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Concluding Remarks 

While the negative consequences of the availability of resit exams, 

such as reduced study-time investment and concomitant mastery of 

course materials for the first-chance exam and an inflation of overall 

passing percentages, might undermine the achievement of educational 

goals, the results of the current dissertation, in combination with 

previous literature, do show that with the introduction of additional 

costs there are ways to mitigate these consequences. On the other hand, 

given the institutional costs involved in scheduling and monitoring these 

additional exam opportunities and fears of ‘strategic’ student behavior, 

it might seem valid to suggest getting rid of resit exams altogether (e.g., 

Boomsma & van Steenderen, 2018).  

In the spirit of optimizing trade-offs, however, the psychological 

benefits of resit opportunities should not be dismissed. As mentioned 

above, the prospect of a second chance, in this case a resit exam, can 

provide a psychological safety net for decision makers, in this case 

students deciding how much of their limited time they will spend on 

studying for a particular exam. Without the opportunity to resit a failed 

first-exam opportunity, the pressure involved in passing high-stakes 

exams in higher education would surely only increase. In turn, this 

would make it harder for students to pass courses efficiently and 

therefore puts them at risk of incurring delays in their study program or 

even mental-health problems (e.g., see van Vreden & Thijssen, 2019). 

Next to that, the existence of additional testing opportunities allows 

students who failed on their first attempt to gain valuable insights into 

where their knowledge is still lacking by providing an additional moment 

of feedback that could positively influence their resit performance (for a 

review on the educational value of feedback, see Hattie & Timperley, 

2007). Additionally, going through an additional testing opportunity 

could potentially even improve long-term retention of course materials 
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through test-enhanced learning (i.e., the testing effect; Roediger & 

Karpicke, 2006). 

Since there are both negative and positive sides to allowing 

students to resit a failed first exam, a middle-way solution would 

provide an optimum between only allowing a single exam chance and 

allowing for unconditional resit exams: Instead of focusing on punishing 

a subset of, calculating, students for ‘abusing’ resit opportunities by 

strategically reducing study-time investment for the first exam chance, 

educational policy-makers should focus on discouraging this ‘strategic’ 

behavior altogether by not allowing for unconditional resits (see also the 

Appendix to this dissertation). That way the resit opportunity can be left 

for what it is: an extra examination chance that the majority of students 

without ill intent rely on to keep their study progress on track and 

allows them to efficiently navigate multiple competing exams. Especially 

in educational systems adhering to the learning-for-mastery system 

(Bloom, 1968) the use of resit exams should not be demonized. Instead, 

the existence of resit exams should be seen as a reflection of the 

diversity that is inherent to the students; some might need more time 

and opportunities to demonstrate they achieved mastery of the required 

course materials, but ultimately everyone should get a chance to do so. 

Especially in combination with evidence-based resit policies that 

encourage a perspective where the opportunity to resit a failed first 

exam opportunity is not something to rely on but something to utilize in 

case of necessity, the tool that is a resit exam could help both students 

and educational institutes to better meet their educational goals by 

allowing students a more efficient progression through their curriculum.  
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Samenvatting 

Hoewel de beoordeling van studenten door middel van tentamens 

gebruikelijk is in het hoger onderwijs, is de mogelijkheid om dergelijke 

tentamens over te doen, of te herkansen, niet vanzelfsprekend. Verder 

kan het beleid inzake de beschikbaarheid van deze herkansingsexamens 

sterk variëren. In sommige landen, zoals de Verenigde Staten, is de 

mogelijkheid om een gezakte eerste tentamenkans te herkansen zonder 

het vak in zijn geheel te moeten overdoen niet gebruikelijk, terwijl in 

andere landen, zoals Nederland, het aanbieden van dit soort 

herkansingen relatief gebruikelijk is. Bij deze diversiteit in het 

herkansingsbeleid tussen de landen komt nog dat zelfs wanneer het 

gebruikelijk is studenten een herkansingsmogelijkheid toe te staan, de 

specifieke wijze waarop een dergelijk herkansingssysteem in de 

onderwijsinstellingen wordt toegepast, ook sterk varieert. Bij sommige 

instellingen mogen studenten onbeperkt herkansen, terwijl ze bij andere 

instellingen slechts een beperkt aantal examens per academische 

periode mogen herkansen. In weer andere vormen is herkansen 

toegestaan, maar zijn er aan elke herkansingspoging kosten verbonden 

(bijv. een lager maximumcijfer voor een vak waarvoor via een herkansing 

wordt geslaagd).  

Een belangrijke vraag is echter of dergelijke verschillen in beleid 

gepaard gaan met verschillen in de manier waarop studenten hun tijd 

besteden aan het studeren voor hun tentamens. Verrassend genoeg is er 

echter weinig bekend over deze mogelijke effecten van 

herkansingstentamens. Om het onderzoek naar deze effecten te 

bevorderen, worden in dit proefschrift de volgende vragen aan de orde 

gesteld: Heeft het feit dat een herkansingsmogelijkheid beschikbaar is 

invloed op de manier waarop studenten studeren voor hun eerste 

tentamenkans? Zou het een verschil maken als de beschikbaarheid van 

een herkansing niet altijd gegarandeerd is? Als een herkansing 
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beschikbaar is, hoe lang na de eerste poging moet deze dan worden 

ingepland, of met andere woorden, zou de tijdspanne tussen 

toetskansen van invloed zijn op het leren van studenten? 

In de literatuur zijn zorgen geuit dat het aanbieden van 

herkansingen ertoe zou kunnen leiden dat studenten minder tijd 

investeren in de voorbereiding van hun tentamens. Indien studenten dit 

inderdaad minder zouden doen, zou dit het risico met zich meebrengen 

dat sommige studenten met een beetje geluk toch voor het tentamen 

slagen, vooral in het geval van meerkeuzetoetsen, terwijl zij de stof 

onvoldoende beheersen. Daarom is het van belang na te gaan wat een 

optimaal herkansingsbeleid zou zijn om dergelijke potentieel negatieve 

effecten op het leren van studenten tegen te gaan. Als eerste stap in het 

beantwoorden van deze vraag hebben we bepaald wat de optimale 

investering in studietijd is onder verschillende beleidsmaatregelen 

omtrent herkansingen. Daartoe hebben wij het leren van studenten 

geformaliseerd in termen van een model dat de optimale 

studietijdsinvestering voorspelt voor studenten die een meerkeuzetoets 

afleggen onder verschillende herkansingsbeleidsmaatregelen. Het model 

veronderstelde dat de kennis van de leerstof exponentieel zou toenemen 

als een functie van de studietijd, en dat studenten zich rationeel zouden 

gedragen in de zin dat zij zouden streven naar een maximilizatie van de 

utiliteitsafweging tussen de kosten van het investeren van studietijd en 

de baten van het slagen voor een examen. Aan de hand van dit model 

konden we vervolgens specifieke vragen beantwoorden over de 

studietijdinvesteringen van studenten onder verschillende 

herkansingsbeleidsmaatregelen.   

Ten eerste voorspelde dit model dat de optimale hoeveelheid 

studietijdinvestering lager is wanneer de mogelijkheid tot herkansen 

beschikbaar is. In overeenstemming met deze voorspelling toonden de 

resultaten van een empirische studie, gepresenteerd in Hoofdstuk 2, 
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aan dat het vooruitzicht van een herkansingstentamen inderdaad een 

lagere investering van hypothetische studietijd bevorderde, en dat dit 

effect sterker was voor deelnemers die hoger scoorden op een test van 

rationeel denken. Bovendien vonden we dat het herkansingseffect 

minder groot was wanneer de beschikbaarheid van een herkansing 

probabilistisch is of afhankelijk is van het behalen van een minimaal, 

niet-slagend cijfer voor de eerste tentamenpoging. Tezamen suggereren 

deze bevindingen dat studenten geneigd zijn minder studietijd te 

investeren wanneer de toegang tot een herkansing onvoorwaardelijk is, 

met als mogelijk gevolg dat ze het tentamen halen met onvoldoende 

beheersing van de stof. Om dit ongewenste effect van het aanbieden van 

herkansingsexamens te vermijden, zou men potentiële kosten voor het 

niet slagen voor de eerste kans kunnen introduceren door studenten 

alleen een herkansing toe te staan als zij aan bepaalde criteria voldoen. 

Om een optimaal herkansingsbeleid te kunnen definiëren is het ook 

belangrijk na te gaan op welk moment de herkansing moet plaatsvinden 

na het afleggen van het eerste tentamen. Ervan uitgaande dat een deel 

van de bestudeerde stof na verloop van tijd vergeten zou worden en dat 

het opnieuw leren van deze stof een hogere, en dus meer kostbare, 

totale investering van studietijd vereist om het hertentamen met het 

beoogde cijfer te halen, voorspelde ons model dat het herkansingseffect 

in omvang zou moeten afnemen naarmate de tijd tussen de eerste 

tentamenkans en de herkansing langer wordt. In overeenstemming met 

deze voorspelling bleek uit een empirische studie (Hoofdstuk 3) dat de 

omvang van het herkansingseffect inderdaad afnam naarmate het 

vergeten van de oorspronkelijk geleerde lesstof toenam als een functie 

van tijd. Deze bevinding suggereert dat het herkansingseffect kan 

worden tegengegaan door omstandigheden te introduceren waar in de 

tussentijd meer van de lesstof wordt vergeten, bijvoorbeeld door de tijd 

tussen het eerste examen en de herkansingsmogelijkheid te verlengen. 
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In Hoofdstuk 4 onderzochten we of het herkansingseffect dat we 

vonden voor hypothetische tijdsinvesteringen zou generalizeren naar een 

situatie waarin daadwerkelijk tijd moet worden geïnvesteerd in het leren 

van materiaal voor een daaropvolgende toets. Hiervoor maakten we 

gebruik van een taak waarbij pseudowoorden moesten worden geleerd 

voor een meerkeuzetoets, met één of twee kansen om te slagen. De 

resultaten toonden geen herkansingseffect voor de hoeveelheid tijd die 

deelnemers besteedden aan het bestuderen van de leerstof. Op het 

eerste gezicht zou dit resultaat kunnen betekenen dat een herkansing 

geen invloed heeft op de werkelijke tijdsinvestering. Een belangrijk 

verschil tussen beide taken is echter dat de leertaak een investering van 

echte tijd vereiste en niet vroeg om een a priori beslissing over de totale 

studietijdinvestering, terwijl de taak waarbij het herkansingseffect 

aanvankelijk werd waargenomen a priori investeringsbeslissingen 

vereiste met betrekking tot de totale hoeveelheid hypothetische 

studietijd. Daarom kan worden gesteld dat ofwel de investering van 

echte in plaats van hypothetische studietijd, ofwel het ontbreken van 

een a priori beslissing over studietijdinvestering heeft geleid tot het 

uitblijven van het herkansingseffect. 

In Hoofdstuk 5 werd met een laatste empirische studie ingegaan op 

de vraag of het herkansingseffect ook optreedt bij echte 

studietijdinvesteringen. Hiervoor werd de taak die aanvankelijk werd 

gebruikt om het herkansingseffect met hypothetische 

studietijdinvesteringen waar te nemen, uitgebreid zodat deze ook echte 

tijdsinvesteringen vereiste. De resultaten toonden vervolgens aan dat het 

herkansingseffect nog steeds optrad wanneer dergelijke echte 

tijdsinvesteringen vereist waren, wat suggereert dat het 

herkansingseffect afhankelijk is van de mogelijkheid tot a priori 

overwegingen met betrekking tot de studietijdinvestering. Als dat zo is, 

dan zouden herkansingseffecten zich ook kunnen voordoen in reële 
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academische settings waarin studenten hun studietijd indelen volgens 

een vooraf gemaakte studietijdplanning. Dit lijkt aannemelijk, omdat het 

gebruik van een dergelijke planning studenten in staat zou stellen 

efficiënter te studeren voor meerdere tentamens die tegelijkertijd 

plaatsvinden; een situatie die vaak de norm is in het hoger onderwijs. 

Ter ondersteuning van dit idee blijkt uit de resultaten van een 

vragenlijstonderzoek (Hoofdstuk 4) dat studenten aangeven dat ze 

inderdaad meer zouden hebben gestudeerd voor twee eerdere tentamens 

als de herkansing niet beschikbaar zou zijn geweest; hieruit blijkt dus 

dat studenten inderdaad rekening lijken te houden met de 

beschikbaarheid van een herkansingstentamen wanneer zij hun 

studietijd inplannen. 

Al met al leiden de resultaten van de in dit proefschrift 

gepresenteerde studies tot de conclusie dat het vooruitzicht op een 

onvoorwaardelijke herkansing kan leiden tot een verminderde 

studietijdsinvestering voor de eerste tentamenkans. Verder kan het 

vooruitzicht op een herkansing vooral van invloed zijn op vooraf 

genomen beslissingen over studietijdinvestering waarbij a priori 

overweging mogelijk is, zoals de beslissingen die studenten nemen bij 

het plannen van hun studieactiviteiten. Verder onderzoek moet 

uitwijzen of het herkansingseffect ook optreedt in situaties waar 

meerdere tentamens in dezelfde tentamenperiode plaatsvinden. Op basis 

van de bevindingen in dit proefschrift zouden we kunnen speculeren dat 

een student bij de beslissing hoeveel tijd te besteden aan het studeren 

voor twee meerkeuzetentamens van bijvoorbeeld verschillende 

moeilijkheidsgraad, zou kunnen besluiten minder tijd, maar nog steeds 

genoeg om een substantiële slaagkans te behouden, te besteden aan het 

makkelijkere tentamen en relatief meer tijd te besteden aan het 

moeilijkere tentamen wanneer een herkansing beschikbaar is. Op deze 

manier kan de student de beperkte tijd strategisch en efficiënt indelen 



Samenvatting - Summary 

185 

in een poging de kans te maximaliseren om te slagen voor zowel het 

moeilijkere examen, waarvoor de tweede kans wellicht nodig zal zijn, als 

voor het gemakkelijkere examen, waarvoor de herkansing een nuttig 

back-upplan is voor het geval de student niet genoeg heeft gestudeerd 

om bij de eerste poging een voldoende te halen. 

Concluderend, door een formeel model met specifieke en empirisch 

toetsbare voorspellingen als startpunt te nemen, en de waargenomen 

effecten vervolgens stapsgewijs te generaliseren naar contexten die meer 

lijken op de praktijk, biedt de in dit proefschrift beschreven evidence-

based benadering een manier om beleidsvragen te beantwoorden met 

betrekking tot de effecten van herkansingsen op de 

studietijdinvesteringen van studenten. Bovendien kunnen de specifieke 

vragen die in dit proefschrift aan de orde komen (zie ook de Algemene 

Discussie) gebruikt worden om een herkansingsbeleid te definiëren dat 

dergelijke effecten kan minimaliseren.  
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Summary 

While the assessment of students by means of exams is 

commonplace in higher education, the opportunity to redo, or resit, 

such exams is not a given, and policies surrounding the availability of 

these resit exams can vary greatly. In some countries, such as the 

United States, the opportunity to resit a failed first exam chance without 

having to redo the course as a whole is not common, whereas in other 

countries, such as The Netherlands, the opportunity to resit a failed first 

exam chance is a relatively common practice. To add to this diversity in 

resit policies between countries, even when it is commonplace to allow 

students a resit opportunity, the particular way in which such a resit 

system is implemented across educational institutions varies greatly. At 

some institutions, students are allowed unlimited resit opportunities, 

while at others they can only resit a limited number of exams per 

academic period, or resit exams are allowed, but each resit attempt 

comes with a cost (e.g., a lowered maximum grade for a resit 

opportunity).  

An important question is whether differences in resit policies go 

hand in hand with differences in the way students spend their time 

studying for their exams. Surprisingly little is known, however, about 

these possible effects of resit exams. To further the investigation into 

these effects, this dissertation addresses the following questions: Does 

the fact that a resit opportunity is available influence the way students 

study for their first exam chance? Would it make a difference if the 

availability of a resit is not always guaranteed? If a resit is available, 

how long after the first attempt should it be scheduled, or in other 

words, would the timespan between testing opportunities influence 

student learning?  

Concerns have been expressed in the literature that allowing 

students the opportunity to resit might lead to a reduction in study-time 
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investments for their exams. If students were indeed to invest less time 

in preparing for an exam, this would entail the risk that some students 

might still pass the exam by chance, especially in the case of multiple-

choice exams, even if they did not achieve sufficient mastery of the 

materials. Therefore, it is important to find out what an optimal resit 

policy would be to counter such potentially negative effects on student 

learning. As a first step in answering this question we defined what the 

optimal study-time investment is under differing resit policies. To do so, 

we formalized student learning in terms of a model that predicted the 

optimal study-time investment for students aiming to pass a multiple-

choice exam under differing resit policies. The model assumed that 

knowledge of course materials would increase exponentially with 

increasing study time, and that students would behave rationally in that 

they would aim to maximize the utility trade-off between the costs of 

investing study time and the benefits of passing an exam. Using this 

model we could then address specific questions about students’ study-

time investments under differing resit policies.   

First of all, this model predicted that the optimal amount of study-

time investment is lower when the opportunity to resit is available. 

Consistent with this prediction, the results of an empirical study 

presented in Chapter 2 showed that the prospect of a resit exam indeed 

promoted lower investments of hypothetical study time, and that this 

effect was stronger for participants who scored higher on a test of 

rational thinking. In addition, we found that that the resit effect was 

reduced in magnitude when the availability of a resit is probabilistic or 

conditional on obtaining a minimal, non-passing grade for the first 

attempt. Taken together, these findings suggest that students are 

inclined to invest less study time when access to a resit is 

unconditional, with the potential consequence being that they pass the 

exam with insufficient mastery of the materials. To avoid this 
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undesirable effect of offering resit exams, one could introduce potential 

costs to not passing through the first chance by only allowing students 

a resit opportunity after meeting certain criteria.  

To be able to define an optimal resit policy, it is also important to 

address at what point in time the resit opportunity should take place 

after completing the first exam. Assuming that some of the studied 

materials would be forgotten over time and that relearning these 

materials requires a higher, and thus more costly, overall study-time 

investment to pass the resit exam with the desired grade, our model 

predicted that the resit effect should decrease in magnitude as the time 

between the exam and the resit becomes longer. In accordance with this 

prediction, an empirical study (Chapter 3) showed that the magnitude of 

the resit effect indeed decreased as forgetting of the initially learned 

course materials increased as a function of time. This finding suggests 

that the resit effect may be countered by introducing conditions where 

more forgetting of course materials is expected to occur, for instance by 

increasing the time between the first exam and resit opportunity.  

In Chapter 4, we examined whether the resit effect found for 

hypothetical study-time investments would generalize to a situation 

requiring the investment of actual time to learn materials for a test. We 

aimed to do so by utilizing a task that required learning pairs of pseudo 

words for a multiple-choice test, given either a single chance or two 

chances to pass this test. The results showed no resit effect for the 

amount of time participants spent studying the materials. At face value, 

this result might be taken to imply that a resit opportunity does not 

influence real study-time investments. An important difference between 

both task conditions is that the learning task required real time 

investments and did not ask for an a priori decision on the total study 

time investment, while the task through which the resit effect was 

initially observed required an a priori decision about the investment of 
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hypothetical study time. Therefore it can be argued that either the 

investment of real, rather than hypothetical, study time or the lack of an 

a priori study-time investment decision led to an absence of the resit 

effect.  

In Chapter 5, a final empirical study addressed this question of 

whether the resit effect occurs with real study-time investments. To do 

so, the task used to initially observe the resit effect with hypothetical 

study-time investments was expanded to also require actual time 

investments. The results showed that the resit effect still occurred when 

such real time investments were required, suggesting that the resit 

effect critically depends on a priori study-time investment deliberations. 

If so, then resit effects might occur in real-world academic settings 

where students allocate time on studying according to a pre-made 

study-time planning. This seems plausible, as the use of such a 

planning would allow students to more efficiently study for multiple 

competing exams taking place simultaneously; a situation that is often 

the norm in higher education. In support of this notion, the results of a 

questionnaire study (Chapter 4) shows that students indicate they 

would indeed have studied more for two previous exams if the option to 

resit would not have been available. This suggests that students indeed 

seem to take the availability of a resit exam into account in planning 

their studies. 

Overall, the results of the studies presented in this dissertation lead 

to the conclusion that the prospect of an unconditional resit exam may 

lead to a reduced study-time investment for an exam. Furthermore, the 

prospect of a resit opportunity may primarily affect advance study-time 

allocation decisions that allow for a priori deliberation, such as those 

made by students when planning out their study activities. Further 

research should investigate whether the resit effect also occurs in 

situations involving multiple exams that take place in the same exam 
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period. Based on the findings presented in this dissertation, we might 

speculate that when deciding how much time to spend on studying for 

two multiple-choice exams of, for example, varying difficulty, a student 

might decide to allocate less time, but still enough to retain a 

substantial passing probability, to the easier exam and relatively more 

time to the more difficult exam when the option to resit is available. This 

way, students would be able to strategically and efficiently allocate their 

limited time in an effort to maximize the chance of passing both the 

harder exam, for which they might need the second chance to pass, and 

the easier exam, for which the resit would serve as a useful backup plan 

in case they did not study enough to secure a passing grade on the first 

try.  

Ultimately, by starting off with a formal model with specific and 

empirically testable predictions and incrementally generalizing the 

observed effects to contexts more akin to practical scenarios, the 

evidence-based approach outlined in this dissertation provides a way of 

answering policy questions regarding the effects of resit opportunities on 

students’ study-time investments. Moreover, the specific questions 

addressed in this dissertation (see General Discussion) could be used to 

define a resit policy that could mitigate any such effects. 
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Appendix I: Formal Proof of Resit Effect with 

100% Depreciation 

In the current paper we presented an adaptation of our model of 

study-time investment on multiple-choice exams (Nijenkamp et al., 

2016) that accommodates forgetting occurring between a (failed) first 

exam opportunity and a resit exam. For all levels of forgetting (i.e. 0%, 

50%, and 100% depreciation) the model predicts a resit effect, that is 

the difference in invested time between a single exam and a first exam 

with resit opportunity. The fact that even for full forgetting our model 

predicts a resit effect might be surprising at first glance, however, a 

formal proof of the formulae shows that this predicted effect is simply 

the result of the mathematics of the model. 

For a single exam opportunity, the utility as a function of invested 

study time is given by, 

 

  (   )   (   )         , (A1.1) 

 

and its derivative by, 

 

 
  

    
 

  

    
  , (A1.2) 

 

where this derivative is zero by definition at the optimal time investment  

(toptimum), 

For the case of a resit exam with 100% depreciation, the total utility 

as a function of invested study time for the first exam is given by, 

 

         (   )  (   (   ))          , (A1.3) 
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and its derivative by, 

 

 
       

    
 

  

    
 

  

    
         , (A1.4) 

 

where Uoptimum is the maximum utility for a single exam (NR) associated 

with toptimum. At tR1 = toptimum, this derivative can easily be seen to assume 

a negative value, as the first term on the right is zero by definition at tR1 

= toptimum and, with  
  

    
  being strictly positive, the second term is strictly 

negative. This proofs that Utotal must be maximal for some value tR1 that 

is smaller than toptimum, even in the case of 100% depreciation. 
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Appendix II: Model as Presented in Nijenkamp 

et al., 2016 

 

Modeling Study-Time Investment, Passing Probability and 

Utility for a Single Exam 

The output of our model of study-time investment is shown in 

Figure A2.1, which depicts the model’s assumptions and predictions for 

the relationship between study-time investment and its costs, acquired 

knowledge, passing probability, and the resulting net utility, for a 

multiple-choice exam with a single chance to pass or with a resit 

opportunity. The model starts with the assumption that knowledge of 

learned materials will accumulate exponentially with increasing study-

time investments, as suggested by studies of human memory and 

learning (for a review, see Murre, 2014):   

 

 
                             ( )       ( )      

  

 , (A2.1) 

 

with t denoting study time and β denoting the learning rate parameter. 

This function with β set at 6.6 is shown as the blue line in Figure A2.1. 

The model uses a 60-item multiple-choice exam with 3 answer 

alternatives per item. We assumed that for each item a student would 

either know the correct answer, with pknow(t), or else make a random 

guess. Accordingly, the probability of having a particular number of 

correct answers, n, given study time t can be defined as the convolution 

of two density functions, thereby summating the number of predicted 

items of which the correct answer is known and the number of items 

predicted to be guessed correctly: 
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Figure A2.1. Output of our model relating study time to its costs, the acquired 

knowledge and associated passing probability for a 60-item multiple choice 

exam, and the resulting expected utility of investing study time for an exam with 

(R1) or without resit (NR). Figure adapted from Nijenkamp, Nieuwenstein, De 

Jong, & Lorist, 2016. 

 

  (   )  (   )(   )   ∑  (         ( ))    (        
 
 ⁄ )

   
   , (A2.2) 

 

with functions k and g denoting binomial probability functions 

associated with knowing and guessing, respectively, N the total number 

of items, and a the number of alternatives per item. Passing probability, 

given a criterion number of correct answers ncrit, is then given by: 

 

      ( )     (         ), (A2.3) 

 

with H representing the cumulative probability function associated with 

h. This function is shown as the red line in Figure A2.1, for an exam 

with 60 items that each have 3 answer alternatives, using ncrit = 42 that 
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corresponds to a 56% criterion level of knowledge; this criterion is 

commonly used for passing exams at the University of Groningen.  

Investing study time has its costs, and in our model we assumed 

that these costs increase linearly as a function of study time, 

 

      ( )      , (A2.4) 

 

with w denoting the cost per unit of study time t. This function is 

depicted as the green line in Figure A2.1. When taking this cost function 

together with the effect that study time has on passing probability, this 

function allows for the calculation of total expected utility as a function 

of study time:  

 

          ( )       ( )           , (A2.5) 

 

with Upass denoting the utility of passing the exam, which is arbitrarily 

set to 1 in our model simulations. Figure A2.1 shows this utility 

function as the solid black line, where w is set to 0.1. As can be seen in 

this figure, investing no study time produces a utility of 0. As more 

study time is invested, utility first decreases as ppass initially remains 

close to 0 because the probability of scoring the criterion number of 

correct items remains low. As the investment of study time increases 

further, the utility function starts to rise because passing probability 

starts to quickly rise, and eventually peaks at the point of optimal 

study-time investment. At even higher levels of study-time investment, 

however, utility decreases again because ppass only increases slightly 

past the optimal point, whereas the costs of study time keep on 

increasing in a linear fashion. For future reference, we define toptimum as 
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the optimal amount of study time in a no-resit condition, uoptimum as the 

associated maximum utility, and poptimum as the associated passing 

probability. 

 

Modeling the Effect of Resit Exams  

The model can be expanded to include a scenario in which there is 

unconditional access to a resit opportunity if a non-passing grade is 

obtained for the first chance. In doing so, we will use the abbreviations 

R1 and R2, respectively, to refer to the first exam and resit opportunity 

in a resit condition. To denote exams with only a single chance to pass 

we will use the abbreviation NR (No Resit).   

As a first step in expanding the model to include a resit condition, 

we made the simplifying assumption that there is no forgetting of 

accumulated knowledge between R1 and R2. We also assumed that if 

students fail to pass R1 after investing a suboptimal amount of study 

time (i.e. an amount of study time that is less than toptimum), they will 

invest an extra amount of study time for R2 so that the total invested 

study time equals toptimum and the probability of passing R2 is poptimum. In 

case they invested an amount of study time for R1 that is equal to or 

more than toptimum, we assumed that they will not invest any additional 

study time for R2. Thus,  

 

        (              ), (A2.6) 

   

             (              (   )) (A2.7) 
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Given the above assumptions, we can derive and calculate the 

expected utility for study-time investments on R1 with the following 

utility function: 

 

 
 (   )  (     (   )  (       (   ))          )         

 (    (       (   ))     ) 
(A2.8) 

 

Looking at the utility function in Figure A2.1 (i.e. the dashed black 

line), we can see that the expected utility for R1 remains at uoptimum for 

investments of up to approximately 3 units of study time. This is 

because the probability of passing R1 is close to zero with little amounts 

of invested study time, and in that case we assume an additional 

amount of study time to be invested so that toptimum and poptimum are 

reached for R2. As study-time investments go beyond this optimum, 

expected utility increases and maximizes at a point that is distinctly 

higher than uoptimum for NR. Additionally, this point of maximum utility 

also falls at a point where study time investment is distinctly lower than 

toptimum NR. At even higher amounts of invested study time, expected 

utility drops off again as ppass only increases slightly past the optimal 

point and the costs of study time keep on increasing linearly. 
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Appendix III: On Strategic Students and Getting 

Rid of Resit Exams (Blogpost) 

 

https://mindwise-groningen.nl/on-strategic-students-and-getting-rid-of-

resit-exams/ 

 

The use of resit exams in higher education is relatively unique to 

the Netherlands. Their use stems from the idea that all students can 

pass any given course, some students just need more examination 

chances to do so. Recently, resit exams received negative attention in 

the University Newspaper (UK) of the University of Groningen. A main 

point of critique is that resit exams prompt students to use the first 

exam to ‘strategically check out’ what is asked of them to pass the 

course [1].  

Intuitively, this assumption of ‘strategic’ behavior seems valid, and 

our research supports it: it is optimal to spend less time studying for a 

first exam when a resit exam is available. We investigated investments 

of fictional study time to pass a fictional exam, given one or two chances 

to pass that exam. Our results showed that participants indeed invested 

less study time on a first exam with resit opportunity than on an exam 

with only a single chance to pass. We called this reduction in study time 

investment the resit effect [2].  

Even though such ‘strategic’ exam-taking behavior is optimal, do 

students actually show this kind of behavior? In a UK article from 

January 17 2018 it was reported that only about 10% of students 

indicate they regularly use a first exam to ‘check it out’ [3]. If only a 

small percentage of students ‘abuse’ the resit system, should we even 

focus on getting rid of an examination policy that benefits the majority 

of students? In our research we found that the resit effect was reduced if 
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access to the resit exam was restricted by, for example, requiring a non-

passing grade of 4 or 5 on the first exam [2]. This suggests that students 

would especially ‘check out’ the first exam when resit exams are 

accessible for ‘free’. That is, if you can always take part in the resit. If 

access to the resit is restricted, this ‘strategic’ behavior should decrease 

and students should be prompted to study more for a first exam. 

In more recent research we investigated another way to minimize 

the resit effect, namely the forgetting of course materials as a function of 

the time between the first exam and the resit [4]. Our results suggest 

that the resit effect, and thus ‘strategic’ study behavior, should decrease 

the more time there is between exam opportunities. The rationale 

behind this is as follows: if you study a little for your first exam, hoping 

to ‘check it out’ and pass if you’re lucky, you will have forgotten all 

course materials if sufficient time passes until the resit exam. If you 

have to re-study everything later on for the resit anyways, it would make 

it an inefficient endeavor to spend your time ‘checking out’ the first 

exam. As a result, with sufficient time until the resit, and thus 

forgetting, it becomes optimal to already study sufficiently for the first 

exam. 

In conclusion, do we need to get rid of resit exams to prevent this 

small minority of students from ‘strategically checking out’ their exams? 

According to our research, no. Instead we should focus on discouraging 

this ‘strategic’ behavior by changing the way we provide these exams. 

That way we can leave the resit for what it is: an extra examination 

chance that the majority of students without ill intent rely on to keep 

their study progress on track.  
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