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Overview

As the title of my dissertation already indicates, the main purpose of the following
work was to take a closer, more thorough, and encompassing look at the desirability of
desirable difficulties (e.g., R. A. Bjork, 1994). The term desirable difficulties thereby
subsumes varying types of difficult, demanding, and challenging learning strategies—Ilike the
application of (learning/practice) tests and generation tasks: Working on and successfully
solving those difficult tasks requires more (cognitive) effort compared to working on easier
learning tasks but thereby leads to increased learning outcomes after a delay (e.g., R. A.
Bjork, 1994; Bjork & Bjork, 2020). Due to these beneficial long-term learning effects, such
difficulties are called desirable. However, previous literature also showed that special
prerequisites have to be given (e.g., higher previous knowledge or higher reading abilities) for
learners to be even able to successfully overcome difficulties and to be actually able to reap
their benefits (see e.g., McDaniel et al., 2002; McNamara et al., 1996). Hence, it is possible
that not all learners benefit equally from such effortful learning tasks and that they might not
be desirable for everyone. Additionally, previous work also found that learners often perceive
difficult tasks as negative and stress inducing (see e.g., Hinze & Rapp, 2014; Khanna, 2015;
O’Neil et al., 1969), thus implying that the usage of desirable difficulties might be rather
unpleasant for learners. Such negative side-effects were then, in turn, often linked to increased
(academic) cheating as well as to impaired later learning outcomes and a reduced
effectiveness of the applied strategies (e.g., Brimble & Stevenson-Clarke, 2005; Seipp, 1991;
Whitley, 1998; Wowra, 2007). Hence, desirable difficulties might lead to negative side-effects
directly during learning and might also cause even more negative consequences later on.
These findings and assumptions indicate that further dimensions or further factors
determining and influencing the (und)desirability of desirable difficulties should be

considered in addition to their effects on long-term learning. Therefore, this dissertation
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focused on potential prerequisites determining learners’ (un-)favourable views of desirable
difficulties and the benefits learners are able to reap through using desirable difficulties.
Moreover, I also focused on negative side-effects and on further negative consequences that
desirable difficulties may directly and indirectly cause. These important—and often related—
issues must be thoroughly addressed before it is possible to give recommendations if, how, or
for whom desirable difficulties can be applied. In addition, my dissertation should also be
stimulating for further research, insofar as that it highlights relevant research issues that need
to be addressed, that it presents open questions that require more empirical testing, and that it
discusses potential implications for future work.

To present the just described issues as best as possible, the following work consists of
two parts: a synopsis and an empirical section. The synopsis thereby serves as a frame for the
published research papers embedded in the empirical section (see Appendix A to F). Thus, the
synopsis links short summarizations and brief descriptions of my conducted work to already
existing literature and discusses findings, implications, recommendations, and future
directions of my research. The empirical section then presents all studies that build this
dissertation in paper-based formats—hence, making my papers available for in-depth reading
to expand the relatively few information given in the synopsis.

The synopsis starts with an introduction of different types of desirable difficulties and
their underlying theoretical basis. My dissertation—and my conducted studies—thereby
focusses mostly on the application of tests as a common and extremely effective desirable
difficulty. I then describe cognitive-motivational learner characteristics that might serve as
prerequisites for positive attitudes towards desirable difficulties, for learners’ usage of
difficult tasks, and for the benefits elicited by desirable difficulties. I then concentrate more
strongly on cognitive abilities that might act as prerequisites or boundary conditions for the
long-term learning effects of desirable difficulties. More specifically, I introduce previous and

own work investigating if learners benefit differently from the application of difficulties
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depending on their intelligence. Subsequent, the synopsis further contemplates how learners
experience the application of tests and if—and to what extent—tests lead to negative side-
effects like more negative evaluations and increased stress perceptions during learning. I then
describe theoretical assumptions and empirical findings indicating that tests might further also
directly and indirectly cause negative consequences like increased academic cheating in later
examinations. Thereafter, my synopsis will contemplate reduced later learning outcomes and
impaired effectiveness of tests as further potential negative consequence indirectly caused by
the application of such tests. I thereby also describe effects of learners’ intelligence and
highlight linkages among the different research issues of my dissertation (concerning
prerequisites, negative side-effects, and negative consequences). At the end of the synopsis, 1
discuss, among others, for whom tests are effective, how tests could be implemented to be
beneficial for every learner, and how their benefits can be reaped without suffering under
potential negative side-effects or negative consequences.

In the following empirical section, the 8 studies embedded in my 6 paper-based
manuscripts will be presented following the order in which they were first mentioned in the
synopsis. The first paper thereby consists of one online study addressing linkages among
cognitive-motivational characteristics (internal locus of control, self-efficacy, and trait stress),
learners’ attitudes towards desirable difficulties, and their self-reported usage of those (see
Appendix A). The next paper then presents a classroom study exploring the influence of
learners’ performance expectancies on long-term learning effects of generation tasks (see
Appendix B). After that, the third paper summarized in my synopsis tested in two laboratory
studies if intelligence serves as a cognitive prerequisite for the benefits of desirable
difficulties (see Appendix C): The first study thereby found no long-term learning effects of
generation tasks, whereas the second study resulted in a beneficial effect of a test compared to
a re-reading task. This effect was, in turn, moderated by intelligence and showed that only at

least averagely intelligent learners profited from taking tests. The next paper then investigated
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how learners perceive and experience the application of tests and if tests lead to negative side-
effects during learning (see Appendix D): The findings of one online and one laboratory study
showed that tests caused more negative evaluations of the learning situation, higher
immediate stress perceptions, and higher acute anxiety experiences. My fifth paper then
focused on the assumption that tests directly and indirectly lead to more academic cheating
(see Appendix E): The conducted online study yielded that hypothetical learning situations
including tests indirectly (via heightened negative evaluations of the situation) increased
likelihoods of cheating and justifications for cheating in a later hypothetical examination.
Finally, the sixth and last paper included in my empirical section simultaneously focused on
benefits of tests, on negative side-effects triggered by tests, on further caused negative
consequences, and on learners’ intelligence (see Appendix G): The respective laboratory
study showed that a short test was more beneficial for later learning than re-reading, but that it
also caused more acute stress perceptions, which in turn suppressed the beneficial effects of
tests. Notably, learners’ intelligence was negatively correlated to their stress perceptions and
positively correlated to their later learning outcomes—but did not moderate any of the other

effects.
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SYNOPSIS

Desirable Difficulties and Their Beneficial Long-Term Learning Effects

If asked, students, lecturers, and researchers would most likely all agree that durable
long-term learning, successful knowledge acquisition, and increased academic achievement
are the most desired outcomes of learning strategies applied in schools and universities.
However, although they would agree regarding preferred learning outcomes, students and
lecturers nonetheless often disagree with researchers regarding the best ways to achieve these
goals. For instance, when choosing or evaluating learning strategies, students often use their
immediate subjective experiences while learning as cues for the effectiveness of the learning
task—hence, students (and even their lecturers) often prefer and apply strategies that feel
easy, fluent, and good (like re-reading; e.g., Bjork & Bjork, 2019; R. A. Bjork et al., 2013;
Karpicke et al., 2009; Kornell et al., 2011; Rivers, 2021). Students and lecturers also typically
think that efficient learning is easy learning and that information that is easily processed,
encoded, or retrieved is information that has already been learned well (e.g., Biwer et al.,
2020; Bjork & Bjork, 2019; R. A. Bjork et al., 2013; Kornell et al., 2011; Rivers, 2021).
Accordingly, most students and lecturers believe that specific learning strategies that most fit
students’ learning styles or their (cognitive) abilities should require little effort (e.g., Bjork &
Bjork, 2019; R. A. Bjork et al., 2013). In contrast to these assumptions, researchers have often
argued that easy learning strategies are rather ineffective in the long run, whereas more
difficult, more demanding, and more effortful learning strategies are especially beneficial for
durable long-term learning outcomes (e.g., Bjork & Bjork, 1992, 2011, 2019; Diemand-
Yauman et al., 2011; Dobson & Linderholm, 2015; Karpicke et al., 2009; Kornell et al.,
2011). This applies to the afore-mentioned desirable difficulties (e.g., R. A. Bjork, 1994;
Bjork & Bjork, 2020), which include varying intentionally hindered learning tasks that require

considerable but still manageable cognitive effort during learning. Successfully solving or
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overcoming such difficulties is not immediately beneficial but—more important—elicits
desirable cognitive processes that strengthen memory and increase delayed long-term learning
outcomes (e.g., Bjork & Bjork, 1992, 2011, 2019). Because these findings contrast with
students and lecturers’ typical beliefs and (mis-)conceptions regarding the effectiveness of
learning strategies, it is important to clearly communicate which learning tasks are beneficial
in the long run, to thoroughly describe potentially required prerequisites or boundary
conditions of desirable difficulties, and to highlight possible negative side-effects or negative
consequences caused by such difficult learning tasks.

Desirable difficulties include, among others, distributed practice (e.g., using spaced
instead of massed learning episodes; e.g., Cepeda et al., 2006; Ebersbach & Barzagar Nazari,
2020; C. E. Greving & Richter, 2021), disfluency (e.g., interrupting fluency through harder-to-
read fonts; e.g., Diemand-Yauman et al., 2011; Eitel et al., 2014; Weissgerber & Reinhard,
2017), and interleaving (e.g., mixing different learning topics; e.g., Brunmair & Richter,
2019; Nemeth et al., 2021; Ziegler & Stern, 2014). Two especially robust, easily applicable,
and empirically well-documented types of desirable difficulties are generation tasks and
(learning/practice) tests: In the beginning, my dissertation will thereby take a closer look on
both these related types of desirable difficulties—however, the main focus will be on the
application of tests. The literature on generation tasks (also often known as: generation,
generation effect, or problem-solving) has often shown that active (self-)generation (of e.g.,
answers, solutions, questions, or examples) is more beneficial than passive consummation of
materials through re-reading texts, studying already solved problems, or memorizing already
worked examples (e.g., Bertsch et al., 2007; McCurdy et al., 2020). These beneficial long-
term learning effects of generation tasks were obtained in varying learning settings (e.g.,
schools, universities, or laboratories), for younger and older students, for different forms of
generation tasks (e.g., completing word fragments or sentences, creating synonyms, filling

blanks, generating examples or questions, completing exercises, or working on problem-
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solving tasks), and for a wide range of naturalistic, complex, and curricular topics (e.g.,
astronomy, mathematics, or physics; e.g., Bertsch et al., 2007; Ebersbach et al., 2020;
McCurdy et al., 2020; Moreno et al., 2009; Richland et al., 2005). Regarding the application
of tests (also often known as: quizzing, retrieval practice, testing, testing effect, or test
enhanced learning), previous work has also repeatedly shown that (learning/practice) tests or
quizzes conducted after an initial study opportunity strongly benefit learners’ later learning
outcomes (e.g., Adesope et al., 2017; Dobson & Linderholm, 2015; Pan & Rickard, 2018;
Roediger & Butler, 2011; Rowland, 2014; Schwieren et al., 2017; Yang et al., 2021). Thus,
retrieving information, actively answering test questions, solving test problems, and
generating solutions to test questions is more beneficial than passively re-reading the same
materials, re-studying, note-taking, or concept mapping (especially when feedback is provided
or mistakes are corrected; e.g., Adesope et al., 2017; Agarwal et al., 2021; Batsell et al., 2017;
Dunlosky et al., 2013; Karpicke & Blunt, 2011; Lechuga et al., 2015; Rummer et al., 2017;
Yang et al., 2021). These long-term learning effects of tests were obtained for varying—
complex, curricular, and difficult—topics (e.g., biology, engineering, history, language,
mathematics, or psychology), in different online or face-to-face learning settings (e.g.,
schools, universities, laboratories, or at home/outside of class), and for students of different
age groups (e.g., elementary school students, high school students, or university students; e.g.,
Adesope et al., 2017; Agarwal et al., 2021; Karpicke, 2017; Karpicke & Aue, 2015; McDaniel
et al., 2011; Rawson, 2015; Roediger et al., 2011; Rowland, 2014; Yang et al., 2021). Benefits
of test were also found when applying a wide range of test question formats (e.g., free recall
tasks, multiple-choice questions, short answer questions, application-based questions, or
transfer questions) and for varying types of learning materials presented during the initial
learning opportunity (e.g., word pairs, vocabulary, factual information, conceptual
information, longer textbook paragraphs, live lectures/lessons, or recorded e-lecturers/video-

presentations; e.g., Adesope et al., 2017; Batsell et al., 2017; Feraco et al., 2020; Heitmann et
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al., 2018; Jing et al., 2016; Khanna, 2015; McDaniel et al., 2013; Pan & Rickard, 2018;
Roediger & Karpicke, 2006; Rowland, 2014; Yang et al., 2021). Notably, the application of
tests was even effective when tests were administered with different modalities (e.g., orally,
with paper-pencil, with computers, on online-websites, using clicker response systems, with
mobile devices, or with games or game-based online applications; see e.g., Feraco et al.,
2020; Iwamoto et al., 2017; Mavridis & Tsiatsos, 2017; McDaniel et al., 2013; A. I. Wang &
Tahir, 2020; Yang et al., 2021).

Concerning the theoretical basics of tests and generation tasks—and of desirable
difficulties in general—, it is often argued that their beneficial long-term learning effects arise
because their higher difficulty triggers the accumulation of more (cognitive) effort and more
(cognitive) resources: Expending more effort and resources to work on such difficulties and to
overcome such challenging and demanding learning tasks in turn stimulates cognitive
processes that then increase deeper (semantic, systematic, and cognitive) processing,
encoding, and understanding of the to-be-learned information (e.g., Alter et al., 2007; R. A.
Bjork, 1994; Bjork & Bjork, 1992, 2011; Craik & Tulving, 1975; Dunlosky et al., 2013; Pyc
& Rawson, 2009; Roediger & Karpicke, 2006; Tyler et al., 1979). Tests and generation tasks
are also assumed to lead to deeper and more effortful retrieval practice, to more elaboration,
and to more analytic and elaborative reasoning/thinking (e.g., R. A. Bjork, 1994; Bjork &
Bjork, 1992, 2011; Carpenter & DeLosh, 2006; Dunlosky et al., 2013; McCurdy et al., 2020;
Rowland, 2014). They further anchor the learned information in long-term memory, connect
the retrieved/generated information with already stored information, lead to more memory
consolidation, and generally strengthen memory paths, traces, and associations (e.g., Bjork &
Bjork, 1992, 2011; Carpenter, 2009; Gardiner & Hampton, 1985; Hirshman & Bjork, 1988;
Karpicke et al., 2014; McCurdy et al., 2020; Roediger & Karpicke, 2006; for good overviews
of different theories explaining the beneficial effects of tests and generation tasks see also:

Karpicke, 2017; McCurdy et al., 2020). Moreover, the respective literature also highlighted
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the importance of learners’ successfulness while working on desirable difficulties: More
specifically, tests and generation tasks were found to be more beneficial the more test
questions learners could successfully answer, the more information they could successfully
retrieve, and the more information they could successfully generate (see e.g., Abel & Hiinze,
2019; Bjork & Bjork, 2019; S. Greving & Richter, 2018; Kaiser et al., 2018; Richland et al.,
2005; Rowland, 2014; Sotola & Crede, 2021). It was accordingly also shown that higher
initial test performances were crucial for later long-term learning effects of tests, insofar as
that learners did not profit from tests when their initial test performance was low and they did
not receive feedback (see e.g., Kang et al., 2007; McDaniel et al., 2007; Sotola & Crede,
2021; fortunately, failures or errors while retrieving or generating can still result in benefits,
especially when mistakes are corrected or when feedback is given, see e.g., Bjork & Bjork,
2019; Kang et al., 2007; Kornell et al., 2009; Kornell & Vaughn, 2016; Potts & Shanks,
2014). Apart from learners’ successfulness, it was also emphasized that the benefits of tests
and generation tasks increase with higher (cognitive) effort and less support during retrieval
and processing, with higher quality and depth of processing and encoding, and generally with
higher difficulty of the tests or the generation tasks (e.g., Alter et al., 2007; Bertsch et al.,
2007; Bjork & Bjork, 1992; Endres & Renkl, 2015; Karpicke, 2017; Karpicke & Roediger,
2007; Pyc & Rawson, 2009; Rowland, 2014; Tyler et al., 1979). It was accordingly also
shown that difficult successful retrieval elicited more long-term learning benefits than easier
successful retrieval and that more difficult test question formats and questions that increase
the depth of retrieval were more beneficial than easier question formats and questions
triggering only more shallow retrieval (e.g., S. Greving & Richter, 2018; Maass & Pavlik,
2016; Pyc & Rawson, 2009). Hence, to be beneficial, tests and generation tasks must be
challenging, difficult, and effortful but should thereby still be solvable and not overwhelming

(see also: Bjork & Bjork, 2019). Karpicke (2017) also noted that a balance between the
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successfulness of learners’ retrieval and the effort they must expend to retrieve the
information must be given for tests to be beneficial.

However, especially these required increases in effort and difficulty often serve as the
basis for lecturers’ worries about the effectiveness of desirable difficulties, for lecturers’
concerns regarding negative impacts of test, and for learners and lecturers previously
described misconceptions concerning beneficial effects of difficult learning strategies (see
e.g., Bjork & Bjork, 2019; Diemand-Yauman et al., 2011; Kirk-Johnson et al., 2019;
Lipowsky et al., 2015; Yang et al., 2021). Thus, not all lecturers or learners might directly
perceive desirable difficulties as positive, helpful, or worth the struggle and not all learners
might in turn be motivated to try to overcome the posed difficulties or to extort more effort
and more cognitive resources while learning. Besides, not all of them might be even able to
increase their effort or resources and to successfully work on such difficult tasks. In line with
these considerations, researchers previously assumed that less motivated or less able learners
might rather give up when trying to solve difficult tasks instead of persisting, mustering more
effort, or encoding the information more deeply (see e.g., Diemand-Yauman et al., 2011;
McNamara et al., 1996). It hence appears valuable to investigate potential prerequisites or
boundary conditions for the successful application of desirable difficulties. In the following, I
will therefore briefly describe different cognitive-motivational learner characteristics that are
linked to learners’ attitudes regarding desirable difficulties and to the beneficial long-term
learning effects elicited by these tasks. I will then turn to a more thorough exploration of
learners’ cognitive abilities and intelligence as prerequisites for the effectiveness of tests and

generation tasks.

Prerequisites for Desirable Difficulties

Cognitive-Motivational Learner Characteristics
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Regarding potential prerequisites for desirable difficulties, it generally seems to be
important that learners appreciate hard work, difficult tasks, or challenges and that they
believe that they will be able to reap their benefits. Otherwise, learners might have
unfavourable views or unfavourable attitudes towards desirable difficulties, might not use
them, might not give their best while learning with them, might not extort more effort, and
might not even try to successfully retrieve, generate, or process the learned information.
Accordingly, previous research showed that learners that are more appreciative of challenging
learning tasks and cognitive engagement (thus, learners with higher levels of need for
cognition) and learners that study with the intention to thoroughly understand and master the
presented learning materials (thus, learners with higher levels of mastery goal orientation) had
more positive attitudes towards desirable difficulties and reported to use them more often
(e.g., Weissgerber et al., 2016, 2018). Similarly, learners that generally feel more challenged
and less threatened in different test situations or by different test tasks (thus, learners with
lower levels of trait test anxiety) held more positive attitudes towards tests, reported to use
them more often (compared to repetition learning strategies), and had, in turn, better grades
(e.g., Weissgerber & Reinhard, 2018). Following these previous findings, we hypothesized
that learners with higher beliefs to be able to control their learning outcomes, with higher
confidence in their success while working with desirable difficulties, and with generally less
stress perceptions in different demanding (learning) situations should have more positive
attitudes towards desirable difficulties (including more favourable views and more
perceptions of usefulness) and should use them more often (Reinhardt et al., 2019; see
Appendix A): As assumed, our online study (N = 504) yielded that higher internal locus of
control and higher self-efficiency were linked to more positive attitudes towards different
desirable difficulties and to higher self-reported usage. Our results further showed that
participants’ trait stress was negatively correlated to their attitudes towards desirable

difficulties and to their self-reported application. When focusing on the specific types of
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desirable difficulties separately instead of on an accumulated score, these negative
correlations were especially distinct for tests. Similarly, Rivers (2021) later showed that
learners’ use of tests was dependent on their beliefs of success, insofar as that they reported to
only use tests instead of re-reading tasks when they believed that they would be able to
successfully retrieve the answers to the test questions. In contrast, they would choose re-
reading when they believed that the retrieval of the correct answers would be too difficult and
too challenging. Interestingly, it was recently shown that even at first glance farfetched
learner characteristics that are linked to preferences for hard work and effort (like conservate
attitudes) were in turn also related to positive attitudes towards desirable difficulties and to
difficult learning in general (Mariss et al., in press). Hence, previous and own work implies
that (cognitive-motivational) learner characteristics can act as prerequisites for learners’
attitudes towards desirable difficulties and for their self-regulated application of those. In turn,
such characteristics might also be linked to long-term learning outcomes elicited by desirable
difficulties: For instance, learners’ performance expectancies—that are linked to difficulty
perceptions of learning tasks and that serve as amalgamations of subjective ratings,
expectancies, and beliefs how well learners will be able to manage varying tasks (e.g.,
Dickhiuser & Reinhard, 2006; Eccles & Wigfield, 2002; Marshall & Brown, 2004)—might
also influence learners’ effort, motivation, and persistence while working with desirable
difficulties as well as the thereby resulting benefits. Thus, to test these assumptions, a
classroom study was conducted that focused on linkages between participants’ performance
expectancies and the long-term learning effects of generation tasks compared to reading
already solved examples as an easier control task (N = 61; Reinhard et al., 2019; see
Appendix B). The results of this study showed that after a delay of 3-month the assumed long-
term learning effects of generation tasks only arose for participants with lower to average
initial performance expectancies. Participants with higher initial performance expectancies

only benefited immediately from generation tasks but not after the delay. A recent study from
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Heitmann, Grund, et al., (2021) in contrast yielded that learners’ hope of success moderated
the effectiveness of tests, insofar as that tests were more beneficial for learners with higher
hope of success and less beneficial for learners with lower hope of success.

Taken together, the just described findings imply that different cognitive-motivational
learner characteristics can not only act as prerequisites for learners’ perceptions of desirable
difficulties but also for the benefits learners are able to obtain through the application of such
difficulties. Some studies thereby highlighted the importance of higher cognitive motivation
to engage in difficult and challenging learning, of higher hopes of succeeding while working
on difficult tasks, and of higher beliefs to be able to control and master their learning
outcomes and the respective difficulties (see e.g., Heitmann, Grund, et al., 2021; Reinhardt et
al., 2019; Weissgerber et al., 2016, 2018). In contrast, other studies instead highlighted the
importance of lower cognitive motivation or of lower performance expectancies (see e.g.,
Reinhard et al., 2019; Schindler et al., 2019). A recent study even found no linkages among
learners’ need for cognition, their grit, and the effectiveness of tests for later learning
outcomes (e.g., Bertilsson et al., 2021). These ambiguous results thus indicate that further
research focusing on linkages among cognitive-motivational learner characteristics, attitudes
towards desirable difficulties, and long-term learning effects of desirable difficulties is still
needed. Moreover, these contrary findings also imply that future research should not only
focus on learners’ beliefs and expectancies to be able to manage difficult tasks but also—and
even more thoroughly—on learners’ actual abilities to successfully work on desirable
difficulties. Bjork and Bjork (2019, p. 166) accordingly stated that: “Desirable difficulties are
desirable because responding to them (successfully) engages processes that support learning,
comprehension, and remembering. They become undesirable difficulties if the learner is not
equipped to respond to them successfully.” Hence, I will now discuss which (and to what

extent) cognitive abilities and intelligence serve as prerequisites that must be given for
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learners to be adequately equipped to successfully respond to desirable difficulties and to reap

their benefits.

Cognitive Abilities and Intelligence

Given the required difficulty of tests and generation tasks, responding successfully to
desirable difficulties—indicated by successful initial performance, successful retrieval, and
successful generation—is probably not automatically possible for all learners, particularly
when learning complex materials. Considering that higher intelligence has often been shown
to be strongly linked to better long-term memory, higher retrieval success, higher initial test
performance, higher long-term learning outcomes, higher academic achievement, and higher
complex problem solving (e.g., Fellman et al., 2020; Fergusson et al., 2005; Kuncel et al.,
2004; Roth et al., 2015; Stadler et al., 2015; Stern, 2015; Strenze, 2007; Unsworth, 2019; T.
Wang et al., 2017), such successful responding should, however, be likely for learners with
higher intelligence. It has additionally been argued that learners can only reap the benefits of
desirable difficulties if they can even muster the required increased effort, the extended
thought, and the more elaborated, analytical, or effortful processing (e.g., Alter et al., 2013;
Oppenheimer & Alter, 2014; see also the aptitude-treatment-interaction or the expertise-
reversal effect. e.g., Kalyuga et al., 2003; McDaniel & Butler, 2011; Snow, 1989). Higher
intelligence should increase this possibility. Researchers hence assumed that the beneficial
effects of desirable difficulties arise mostly for those learners that can extort the needed
increased effort and that can successfully overcome the heightened difficulty, but additionally
also only for those learners that are not cognitively overwhelmed and do not have to deplete
all their cognitive resources while doing so (e.g., Alter et al., 2013; Bjork & Bjork, 2011;
Kalyuga et al., 2001; Kornell et al., 2011; McDaniel et al., 2002; Oppenheimer & Alter, 2014;
Richland et al., 2005; Rowland, 2014). McDaniel and colleagues (2002) thereby specified that

not only learners’ ability to successfully cope with desirable difficulties is relevant for their
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beneficial effects, but also the amount of cognitive resources learners have left after working
on them: The authors found that both less able as well as more able readers could successfully
solve the posed generation tasks, but that only more able readers actually benefitted from
these tasks in the long-run—potentially because these learners did not have to use up most or
all of their processing capacities to correctly solve the tasks but still had cognitive resources
left to further process and deeper encode the correctly generated information. Because higher
intelligence is strongly linked to higher cognitive resources and to more successful and
effective (cognitive) information processing (e.g., Bornstein et al., 2013; Gottfredson, 1997;
Oberauer et al., 2005; Stern, 2015, 2017; Unsworth et al., 2014; T. Wang et al., 2017), the
same should apply to learners with higher intelligence. Hence, learners with higher
intelligence are assumed to benefit from desirable difficulties more strongly because they
should be able to work on them more successfully than learners with lower intelligence and
should additionally still have enough resources left to process the information more deeply—
even after working on such difficult and cognitive capacities reducing tasks. Moreover,
previous work generally noted the relevance of higher cognitive abilities, higher cognitive
resources, higher knowledge, and higher achievement for obtaining the benefits of desirable
difficulties: More specifically, learners with higher working memory capacities, higher prior
knowledge, more experience, more expertise, higher reading abilities, higher spelling skills,
and those that were generally high achieving were shown to benefit (especially) from
desirable difficulties (e.g., Carpenter et al., 2016; Eskenazi & Nix, 2021; Kalyuga et al., 2001;
Lehmann et al.,, 2016; McDaniel et al., 2002; McNamara et al., 1996). Notably, (higher)
intelligence was also often found to be strongly related to these cognitive variables (see e.g.,
Bornstein et al., 2013; Fergusson et al., 2005; Gottfredson, 1997; Oberauer et al., 2005; Stern,
2015, 2017; Sternberg, 1997; Unsworth, 2010; T. Wang et al., 2017).

These findings and argumentations indicate that sufficient or higher intelligence might

serve as a prerequisite or boundary condition for the long-term learning effects of tests and
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generation tasks—especially with regard to complex and curricular materials. Nonetheless,
although further research investigating these assumptions is needed and requested (see
Dunlosky et al., 2013), only a small amount of work has until now been conducted to
investigate these research issues. Kaiser et al. (2018) for instance focused on linkages between
school students’ intelligence (indicated by figural inductive reasoning), generation tasks,
previous knowledge, and long-term learning using complex materials in a realistic inquiry-
based learning setting: They found that higher intelligence was linked to higher previous
knowledge, which was in turn linked to higher long-term learning outcomes after 1-week.
Another study yielded that college students with higher general fluid intelligence benefitted
more form tests (compared to re-reading) after a delay of 2-days when the learning materials
(normed Swahili-English vocabulary) were difficult but not when they were easy (Minear et
al., 2018). Difficult information probably made them increase their effort in order to answer
the test questions successfully, which more intelligent learners were still able to manage,
whereas the easy information were probably too easy for these learners and did thus not
trigger the needed increase in effort that elicits the benefits of tests. In contrast, less intelligent
learners only befitted from tests when the information were easy, probably because for them
easy information already triggered enough additional effort that they were still able to
successfully overcome, whereas difficult information were probably too difficult and only
overwhelming for these learners (Minear et al., 2018). However, previous work also resulted
in contrary findings: For instance, Brewer and Unsworth (2012) showed that when learning
word pairs university students with lower general fluid intelligence benefitted more from tests
after a delay of 1-day than learners with higher intelligence (although learners with higher
intelligence generally performed better and had higher long-term learning outcomes than
learners with lower intelligence). Moreover, elementary school students’ processing speed
(which serves as one aspect of cognitive abilities and fluid intelligence) did not moderate the

effectiveness of retrieving vs. re-reading word lists after a short delay (Karpicke et al., 2016).
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Robey (2017) also found no moderating effect of university students’ general fluid
intelligence on their learning outcomes after a delay of 30-minutes following either tests
retrieving initially learned word pairs or re-studying of these words. These contrary results
might be explained by the different levels of complexity or difficulty of the used learning
materials and by the different delays measuring later learning outcomes: It is possible that
higher intelligence would only be a prerequisite for the beneficial effects of tests when using
more difficult and complex learning materials and after longer delays.

However, due to these varying findings, the generally few conducted studies, and the
importance of this research issue for later applications (e.g., regarding potential boundary
conditions describing for whom tests or generation task should be applied and for whom not),
more empirical research is needed. This applies especially to research using longer delays and
difficult, complex, and curricular materials as implemented in school classes or university
courses: Thus, we conducted two laboratory studies testing the assumption that (higher)
intelligence moderates the effectiveness of generation tasks and tests (Wenzel & Reinhard,
2019; see Appendix C). Both studies included university students as participants (Study 1: N
= 149; Study 2: N = 176), measured intelligence using a valid and detailed intelligence test
assessing overall intelligence and reasoning (Intelligence Structure Test, I-S-T 2000 R:
Liepmann et al., 2007), and assessed participants’ prior knowledge concerning the respective
learning materials before the actual learning phases started (due to the often reported
relevance of prior knowledge, see e.g., Bjork & Bjork, 2011; Kalyuga et al., 2001; McNamara
et al., 1996; Stern, 2015). Long-term learning outcomes were assessed after 2-weeks (Study 1)
and after 1-week (Study 2). In the first study, participants read basic information on linear
regressions and then either learned through working on generation tasks (e.g., actively filling
blanks, sketching a function into a graph, or generating solutions to mathematical questions)
or through reading the already solved tasks. The results showed that participants’ intelligence

was positively correlated with their prior knowledge and with their long-term learning (even
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beyond and under control of prior knowledge). There was, however, no beneficial effect of
the generation tasks on participants’ later learning outcomes and there was also no moderating
effect of intelligence on the effectiveness of the learning tasks. Notably, an applied
manipulation check showed that participants did not perceive the generation tasks as more
difficult than the reading control tasks, indicating that our manipulation of the learning
situation was not successful to begin with. Hence, the generation tasks were apparently not
challenging or demanding enough to elicit the required increased effort and the deeper
cognitive processing that normally trigger the benefits of generation tasks. Although this
contradicted most previous work (e.g., Bertsch et al., 2007; McCurdy et al., 2020), it fitted
some research that did also not continuously result in positive effects of generation (see e.g.,
de Winstanley & Bjork, 2004; de Winstanley et al., 1996; Karpicke & Zaromb, 2010;
Metcalfe & Kornell, 2007). Some researchers even argued that the application of tests is
probably more robust than the application of generation tasks (e.g., Karpicke & Zaromb,
2010). Therefore, our second study (Wenzel & Reinhard, 2019; see Appendix C) tested our
hypotheses using short tests instead of generation tasks. As an initial study opportunity
participants once read a university textbook chapter regarding biopsychology and the
lateralization of the brain. Thereafter, they were given 10-minutes to either re-read the text as
often as they could or to answer multiple test questions (they later received the correct
answers as short feedback). A conducted manipulation check showed that participants
perceived the test as more difficult than the re-reading control task, thus showing that the
manipulation of our learning condition was successful. In line with previous work, the results
of this second study yielded positive correlations among participants’ intelligence, their prior
knowledge, and their learning outcomes. We also found that tests increased participants’ later
learning outcomes compared to the easier re-reading control task, thus supporting the
desirability of tests. This beneficial effect was, in turn, moderated by participants’

intelligence, insofar as that tests were not beneficial for participants with relatively low
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intelligence but increased long-term learning of participants with average intelligence.
Participants with relatively high intelligence benefitted even more from taking a test. This
effect remained robust even when the positive effects of prior knowledge were controlled for.
This indicates that the found interaction-effect was not simply due to the benefits of higher
prior knowledge but that higher intelligence (and its, among others, higher cognitive
resources, better and faster information processing, deeper and more successful retrieval, and
more analytical or abstract thinking) is a valuable prerequisite for the effectiveness of tests.
Taken together, our results again show the robust beneficial effects of short tests—even when
including different test question formats (like short-answer questions and multiple-choice
questions), when assessing varying depths of knowledge (like factual knowledge and transfer
knowledge), and when using realistic and complex learning materials (see also: Adesope et
al., 2017; Agarwal et al., 2021; Pan & Rickard, 2018; Rowland, 2014; Yang et al., 2021). In
addition, our results also supported the theoretical and empirical assumptions that tests might
not be beneficial for every learner but that intelligence might act as a boundary condition for
the effectiveness of tests: Although the effect was small and although replications and further
work (e.g., focusing even more closely on the specific aspects of intelligence) are still
valuable, our results nonetheless yielded that at least average intelligence needs to be given
for learners to be able to reap the benefits of tests. Fortunately, the less intelligent participants
did at least not suffer under the application of tests (there was no poor-get-poorer effect, see
e.g., Stanovich, 1986): Even though less intelligent participants using tests did not outperform
similarly less intelligent participants using re-reading tasks, their later learning outcomes were
at least not worse than the learning outcomes of similar participants using the easier control
task.

Focusing purely on later learning outcomes, these results would hence imply that tests
should be applied in actual learning context because they would be beneficial for most

learners and would not change or decrease the learning outcomes that the remaining learners
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would have achieved anyways using easier tasks. However, the application of tests and their
desirability can—and should—also be considered and evaluated beyond long-term learning
outcomes. Independent of the gains learners can reap by (successfully) working on tests, they
all thereby have to undergo a demanding and challenging learning task, have to work harder
compared to the re-reading task, and have to extort more effort to try to answer the test
questions—and even the learners that profit thereof cannot immediately observe the reaped
benefits but might only realize that the tests had been beneficial after a (longer) delay.
Considering that most learners often mistakenly believe that effective learning feels easy, that
a need to increase the effort to solve a task equals inadequate cognitive abilities, that
immediate performance corresponds to later learning outcomes, and that tests are only
effective for self-evaluations or assessments (see e.g., Bjork & Bjork, 2019; R. A. Bjork et al.,
2013; Kornell et al., 2011; Miele et al., 2011; Muenks et al., 2016), such difficult learning
situations might thus be perceived as unpleasant or not worth the struggle. Hence, the
application of tests and the ensuing difficult and demanding learning situation might result in
negative perceptions, experiences, or evaluations immediately during learning. It is thus
extremely valuable to explore if tests lead to such acute negative side-effects compared to

easier or more fluent leaning situations.

Acute Negative Side-Effects of Tests as Desirable Difficulties

In line with these considerations, previous research has often found that more difficult
tasks generally increase perceptions of threat or anxiety, that experiencing difficulties or
giving incorrect answers feeds negatively into self-perceptions, and that (subjectively)
performing poorly results in higher stress perceptions and elicits more test anxiety (e.g.,
O’Neil et al., 1969; Ott, 2017; Sarason & Sarason, 1990; Schunk & Gaa, 1981). More difficult
tasks and learning tasks that require more effort, more time, or more workload were also

shown to be perceived as more stress-inducing compared to easier tasks (e.g., Kausar, 2010).
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Theoretically, such acute stress perceptions normally arise in situations—or when working on
tasks—that are perceived as threatening and overwhelming instead of challenging and when
individuals think that they do not possess enough cognitive resources or abilities to manage
the posed demands (see e.g., the transactional theory of stress: Lazarus, 1990; Lazarus &
Folkman, 1984, 1987). This should also apply to tests as desirable difficulties, which are even
designed to be difficult, demanding, and effortful and might thereby be perceived as
threatening and stressful tasks, as too demanding, overwhelming, and consuming too many
resources. Because desirable difficulties also reduce leaners’ illusions of competence and their
overconfidence (see e.g., Alter et al., 2007; R. A. Bjork, 1999; Koriat, & Bjork, 2000),
learners get an adequate but potentially unsatisfactory view of their learning progress, which
may further result in perceptions of imbalances between the difficult tasks and learners’
resources or capabilities. In turn, such perceptions often elicit stress and anxiety (e.g.,
Bystritsky & Kronemyer, 2014; Endler, 1997; Epel et al., 2018; Hobfoll, 1989; McGrath,
1970). Leaners were also shown to perceive retrieval failure (which is likely to occur when
working on tests) as a form of negative feedback, to rate tasks including retrieval as less
enjoyable than tasks including re-reading, and to report that re-reading (but not working on
tests) feels good (see e.g., Biwer et al., 2020; Clark & Svinicki, 2015; Rivers, 2021). Previous
research fittingly showed that tests can lead to cognitive overload, to higher general anxiety,
to increased test anxiety, and to more stress (e.g., Hinze & Rapp, 2014; Khanna, 2015; van
Gog & Sweller, 2015). More specifically, Hinze and Rapp (2014) conducted a laboratory
study using realistic science texts as study materials and found that short low-stakes learning
tests led to more immediate feelings of pressure than re-reading tasks. High-stakes learning
tests (operationalized through instructions stating that monetary rewards for the learner and a
fictive partner were dependent of learners’ later learning outcomes) further led to more state
anxiety compared to the low-stakes tests without these instructions and compared to the easier

re-reading tasks. These effects arose for all learners regardless of their trait test anxiety (Hinze
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& Rapp, 2014). Thus, these findings indicate that negative side-effects like increased feelings
of pressure, anxiety, or acute stress perceptions are not restricted to high-stakes situations like
examinations but can also—unfortunately for the respective learners—evolve in varying low-
stakes learning situations when using normally beneficial and helpful learning tests. Notably,
contrary results showing that tests had no effects on test anxiety or that they reduced test
anxiety concerning later examinations were also found (see e.g., Agarwal et al., 2014; Nyroos
et al., 2016; Szpunar et al., 2013; Yang et al., 2020). Although these varying results might be
caused by content-related or methodological differences (e.g., concerning the focus on later
examinations instead of on tests themselves, concerning the use of delayed or even
retrospective assessments of stress and anxiety instead of immediate assessments while using
tests, or concerning the application of abstract word lists as learning materials instead of more
naturalistic or curricular learning materials), further research is therefore extremely valuable.
Given these varying results and given that learners’ emotions and perceptions during
varying learning situations are seldom the main focus of studies (see e.g., Edwards &
Templeton, 2005; Goetz et al., 2007; Rauthmann, 2012), it is relevant to further focus on
learners’ experiences while learning with tests before these are recommended to be applied in
schools or universities. Such further work thereby seems especially important given that
higher stress perceptions—that include nervousness, tension, anxiety, feelings of pressure,
feelings of overwhelm, worry, intrusive and disturbing thoughts, lack of confidence, and
subjective distress (e.g., Epel et al., 2018)—are extremely unpleasant and are normally
avoided during learning. However, although required, there is not much research investigating
if (and to what extent) tests negatively affect learners’ immediate stress perceptions during
learning, their acute negative evaluations of the learning situation, and their anxiety
experiences while learning. We therefore conducted two studies to investigate negative side-
effects potentially caused by tests (Study 1: N = 405; Study 2: N = 102; Wenzel & Reinhard,

2021a; see Appendix D). We firstly conducted an online study that measured different learner
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characteristics (trait stress and trait anxiety) and used hypothetical scenarios that participants
were instructed to read and imagine. The short scenarios described learning situations
spanning a whole hypothetical semester (ending with an important examination) in which a
lecturer either ended every session with a re-reading task, a learning test with private results
(that were sent individually per mail to every student), or a learning test with more public
results (that were later sent simultaneously to all students depicting their matriculation
numbers and test results). After reading, participants reported their negative evaluations of the
imagined learning situation (including items assessing feelings of unfairness, anger,
uncertainty, annoyance, and pressure, as well as ratings of difficulty, injustice, and
strenuousness) and the acute stress they would perceive in such a learning situation. The
results yielded that both scenarios including tests were evaluated as more negative than the
scenario including re-reading and that the learning scenario including public test results was
evaluated the most negative. Notably, lower trait stress was able to buffer participants’
negative evaluations caused by the learning scenario including tests with private results but
could not buffer the negative evaluations caused by the learning scenario including tests with
public results. Hence, this scenario was continuously evaluated more negatively than the other
scenarios regardless of participants’ levels of trait stress. Concerning their state stress, we
unexpectedly found no significant effects of the learning scenario conditions, indicating that
the scenarios including tests were not perceived as more stressful than the re-reading control
scenario. However, it is possible that the scenarios were not detailed, long, or realistic enough
to elicit actual experiences of stress. This assumption indicated that further studies should use
longer and more realistic scenarios or should be directly conduced in laboratory or classrooms
settings. Thus, our second study (Wenzel & Reinhard, 2021a; see Appendix D) was
conducted in a laboratory and set up like a typical university seminar room. We again
assessed learner characteristics (traits stress, trait anxiety, and task-specific self-concept) to

investigate if the expected negative side-effects would arise for all participants. After a short
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initial study opportunity on linear regressions, participants then either worked on a short test
(they thereby also had to answer two of the test questions out loud in front of the other
participants) or simply read the answers of the already solved tasks. Directly afterwards,
participants’ acute stress perceptions, their feelings of anxiety during learning, and their
negative evaluations of the learning situation were assessed. In line with the findings of our
first study and in line with previous work (e.g., Hinze & Rapp, 2014), our results implied that
the learning situation including the test led to higher perceptions of stress and anxiety and to
more negative evaluations of the situation compared to the learning situation including the
easier reading control task. These negative side-effects were independent of participants’ trait
stress or their trait anxiety. Although the found effects were not extremely strong, these
results nonetheless indicate that learning situations including tests can result in relatively
unpleasant experiences for the learners working with them. It seems thus important to
consider that although tests are often desirable for later learning outcomes, they can also be
undesirable due to negative side-effects and unpleasant immediate experiences they cause.
Notably, these negative side-effects arose even though the applied tests were only short and
low-stakes, even though learners’ initial test performance had no consequences for their
studies or everyday lives, even though participants were only instructed to do their best while
learning without being given further incentives, and even though the learning situation only
took place in a laboratory setting. In turn, tests applied in actual schools or universities
(including the presence of peers, realistic and complex learning materials that are part of the
curriculum, and actually relevant later learning outcomes or grades) might cause even
stronger negative side-effects. Future research testing this assumption is thus valuable. Such
future research could, among others, also generally try to replicate our findings (e.g., using
different types of test question formats, varying test application modes, different control

conditions, or further types of negative side-effects) and try to explore these negative side-
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effects in more detail (e.g., concerning how long-lasting they are, if they remain robust even
after repeated applications, or how the effects can be reduced).

An additional concern that needs to be considered is that applications of tests might
not only lead to the just described negative side-effects immediately during learning, but
also—directly or indirectly via those negative side-effects—to further undesirable
consequences after a delay. Following, I thus want to focus on two potential instances of such
further negative consequences: increased academic cheating and impaired effectiveness of

tests resulting in reduced later learning outcomes.

Further Negative Consequences of Tests as Desirable Difficulties

Academic Cheating

In line with this consideration, previous studies yielded that learners’ perceptions of
courses or assessments as (too) difficult increased academic misconduct and that the difficulty
of the course also served as a reason to justify or rationalize cheating (e.g., Brimble &
Stevenson-Clarke, 2005; Freiburger et al., 2017; Haines et al., 1986; Steininger et al., 1964).
Higher extorted effort and higher workload were also linked to feelings of entitlement, moral
justifications, and cheating (e.g., Hoffman & Spitzer, 1985; McCabe, 1992; Whitley, 1998).
Hence, tests as desirable difficulties might directly lead to higher intentions to cheat and to
more justifications for academic cheating. Additionally, tests might also indirectly lead to
more academic cheating via the negative side-effects they cause: More specifically, increased
stress perceptions, higher feelings of anxiety, and more negative situation evaluations
(including, among others, negative affective states or feelings of unfairness) were often found
to be linked to academic cheating, to intentions to cheat, or to justifications for cheating (see
e.g., Agnew, 1992; Houser et al., 2012; Olafson et al., 2013; Wowra, 2007). Stress
perceptions, anxiety (including test anxiety, social anxiety, and general anxiety), and feelings

of pressure (including general feelings of pressure, pressure for grades, and parental pressure)
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were also shown to be related to cheating or were reported as reasons and incentives for such
dishonesty (e.g., Brimble & Stevenson-Clarke, 2005; Davis et al., 1992; Rost & Wild, 1994;
Schab, 1991; Whitley, 1998; Wowra, 2007). The more a test situation was further experienced
as pressuring and uncomfortable, the more unfair the testing tool was perceived (Leiner et al.,
2018)—and unfairness (of teachers or of teaching practices) was, in turn, also correlated with
(academic) cheating and justifications for cheating (see e.g., Brimble & Stevenson-Clarke,
2005; Finn & Frone, 2004; Freiburger et al., 2017; McCabe, 1992; Olafson et al., 2013;
Whitley, 1998). These findings indicate that the applications of tests might directly as well as
indirectly trigger more cheating in the academic context and serve as justifications for such
cheating.

Given that cheating is undesirable behaviour that should neither occur nor be
normalized in academic settings and that further negatively impacts fair grading and
performance successions in class (see e.g., Carrell et al., 2008; Fida et al., 2018; Gino et al.,
2009; McCabe et al., 2001; Paternoster et al., 2013), it is extremely important to investigate if
cheating can be triggered by applying tests in schools or universities. Because there were to
our knowledge no previous studies focusing on linkages among tests, negative side-effects,
and cheating, we conducted an online study that investigated if (and to what extent) academic
cheating might be directly or indirectly caused by tests (N = 405; Wenzel & Reinhard, 2020;
see Appendix E). Participants thereby imagined one of three scenarios that described learning
situations taking place throughout a whole semester and culminating in an examination. Two
of these learning scenarios included tests, whereas the third learning scenario described easier
re-reading. Participants then reported their negative evaluations of the respective scenario
(including items assessing feelings of unfairness, anger, uncertainty, annoyance, and pressure,
as well as ratings of difficulty, injustice, and strenuousness) and the acute stress they would
perceive in such a situation. Subsequently, participants read another short scenario describing

the examination at the end of the hypothetical semester and answered different items
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concerning likelihoods of cheating as well as their justifications for such cheating behaviour:
Participants were thereby instructed to rate how likely it would be that they would
(spontaneously or with preparation) cheat in this hypothetical examination, how likely it
would be that their peers would (spontaneously or with preparation) cheat during the
examination, and how justified the respective cheating would be. Mediation analyses found
neither direct effects of the learning scenarios on participants’ immediate stress perceptions,
nor on their likelihoods for cheating, nor on their justifications for such hypothetical cheating.
However, there were significant indirect effects: Tests indirectly led to higher likelihoods that
participants would cheat in an examination situation as well as to higher justifications
therefore by increasing their negative evaluations of the learning situation. More specifically,
the conducted mediation analyses showed that the learning scenarios predicted participants’
negative evaluations of the learning situation, insofar as that the scenarios including tests were
evaluated as more negative than the scenario including re-reading. In turn, these increased
negative evaluations were then linked to higher likelihoods of participants’ own cheating and
to their general justifications for cheating. Hence, in line with the presented empirical and
theoretical assumptions, these findings indicate that tests as normally beneficial learning
strategies not only cause negative side-effects indicated by negative situation evaluations but
can thereby also indirectly trigger further negative consequences like higher likelihoods of
academic cheating and higher justifications for such cheating. Although these indirect effects
can only be classified as small to medium, they are still extremely intriguing because they
arose even though we solely used short hypothetical learning scenarios. Genuine leaning
situations including real learning materials and actual incentives to do well in later
examinations should thus result in even stronger effects. This is why I argue that it is
important to highlight these novel results that uniquely bridge the until now unconnected
literature concerning tests, their negative side-effect, and academic cheating. Given the lack of

further empirical data, future research trying to replicate or broadening our findings is
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definitely needed. This applies especially to studies investigating these research issues in
applied learning settings using realistic materials and assessing observable instead of
hypothetical cheating behaviour. Future work should also test causal effects in addition to
these correlative findings as well as potential influences of learner characteristics (e.g.,
attitudes towards dishonesty). Focusing on ways to reduce these indirect effects of tests on
cheating (e.g., by reducing learners’ possibilities to cheat in later examinations or—more
ideally—by stopping the emergence of negative side-effects earlier on) is also valuable.

These negative consequences indirectly caused by tests are extremely undesirable,
especially given that cheating can, among others, further lead to unfair advantages for the
cheating students, to wrong grading, to seemingly better learning outcomes, and to reduced
validities of the examinations scores. These findings also appear to be particularly paradox
considering that the application of a normally desirable learning strategy is linked to the later
occurrence of (socially) undesirable behaviour. However, increased cheating might not be the
only further negative consequence caused by tests: The by tests caused negative side-effects—
especially the increased stress and anxiety perceptions—might also disrupt academic
achievement, might impair long-term learning outcomes, and might even reduce the

effectiveness of tests.

Impaired Effectiveness of Tests and Reduced Later Learning Qutcomes

Accordingly, previous work yielded that (dispositional and situational) stress and
anxiety were often related to lower motivation to learn, to more errors, to a lack of
concentration, to disruptions in attention, to higher cognitive load, and to reduced effort and
persistence while learning (e.g., Chen & Chang, 2009; Kurebayashi et al., 2012; LePine et al.,
2004). Stress and anxiety were also linked to cognitive deficits and were repeatedly shown to
be negatively correlated with cognitive information processing, effectiveness of retrieval

practice, learning, and (test) performance—especially as the tasks and materials become more
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complex, more cognitive demanding, and more difficult (e.g., Ashcraft & Krause, 2007;
Cassady, 2004a, 2004b; Chen & Chang, 2009; Hembree, 1988; Khan et al., 2013; 1. G.
Sarason, 1984; Seipp, 1991; Sotardi et al., 2020; Struthers et al., 2000). Although contrary
results indicating positive correlations among stress, anxiety, and learning outcomes also exist
(see e.g., Keeley et al., 2008; LePine et al., 2004; Sung et al., 2016), stress and anxiety are
mostly assumed to have detrimental effects on learning outcomes (see, among others, the
cognitive inference model, distraction theories, the processing efficiency theory, and the
retrieval disruption hypothesis: e.g., Ashcraft & Krause, 2007; Eysenck & Calvo, 1992;
Eysenck et al., 2007; I. G. Sarason, 1984; Tobias, 1984; Wine, 1971). Notably, stress and
anxiety were even shown to negatively impact and reduce the long-term learning effects of
tests: For instance, Mok and Chan (2016) found that tests were only more beneficial than re-
reading and summarizing tasks for learners with lower test anxious dispositions but not for
learners with higher test anxious dispositions (for contrary findings see: Clark et al., 2018).
Focussing on learners’ situational perceptions, similar results were previously obtained by
Hinze and Rapp (2014): Compared to re-reading tasks and low-stakes tests, high-stakes tests
(operationalized through instructions stating that monetary rewards of learners and their
fictive partners were dependent of higher later learning outcomes) increased learners’
immediate anxiety perceptions and their acute feelings of pressure, which in turn disrupted the
long-term learning benefits of these tests. Such high-stakes tests resulted in lower later
learning outcomes than the low-stakes tests and only learners using low-stakes tests
outperformed the re-reading condition in the long-run (Hinze & Rapp, 2014). These results
indicate that acute perceptions of anxiety, pressure, or stress caused by tests might in turn
mediate the beneficial effects of these tests, insofar as that higher scores might diminish (or
even completely erase) the beneficial effects of tests on long-term learning. Because this

would—in addition to creating unpleasant and undesirable learning experiences—completely
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contradict the intention of applying tests, I considered it necessary to further focus on these
assumptions.

It thereby appears to be further important to also focus on learners’ cognitive abilities
while investigating these research issues because higher intelligence might not only be an
important prerequisite for the effectiveness of tests but might also buffer both the negative
side-effects caused by tests as well as the thereby further triggered negative consequences.
These considerations are, for instance, based on previous research indicating that negative
side-effects caused by tests (like higher immediate stress and anxiety perceptions) are less
distinct for more intelligent learners compared to less intelligent learners: More specifically,
previous work showed that higher cognitive or intellectual abilities were often linked to lower
subjective difficulty ratings of varying tasks, to lower acute stress perceptions, to lower math
anxiety, and generally to lower state anxiety (e.g., Abin et al., 2020; Etklides et al., 1997;
Goetz et al., 2007; LePine et al., 2004). Learners that were extremely high-achieving in
mathematics also reported less math anxiety (Garcia et al., 2016) and learners with higher
abstract reasoning abilities reported more enjoyment compared to anger or anxiety during a
mathematics achievement test (Goetz et al., 2007). Fittingly, learners that performed better
during a learning test—hence, learners that were able to successfully retrieve more
information—also enjoyed the test more (Clark & Svinicki, 2015). Moreover, previous
research additionally implied that even if these negative side-effects would nonetheless arise,
the thereby often triggered negative consequences (like reduced learning outcomes or
disrupted effectiveness of tests) are also less distinct for more intelligent learners compared to
less intelligent learners: It was, more specifically, argued that higher domain-specific abilities
or extra processing resources can compensate the detrimental learning effects caused by stress
and anxiety (e.g., Eysenck & Calvo, 1992; Eysenck et al., 2007; Naveh-Benjamin, 1991;
Tobias, 1984; for contrary results see: e.g., Sung et al., 2016). Tse and Pu (2012) similarly

showed that less successful retrieval practice caused by higher test anxiety could be
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compensated by higher working memory capacities—thus, anxiety only had detrimental
effects for learners with lower working memory capacities (see also: Ashcraft & Krause,
2007; Johnson & Gronlund, 2009; Owens et al., 2014; however, contrary results also exist:
see e.g., Beilock, 2008; Yang et al., 2020). Reeve et al. (2014) also found that cognitive
abilities buffered negative consequences of distraction: Thus, distraction negatively impacted
performance of lower ability learners but did not decrease performance of higher ability
learners. Fluid intelligence was also shown to moderate the negative effect of state anxiety on
working memory functioning: State anxiety negatively affected working memory functioning
for learners with intelligence below median, but this negative impact of state anxiety was
shown to diminish with higher intelligence (Chuderski, 2014).

Jointly, these previous findings highlight the importance of combining the different
research issues presented in this dissertation: It thus seems valuable to simultaneously focus
on linkages among intelligence as a prerequisite of tests, on stress perceptions as a negative
side-effect caused by tests, and on a reduced effectiveness of the applied tests as a negative
consequence further caused by these side-effects. Because there is almost no research that
simultaneously focuses on these issues—while also using realistic and curricular learning
materials and when focusing on delayed instead of immediate learning outcomes—further
work is still needed. Hence, we conducted a laboratory study to test these assumptions
(unfortunately, our data collection had to be terminated prematurely due to the outbreak of the
COVID-19 pandemic, which resulted in a reduced sample size: N = 89; Wenzel & Reinhard,
2021b; see Appendix F): We hypothesized tests to increase learners’ long-term learning
outcomes but also their acute stress perceptions, which should in turn reduce the effectiveness
of tests on later learning outcomes. These three effects should additionally be moderated by
intelligence: 1) tests should be more beneficial for more intelligent learners compared to less
intelligent learners, 2) more intelligent learners should perceive less stress during the learning

situation including a test compared to less intelligent learners, and 3) long-term learning
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outcomes of more intelligent learners should be less impaired by stress than the long-term
learning outcomes of less intelligent learners. Participants therefor underwent a short
intelligence screening (measuring a general cognitive ability indicated by speeded reasoning
as a conglomerate of reasoning, abstract thinking, and processing speed; mini-g: Baudson &
Preckel, 2015) and then read a university textbook chapter on the brains’ lateralization as an
initial study opportunity (positively, this realistic learning material was part of the curriculum
of a majority of the sample). They then either re-read the textbook chapter as an easier control
task or took a short low-stakes test (including both short answer and multiple-choice
questions) with later feedback. Directly thereafter participants’ acute stress perceptions during
the respective learning task were measured. Their long-term learning was later assessed after
a delay of 1-week. In accordance with previous work (e.g., Adesope et al., 2017; Yang et al.,
2021), our results again showed that taking tests increased participants’ later long-term
learning compared to re-reading. However, tests also again increased participants’ immediate
stress perceptions, thus leading to a more unpleasant learning situation (see e.g., Hinze &
Rapp; Wenzel & Reinhard, 2021a). These increased stress perceptions were then, in turn,
linked to reduced long-term learning outcomes. A mediation analysis thereby yielded that the
by tests caused stress perceptions suppressed the beneficial effects of tests, insofar as that the
beneficial effects were lower the more stress was perceived. Although these stress perceptions
were not extremely strong and although tests were still beneficial in the long run, they could
have been even more beneficial if they would have caused no or only average stress
perceptions. These findings and these resulting considerations are especially irritating given
that we had already intended—apparently without success—to conduct the applied test and
the whole learning situation as low-stakes and stress-less as possible: Among others,
participants knew that they would not have to give their answers out loud, that they would
learn on their own without interacting with the other participants, and that their performances

would have no consequences for their daily lives and would remain completely anonymous.
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In turn, differently implemented tests or tests used in applied setting (including difficult
materials, higher stakes, or consequences due to learners’ later outcomes) might lead to higher
stress perceptions and thus also to higher negative consequences concerning the effectiveness
of the used test. Moreover, our study (Wenzel & Reinhard, 2021b; see Appendix F) further
showed that participants’ intelligence was positively correlated to their initial test
performance and their later long-term learning. Intelligence was also negatively correlated to
participants’ stress perceptions but did not moderate any of the other three effects (hence,
neither beneficial effects of tests on long-term learning, nor the negative side-effects of tests
on stress perceptions, nor the detrimental effects of stress on long-term learning). Thus,
although higher intelligence was generally advantageous, participants benefitted equally from
tests and also suffered equally under the negative side-effects of tests and under the negative
consequences of the increased stress perceptions. However, these findings must be interpreted
with caution given that our small sample size should have been sufficient for testing the main
and mediation effects but was probably too small for reliably testing the assumed interaction
effects (see Blake & Gangestad, 2020). Hence, replications focusing on these supposed
moderating effects of intelligence are urgently needed. Apart from that, our work generally
emphasized the importance of trying to design tests so that they increase long-term learning
outcomes without also resulting in higher stress perceptions (and thereby, in turn, without
indirectly leading to a suppressed effectiveness of the respective tests). Hence, although this
paper is not without limitations and can only be seen as a starting point or a first step, it
nonetheless identifies valuable research issues. It also highlights the importance of a more
thorough and encompassing look at the desirability of desirable difficulties and indicates—
together with my other papers—that varying dimensions of desirability should simultaneously
be considered when evaluating tests (or other desirable difficulties).

Discussion



TAKING A CLOSER LOOK AT THE DESIRABILITY OF DESIRABLE DIFFICULTIES 37

In accordance with this consideration and with the title of my dissertation, the present
work was conducted to take a closer look at the desirability of desirable difficulties in addition
to their long-term learning effects. I therefore focused mostly on the application of tests as
one of the most robust, helpful, and easily applicable type of desirable difficulties. In addition
to the beneficial effects of tests, I also took intelligence as a cognitive prerequisite for their
effectiveness, by tests triggered negative side-effects, and negative consequences caused
indirectly by tests into account. I argue that these different factors—and their respective
linkages—should be considered together when contemplating the general desirability of tests,
when contemplating further research, and when contemplating recommendation for the
application of tests in applied learning settings. In the following, I thus want to conclude by

discussing these factors.

Desirability and Beneficial Long-Term Learning Effects of Tests

When focusing on the desirability of desirable difficulties, researchers at first typically
contemplate potential beneficial effects of such difficult learning strategies for learners’ later
learning outcomes. This is necessary insofar as that only learning strategies that actually
increase durable long-term learning outcomes can be recommended and should be applied.
Learning strategies that are not beneficial in the long run—thus, those that are not desirable
for durable learning outcomes—would not even merit further considerations. Hence, as a first
step, it is valuable to investigate the long-term learning benefits of desirable difficulties. My
conducted and here presented studies thereby mirrored the respective previous literature: For
instance, the two papers investigating long-term effects of generation tasks indicated that
these were either only beneficial for some learners (Reinhard et al., 2019; see Appendix B) or
not beneficial at all (probably because our tasks were not difficult enough to require higher
effort and to, in turn, elicit the beneficial cognitive processes; Wenzel & Reinhard, 2019,

Study 1; see Appendix C). Although it was often shown that generation increases long-term
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learning outcomes (for meta-analyses see: Bertsch et al., 2007; McCurdy et al., 2020),
previous work also yielded that generation tasks did not continuously result in beneficial
effects (see e.g., de Winstanley & Bjork, 2004; de Winstanley et al., 1996; Karpicke &
Zaromb, 2010; Metcalfe & Kornell, 2007). Thus, it might be possible that generation tasks
(which include a broad array of different activities and varying ways to stimulate self-
generation) are not as robust or as easy to design and implement as assumed—especially
compared to tests. Accordingly, some researchers previously argued that tests are more
effective and more robust than generation tasks (e.g., Karpicke, 2017; Karpicke & Zaromb,
2010), some review articles explicitly recommended the application of tests compared to other
learning strategies (e.g., Dunlosky et al., 2013; Pashler et al., 2007), and multiple meta-
analyses highlight the strong, robust, and greatly generalizable benefits of tests (even
compared to varying control conditions; e.g., Adesope et al., 2017; Agarwal et al., 2021; Pan
& Rickard, 2018; Rowland, 2014; Schwieren et al., 2017; Sotola & Crede, 2021; Yang et al.,
2021). These findings indicate that if lecturers—which often have only limited time and
resources to implement further activities in their courses—had to choose among generations
tasks, tests, other learning strategies, and further classroom activities, they should choose to
use tests. In line with this consideration, my two conducted and here presented studies also
showed that the application of short tests increased learners’ learning outcomes compared to
easier re-reading tasks—even for naturalistic, complex, and curricular learning materials that
are actually applied in university courses (Wenzel & Reinhard, 2019, 2021b; see Appendix C
and F). Because their application is also rather easy and not time-consuming (concerning both
their preparation and their later implementation), tests can be strongly recommended for
school or university settings: I would thus advise lecturers to use, for instance, the last 10
minutes of one or all of their course sessions to apply test questions concerning the contents
of the respective lecture (ideally with feedback or corrections of errors; see e.g., Agarwal et

al., 2021; S. Greving & Richter, 2018; Iwamoto et al., 2017; McDaniel et al., 2011; Pashler et
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al., 2007; Yang et al., 2021). Positively, lecturers can thereby apply tests for a wide range of
learning materials and contents, can implement varying test question formats, and can use one
of multiple beneficial test application modes (see e.g., Adesope et al., 2017; Agarwal et al.,

2021; Dunlosky et al., 2013; Pan & Rickard, 2018; Rowland, 2014; Yang et al., 2021).

Desirability and Intelligence as a Cognitive Prerequisite of Tests

Regarding potential cognitive prerequisites or boundary conditions for these desirable
long-term learning effects of tests—which determine for whom tests should be (especially)
applied and for whom not—recommendations are not as clear and cannot be given as
confidently. In accordance, it was recently again stated that research investigating potential
moderating effects of intelligence (and of cognitive abilities in general) are still scarce and
that further work is still required (see e.g., Agarwal et al., 2021; Rummer, 2021). This request
for further work is especially valuable given that the few existing studies resulted in varying
findings (e.g., higher benefits of tests for more intelligent learners, at least concerning difficult
items: Minear et al., 2018; higher benefits of tests for less intelligent learners: Brewer &
Unsworth, 2012; no interaction between intelligence and the applied learning strategy:
Karpicke et al., 2016; Robey, 2017). One of my here presented studies showed that learners’
intelligence moderated the long-term learning effects of tests, insofar as that less intelligent
learners did not benefit form tests, but averagely intelligent and especially higher intelligent
learners did (Study 2, Wenzel & Reinhard, 2019; see Appendix C). Another one of my studies
could not replicate these results and found no moderating effects of learners’ intelligence
(Wenzel & Reinhard, 2021b; see Appendix F). However, the first study can be considered
more valid than this second study due to its higher sample size (N = 176 vs. N = 89) and
higher power, so that my own findings would indicate a moderating effect of intelligence on
the beneficial effects of tests. In contrast, Jonsson and colleagues (2021) later presented a

study showing that cognitive abilities and intelligence did not act as boundary conditions for
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the long-term learning effects of tests and that tests were beneficial for all learners
independent of their intelligence. Notably, this would actually be the more desirable outcome,
because then everyone would profit equally from tests, tests could be recommended without
restrictions, and their benefits would be even more generalizable. However, as both evidence
indicating that tests are beneficial for all learners independent of their intelligence as well as
evidence indicating that tests are only beneficial for learners with average/higher intelligence
exists, supporting one of these assumptions seems a bit premature. Additionally, validly
interpreting and comparing these results is also hindered due to methodological differences
between the existing work: Among others, the applied learning materials greatly differ
concerning their level of difficulty and complexity (e.g., words/word pairs/associations:
Brewer & Unsworth, 2012; Karpicke et al., 2016; Robey, 2017; Swahili and English/Swedish
vocabulary: Minear et al., 2018; Jonsson et al., 2021; university textbook chapters: Wenzel &
Reinhard, 2019, 2021b), concerning the measured intelligence estimate (e.g., speeded
reasoning/processing speed: Karpicke et al., 2016; Wenzel & Reinhard, 2021b; fluid
intelligence using matrices: Brewer & Unsworth, 2012; Minear et al., 2018; Robey, 2017;
general cognitive ability/reasoning using verbal, numerical, and figural tasks: Wenzel &
Reinhard, 2019; an accumulation of varying cognitive ability measures: Jonsson et al., 2021),
and concerning the implemented delay (e.g., short delay/30-minutes: Karpicke et al., 2016;
Robey, 2017; 1-day: Brewer & Unsworth, 2012; 2-days: Minear et al., 2018; 1-week: Jonsson
et al., 2021; Wenzel & Reinhard, 2019, 2021b; 4-weeks: Jonsson et al., 2021). Thus, further
work and replications are essential next steps for resolving these ambiguous findings. Only
then can empirically well-grounded and valid recommendations for whom tests should be
applied (or not) be given. Further studies could thereby focus more strongly on different
theories, dimensions, or conceptualisations of intelligence and their potentially beneficial
effects for the successful application of tests. Moreover, such future work should ideally be

conducted in applied settings and should include complex and difficult learning materials as
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well as longer test delays—such studies should be the most informative (see also: Agarwal et
al., 2021; Rummer, 2021; Rummer & Schweppe, 2021). Until such further research exists, I
argue that lecturers should still apply tests in their school or university courses. Even if at
least average intelligence would be required to reap the benefits of tests, this should apply to
most learners and the remaining learners would at least not suffer under the application of
tests but would achieve similar learning outcomes as if they had used other learning strategies.
Nonetheless, lecturers should keep in mind that some of their students might not benefit from
the applied tests. Hence, if they would want to make sure that all their students would actually
profit from tests, they could try to design the tests and the ensuing learning situations in such
a way that learners with lower intelligence would also be able to reap their benefits. Previous
literature suggested in this regard that, for instance, learners with lower abilities could benefit
from having more time during the initial study opportunity (to be able to form better mental
representations, to build an adequate knowledge base, and to ensure a higher understanding of
the materials), from having more time to solve the difficult tasks (to increase the probability
of being successful), or from working on desirable difficulties only later in the learning
process (when they have already mastered some of the basic information and formed
sufficient previous knowledge; see e.g., Kalyuga et al., 2003; Renkl et al., 2002; Rummer,
2021; Rummer & Schweppe, 2021; Schmidt-Weigand et al., 2009; Snow, 1989). Learners
with lower intelligence could also profit from graded learning aids that support their learning
process or from integrating worked examples and problem solving with fading and strategic
prompts (see e.g., Hidnze et al., 2010; Schmidt-Weigand et al., 2009). Lecturers could
additionally use adaptive tests to ensure that the difficulty of the test is adequate for all
learners independent of their cognitive abilities. That way, each learner would work on a test
that is difficult enough to require increased effort but also not too difficult, thus ensuring that
they can successfully work on the test without being cognitively overwhelmed (see also

Endres & Renkl, 2015; Karpicke, 2017; Minear et al., 2018). Previous work accordingly
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yielded that it is advantageous to use test questions with adaptive complexity and adaptive
difficulty levels (see e.g., S. Greving et al., 2020; Heitmann et al., 2018). Adapting tests based
on learners’ cognitive load and cognitive demand ratings was also shown to increase the
effectiveness of tests—even in a realistic university setting (Heitmann, Grund, et al., 2021;
Heitmann, Obergassel, et al., 2021). Another similar approach would be to implement tests in
an open-book instead of the until now described closed-book format: In contrast to closed-
book tests where learners have to retrieval all answers to the test questions on their own,
learners using open-book tests are allowed to consult the learning materials while answering
the test questions. Both closed-book tests as well as open-book tests were continuously shown
to lead to higher long-term learning outcomes compared to easier control tasks (e.g., Agarwal
et al., 2008; Agarwal & Roediger, 2011; Arnold et al., 2021; Ebersbach, 2020; Rummer et al.,
2019; Wenzel et al., 2021), but open-book tests might be especially beneficial for learners
with lower intelligence. For instance, allowing learners to use the materials gives them the
opportunity to build a more elaborate mental model, a more coherent mental representation,
and a better situation model of the initial learning materials and generally increases their
(initial) understanding of the to-be-learned information (see e.g., Roelle & Niickles, 2019;
Rummer, 2021; Rummer & Schweppe, 2021; Waldeyer et al., 2020). This is generally
beneficial but should be especially important and supporting for relatively less intelligent
learners. Moreover, the application of open-book tests (including instructions to only use the
materials when learners would not be able to retrieve the answer even after greatly increasing
their effort and trying their best), could also lead to the needed balance between retrieval
effort and retrieval success (see e.g., Roelle & Niickles, 2019; Rummer, 2021; Rummer &
Schweppe, 2021; Waldeyer et al., 2020). Accordingly, switching flexibly between open-book
and closed-book tests (see Waldeyer et al., 2020) might also be valuable to ensure that even

learners with lower intelligence benefit from the application of tests.
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Desirability and Negative Side-Effects of Tests

After thus contemplating the desirability of tests based on their long-term learning
effects and on their generalizability for learners with varying levels of intelligence,
researchers and lecturers should then focus on potentially unpleasant experiences, evaluations,
or perceptions caused by tests. Thus, potential negative side-effects caused by tests are
another dimension of desirability that should be considered. In line with previous work (e.g.,
Hinze & Rapp, 2014), my two studies included in this dissertation showed that low-stakes
tests led to more negative evaluations of the situation and to higher stress and anxiety
perceptions during learning (Wenzel & Reinhard, 2021a, 2021b; see Appendix D and F).
Notably, these negative side-effects were not extremely strong but indicated that learners
using tests had more undesirable experiences while learning compared to learners re-reading
the same materials—even when the conducted tests was conducted as an extremely low-
stakes and objectively stress-less situation. This is an important finding that should be clearly
communicated, and that lecturers, learners, and researchers must try to deal with. However,
because fitting research is still scarce (and needed; see e.g., Rummer, 2021), future research
focusing thereon seems valuable. For instance, such work should ideally be conducted in
actual school or university settings and should explicitly compare the negative side-effects
caused by tests to potential negative side-effects caused by other learning activities or
strategies other than the typically applied re-reading task. Because re-reading is as a very easy
and fluent learning strategy that should be particularly low-stakes or stress-free, it might not
be surprising that tests lead to comparably more negative side-effects. It has, however, until
now not been investigated if tests would also result in more negative evaluations or higher
stress and anxiety perceptions compared to other activities or strategies that learners are
typically confronted with during their school or university classes (e.g., taking notes,

participating in in-class-discussions, or giving presentations). Because this would influence
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further considerations or potential recommendations, such further investigations are needed.
Additionally, future work could also focus more closely on our previously presented
assumption that the negative-side effects of tests might be less distinct for leaners with higher
intelligence (Wenzel & Reinhard, 2021b; see Appendix F). Although we found no interaction
between intelligence and the applied learning strategy (probably due to the small power), we
could show that higher intelligence was generally linked to lower stress perceptions (see also:
Goetz et al., 2007; LePine et al., 2004). Hence, it might be valuable to further investigate if
higher intelligence could buffer the negative side-effects of tests (or not), because such more
data could also shape considerations of these negative side-effects and the resulting
recommendations. Until such further research exists, researchers and lecturers should assume
that tests result generally and for alle learners in negative and undesirable side-effects and
should thus try to reduce these. Therefore, lecturers could give more thorough descriptions
and explanations of the beneficial effects of tests, which might decrease negative evaluations
of this difficult learning strategy as well as learners’ misconceptions that learning must feel
easy to be effective or that effort is a sign of low ability (see e.g., Biwer et al., 2020; Bjork &
Bjork, 2019; Rivers, 2021). Lecturers could also generally reward learners for increased effort
or could try to reframe their appraisals or attributions of effort and failure (e.g., Abraham et
al., 2019; Zepeda et al., 2020). However, introducing the benefits of desirable difficulties
might be more challenging than one would suppose and only knowing about the effectiveness
of tests might not be enough to ward learners form their negative side-effects or to increase
their motivation (see e.g., Besken & Mulligan, 2014; Biwer et al., 2020; Bjork & Bjork, 2019;
Rummer, 2021; Zepeda et al., 2020). Thus, lecturers and researchers should try to design tests
(and the ensuing learning situations) in such ways that they are beneficial but do not lead to
negative side-effects (or at least to fewer side-effects). For instance, lecturers could apply the
afore-mentioned open-book tests instead of the traditionally applied closed-book test because

learners were previously shown to prefer open-book to closed-book tests and reported lower
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levels of anxiety after taking open-book instead of closed-book tests (Gharib et al., 2012).
Additionally, previous work found that learners working with online tests performed at least
equivalent in a later examination compared to learners working with paper-pencil tests but
perceived online tests as less threatening (e.g., Cassady & Gridley, 2005; Dobson, 2008; see
also: DeVaney, 2010; Szpunar et al., 2013; Yang et al., 2021). Given the recently risen
importance of online courses and distance learning due to the increased amount of home-
schooling during the COVID-19 pandemic, such considerations seem especially valuable and
promising and should in any case be explored in more detail. Recent work from A. I. Wang
and Tahir (2020) further implied that implementing tests with Kahoot! (a game-based learning
platform mirroring an anonymous game show) might also be extremely desirable: More
specifically, the authors described that tests applied with Kahoot! were beneficial for long-
term learning outcomes but additionally increased learners’ motivation, their enjoyment, their
positive perceptions, and their satisfaction compared to paper-based tests and even reduced
their anxiety and stress experiences (A. I. Wang & Tahir, 2020; see also: Iwamoto et al.,
2017; Yabuno et al., 2019; for further potentially viable application modes see: Yang et al.,
2021). A fully game-based test (embedded in a computer game treasure hunt) was also shown
to lead to a better performance in a later examination as well as to lower anxiety experiences
during the learning situation compared to a normal online test (Mavridis & Tsiatsos, 2017).
Hence, using open-book tests, applying online tests, or implementing tests with varying
creative or game-based application modes could be simultaneously desirable regarding
learners’ later leaning outcomes and regarding their perceptions and experiences while

learning.

Desirability and Further Negative Consequences of Tests

Following these considerations on negative side-effects caused by tests, researchers

and lecturers should then further contemplate later negative consequences caused indirectly
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by tests via these side-effects. The in my dissertation presented findings can thereby be
classified as especially undesirable, insofar as that they show that tests can trigger negative or
stress-inducing experiences during learning that learners must suffer under and that are in turn
even linked to increased (hypothetical) cheating (Wenzel & Reinhard, 2020; see Appendix E)
and to a reduced effectiveness of the respective test (Wenzel & Reinhard, 2021b; see
Appendix F). Given that cheating is an extremely unwanted behaviour that lecturers normally
try to reduce or avoid and given that a less effective test would render the difficult and
unpleasant learning situation less worthwhile and would run counter to the intention of using
tests in the first place, such negative consequences should be considered when contemplating
to use tests. However, because there is almost no other research simultaneously focusing on
these important research issues, future work and replications are essential before valid and
reliable implications and recommendations can be drawn from these results. This applies, for
instance, to further research investigating if the here presented effects on academic cheating
can even be replicated in realistic and applied settings (which include, among others, actual
gains of cheating successfully but also actual costs of getting caught). Further work should
also focus on ways to increase the by stress perceptions suppressed benefits of tests to realise
their full potential (positively, our findings showed that tests were still more beneficial
compared to re-reading even though their effectiveness was suppressed and though they were
not as beneficial as they could have been—thereby again highlighting the strong and robust
effects of tests). Thus, it seems to be important to communicate our findings concerning
negative consequences indirectly caused by tests, so that lecturers and researchers are made
aware of them and can thus try to cope with them or to directly prevent their occurrence.
Fortunately, the previously described ways to reduce negative side-effects of tests should, in
turn, also prevent (or at least reduce) the occurrence of negative consequences. Hence,
applying tests that do not result in negative side-effects would not only optimize learners’

experiences during learning but would thereby also avert these negative consequences.
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The Desirability of Tests

Taking all these factors and the ensuing different dimensions of desirability of tests
together—and given the current empirical data—I would advise lectures to nonetheless use
tests in their respective courses. Firstly, tests are generally effective and can be classified as
desirable concerning their later long-term learning benefits. Secondly, even though lecturers
should keep in mind that average intelligence might act as a boundary condition for the
successful application of tests and that in turn some of their students might not benefit from
them, most learners should still be able to reap the benefits of tests. In addition, there seem to
be multiple ways for lecturers to implement tests so that even learners with lower levels of
intelligence can benefit from their application. Thirdly, even though tests can lead to acute
negative side-effects during learning (like higher negative evaluations of the situation, more
stress perceptions, and stronger anxiety experiences), these effects were fortunately not
extremely strong and further work is still needed to ascertain if tests are even more unpleasant
than typical classroom activities or learning strategies apart from re-reading. Positively, there
appear to be varying ways to design tests to ensure that these lead to higher long-term
learning outcomes without also resulting in negative side-effects. These procedures could be
implemented and further investigated. Fourthly, even though tests can also indirectly lead to
further negative consequences that can only be classified as extremely undesirable and that
should be avoided, reducing the negative side-effects of tests by designing them adequately
might also simultaneously prevent the occurrence of these negative consequences. Jointly,
these considerations indicate that tests can still be classified as desirable and that lecturers can
still be advised to apply them in their school or university courses. However, lecturers should
thereby try to implement the ideas presented above on how to use and design tests so that all
learners can reap their benefits equally without suffering under negative side-effects in the

meantime and without also further triggering later occurring negative consequences.
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Conclusion

All in all, this dissertation was conducted to take a more thorough look at the
desirability of desirable difficulties—primarily concerning tests—and to focus on even more
dimensions of desirability in addition to their effectiveness for later learning outcomes. I
thereby ague that researchers and lecturers should not only consider beneficial long-term
learning effects of tests when contemplating their application but should also consider
cognitive prerequisites that might be required for learners to reap these benefits, negative
side-effects caused by tests that arise immediately during learning, further negative
consequences indirectly caused by tests, and finally also potential linkages among these
factors. Thus, my dissertation was intended to increase the awareness of researchers and
lecturers that it is valuable to simultaneously contemplate these factors, which might all
determine the desirability of tests. I thereby also wanted to highlight my here presented
research issues as well as the resulting findings and implications of my published papers as
first steps for future research. Although my presented studies are not without limitations,
although not all raised issues and questions could yet be tested conclusively, and although
further replications are required for well-grounded recommendations and for supporting or
refuting my described assumptions, it is nonetheless important to communicate the here
presented issues. This way, learners, lectures, and researcher can gain a broader and more
thorough understanding of tests (and desirable difficulties) and can hopefully receive helpful
recommendation for their applications as well as stimulating ideas for the required further

research.
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Abstract

Desirable difficulties are learning strategies that lead to more effective and durable
learning even if the application produces difficulty at the moment of learning (Bjork,
1994). With this study we investigated the question which learner characteristics are
linked to perception and application of those effortful strategies in self-regulated
learning situations. In doing so we focused on locus of control, a construct that describes
the extent to which individuals feel to have control over the outcome which arises from
their own behavior (Rotter, 1975). Supporting our assumptions, internals-thus students
with a stronger feeling of controllability - showed more positive attitudes towards
desirable difficulties, whereas externals-thus students who suppose that external forces
like chance/fate or powerful others have control over their behavior - showed no
correlation. Furthermore, internals showed increased self-reported use of desirable
difficulties. Contrary to prediction, external locus of control also was correlated to self-
reported use of desirable difficulties. Results are discussed related to implications for
the application of desirable difficulties in a real academic context regarding students
with different learning characteristics, as well as to implications for further research.
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Introduction

Concerning the application of effective learning strategies, individual
differences or learner characteristics seem to be very important. While some
students use relatively ineffective strategies other students use strategies which
are mentally more challenging, but thereby promise a greater success of learning
(e.g., Bjork, Dunlosky, & Kornell, 2012; Karpicke, Butler, & Roediger, 2009).
Such learning strategies are for instance so called desirable difficulties. The
application of desirable difficulties leads to a more complex learning situation,
but thereby especially benefits long-term effects regarding memory and transfer
of the learned knowledge (Bjork, 1994). However, even if desirable difficulties
promise greater learning success, most students do not use them in self-regulated
learning situations. Instead, the majority prefers more simple strategies like for
example repeated reading (Karpicke et al., 2009).

The present study wants to identify factors that are responsible for
individual differences concerning the perception and application of desirable
difficulties. Thereby, the main focus is on the locus of control construct, which
is defined as the extent to which an individual perceives to have control over the
outcome that arises from their own behavior (Rotter, 1975; Rotter, Chance, &
Phares, 1972). Given that the application of desirable difficulties leads to more
challenging learning situations - because they elicit more time and cognitive
effort - locus of control can be expected as a learner characteristic that promotes
the feeling of being able to cope those complex situations because the individual
feels confident that his or her learning effort will result in greater learning success
(e.g., Prociuk & Breen, 1997).

Desirable difficulties

Desirable difficulties are learning strategies that lead to more effective
and durable learning through producing difficulty at the moment of application
(Bjork, 1994). Recent research indicated that different forms of desirable
difficulties exist, often termed as spacing, interleaving, generation and testing.
Spacing or distributed learning means to separate specific learning sessions in
different units in contrast to learning one topic from beginning to end (e.g., Vlach
& Sandhofer, 2012). In some way interleaving contains this strategy but
additionally includes that in between the temporary distributed learning units
different topics get mixed (e.g., Ziegler & Stern, 2014). For visualizing the
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difference, one can imagine that spacing or distributed learning means first
learning unit AA, then BB and at least CC, whereas interleaving means learning
first A, B, C and then again A, B, C. In particular, both strategies promote long-
term memory (e.g., Vlach & Sandhofer, 2012; Ziegler & Stern, 2014).
Generation further describes active generation of learning materials and
predictions instead of merely (re-)reading and repeating the material which also
strengthens long-term memory (e.g., Bertsch, Pesta, Wiscott, & McDaniel, 2007,
DeWinstanley & Bjork, 2004; Slamecka & Graf, 1978). Testing requires active
memory recall and retrieval rather than simply rehearsing the relevant knowledge
(e.g., Karpicke et al., 2009; for recent meta-analyses see: Adesope, Trevisan, &
Sundararajan, 2017; Rowland, 2014).

While positive effects of desirable difficulties on learning success are
relatively well understood and seen as rather robust, more research regarding
personality variables and learner characteristics that may affect the perception
and application of desirable difficulties is still valuable (e.g., Weissgerber,
Reinhard, & Schindler, 2016).

Internal and external locus of control

Locus of control describes the individual tendency to attribute causes of
life events to one’s own behavior or external influences (Rotter, 1975). The
origin of this construct lies in social learning theory (Rotter et al., 1972).
According to this theory there are two extremes - an internal and an external
locus of control (scores in between these extremes can of course also exist).
Individuals with a more internal locus of control assume a strong connection
between their behavior and the thereby resulting outcome. They are often dubbed
as internals. Individuals with a more external locus of control instead suppose
that external forces like chance/fate or powerful others have control over their
lives. They are often dubbed as externals (Rotter, 1975). Depending on the
conceptualization the construct can be measured two-dimensional (e.g., Rotter,
1975) or three-dimensional (e.g., Levenson, 1973) by dividing the external
extreme in two different dimensions (i.e. external locus of control because of
powerful others or external locus of control because of chance). Rotter further
defined locus of control as a generalized expectancy which only affects human
behavior in complex and ambiguous situations in comparison to specific
expectancies which lead individuals’ trough familiar situations (Rotter, 1975).
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In the past, research has often associated locus of control with specific
performance situations (Spector, 1982). Several experiments have shown that
internals outperform externals in actively seeking relevant information and in the
utilization of those information (e.g., Phares, 1968; Ude & Vogler, 1969; Wolk
& DuCette, 1973). Based on this, internals are generally considered to be more
successful and effective. Numerous experiments confirmed this assumption by
operationalizing professional success for instance in form of salary level or job
position (e.g., Valecha, 1972) as well as by judgements of supervisors (e.g.,
Majumder, MacDonald, & Greever, 1977). Better information seeking and
processing behavior as well as greater success (better grades) were also linked
with higher internal locus of control in academic context (Prociuk & Breen,
1997). However, within the research body of desirable difficulties - to our
knowledge - the construct of locus of control has never been considered before.

The current research

In the following we want to argue why locus of control could be an
important factor that may influence individuals’ perception and application of
desirable difficulties: Given that the application of desirable difficulties lead to
cognitively effortful learning processes (Bjork et al., 2012), then, especially in
those complex, ambiguous, and relatively unknown situations generalized
expectancies like locus of control should determine human behavior (Rotter,
1975). Given that individuals with a more internal locus of control generally act
more effective and successful (e.g., Majumder et al., 1977; Prociuk & Breen,
1997; Valecha, 1972), and additionally have better skills in seeking or utilizing
relevant information (e.g., Phares, 1968; Ude & Vogler, 1969; Wolk & DuCette,
1973), it can be assumed that for internals the application of desirable difficulties
isn’t as (mentally) challenging as for externals. Thus, an internal locus of control
could facilitate affective and cognitive perception regarding the application of
desirable difficulties. Regarding the external dimension, no correlation to
attitudes towards desirable difficulties is assumed. Externals don’t believe in the
effectiveness of their behavior. Therefore, to them it should make no difference
which specific learning strategy they use in order to reach their learning goal. In
their opinion they are not able to reach it by their own efforts because they
perceive it depending on powerful others, luck, chance and/or fate.

Therefore, we first predict that students who score higher in internal locus
of control have more positive attitudes towards desirable difficulties (Hypothesis

10
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l1a), whereas students who score higher in external locus of control (because of
powerful others or chance) show no correlation to attitudes towards desirable
difficulties (Hypothesis 1b). Given that assumption, this should implicate an
increased application of desirable difficulties only for internals but not for
externals. Therefore, we second predict that students who score higher in internal
locus of control show increased self-reported use of desirable difficulties
(Hypothesis 2a), whereas students who score higher in external locus of control
(because of powerful others or chance) show no correlation to self-reported use
of desirable difficulties (Hypothesis 2b).

Methods

FParticipants

In total 504 participants (54% male) completed our online-survey.
Participants mean age was 26.58 (SD=6.83) and ranged from 16 to 68 years. The
majority (96%) of the participants were inhabitants of the USA. Participation
requirements contained that all subjects were registered students at the moment
of questioning. The recruitment took place via Amazon Mechanical Turk.

Measures

All of the measures were administered in English. The IPC-Scale
developed by Levenson (1973) was used to measure locus of control. Levenson
conceptualizes locus of control as a three-dimensional construct by dividing the
external extreme in two different categories. The I-Scale serves to measure the
internal extreme (o=.788; e.g., ,,My life is determined by my own actions*). The
P-Scale measures perception of external control which arises from individuals
feelings that powerful others control their life events (0=.880; e.g., ,,Getting what
I want requires pleasing those people above me*). The C-Scale measures the
external fatalistic control which is attributed with luck, fate and chance (a=.878;
e.g., ,,Whether or not I get into a car accident is mostly a matter of luck®).
Participants were instructed to rate each statement on a 6-point Likert response
scale (1=strongly disagree and 6=strongly agree).

Dispositional stress as a control variable was assessed by Cohen’s and
Williams’s 10-item Perceived Stress Scale (1988). The questionnaire measures
the degree to which specific life events and situations are experienced as
stressful. General statements like for example “how often have you felt that
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things were going your way” or “how often have you felt nervous and stressed”
(0=.859) should be assessed on a 5-point Likert response scale (1=never and
S5=very often) regarding their probability of occurrence during the last month.
The measure of stress serves as a control variable to check whether the attitude
and the decision to use/not use mentally challenging learning strategies is
dependent of a specific level of stress which is common for students in their
academic environment (e.g., Abouserie, 1994; Anda et al., 2000; Heins, Fahey,
& Leiden, 1984).

Self-efficiency beliefs as a control variable were assessed using the
General Self-Efficacy Scale by Schwarzer and Jerusalem (1995). The scale
measures the extent to which someone beliefs to be able to handle critical
situations by oneself. Ten items (0=.866; e. g., ,,I can usually handle whatever
comes my way*‘) should be rated on a 4-point Likert response scale (1=not at all
true and 4=exactly true).

Attitudes towards and self-reported use of desirable difficulties was
assessed with items used by Weissgerber et al. (2016; see also Weissgerber,
Reinhard, & Schindler, 2018). The scale concentrates on five different desirable
difficulties: self-generation of learning contents, labeled as generation,
generation of predictions, labeled as predictions, self-testing, spacing/
interleaving and practicing, which means a mixed form of self-testing with self-
generated learning materials. Each of these five different desirable difficulties
types is captured with three items. Two items assessed the attitude towards each
type of desirable difficulty (e.g., ,,I like to create my own learning materials*; ,,I
think it is useful to acquire knowledge myself). Self-reported use in self-
regulated learning situations was assessed for each type of desirable difficulty
with one item (e.g., ,,Compared to other learning methods, I work out the subject
matter myself*). Participants were instructed to rate each statement on a 7-point
Likert response scale (1=totally disagree and 7=totally agree). Both, the attitudes
scale (0=.890) and the self-reported use scale (a=.805) showed good reliability.

Procedure

The survey contained three different parts. After participants gave their
permission to participate voluntary and reported that they were registered college
or university students, we assessed their demographics (i.e., gender, age,
homeland). The second part included the assessment of locus of control,
dispositional stress and self-efficiency beliefs in randomized order. During the
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third part, the measure of attitudes toward and self-reported use of desirable
difficulties took place. At the end of the online survey the respondents were
thanked for their participation and got $0.60 as a reward.

Results

Table 1 shows the means, standard deviations and correlation
coefficients among all variables examined in this study. All correlations
coefficients were Bonferroni adjusted. The total value for attitudes exhibited a
mean value of 5.10 (SD=1.01) and for self-reported use a mean value of 5.05
(SD=1.06). Mean value of internal locus of control was 4.32 (SD=0.70), mean
value of external locus of control which arises from the feeling that powerful
others hold control above life events was 3.60 (SD=1.02) and mean value of
external fatalistic locus control was 3.50 (SD=1.02). Stress showed a mean value
0f 2.82 (SD=0.70) and self-efficacy beliefs a mean value of 3.09 (SD=0.51).

Internal locus of control correlated significantly with attitudes towards
desirable difficulties (=549, p<.001) and with self-reported use of desirable
difficulties (r=.526, p<.001). Thus, internal locus of control is related to positive
attitudes towards and increased self-reported use of desirable difficulties. Neither
external locus of control because of powerful other, nor the external fatalistic
dimension was found to be correlated with attitudes towards desirable difficulties
and self-reported use of desirable difficulties. Both external locus of control
dimensions also showed no correlation to internal locus of control.

Regarding measured control variables both showed significant
correlations with the dependent variables. Stress correlated significantly with
attitudes towards (r=-.220, p<.001) and self-reported use of desirable difficulties
(r=-.193, p<.001), both negatively. Thus, lower levels of stress are related to
positive attitudes towards and increased self-reported use of desirable
difficulties. Self-efficiency beliefs also showed significant correlations with
attitudes towards desirable difficulties (r=.498, p<.001) and with self-reported
use of desirable difficulties (r=.477, p<.001). Thus, higher values of self-
efficiency beliefs are related to positive attitudes towards and increased self-
reported use of desirable difficulties. Furthermore, there was a negative
correlation between stress and self-efficiency beliefs (r=-.537, p<.001).
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Table 1. Intercorrelations, Means, Standard Deviations and Cronbachs o for Attitudes Toward
and Self-Reported Use of Desirable Difficulties, Locus of Control, Stress, and Self-Efficiency
Beliefs (N=504)

1. 2. 3. 4. 5. 6. 7. M SD o
1. Attitudes 1 5.10 1.01 .890
2. Self-reporteduse ~ .884** 1 5.05 1.06 .805
3. Intemal 549+ 526+ 1 432 0.70 788
4. Powerful others 051 096 095 1 3.60 1.02 880
5. Chance 046 103 048 838+ 1 3.50 1.02 878
6. Stress =220%F - 193%k _0R%k 474%* S13%* 1 282 0.70 859
7. Self-efficiency 498+ ATT** S81** -210%%  -216%* 537+ ] 3.09 051 866

Note: *p<.05 (two-tailed); **p<.001 (two-tailed); all calculated correlations were Bonferroni adjusted; Attitudes=attitudes
towards desirable difficulties; Self-reported use=Self-reported use of desirable difficulties; Internal=Internal locus of control
dimension; Powerful others=External locus of control dimension because of powerful others; Chance=External locus of
control because of chance; Self-efficiency=Self-efficiency beliefs.

Note that a more detailed look to the different kinds of desirable
difficulties reveals quiet the same correlations for the specific scores (see
Appendix Table A). Correlations with internal locus of control all reached
significance and showed a positive direction (r=.566, p<.001 to r=.705,
p<.001). Correlations with external locus of control predominantly reached
no significance with specific scores of desirable difficulties. Only
interleaving / spacing showed a significant correlation with external fatalistic
locus of control (r=.161, p<.05).

To test Hypothesis 1a which claimed that students who score higher in
internal locus of control have more positive attitudes towards desirable
difficulties and Hypothesis 1b which claimed that students who score higher in
external locus of control (because of powerful others or chance) show no
correlation to attitudes towards desirable difficulties, already the presented
correlations indicated support (Table 1). Thus, internal locus of control was
positively linked to attitudes towards desirable difficulties (r=.549, p<.001) but
neither the external dimension because of powerful others, nor the external
fatalistic dimension exhibited significant correlations. To strengthen these
findings, a multiple, stepwise regression analysis was conducted. Respectively,
attitudes towards desirable difficulties was used as criterium and the three
dimensions of locus of control were used as predictors. Additionally, in a second
and third step, gender, age, self-efficiency beliefs and stress were added as
control variables to test if the effect of internal locus of control would remain
robust (Table 2).
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Table 2. Multiple, Stepwise Regression Analysis with Attitudes Toward Desirable Difficulties as
the Criterion and Locus of Control, Gender, Age, Self-Efficiency Beliefs, and Stress as Predictors
(N=504)

Parameter estimates

Model Predictors B SE B t P R Tty o)
1) Internal 0.821 0.056 551 14.673 <.001 303 548
Powerful others -0.060 0.068 -.061 -0.880 379 -.033
Chance 0.070 0.068 .070 1.026 305 .038
?2) Internal 0.828 0.056 .556 14.712 <.001 307 549
Powerful others -0.047 0.068 -.047 -0.686 493 -.026
Chance -0.068 0.068 .069 1.011 312 .038
Age -0.003 0.006 -019 -0.493 .623 -018
Gender -0.131 0.078 -.065 -1.690 .092 -.063
3) Internal 0.553 0.069 371 8.028 <.001 362 288
Powerful others 0.015 0.067 .016 0.232 817 .008
Chance 0.090 0.067 .091 1.345 179 .048
Age -0.003 0.005 -.020 -0.541 589 -019
Gender -0.133 0.075 -.066 -1.773 077 -.064
Self-efficiency 0.603 0.099 306 6.088 <.001 218
Stress 0.001 0.071 .000 0.009 992 .000

Note: 1y, ;=Semipartial correlation coefficients; Internal=Internal locus of control dimension; Powerful others=External
locus of control dimension because of powerful others; Chance=External locus of control because of chance; Self-
efficiency=Self-efficiency beliefs.

As shown in Table 2 (model 1) internal locus of control significantly
predicted attitudes towards desirable difficulties (f=.551, p<.001). The model
explained 30.3% of variance, F(3, 500)=72.394, p<.001, R*=.303, R4gjustea=.299.
Gender- or age-effects did not exist. Thus, neither gender nor age did change the
effects of internal locus of control as a predictor (model 2). However, it should
be pointed out that self-efficiency beliefs (model 3) also had a significant impact
on attitudes towards desirable difficulties (3=.306, p<.001). In the shared model
(model 3) the impact of internal locus of control decreased but still reached a
significant level (=371, p<.001). The shared model explained 36.2% of
variance, F(7, 496)=40.219, p<.001, R?=.362, R%justed=.353. In all of the three
models neither external locus of control because of powerful others, nor external
fatalistic locus of control showed a significant effect to attitudes towards
desirable difficulties.

To test Hypothesis 2a which claimed that students who score higher in
internal locus of control show increased self-reported use of desirable difficulties
and Hypothesis 2b which claimed that students who score higher in external
locus of control (because of powerful others or chance) show no correlation to
self-reported use of desirable difficulties, again, the already presented
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correlations indicated support (Table 1). Thus, internal locus of control was
positively linked to attitudes towards desirable difficulties (r=.549, p<.001) but
neither the external dimension because of powerful others, nor the external
fatalistic dimension exhibited significant correlations. For further analysis a
multiple, stepwise regression analysis was conducted. Respectively, self-
reported use of desirable difficulties was used as criteritum and the three
dimensions of locus of control were used as predictors. Additionally, in a second
and third step, gender, age, self-efficiency beliefs and stress were added as
control variables to test if the effect of internal locus of control would remain
robust (Table 3).

Table 3. Multiple, Stepwise Regression Analysis with Self-Reported Use of Desirable Difficulties
as the Criterion and Locus of Control, Gender, Age, Self-Efficiency Beliefs, and Stress as
Predictors (N=504)

Parameter estimates

Model Predictors B SE B t P R’ Ty 0
1) Internal 0.826 0.060 526 13.801 <.001 284 522
Powerful others -0.063 0.073 -.061 -0.871 384 -.033
Chance 0.134 0.072 128 1.844 .066 .070
?2) Internal 0.834 0.060 531 13.836 <.001 286 524
Powerful others -0.052 0.073 -.050 -0.710 478 -.027
Chance 0.133 0.072 127 1.832 .068 .069
Age 0.000 0.006 .002 0.062 950 .002
Gender -0.110 0.083 -.052 -1.328 185 -.050
3) Internal 0.532 0.074 338 7.215 <.001 345 262
Powerful others 0.018 0.071 .017 0.255 799 .009
Chance 0.161 0.072 154 2.248 .025 .082
Age 0.000 0.006 .001 0.034 973 .001
Gender -0.114 0.080 -.054 -1.425 155 -.052
Self-efficiency 0.648 0.106 312 6.123 <.001 222
Stress -0.020 0.076 -013 -0.260 795 -.009

Note: ry, ;=Semipartial correlation coefficients; Internal=Internal locus of control dimension; Powerful others=External
locus of control dimension because of powerful others; Chance=External locus of control because of chance; Self-
efficiency=Self-efficiency beliefs.

As shown in Table 3 (model 1) internal locus of control significantly
predicted self-reported use of desirable difficulties (f=.526, p<.001). The model
explained 28.4% of variance, F(3, 500)=66.029, p<.001, R?=.284, R?,gjustea=.279.
Gender- or age-effects did not exist. Thus, whether gender nor age did change
the effects of internal locus of control as a predictor (model 2). But it should be
pointed out that self-efficiency beliefs (model 3) also had a significant impact on
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self-reported use of desirable difficulties (3=.312, p<.001) as well as the external
fatalistic dimension of locus of control labeled as chance (f=.154, p<.025). In
the shared model (model 3) the impact of internal locus of control decreased but
still reached a significant level (=.328, p<.001). The shared model explained
34.5% of variance, F(7, 496)=28.115, p<.001, R>=.345, R%justed=.336.

Hypothesis 1a claimed that students who score higher in internal locus of
control have more positive attitudes towards desirable difficulties and
Hypothesis 1b claimed that students who score higher in external locus of control
(because of powerful others or chance) show no correlation to attitudes towards
desirable difficulties. Regression analysis revealed a significant impact of
internal locus of control on attitudes towards desirable difficulties - note that the
effects remain robust although adding control variables (i.e., gender, age, self-
efficiency beliefs, and stress) - and no significant effects of both external
dimensions of locus of control (Table 2). Therefore, Hypothesis 1a and 1b can
be accepted. Hypothesis 2a claimed that students who score higher in internal
locus of control show increased self-reported use of desirable difficulties and
Hypothesis 2b claimed that students who score higher in external locus of control
(because of powerful others or chance) show no correlation to self-reported use
of desirable difficulties. Regression analysis revealed a significant impact of
internal locus of control on self-reported use of desirable difficulties - note that
the effects remain robust although adding control variables (i.e., gender, age,
self-efficiency beliefs, and stress) - but also a significant effect of external
fatalistic locus of control (Table 3). Therefore, only Hypothesis 2a can be
accepted whereas Hypothesis 2b must be rejected.

Conclusions

This study was initiated to examine the relationship between perceptions
of desirable difficulties and personality factors, respectively learner
characteristics. Our research project seemed to be necessary because although
positive effects of desirable difficulties on learning success are relatively well
understood through past research, personality variables that may affect
perceptions and applications of such desirable difficulties still need further
exploration (e.g., Weissgerber et al., 2018). The present study focused on locus
of control, a personality construct that describes the extent to which individuals
feel to have control over the outcome that arises from their own behavior (Rotter,
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1975). We assumed a more internal locus of control to be linked to positive
attitudes towards and increased self-reported use of desirable difficulties,
whereas a more external locus of control should not be linked to attitudes towards
and self-reported use of desirable difficulties.

The reported findings could support our first three assumptions: Our
results provided significant correlation between internal locus of control and
attitudes towards desirable difficulties (Hypothesis 1a), as well as no correlation
between external locus of control (because of powerful others or chance) and
attitudes towards desirable difficulties (Hypothesis 1b). There was also a
significant correlation between internal locus of control and self-reported use of
desirable difficulties (Hypothesis 2a). These findings are in line with past
research, which mostly demonstrated that individuals with a more internal locus
of control generally act more effective and successful (e.g., Majumder et al.,
1977; Prociuk & Breen, 1997; Valecha, 1972) and have better skills in seeking
or utilizing relevant information (e.g., Phares, 1968; Ude & Vogler, 1969; Wolk
& DuCette, 1973). Thus, we assumed that for internals the application of effortful
learning strategies isn’t as (mentally) challenging as for externals, which in turn
could facilitate affective and cognitive perception of such difficulties only for
internals but not for externals. Presented correlations (Table 1) and multiple,
stepwise regression analyses (Table 2 and Table 3) confirmed these assumptions.
Newly - and surely the added value of this study - is the transferability of the
results on the learning context respectively the context of attitudes towards and
self-reported use of desirable difficulties.

Contrary to our assumptions, the presented regression analysis (Table 3)
showed external fatalistic locus of control to be a significant predictor of self-
reported use of desirable difficulties. We did not predict this because we
theoretically assumed students with a more external locus of control to not
believe in the effectiveness of their own behavior, so that they should not show
preferences for specific learning strategies. Still, the external fatalistic dimension
showed a significant correlation to self-reported use of desirable difficulties so
that we cannot support Hypothesis 2b.

Taking a more detailed look at the correlations between external fatalistic
locus of control and the specific desirable difficulties, only interleaving/spacing
reached significance, whereas the other kinds (in line with our expectation) were
not correlated with external fatalistic locus of control (see Appendix Table A).
In comparison to the other specific kinds of desirable difficulties,
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interleaving/spacing requires less activity than the other ones because it only
consists of mixing different topics throughout different learning sessions.
Because less proactivity is needed, maybe this strategy isn’t that challenging as
the other ones and therefore fatalistic externals believe that they can handle it
with luck, fate and chance. Therefore, our hypothesis possibly cannot be applied
to this specific kind of desirable difficulties because interleaving/spacing isn’t
seen as a real difficulty. Further, we advise to be careful by interpreting external
fatalistic locus of control as predictor for self-reported-use of desirable
difficulties because the external fatalistic dimension only reached significance in
a shared/larger model (model 3) within which the control variables stress and
self-efficiency beliefs were integrated (Table 3). Thus, it seems that the external
fatalistic dimension shares some variance with stress and/or self-efficiency
beliefs. Individuals scoring higher on the external fatalistic dimension could
possibly be less sensitive to stress, insofar as that they believe their success to be
dependent of fatalistic causes like chance and not on their own abilities. Future
studies focusing on the relation between external locus of control and stress
would be valuable to further explore this linkage.

In general, we want to highlight that internal locus of control significantly
correlated with all kinds of desirable difficulties and that regression analyses
revealed that the major impact on self-reported use of desirable difficulties
emanates from internal rather than external fatalistic locus of control. Due to this,
we consider internal locus of control as the more important factor regarding
affective and cognitive perception of desirable difficulties. Hence, the following
practical implications will only refer to the role of internal locus of control.

Altogether, the findings are relevant for students in self-determined
learning situations as well as for teachers whose aim it should be to promote the
long-term learning success of their students. Teachers should be aware that
different students, with their different learner characteristics, show different
learning styles and that students (external) locus of control could be one
important factor why some of them use more ineffective strategies, while others
make greater use of more effective strategies. Given that internals and externals
benefit equal from the application of desirable difficulties, especially insecure
students which may feel overstrained (because of their external locus of control)
should be sensitized above the superior learning benefits of desirable difficulties.
Besides, teacher could help externals as well as internals using desirable
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difficulties for instance through presenting them more opportunities to do so in
the school or university context.

However, one limitation of our study is that we focused on correlations
and not on causal effects. Thus, future studies should try to test our results using
manipulations and not only observing relations. In line with this, even if our
study showed that individuals with a more internal locus of control had more
positive perceptions and increased applications of those strategies, it did not
automatically evidence that internals also achieve greater learning success per se.
The effect of locus of control on learning success due to the application of
desirable difficulties has not yet been clarified. Thus, it seems to be interesting
for further research to examine if locus of control acts as moderator in the relation
between application of desirable difficulties and learning success in a real
academic context. If internals and externals for instance don’t benefit equally
from the application of desirable difficulties - for example because internals
show better skills in seeking relevant information (e.g., Phares, 1968; Ude &
Vogler, 1969; Wolk & DuCette, 1973) - a new question follows: In this case it
seems to be valuable that teachers could be able to shift locus of control of their
students to a more internal direction to promote their learning success. Thus,
further research should examine if locus of control is changeable in an academic
context.

Furthermore, it seems to be important to focus on the difference between
locus of control and self-efficiency beliefs. In both multiple regression analyses
self-efficiency beliefs showed significant impact on attitudes towards desirable
difficulties (however, the effects of internal locus of control remained significant
even while controlling for self-efficiency beliefs). Indeed, self-efficiency belief
coefficients were even relatively smaller than coefficients of internal locus of
control. Hence, further research should focuse on the difference between locus
of control and self-efficiency beliefs.
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Intercorrelations, Means, Standard Deviations and Cronbachs o for Single Desirable Difficulties,

Attitudes, Self-Reported Use, Locus of Control, Stress, and Self-Efficiency Beliefs (N
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Performance Expectancies Moderate
the Effectiveness of More or Less
Generative Activities Over Time

Marc-André Reinhard*t, Sophia Christin Weissgerber' and Kristin Wenzelt

Department of Psychology, University of Kassel, Kassel, Germany

We examined if the benefits of generation for long-term learning depend on individual
differences in performance expectancies (PEs) prior to learning. We predicted that
a greater generative activity (problem-solving) compared to less generative activity
(worked-examples) should be more effective for pupils with higher PEs, especially in the
long run. As a comparison group for problem-solving, we implemented a special type
of worked-examples that decreased engaging in self-explanations, because our main
prediction focused on PEs moderating the long-term effectivity of less versus greater
generative activities. We tested students’ immediate and delayed performance (after
3 months) using coherent curricular materials on linear functions in a sample of eighth
graders (advanced school track). The results were partly in line with our predictions:
Although we found no moderation of PE and generative activity, we obtained the
predicted 3-way interaction of PE, generative activity, and time. Immediately, greater
generative activity (problem-solving) was beneficial for pupils with higher PEs, while
for pupils with lower PEs, problem-solving versus worked-examples did not differ.
In the delayed test, this pattern reversed: for lower PEs, greater generative activity
outperformed less generative activities, but there was no difference for higher PEs.
Unexpectedly, the initial advantage of problem-solving for higher PEs could not be
maintained, decreasing over three subsequent months, whereas the performance in the
worked-example condition remained at a comparable level for higher PEs. The change
in performance in the problem-solving condition for lower PEs was descriptively less
pronounced than in the worked-example condition, but statistically not different. We
further investigated the effects of problem-solving and worked-examples on changes
in PEs after learning and after testing, hinting at gradual decrease in PEs and
greater metacognitive accuracy in the problem-solving condition due to a reduction
of overconfidence.

Keywords: desirable difficulties, problem-solving, generation effect, worked-examples, performance

expectancies, meta-cognition, long-term learning

INTRODUCTION

The idea to trouble a learner by a difficult learning task may appear strange. Intuitively, wouldn’t
one ease the learning task to match the learner’s achievement prediction in hope of raising said
learner’s achievement prospects? Yet, a growing body of research on a phenomenon dubbed
“desirable difficulties” (e.g., Bjork, 1994; Bjork and Bjork, 2011) indeed supports such a seemingly
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odd learning approach. The label “desirable difficulties” subsumes
various learning conditions which require considerable but
manageable effort to foster long-term learning. Although the
introduced difficulties may not be beneficial for the short
term, overcoming the difficulties may induce desirable cognitive
processes and strengthen memory, thus paying off in the long run
(e.g., Bjork and Bjork, 1992, 2011; Bjork, 1994).

It is often theorized that such learning gains can be
attributed to stimulations of cognitive processes that increase
an understanding and deeper encoding of information, and that
desirable difficulties anchor information in long-term memory
(e.g., Bjork and Bjork, 1992; Bjork, 1994). The kind of processing
required of a difficult learning task and the processing used
by the learner are identified as two central aspects regarding
the desirability of a difficulty (McDaniel and Butler, 2011):
Interindividual learner’s characteristics and the learning task can
moderate the beneficial effects of desirable difficulties on learning
success. A small but growing body of research concerns this
interplay; thus, one goal of the present study is to examine the
role of interindividual differences in performance expectancies
(PEs) prior to learning as a moderator for learning outcomes
when studying with two different activities: either with problem-
solving requiring greater generation activity to solve math
problems, or with (a special type of) worked-examples requiring
less generative activity since the solution and solution steps
were explained. The explicit instructions on the solution steps
decrease learners’ engagement in self-explanation and therefore
lower learners’ generative activity, while still providing expert
mental models. Our worked-examples function as comparison
group to problem-solving. As such, our special worked-examples
condition resembles more closely the common (re-) reading
control group in research on generation (e.g., Bertsch et al,
2007) and testing effects (e.g., Kornell et al., 2012). Learning
by (re-)reading can lead to overconfidence as unjustifiably high
meta-cognitive judgments of one’s learning compared to actual
learning outcomes (e.g., Karpicke and Blunt, 2011). In this
sense, studying our worked-examples may convey the (mistaken)
assumption that read information is already learned, even
though learners may not be able to recall the information.
Such an illusion of competence can be the consequence of
undiagnostic cues whenever information is present during
studying and absent but solicited at a performance test (Koriat,
1997; Koriat and Bjork, 2006).

Desirable difficulties can decrease learners illusion of
competence (e.g., Karpicke et al., 2009; Diemand-Yauman et al,,
2011) by decreasing the mismatch of cognitive processing during
study and during testing (McDaniel and Butler, 2011). Test and
retrieval experience in particular reduce competence illusions
(Koriat and Bjork, 2006). Thus, experiencing difficulties during
problem-solving as a test event requiring greater generative
activity may challenge learners’ competence illusion and in
turn increase metacognitive accuracy (especially beyond the
accuracy of studying worked-examples, which learners did not
have to solve or engage in much self-explanations). In particular,
literature on self-regulation has emphasized the value of accurate
metacognitions for the regulation of future learning behavior
(e.g., Zimmerman, 2008). Thus, another goal of the present

study concerns the effects of problem-solving as the incantation
of generation on changes and accuracy in PEs prompted after
learning and after testing as metacognitive assessments.

Our present paper follows two related lines of argumentation.
First, we introduce the generation effect as a desirable difficulty
and introduce how interindividual differences can play a
moderating role for learning success. These considerations serve
to build the case for PEs prior to learning as moderators
for problem-solving requiring greater generation activity than
our worked-examples. We then outline how PEs after learning
and testing may function as metacognitive assessments. These
later PEs are likely differentially affected by problem-solving
in contrast to worked-examples regarding competence illusions,
which would pose consequences for metacognitive accuracy.
Thus, PEs should be more accurate after working on greater
generative problem-solving tasks than after less generative tasks
of simply studying already worked-examples (with explicit
explanations on solution steps).

The Generation Effect as Desirable
Difficulty

The benefits of multiple desirable difficulties [e.g., generation
effect, Bertsch et al. (2007); testing effect, Roediger and Karpicke
(2006); distributed learning, Cepeda et al. (2006)] for memory,
comprehension, and transfer are well documented (e.g., Bertsch
et al., 2007; Rowland, 2014; Adesope et al, 2017). One form
of desirable difficulties is the generation effect, which concerns
the finding that actively generated information (e.g., solving
problems, finding solutions to problems, generating answers, or
producing of information) is remembered better than if the same
information is more passively consumed (e.g., reading already
solved problems or already worked-examples; e.g., Bertsch et al.,
2007). All generative activities have in common that they require
learners to engage in more effortful and deeper processing. In
line with this, generated information requires learners to go
beyond the information, for instance by relational processing of
the provided information or by constructing links to previous
knowledge (see Wittrock, 1989; Fiorella and Mayer, 2016). In line
with this, actively generating information is more difficult than
its mere reception (e.g., McDaniel et al., 1988; Ebbinghaus, 1913;
DeWinstanley and Bjork, 2004; Bertsch et al., 2007), as is the
generation of predictions and inferences rather than repetitions
of solutions (e.g., Crouch et al., 2004).

Despite — or actually because of - being more difficult,
self-generation can be more effective (e.g., Bertsch et al,
2007). Beneficial generation effects in learning were shown with
naturalistic and/or curricular materials regarding complex topics
(e.g., astronomy, engineering, physics) conducted in schools
and universities (e.g., Renkl et al., 2002; Crouch et al., 2004;
Richland et al., 2005; Moreno et al., 2009). Thus, positive effects
of generation tasks arise in complex and realistic situations (and
not only in laboratory settings using artificial or simple tasks).
Furthermore, the generation effect is often thought to be related
to the testing effect but considered to be broader in retrieval mode
(e.g., Karpicke and Zaromb, 2010) requiring more elaborative
in-depth processing (e.g., Bertsch et al., 2007; Rowland, 2014).
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Moreover, the advantage of generation/testing increases for
longer time periods between the generation task and the criterion
test of the learned information (e.g., Bertsch et al., 2007), even
though generation, for example of problem-solutions, may be
undesirable in the short-term at the beginning of knowledge
acquisition when worked-examples are more desirable (Kalyuga
et al., 2003). Even worked-examples can outperform testing
activities long-term when previous knowledge is low and the
materials are high in element-interactivity (van Gog and Kester,
2012; van Gog et al, 2015). However, our special worked-
examples, serving as control group, violated an important
guideline (Renkl, 2014): Reducing self-explanation diminishes
the effectivity of worked-examples (e.g., Berthold and Renkl,
2009; Hefter et al., 2014). The goal was to increase the difference
in generative activity across both learning conditions: Problem-
solving required greater generation, whereas worked-examples
prompted little generative activities due to providing expert
problem-solving schemes with high instructional guidance. Thus,
we did not expect a worked-example effect (e.g., Schworm and
Renkl, 2006; see also Wittwer and Renkl, 2010). It was necessary
to avoid comparing two learning conditions that both entailed
highly generative elements to examine our proposed moderation
of PE and long-term effectivity for generative activities. However,
worked-examples reduce cognitive load and are advantageous
during initial acquisition. Problem-solving is more effective later
on - after learners’ expertise has increased (e.g., Renkl and
Atkinson, 2003) - as well as for learners with greater previous
knowledge (e.g., Kalyuga et al., 2001). This phenomenon is
known as the expertise-reversal effect (e.g., Kalyuga et al., 2003;
Kalyuga and Renkl, 2010; Spanjers et al., 2011).

Because of the difficulty of the generation task, learners can
make errors while generating or fail to generate/solve problems
at all (especially if they are forced to engage in such a challenging
learning task; cf., Metcalfe and Kornell, 2007). The efliciency
of generation, however, depends on the success of generation;
more accurately, generated items lead to more learning success
(e.g., Richland et al., 2005; Rowland, 2014). Thus, giving feedback
and/or correcting errors moderate the benefits gained from
generation tasks (e.g., Slamecka and Fevreiski, 1983; Pashler et al.,
2005; Kang et al., 2007; Metcalfe and Kornell, 2007; Potts and
Shanks, 2014; Metcalfe, 2017). Taking this into account, different
learner characteristics potentially moderate the positive effects
of generation tasks. This notion is echoed in other research
(e.g., expertise reversal effect; Kalyuga et al., 2003; Kalyuga and
Renkl, 2010; Spanjers et al., 2011). For instance, the expertise
reversal effect states that some learning processes that prove
beneficial for weaker learners or learners with lower previous
knowledge (due to reduced working memory load) have no effect,
or even detrimental effects, for stronger learners or learners with
higher previous knowledge. Thus, it seems important to check for
learner requirements or moderators that enhance the benefits of
difficult learning conditions.

A hypothesis for when difficulties are desirable explicitly
conceptualizes the moderating role of learners for difficulties to
be desirable, specifically, the fit between learners’ characteristics
and the generation task; the fit of the learning content and
the type of generation task; and the fit of the generation task

and the performance test are interrelated (e.g., McDaniel et al.,
2002; McDaniel and Butler, 2011). Thus, they emphasize learner
characteristics and prerequisites as moderators for the beneficial
effects of desirable difficulties on learning success.

On the one hand, the authors (e.g., McDaniel et al., 2002;
McDaniel and Butler, 2011) imply that desirable difficulties
may be especially beneficial for learners with lower (cognitive)
abilities. That is, difficulties could lead to cognitive processes and
applications of effective strategies that learners would not have
spontaneously used themselves. This in turn enhances learning,
so desirable difficulties instigate compensatory processes. For
instance, different studies implementing varying forms of
desirable difficulties supported this assumption for the following
abilities: lower general intelligence, lower structure building
readers, and lower cognitive motivation (lower need for
cognition; McDaniel et al., 2002; Brewer and Unsworth, 2012;
Schindler et al., 2019).

On the other hand, researchers also implied that desirable
difficulties can only increase learning if learners are able to fulfill
the prerequisites of the difficult tasks. Hence, the effectivity of
the desirable difficulties is tied to complementary preconditions
between learners and tasks. For instance, studies showed higher
previous knowledge and higher reading skills to be prerequisites
for beneficial desirable difficulties (McNamara et al.,, 1996;
McDaniel et al., 2002). McDaniel et al. (2002) supposed that
less able readers had to use most of their processing capacities
to correctly generate the items, so that they had no cognitive
resources left to further process and encode the information.

These assumptions indicate that learner characteristics can
moderate the beneficial effects of desirable difficulties in the
above-mentioned two ways. However, the assessment of learner
characteristics has so far not been exhaustive, meaning that
further characteristics, for instance (cognitive-motivational)
expectancies, are worthy to be explored.

Performance Expectancies Prior to
Learning as Moderator for the

Generation Effect

One such learner characteristic worth examining may be
performance expectancies (further PE/PEs). Expectancies are
theorized to influence learners behavioral orientations as well
as the intensity or persistence of learners’ behaviors and
consequently their performance (e.g., Eccles, 1983; Eccles and
Wigfield, 2002). PEs describe individuals’ subjective beliefs or
ratings of how well one will perform in academic or achievement
related tasks (e.g., Eccles, 1983; Eccles and Wigfield, 2002;
Marshall and Brown, 2004) and could be related to or influenced
by previous knowledge (for instance, higher previous knowledge
could enhance the expectation to solve the same tasks). PEs
are metacognitive predictions about future performances with
motivational consequences: Such expectancies have been shown
to be positively related to actual performance because they
can shape the time and effort learners invest in tasks (e.g.,
Marshall and Brown, 2004; Schindler et al., 2016). PEs depend
on an individual’s self-concept and the perceived difficulty of
the learning task (e.g., Marshall and Brown, 2004; Dickhduser
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and Reinhard, 2006). PEs only enhanced actual performance for
difficult tasks but had no influence on performance on easy tasks
[probably because these can be solved without further effort; e.g.,
Marshall and Brown (2004), Reinhard and Dickhduser (2009)].
This should be especially relevant for desirable difficulties, which
are inherently more difficult learning tasks.

Accordingly, generation tasks (and the required more
intensive and deeper information processing) should be more
effective for learners with higher PEs: Learners with higher
PEs should better match the difficult generation tasks because
they are more motivated to exert (cognitive) effort, time, and
persistence. In contrast, low PEs can potentially reduce learners’
motivation and persistence while working on generation tasks
because learners believe that they will not be able to solve the
tasks. Further, higher PEs can be seen as a more relevant learner
characteristic for (difficult) tasks in which participants must
actually solve problems, in contrast to (easier) tasks in which they
have to read worked-examples.

Performance Expectancies After
Learning and Testing as Metacognitive
Assessments

The previous considerations focused on PEs - formed prior
to working on a learning task - as a learner characteristic,
which may function as a moderator for learning success. PE in
this sense is identified as another potential moderator similar
to other moderators discussed above, like previous knowledge.
The difference of PE in comparison to these aforementioned
moderators lies in the metacognitive nature of PE, whereas
previous knowledge is cognitive in nature. Thus, a metacognitive
performance judgment prior to learning may moderate learning
success. This can be seen as one part of the story. The second part
concerns how metacognitive judgments can act as a moderator
for regulatory processes during and after learning, and therefore
act as a mediator for learning success (e.g., Serra and Metcalfe,
2009). In this sense, PE - formed during or after learning and
testing — may potentially be tied to metacognitive accuracy and
metacognitive accuracy (in tandem with regulation accuracy) was
shown to function as a mediator for learning success (e.g., Thiede
et al,, 2003). Therefore, we will briefly consider how solving
problems opposed to studying problem solutions may influence
metacognitive assessments and accuracy.

Metacognition — which refers to the knowledge of one’s
own cognitive processes — can direct regulatory processes
such as restudy choices (Dunlosky and Metcalfe, 2009).
For example, problem-solving can improve the accuracy
of judgments of learning (JOL) by decreasing performance
overestimations (Baars et al., 2014, 2016). Accurately estimating
and monitoring one’s performance are important educational
outcomes because accurate metacognition effectively guides
studying (Dunlosky and Lipko, 2007). Since metacognitive
assessments guide learning, for example, by invested time
(Son and Metcalfe, 2000), mental effort (Mihalca et al., 2017),
or restudy decisions (Thiede et al., 2003; Dunlosky and
Rawson, 2012), so do PEs influence time and effort allocations
(Schindler et al., 2016). Since PEs describe individuals’ subjective

performance beliefs (Marshall and Brown, 2004), they are
(task-specific) metacognitive competence ratings and as such
are a form of metacognitive judgment. PEs prompted after
learning - similar to JOL prompted after learning - should be
less influenced by the self-concept and instead should be more
rooted in the experience of the actual learning task. Therefore,
previously found effects of problem-solving versus worked-
example studying on metacognitions and accuracy are likely to
apply to PEs as well.

Effects of Problem-Solving on
Performance Expectancies as

Metacognitive Assessments

In contrast to problem-solving, worked-examples can be seen
as procedural solution scaffolds and are thereby mentally less
taxing (in terms of working-memory load) and designed to ease
schema construction (Sweller, 2006). However, such reduced
difficulty (relative to problem-solving) can have metacognitive
drawbacks in terms of conveying an illusion of competence
after studying worked-examples (Baars et al., 2014, 2016), for
example, when the content is currently accessible but will not
be (completely) available later (e.g., Koriat and Bjork, 2005;
Karpicke et al., 2009). Competence illusions during and after
learning can negatively impact learning success: Overconfidence
can lead to faulty regulation, such as early study termination
or inaccurate selection of materials for restudy (Thiede et al,
2003; Dunlosky and Rawson, 2012). Overconfidence may also
lead learners to underestimate the effort necessary to internalize
correct and complete problem-solving schemas from worked-
examples (Kant et al, 2017). Thus, experiencing difficulties
while learning with problem-solving may challenges learner’s
competence illusion, which may stimulate learners to engage
in deeper and (cognitive) more effortful information processing
(e.g., McNamara et al, 1996; Diemand-Yauman et al.,, 2011);
and increase metacognitive accuracy in terms of predicted
performance and actual performance (Baars et al., 2014); as well
as, increase regulation accuracy in terms of selecting the right
materials for restudy (Baars et al., 2016).

Multiple reasons are discussed as to why problem-solving
can improve metacognitive accuracy. Baars et al. (2016) suggests
that problem-solving as a generation activity allows learners to
recall and test the quality of their acquired schema. They further
capitalize on the idea of postdiction judgments (Griffin et al.,
2009), which refers to the idea of utilizing test performance of
a previously completed task as a cue on which to base judgments.
Others suggest that encoding and retrieval fluency can influence
metacognitive judgments (Agarwal et al, 2008; Pieger et al,
2017). All have the same implication that problem-solving entails
more accurate cues on which to base metacognitive judgments,
reducing overconfidence and increasing metacognitive accuracy
(Kant et al., 2017).

The presented logic and previous findings of problem-
solving versus studying worked-example on metacognitions and
accuracy should also prove applicable to PEs: Learners may use
the experienced difficulty of solving problems as opposed to
reading worked-examples as a cue to lower their PEs, because the
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difficulty of solving problems may challenge learners’ competence
illusion. In contrast, reading less difficult worked-examples
may not challenge learners’ competence misconceptions. If so,
learners in the problem-solving condition should decrease their
PEs after the learning task and indicate more accurate PEs with
respect to the later test outcome. Learners in the worked-example
condition should not adjust their PEs. Hence, metacognitive
accuracy should be improved in the problem-solving condition
in contrast to worked-examples.

The Present Study

The present work focuses on the generation effect and
examines the potentially moderating role of learners initial
PEs. Generation tasks are demanding tasks that require the
recruitment of more cognitive capacities and deeper/more
elaborate processing to solve the tasks and overcome the
challenge. Thus, learners must exert more thinking, more time,
and more effort to solve such tasks to reap their benefits.
Hence, participants should be motivated and persistent, but
this is not automatically the case for every learner. Regarding
learner characteristics, PEs can lead to higher performance in
achievement tasks through more allocation of resources like
time, persistence, and effort. Thus, higher PEs can be seen
as a fit between the generation tasks and learners’ abilities
to cope with them. As mentioned above, a better fit between
(cognitive) prerequisites of the task and (motivational-cognitive)
characteristics of the learner is important for the effectiveness of
such difficulties. Learners with higher PE are potentially more
prone to exert and persist in more effortful processing.

Due to the above theoretical and empirical arguments, we
propose the following hypotheses: (H1) We assume a two-way
interaction between the condition (problem-solving vs. worked-
example) and time (immediate vs. delayed). Performances
in the worked-example condition should be higher in the
immediate test, while the performances benefits of problem-
solving should be apparent at the delayed test (time x condition).
We also suppose a two-way interaction between the condition
and PEs. (H2) Higher PEs should be more advantageous
when solving problems compared to reading worked-examples
(PE x condition). Since generation effects are desirable
difficulties that often have greater delayed benefits rather than
immediate benefits, we can assume a three-way interaction of
condition x PE x time. (H3) The advantage of problem-solving
for higher PEs should be more pronounced later in the delayed
performance test rather than in the immediate test. Therefore,
we predict a three-way interaction of PEs, condition, and time
(PE x condition x time). We tested these hypotheses based on
students’ immediate and delayed performance (after 3 months)
using coherent curricular materials on linear functions in a
sample of eighth graders (advanced school track) and measuring
PEs prior to engaging in the learning task.

The present work also investigates the effects of problem-
solving and worked-examples on PEs after learning as a
competence-related form of metacognitive judgment. Since
problem-solving can affect metacognitive assessments and
accuracy by decreasing competence illusions, the difficulty of
solving problems may challenge a learner’s initial performance

overestimates. In contrast, a mere reading of problems and
their solutions should align with a higher (misplaced) sense of
competence (cognitive illusion), which should result in higher
PEs for problem-information than for read-only.

We will thus test if the formation of more accurate PEs
depends on active problem-solving required by the learning task:
Initial PE prior to learning (and hence prior the experimental
manipulation) should not differ, whereas during learning (and
hence depending on the experimental learning condition), PEs in
the solving condition should be lower compared to the worked-
example condition. This difference should be eliminated once
the problems of the performance test are completed by all (that
is, also by worked-example learners), and pupils must indicate
retrospectively how well they thought they did in the test (because
all learners experienced the difficulty of problem-solving, in this
case of the test problems).

Regarding later PEs prior to the second performance test
3 months later, it is possible that pupils base their PEs on
their judgments of their performance after the first test. In
this scenario, PEs prior to the second test may equal the post-
test PEs. Another scenario may be that pupils remember the
learning experience and base it on the experienced difficulty
while learning, thus PEs prior to the second test may be lower
in the problem-solving condition. In either case, we predicted
an interaction effect of condition and time on metacognitive
judgments of performance (H4). Moreover, calibration accuracy
(a smaller difference between expected performance and actual
performance) should be more precise for problem-solvers in
contrast to worked-examples: If learners in the problem-solving
condition decrease their PEs after the learning task, their PEs
should be more accurate with respect to the later test outcome.
Learners unadjusted PEs in the worked-example condition
maintain a competence misconception and therefore should be
less accurate (H5). We tested these hypotheses by additionally
measuring PEs after learning, after the immediate performance
test, and prior to the delayed performance test.

MATERIALS AND METHODS

Participants and Design

Participants were children in the eighth grade of the secondary
school track recruited from a school located in a medium-sized
town in Germany. Written, full, informed consent was obtained
from the principals, teachers, parents, and children," which
resulted in an initial sample of N = 71. Not all participants were
present at the first in-class session in school, nor at the second
in-class session 3 months later, resulting in #gession 1 = 68 (41
females) and ngegsion 2 = 64 (39 females). This led to n = 61 pupils
being present at both in-class sessions (32 in the worked-example
condition and 29 in the problem-solving condition; mean

This study was conducted in full accordance with the Ethical Guidelines of the
German Association of Psychologists (DGPs) and the American Psychological
Association (APA). This study was fully approved by the Ethics Committee
affiliated with the Hessian Ministry for the Science and the Arts (Yasar Karakas,
Hessisches Kultusministerium, Referat 1.3.2, Luisenplatz 10, 65185 Wiesbaden,
Germany; Phone: +49 611 368 - 2734; E-mail: Yasar.Karakas@kultus.hessen.de).
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FIGURE 1 | Timeline and schematic design in-class Session Time 1. Gray-colored arrays denote the same procedures and materials for all participants; white arrays
show the differing procedures and materials according to the experimental manipulation. PE, performance expectancy; PT, problem set; EP, estimated performance;
thus PE1-PS1, performance expectancy measurement 1 for problem set 1; PE2-PS1, performance expectancy measurement 2 for problem set 1; PE3-PS1,
performance expectancy measurement 3 for problem set 1; PE1-PS2, performance expectancy measurement 1 for problem set 2; PE2-PS2, performance
expectancy measurement 2 for problem set 2; EP1-PS1, estimated performance for problem set 1; EP1-PS2, estimated performance for problem set 2.

age = 13.64 years, SD = 0.58). The participants were randomly
assigned to either the experimental condition (problem-solving)
or control condition (worked-examples). The randomization was
successful as the condition was not related to gender distributions
(@11 = 0.10, p = 0.46) or to competence distributions indicated
by previous math grade (Spearmans p = —0.14, p = 0.30;
Mworked—example =3.38 (~C), SD = 1.04; Mproblem—solving =3.03
(~C), SD = 1.12; F(1,59) = 1.52, p = 0.22, nﬁ = 0.03), or
to previous knowledge (Point-biserial r = 0.05, p = 0.70;
Mworked—example = 10.95, SD = 3.93; Mproblem—solving = 11.32,
SD = 3.48; F(1,59) = 0.15, p = 0.70, nf) = 0.00).> Thus, pupils
in both conditions had similar prerequisites. The materials were
pre-tested and adapted in a (different) sample of n = 30 eighth
graders prior to administration of the materials in their final
form in the current sample. The study was a 2(condition: solving
vs. worked-examples) x 2(post-test time point: immediate vs.
delayed) design with condition as between-subjects factor and
post-test time-point as within-subjects factor. As a token of
appreciation at the end of the study, the children received sweets
and a small gift (puzzles) for their time and effort.

Procedures

Prior to the study, the teachers had briefly introduced the
topic of linear functions to the children. The children were
novices and therefore they had very low previous knowledge.
The teachers were instructed to omit any exercises that would be
related to computing slopes and functions in their introductory
teachings. Furthermore, the teachers handed short questionnaires
to the children. They contained the measurements of multiple
personality variables (not relevant to the proposed hypotheses in
this paper but covered in another manuscript on the relationship
of personality and long-term performance in a surprise test) and
were collected by the researchers prior to the in-class session.
All obtained data from the participants were pseudonymized

2The pupils were novices to linear functions. Most points in the previous
knowledge test were achieved based on recognizing the graphs of linear functions
(Appendix Figure A1l in Supplementary Material, task 2); not by the tasks 4-7.

based on number codes to allow subsequent matching of the
data in both in-class sessions. Data collection in all school classes
was conducted by the second author, supported by research
assistants. All materials were paper—pencil contained in folders.
All participants were allowed to use a calculator.

First In-Class Session

In class, participants were randomly re-seated. Multi-colored
maps veiled the study’s condition to the children. The color-code
also served to avoid having children with the same experimental
condition clustered together. After a brief welcome to the pupils,
all instructions were scripted, and all activities were timed.
Figure 1 shows the procedures schematically. After a short test
on participants’ previous knowledge (see Appendix Figure Al in
Supplementary Material), participants received two explanatory
content pages (see Appendix Figure A2 in Supplementary
Material). All participants were instructed to read the contents
carefully, to try to comprehend them, and to keep in mind the
important information highlighted in bold, bright red. They were
told repeatedly that they would need the highlighted information
in these explanatory materials for the upcoming test.

Once participants had studied the explanatory materials in
their folders, they received a brief example of test problem set
1 (see Appendix Figure A3 in Supplementary Material). It had
the same surface structure as in the upcoming test. Due to that,
participants were asked to indicate their PEs for this problem
set (PE1-PS1). Subsequently, all participants received the correct
solution steps for this particularly presented example problem,
followed by a second assessment of their PEs (PE2-PS1).

The subsequent pages contained further problems of set 1,
yet these problems differed for the participants depending on
the experimental condition they were in (see Figure 2). In the
worked-example condition, participants received these problems
with all correct solution steps worked out, accompanied by short
explanations of the steps; in the solving condition, participants
had to solve all problems by themselves, however, they could
refer to the previous materials (open-book). The instruction for
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FIGURE 2 | Learning phase: manipulation problem set 1.
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participants in the worked-example condition read, “Please read
the correct solution steps thoroughly, try to comprehend them,
and learn them.” The instruction for the solving-condition read,
“Please try to solve all problems.” Participants in the solving-
condition were provided with the correct solutions for 2 min at
the end of this task, then all participants were asked a third time
to indicate their PEs for this problem set (PE3-PS1).

The next page contained an example of a new problem set
(problem set 2), which had a similar surface structure as in
the upcoming test (see Appendix Figure A4 in Supplementary
Material). Due to that, participants were asked to indicate
their PEs (PE1-PS2). Again, the following pages differed for
participants depending on their experimental condition (see
Figure 3). In the worked-example condition, the correct solution
steps were displayed with some explanations. In the solving
conditions, the problem set had to be solved. Again, participants
in the solving condition could use the previous materials as
reference to help them solve the task, and they were provided with
the correct solution for 2 min. For all participants, the next page
contained the second PE measurement of problem set 2 (PE2-
PS2). A short survey with control questions (like perceived task
difficulty or invested effort) concluded the learning phase prior
to the test phase (see Appendix B in Supplementary Material).

Participants started the test phase with seven new problems of
set 1 and 15 min time to solve them (see Appendix Figure A5
in Supplementary Material). Thereafter, participants had 30 s
to estimate how well they had just performed (PE4-PS1).
Participants then continued with new problems of set 2 and
10 min of time and afterward were asked once again to estimate
how well they had just performed (PE3-PS2). Once the test phase
was finished, they answered questions regarding their overall
learning and test experience and about their attitudes toward the
learning method.

Second In-Class Session

Both in-class sessions were 3 months apart (see Figure 4 for
the schematic design of In-class Session 2). As in the previous
session, participants were randomly re-seated. Once participants
had opened their folders, they read that they would receive the
exact same set of test problems as in Session 1 (pupils did not
expect the second test). Yet, prior to the second test, they were
again asked to indicate their PEs for the test problem set 1 (PE5-
PS1) and for the test problem set 2 (PE3-PS2). Thereafter, pupils
had 15 min time for the test problems of set 1 and 10 min
time for the test problems of set 2. (Then, pupils had 20 min to
solve the new surprise test problems, which were irrelevant to the
hypothesis tested.) Session 2 concluded with a brief questionnaire
with control questions (e.g., whether they took the test seriously
and how much effort they invested in solving the problems).
Finally, participants were thanked and dismissed.

Materials and Measurements

Given the complexity of the materials, a few words on the
materials’ structure and logic is warranted. The materials
represented real curricular contents and were developed in
cooperation with subject didactics. The contents focused on
linear functions, specifically on computing slopes and deriving
equations. Of the explanatory material (see Appendix Figure A2

in Supplementary Material), the first page pointed out
similarities between a bijective mapping rule and the equation
of a positive linear function. Both forms, y = mx (through the
origin) and y = mx + b (shifted origin) were covered. The second
page contained new content for the participants: the logic behind
a slope and its formula for computation, the logic behind the
y-axis and the constant b, and the link to the equation of a linear
function. The materials of both problem sets in the learning phase
focused on positive linear functions through the origin. Both
test problems (see Appendix Figures A5, A6 in Supplementary
Material) required transfer to negative linear functions. Both
forms were required (y = mx; y = mx + b).

Problem Sets

Two coherent problem sets were chosen. Therefore, all following
measurements and manipulations had to be phrased for both
problem sets. For the analyses, like in any exam, one final score
represented the test performance comprised of both problem sets.

Problem set 1

Problem set 1 required of the participants to (a) identify a line
based on two given points in a coordinate system; (b) derive the
functional equation; (c) compute the slope; (d) indicate whether
a new point lies on the same line; and (e) proof the answer
mathematically. Problem set 1 focused more on the execution of
arithmetic computational procedures based on abstract contents.

Problem set 2

Problem set 2 required (a) sketching of a graph into a coordinate
system; (b) finding a specific y-value in the graph; (c) explaining
what a slope is; (d) computing the slope; (e) deriving the
functional equation; and (f) computing a specific x-value.
Problem set 2 focused more on the application of arithmetic
formula to real-world contents.

Performance Expectancies

PEs were assessed as task-specific and therefore measured
separately for each problem set (see Figure 1). After participants
were shown an exemplary test problem of set 1 (see Appendix
Figure A3 in Supplementary Material), three items recorded
their PEs. The first item read, “How well do you think you will
perform in the upcoming test with this type of problems? Please
estimate which grade you will be able to achieve in a test with seven
test problems of this type.” The range is from 1 = very good [A]
to 6 = fail [F]). The second item read, “How many points of 35
total do you think you will be able to achieve in the upcoming test?”
The range is from 0 to 35. The third item read, “How many of the
seven test problems of this type do you think you will be able to solve
correctly in the upcoming test in 15-minutes of time?” The range is
from 1 to 7.° PEs for problem set 2 were measured with two items
(see Appendix Figure A4 in Supplementary Material).

3Note that we included three questions to assess performance expectancies because
we were not sure about accuracy and variance of pupils’ judgments — whether
eighth graders would naturally judge their performance in expected grades, or
points, or number of test problems solved - and whether grade and number of
test problems solved would vary enough for meaningful analyses. Since the three
assessments were highly correlated and variances were highest for judgments in
points, we included the performance expectancies of points in the main analyses.
(Expected points also had the same metric as points achieved in both post-tests.)
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Solving Condition
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Exercise 2: Complete accordingly.

If you watch a dripping water tap for a continued period of time, then you will notice, it is dripping consistently. Susanne made the following measurements:

[ Time since the water tap drips inmin [0 | 60 [90 [ 240 ]
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a) In the graph, indicate how much water has been dripping into the sink after 150 minutes. Chart the corresponding line in the coordinate system, write
down this number.
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Exercise 2: Read and memorize the solution steps.

If you watch a dripping water tap for a continued period of time, then you will notice, it is dripping consistently. Susanne made the following measurements:
Time since the water tap drips in min [0 | 60 [ %0 [ 240 |
Amount of water in the sink in ml 0 | 300 | 4%0 | 1200 |

b) In the graph, indicate how much water has been dripping into the sink after 150 minutes. Chart the corresponding line in the coordinate system, write
down this number.
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FIGURE 3 | Learning phase: manipulation problem set 2.
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FIGURE 4 | Timeline and schematic design in-class Session Time 2.
PE4-PS1, performance expectancy measurement 4 for problem set 1;
PE1-PS2, performance expectancy measurement 3 for problem set 2.

In the test phase, after completing each test problem set,
participants were asked to retrospectively estimate how well they
had performed. The item for one’s post-test PEs (problem set 1)
read, “How well do you think you performed with respect to the
previous test problems?” Possible answers included, “I think that
I achieved (grade).”; “I think I solved ____ (number) of
seven problems correct”; “I think, I obtained (points) of 35
points.” The item for one’s post-test PEs of set 2 mirrored the
items for problem set 1 (without the third item).

Experimental Manipulation

Figures 2, 3 illustrate the difference between both experimental
conditions in the learning phase. In the Solving Condition,
seven different problems of set 1 had to be solved. In the
Worked-Example Condition, the same seven problems were
presented along with their correct solutions, and along with each
step necessary to solve the problem correctly (including short
explanations). Likewise, in the Solving Condition, problem set
2 had to be solved by working alone, while in the worked-
example condition the solutions and step-by-step guidance were

provided. The instructions differed accordingly: “Read, try to
comprehend, and learn them, versus “work out the solution by
yourself.” Participants in the solving conditions received the
correct solutions to both problems for comparison.

Test Problems

The test problem sets had the same surface structure as the
problems sets in the learning phase but required transfer (the
problem sets for instance included only positive slopes and point
of origins in (0] 0), whereas the slopes in the test problems were
also negative and the points of origins could differ). Appendix
Figures A5, A6 in Supplementary Material display all used test
problems. The same test problem sets were used in Sessions 1
and 2. Two independent raters coded pupils’ answers to the test
problems with high interrater-reliability (Session 1 r = 0.95 and
Session 2 r = 0.97). Any remaining discrepancies were discussed
and resolved. A total of 42 points could be achieved (with
35 points for problem set 1 and 7 points for problem set 2);
Cronbach’s a = 0.88 (immediate post-test), Cronbach’s a = 0.92
(delayed post-test).

RESULTS

Performance by Learning Conditions
Across Post-tests

Exercising with worked-examples should be superior to problem-
solving with respect to an immediate performance, but inferior to
problem-solving in a later performance test (H1; see Table 1 for
descriptive statistics). An rANOVA with time as within-subject
factor and condition as between-subject factor (0 = worked-
examples, 1 = problem-solving) tested this proposition. We found
a main effect of time, F(1,59) = 9.34, p = 0.003, MD = —2.31,
SE = 0.75, 95% CI [—3.81, —0.80], nf) = 0.14, which means that
the overall performance worsened by about 2 points. We found
no main effect of condition, F(1,59) = 2.57, p = 0.11, MD = 2.43,
SE = 1.52, nf) = 0.04, 95% CI [—0.60, 5.47], only descriptively
performances in the problem-solving condition (M = 15.75,
SE = 1.10, 95% CI [13.55, 17.94]) was 2.43 points higher than in

TABLE 1 | Descriptive statistics of the central variables.

Variable

Condition

Worked-examples

Problem-solving

M(SD) 95% ClI M(SD) 95% CI
In-class Session 1
Initial performance expectancy in points® 23.20 (7.94) [20.27; 25.98] 18.87 (10.09) [15.30; 22.35]
Test performance in points 14.13 (5.30) [12.39; 16.08] 17.24 (6.85) [15.07; 19.69]
In-class Session 2
Test performance in points 12.50 (6.58) [10.49; 14.90] 14.25 (7.62) [11.81; 16.93]

95% Clis based on bootstrapping with 1000 samples. All initial performance expectancies and both post-test points ranged from 0 to 42 points. 4When Initial performance
expectancy is computed as mean of PS1-PET and PS1-PE2, summed with PS2-PET (that is with the initial performance expectancy after receiving an example solution
averaged), the values are similar, M = 23.54, SD = 8.01, 95% ClI [20.70, 26.19]. Performance expectancies prior and after seeing the example solution (PS1-PE1 and
PS1-PE2) are not statistically different in both groups (Worked example: t(31) = —0.97, p = 0.34, MD = —0.67, SD = 3.91, 95% CI [-2.08, 0.74], dconen = 0.09; Problem
solving: t(28) = —1.45, p = 0.16, MD = —1.17, SD = 4.37, 95% Cl [-2.83, 0.49], dconen = 0.13).
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the worked-examples condition (M = 13.31, SE = 1.05, 95% CI
[11.22, 15.41]). We obtained no interaction of time x condition,
F[1,59] = 0.83, p = 0.37, B= —1.37, SE = 1.51, 95% CI [—4.39,
1.6], nf) = 0.01. Thus, there is no support for the proposed 2-way
interaction of condition and time (H1).*

Performance by Learning Conditions
Across Post-tests Moderated by

Performance Expectancies

The following analyses scrutinize whether the effectivity of both
learning conditions differed as a function of post-test time point
and (standardized) initial PEs (sum of PS1-PE1 and PS2-PE1).
We examined whether learning with problem-solving was better
for pupils with higher PEs (H2), especially in the long run (H3).
All tests are reported two-tailed; the follow-up analyses as mean
comparisons are conducted within the subsequent model and,
if necessary, considered for higher (4+1SD) and lower (—1SD)
levels of standardized initial PEs and complemented by regions
of significance (Johnson-Neyman technique; determined with
PROCESS, Hayes, 2018).

We conducted repeated measures analyses of variance with
time as within-subjects variable, condition as between-subjects
variable (0 = worked-examples, 1 = problem-solving), and the
standardized initial performance expectancy as a continuous
moderator (cf. Judd et al, 2001) to specify the two-way
and three-way interactions. We were predicting a two-way
interaction of time x condition (H1), a two-way interaction of
condition X initial performance expectancy (H2), as well as a
three-way interaction of time X condition x initial performance
expectancy (H3).

The results show a main effect of time, F(1,57) = 13.26,
p < 0.001, MD = —2.70, SE = 0.74, 95% CI [—4.19, —1.22],

“The results are the same when including (standardized) previous knowledge or
math grade in the model.

nf) = 0.19, a main effect of initial performance expectancy,

F(1,57) = 19.83, p < 0.001, 7112; = 0.26, and a main effect of
condition, F(1,57) = 8.17, MD = 3.89, SE = 1.36, p = 0.006,
95% CI [1.17, 6.52], n%, = 0.13. Again, we did not obtain the
expected interaction of time and condition (H1), F(1,57) = 0.24,
p = 062, MD = —0.73, SE = 148, 95% CI [—3.70, 2.24],
n2 = 0.00. We found no convincing evidence for an interaction
of initial performance expectancy and time, F(1,57) = 3.62,
p = 0.06, nf) 0.06, and we did not find the predicted
interaction of initial performance expectancy and condition (H2),
F(1,57) = 0.08, p = 0.93, n?, = 0.00; nevertheless, the postulated
three-way interaction of time, initial performance expectancy,
and condition was significant (H3), F(1,57) = 5.30, p = 0.025,
B=—3.50, SE = 1.52,95% CI [6.54, 0.46], 1 = 0.09.5

To understand these findings, we first attend to the adjusted
main effects (for pupils with average initial PEs), which can be
interpreted as performance decreases across time by about 2.5
points. The higher the initial PEs, the better pupils performed,
and the overall performance in the problem-solving condition
was about 4 points higher than in the worked-example condition.
Note that the main effects of time and condition are the adjusted
effects under consideration of initial PEs and thus represent
the effects for an average level of initial PEs. The middle of
Figures 5-7 illustrates these time and condition effects. More
specifically (and given an average level of initial PE), in the
immediate post-test, pupils in the problem-solving condition
achieved 4.26 point more than those in the worked-example
condition, MD = 4.26, SE = 1.47, p = 0.005, 95% CI [1.31,
7.19], Cohen’s d = 0.76, which amounted to a 3.52 point

>The results are the same when including (standardized) previous knowledge or
math grade in the model. Thus, both previous knowledge and previous math grade,
that correlate with performance expectancies and post-test performance, can be
ruled out as alternative explanations. The results are also similar when computing
the model with initial performance expectancies as mean of PS1-PE1 and PS1-PE2,
summed with PS2-PEI.
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FIGURE 5 | Immediate post-test scores for both learning conditions at different levels of initial performance expectancies. WEX, worked-examples (0), n = 32; PBS,
problem-solving (1), n = 28. Error bars represent the standard error of the mean [WEX: 1.73 (-1SD), 1.02 (Mean), 1.33 (+1SD); PBS: 1.26 (-1SD), 1.06 (Mean), 1.58
(+18D)]. Performance expectancies (standardized) are depicted for lower, medium, and higher levels. Post-test scores could range from 0O to 42.

Frontiers in Psychology | www.frontiersin.org

-

1

August 2019 | Volume 10 | Article 1623



Reinhard et al.

Performance Expectancies and the Generation Effect

{3
n

10

Test Scores Time 2

.

Lower (-1SD)
6,83
11,98

] WEX
mPBS

Medium (Mean)
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advantage in the delayed post-test, MD = 3.52, SE = 1.63,
p = 0.034, 95% CI [0.27, 6.78], Cohen’s d = 0.56. The lack
of support for the time X condition interaction is due to
statistically similar performance decline over time in both
learning conditions, MD = —0.73, SE = 1.48, 95% CI [—3.70,
2.23], Cohen’s d = —0.13. In the worked-example condition,

post-test performance decreased about 2.5 points over time,
MD = —2.33, SE = 1.03, 95% CI [—4.39, —0.28], Cohen’s
d = —0.39, but about 3 points in the problem-solving condition
MD = —3.07, SE = 1.07, 95% CI [—5.21, —0.92], Cohen’s
d = —0.52. When decomposing the three-way interaction in
terms of the two-way interaction of PEs x condition for the
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immediate post-test and the delayed post-test, neither of the two-
way interactions was significant (Immediate Post-test: B= —1.87,
SE =151, #(57) = —1.25, p = 0.22,95% CI [—4.89, 1.14] 12 = 0.03;
Delayed Post-test: B = 1.62, SE = 1.67, t(57) = 0.98, p = 0.33,
95% CI [—1.71, 4.96], 71}2, = 0.02. This is no surprise, as there
was no overall PEs x condition effect. However, when looking at
the beta-values for the 2-way interaction, their opposite algebraic
sign is noticeable, showing a cross-over. As such, the three-way
interaction is a result of this cross-over effect pattern.

In the immediate post-test (see Figure 5), the learning
conditions did not differ for lower levels (—1SD) of initial PEs,
MD = 2.38, SE = 2.14, p = 0.27, 95% CI [—1.89, 6.66], Cohen’s
d =0.29 but did so for higher levels (+1SD), MD = 6.13, SE =2.07,
p = 0.004, 95% CI [1.98, 10.27], Cohen’s d = 0.77. As such,
problem-solving was beneficial for pupils with higher initial PEs
in the immediate post-test.

This pattern reverses for the delayed post-test (see Figure 6):
For lower initial PEs, problem-solving outperformed worked-
examples, MD = 5.15, SE = 2.37, p = 0.034, 95% CI [0.41,
9.89], Cohen’s d = 0.56, but there was no difference for higher
levels, MD = 1.90, SE = 2.30, p = 0.41, 95% CI [—2.68, 6.48],
Cohen’s d = 0.22.

Now we will look at the change in post-test performance over
time (see Figure 7). Those with lower initial PEs in the worked-
example condition showed a significant performance decline,
MD = —5.53, SE = 1.74, p = 0.002, 95% CI [—9.19, —2.04],
Cohen’s d = —0.55, as did those in the problem-solving condition,
MD = —2.76, SE = 1.27, p = 0.034, 95% CI [-5.31, —0.21],
Cohen’s d = —0.39. Although the performance decline in the
problem-solving condition appears less pronounced, statistically
both are comparable, MD = —2.77, SE = 2.16, p = 0.21, 95% CI
[—1.55, 7.09], Cohens’ d = 0.33.

For higher levels of initial PEs, those in the worked-example
condition showed a comparable performance, MD = —0.86,
SE =1.35, p = 0.53,95% CI [—1.84, 3.56], Cohen’s d = 0.11, while
the performance declined in the problem-solving condition,
MD = —3.37, SE = 1.59, p = 0.039, 95% CI [—6.57, —0.17],
Cohen’s d = —0.38. These slopes in performance change were
statistically significant, MD = —4.23, SE = 2.01, p = 0.047, 95%
CI [—8.41, —0.05], Cohens’ d = —0.53.

The Johnson-Neyman region of significance for the moderator
(PROCESS, Hayes, 2018): PEs had a significant effect on changes
in performance scores across both post-tests for all pupils with a
(standardized) PE score of greater than 0.96.

These findings can be interpreted in the following way: For
pupils with higher PEs, problem-solving in contrast to worked-
examples was more beneficial resulting in an initial performance
advantage. However, this early performance advantage could not
be maintained in the delayed test (that is, 3 months later). The
decline in performance represents the greater performance losses
for higher PEs in the problem-solving condition in contrast
to the worked-example condition, where performance across
time was stable.

For those with lower PEs, immediate performance was not
enhanced differently from either learning condition, but pupils
who had learned with problem-solving showed higher delayed
test scores than pupils who had learned with worked-examples.

Descriptively, this is due to less pronounced performance
declines over time for problem-solving in contrast to worked-
examples, although the rates of performance decline are
statistically not different.

Later Performance Expectancies Over

Time as Metacognitive Assessments

We argued that problem-solving may influence the resulting
metacognitive PEs after learning and testing by reducing
overconfidence, predicting an interaction of time x condition
(H4). For the analyses (see Figure 8), we averaged the PEs
(in points) measured after presenting the example test problem
of type 1 and its solution (PE1-PS1, PE2-PS1). We summed
up this value with the PEs of example test problem type 2
(PE1-PS2). The resulting value represents the PEs in points
(from 0 to 42) before both problem types had been worked on
differently due to the experimental conditions (that is, PEs prior
to learning).® We also summed up the PEs after learning with
problem-type 1 and problem-type 2 (PE3-PS1, PE2-PS2; that is,
PEs after learning). The same applies to the sum score of the
post-test PEs for problem set 1 and problem set 2 after the first
performance post-test (PE4-PS1, PE3-PS2 - that is, PEs after the
immediate post-test at Session 1). At Session 2 and prior to the
delayed performance test, the PEs for both problem types were
summed up as well (PE5-PS1, PE4-PS2; that is, PEs prior the
delayed post-test).

We subjected these indices of PEs to a repeated measures
analysis of variance with condition as between-subject factor
(2 levels: 0 = worked-example, 1 = problem-solving) and PEs
(4 levels: prior to learning, after learning, after Test 1, prior
Test 2) as within-subject variable (see Figure 8). Since the
sphericity assumption was not met, we report the Greenhouse-
Geisser-corrected p-values and degrees of freedom. This yielded
a significant effect of time, F(2.28, 129.91) = 13.41, p < 0.001,
n%, =0.19, but neither offered convincing evidence for a condition

SThe results are similar when using merely the sum of PE1-PSI and PE1-PS2 as
initial performance expectancies.
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FIGURE 8 | Change in performance expectancies by learning conditions.
Error bars represent the standard error of the mean. Values could range from
expecting O points to 42 points in the performance tests.
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effect, F(1,57) = 3.02, p = 0.088, nf) = 0.05, nor for the predicted

interaction effect (H4), F(2.28,129.91) = 2.61, p = 0.07, nf, =0.04.

We found little convincing support for H4. A reduction of
PEs (and learner’s competence illusion) was only apparent as
gradual change across assessment times (see Figure 8); with
pre-existing differences (albeit non-significant) in the worked-
example condition compared to the problem-solving condition.
Thus, these results should be taken with caution.

Calibration (Metacognitive Accuracy)

To obtain calibration (difference of predicted and actual test
scores), we used the PEs (previously discussed in Figure 8)
and the actual test scores: We computed a difference score of
PEs prior to learning and immediate post-test performance; a
difference score of PEs after learning and immediate post-test
performance; a difference score of PEs after the immediate post-
test and actual test performance in the immediate post-test; and,
a difference score of later PEs prior the delayed post-test and
actual performance in the delayed post-test. (Note, positive values
denote overconfidence and negative ones underconfidence; Bugg
and McDaniel, 2012).

Using these calibration values as dependent variables (within-
subjects; 4 levels: calibration prior to learning, calibration after
learning, calibration after the immediate post-test, calibration
prior to the delayed post-test) and condition as independent
variable (between-subjects) in an rANOVA yielded a main
effect of condition, F(1,57) = 12.32, MD = —6.78, SE = 1.93,
p < 0.001, 95% CI [—10.65, —2.91], Y]IZ) = 0.18. Pupils in the
worked-example group showed less accurate calibration and
more overconfidence, M = 7.79, SE = 1.33, 95% CI [5.12,
10.45], while pupils’ calibrations in the problem-solving group

was more accurate, M = 1.01, SE = 1.40, 95% CI [—1.80,
3.81]. Note that the calibration score of the problem-solving
group is closer to 0, which denotes more accurate calibration,
whereas a score of 7.79 in the worked-example group represents
a difference of about 8 points between expectation and actual
test scores.

We further found a main effect of calibration (reported
with Greenhouse-Geisser correction), F(2.32,132.45) = 10.84,
p < 0.001, nf) = 0.16 (see Figure 9). Simple comparisons
(Bonferroni-corrected) showed a significant difference of
calibration prior to learning and calibration after the immediate
post-test (M = 0.83, SE = 1.12), MD = 4.86, SE = 1.04, p < 0.001,
95% CI [2.01, 7.71] and a significant difference of calibration
after learning and calibration after the immediate post-test,
MD = 6.11, SE = 1.06, p < 0.001, 95% CI [3.20, 9.01]. This
means calibration affer the immediate post-test was more
accurate than prior to and after learning. All other comparisons
were not significant, all ps > 0.15. Finally, we did not find
the expected interaction effect of calibration x condition,
F(2.32,132.43) = 2.17, p = 0.11, 95% CI [2.99, 10.73], nlzp = 0.04.
Overall this pattern indicates that the calibration in the problem-
solving condition was more accurate than in the worked-example
condition in general (but not as a consequence of the learning
conditions or tests over time), and that calibration after the
immediate test was more accurate than PEs prior to both tests.
This pattern of results partially supports (H5). Overall calibration
in the problem-solving condition was more accurate as in the
worked-example condition showing overconfidence. However,
due to the pre-existing differences (albeit non-significant) in
initial PEs in the worked-example condition compared to the
problem-solving condition (see Figure 8), the interpretation
of the results on calibration due to overconfidence reduction
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is not routed in strong empirical evidence and should be
taken with caution.

DISCUSSION

Our work examined learners’ PEs prior to learning as moderators
for the effectiveness of different learning tasks (a special
type of problem-solving vs. worked-examples) on immediate
and delayed performance. The experiment was conducted in
school and used curricular mathematical materials for learning.
We assumed that the problem-solving condition would be
superior to the worked-examples condition in the delayed
post-test (time X condition; H1) and that problem-solving
opposed to worked-examples are more beneficial for higher
PEs (condition x PEs; H2). We further supposed that the
moderating effect of PEs in the problem-solving condition would
arise particularly in the delayed test (time x condition x PEs;
H3). Moreover, we predicted an interaction effect of condition
and time on metacognitive judgments of PEs measured after
learning and testing (H4). Participants in the problem-solving
condition (in comparison to participants in the worked-examples
condition) should lower their PEs regarding the later test
outcome after experiencing the difficult learning task (reduction
of competence illusion). Finally, we also assumed that calibration
accuracy (the difference between expected performance and
actual performance) should be more precise for problem-solvers
in contrast to participants in the worked-examples condition
(H5). Participants in the worked-example condition probably
maintain a competence misconception and thereby may have
stronger differences between their expected and their actual
performance. Thus, we expected initial PEs to be a moderator for
learning performance and condition to be a moderator for later
PEs, thus affecting metacognitive accuracy.

Our findings showed only a descriptive advantage of the
problem-solving condition on the delayed learning performance
(H1) and no two-way interaction of PEs and the condition
(H2). However, taking into account prior PEs, we obtained a
beneficial adjusted main effect of the problem-solving condition
for participants with average PEs. Thus, problem-solving can
be advantageous for certain learners. This is in line with the
assumptions that PEs are only related to difficult (and not
easy) tasks (like problem-solving) because difficult tasks require
more effort, time, motivation, and persistence (e.g., Marshall and
Brown, 2004; Reinhard and Dickhauser, 2009). The obtained
moderation supports the notion that learner characteristics are
important for the effectiveness of desirable difficulties (e.g.,
McDaniel and Butler, 2011). For pupils with lower and average
PEs, the problem-solving condition was more advantageous
later on, while for higher PEs both learning conditions were
equal at a delay. This is partly in line with the assumptions
that the beneficial effects of generation tasks arise in the long
run (e.g., Bjork and Bjork, 1992, 2011; Bjork, 1994): There
was no significant interaction between time and condition, and
only the consideration of initial PEs unveiled favorable effects
at a delay. Without taking into account PEs, performance in
the problem-solving condition was only descriptively better

long-term; this could be due to the long delay between learning
and the delayed test (this will be further discussed below).

The three-way interaction (PEs x time x condition) showed
that participants with higher PEs in the problem-solving
condition performed better in the immediate test, whereas
participants with lower PEs in the problem-solving condition
performed better in the delayed test. Unfortunately, higher PEs
could not maintain this initial performance advantage in the
problem-solving condition over time. Although participants with
higher expectancies immediately profited from generation tasks,
those with lower PEs also benefited from difficult tasks in the
long run. Thus, as inquired in the beginning, it is not strange to
trouble a learner who has lower PEs with hindered learning tasks.
This is in line with the assumptions that desirable difficulties
may be advantageous for learners with lower abilities or cognitive
motivation (e.g., McDaniel et al., 2002; Schindler et al., 2019). It
is important to note that these difficulties do not boost weaker
learners’ performances to the level of stronger learners, but
these difficulties prevent greater performance losses for weaker
learners over time.

Overall, learners benefited in different manners from desirable
difficulties. This fits previous work that was able to identify
moderators (e.g., feedback, mood, previous knowledge, reading
skills; e.g., McNamara et al., 1996; McDaniel et al., 2002; Bertsch
et al., 2007; Schindler et al., 2017). The present findings also
emphasize the importance of moderators for the effectiveness of
generation activities.

When considering the effects of a generation activity on
metacognitions, the results have to be taken with caution. A mere
trend shows a gradual decrease in PEs in the problem-solving
condition in contrast to the worked-examples condition over
time (in which overconfident PEs did not change; H4); and
a trend shows a pre-existing difference in PEs. The results
show no convincing support for a learning event and time-
driven overconfidence reduction (H4). Regarding our fifth
hypotheses, our results showed a main effect of condition with
greater metacognitive accuracy in the problem-solving condition
than in the worked-examples condition (H5). Thus, calibration
accuracy (the difference between expected performance and
actual performance) was more precise for participants in the
problem-solving condition in contrast to participants in the
worked-examples condition. Yet, this interpretation is not routed
in strong empirical evidence and should be taken with caution.
These findings only hint that the problem-solving task may
have led to a more realistic understanding of learners’ current
competences and thus reduced participants’ competence illusion
(e.g., Karpicke et al., 2009; Diemand-Yauman et al., 2011; Baars
etal., 2014). Given the important role of accurate metacognitions
for the regulation of learning (e.g., Dunlosky and Lipko, 2007),
these findings nevertheless hint at the value of problem-solving.

The current study is not without some limitations, which
will be discussed in the following section and which could be
optimized in future work. We designed our study with real-
world materials that were integrated within curricular content
and natural math lesson progression. Although we coordinated
with the teachers on what content was covered prior to
our experimental session (introduction of the topic but no
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calculations), we had no control over actual implementations
(although there were no differences in previous knowledge across
both conditions). Moreover, after the first experimental in-
class session, we had no control over any further progression
of the lessons content, over homework or over subsequent
topics, prior to the delayed test of Session 2. The teachers
knew about the delayed test and were instructed not to
repeat any content; however, we do not know what additional
content with potential overlap was taught in the interim
between Session 1 and Session 2, and/or what pupils learned
in the meantime. Thus, although classroom studies are very
important regarding work focusing on learning success, there
are also many confounding factors that are not controllable,
which presents a limitation. Performance in general was
rather low, thus it would be interesting to extend the
instructional units.

Another limitation relates to the fact that the tests in
Sessions 1 and 2 were identical, thus the testing-effect may
have played a role regarding learners performance, although
likely not much given the 3-month delay. To avoid this, future
studies may include one group tested immediately and another
group only tested at a delay. In addition, our worked-examples
included detailed explanations, so it may be that learners did
not have to indulge in self-explanations (which can trigger the
positive effects of worked-examples; e.g., Renkl et al., 1998).
Hence, future research could use materials that require self-
explanations. In line with this, it could also be that our problem-
solving condition was superior to the worked-example condition
not because of the generation task but because participants
were presented with a shortened worked-example before the
generation activity (see e.g., Paas, 1992), as well as briefly
with the correct answers after the generation, and feedback is
important for the effectivity (e.g., Slamecka and Fevreiski, 1983;
Pashler et al, 2005; Kang et al., 2007; Metcalfe and Kornell,
2007; Potts and Shanks, 2014; Metcalfe, 2017). Thus, future
studies could use different incantations of problem-solving tasks
or worked-examples, all in the attempt to generalize findings
and to try to optimize possible limitations due to our applied
learning tasks. In line with this, in the applied problem-solving
tasks students were able to look back at the explanations and
introduction of the material given in the beginning (open book
solving task). Although this, as well as later given feedback
sheet regarding correct answers for the generation tasks, may
have been beneficial, it is unclear to what extent students even
used these aids. Some students may have never looked at the
previous learning materials, whereas others may have relied on
them often; some may have contemplated the correct solution
steps after finding out a discrepancy in their results and the
result provided on the answer sheet, others may have not.
Although this is a typical occurrence in schools, future work
could also try to manipulate how many times learners are able
to look back at previously studied materials. Previous work
also often implemented problem-solving tasks after worked-
examples, thus combining these two strategies. In contrast,
we compared sole problem-solving tasks and sole studying of
worked-examples (both following a short introduction of the
materials), so our methods are not completely in line with some of

the above-mentioned literature. Future studies could thus explore
the relation of PEs, problem solving following worked-examples,
and long-time learning success.

A further, and possibly confounding or negative, aspect
concerns the lag between post-test one and post-test two,
which we set at 3 months. The 3-month lag taps into long-
term learning but may have been too long given the overall
low performance. Future research may include a shorter lag
of only a few weeks. However, the choice of 3 months was
implemented because we wanted to make sure that all teachers
had finished the section on linear functions; naturally, the length
of time dedicated to a topic depends on the teachers and on the
class (in other words, some classes progress more quickly than
others), which we cannot influence due to the field character
of our study. In our case, we aimed for a comparable lag
and for all teachers to have started new content so that the
end-of-topic exam on linear functions did not coincidentally
occur in temporal proximity to our delayed test. It would be
valuable for future research to coordinate with teachers’ planned
exam at the end of the session to include mutually agreed-
upon exam questions that would also serve as a delayed test.
One related problem/aspect of that strategy (and our research)
would be that any previous one-time intervention may be too
weak to detect differences in delayed exam performance as it
may be overshadowed by teachers’ and students’ own exam
preparations (which we cannot control). Relatedly, a single-
intervention study may have to be paired with a shorter lag, or
multiple controlled interventions are required for longer lags.
The difficulty here lies in the willingness of the teachers and
parents to participate, given real-world constraints and concerns
that these interventions could disrupt the classes and take away
valuable teaching time. Future research may also conceptualize a
paradigm in which trained teachers take over teaching for one
to 3 weeks, with multiple, ongoing experimental interventions
that conclude with a graded interim exam as a delayed test.
This may present the challenge of finding willing institutions,
teachers, and/or parents.

To thoroughly test moderators, larger samples are needed
(which is often difficult to obtain in school contexts). Of course,
our findings can be interpreted only for German students within
the same age-range, the same educational school track, and for
the same learning materials (and very strictly seen, only for this
school). Due to that, future work using bigger and more diverse
samples (as well as different materials) is important. The same
applies to learners with different levels of previous knowledge:
Future studies could use more known topics, assess previous
knowledge, and include this factor in the analyses. To gain
access to more participants, another option for future research
may include extracurricular learning environments (e.g., instead
of homework), which could be implemented either online or
onsite. For instance, a study could deploy carefully designed
learning modules on selected (additional) curricular content
that is not part of current class curriculum within a given
school year; this might allow the implementation of thorough
experimental designs while proving attractive to learners and
teachers as a supplemental training learning environment. All
in all, as pointed out by Dunlosky et al. (2013), future research
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may attend in general more to an investigation of moderators of
various desirable difficulties (e.g., previous knowledge, different
skill levels) because their roles are still less known.

We should note that previous work often focused on the
effectiveness of generation tasks regarding recall and/or memory
of learned information through later tests assessing the same
or similar information, but our tests mostly assessed transfer
(instead of identical information). Thus, the underlying effects
of the learning conditions could be different (e.g., Glogger-Frey
et al,, 2015). Prior research regarding transfer and intentionally
aggravated learning tasks resulted in varying findings: Some
studies found beneficial effects of desirable difficulties solely for
identical or easy information but not for transfer (e.g., Lehmann
et al., 2016) or that worked examples were more important for
transfer (e.g., Glogger-Frey et al., 2015). In contrast, some studies
found beneficial effects of desirable difficulties also for changed
materials and transfer (see e.g., Dunlosky et al., 2013 for a good
overview). Thus, future studies could implement transfer as well
as identical questions.

As mentioned above, generation tasks reduce learners’
competence illusion and overconfidence, thus participants in the
problem-solving condition should be able to more accurately
calibrate their PEs than do participants in the worked-example
condition, who could still possess overconfident expectancies.
Our findings only hint at this relationship. Participants’ PEs
appeared to differ between the conditions before the learning
tasks even started. This does not have to be an indicator
that the randomization of our sample failed but could rather
indicate that participants (unbeknown be us) checked the tasks
and their condition by looking at the materials prior to the
learning task, which serves as a limitation. Hence, their initial
PEs could have been influenced by participants’ knowledge of the
upcoming learning tasks.

CONCLUSION

Our results emphasize the importance of moderators for the
desirability of generation activities, and the desirability of
generation activities for metacognitive outcomes. Regarding
implications for the educational context, we still cannot
recommend that teachers use or not use problem-solving tasks.
Our work, though, is a step in the right direction, while more
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ARTICLE INFO ABSTRACT

Keywords: Intelligence is an important predictor of long-term learning and academic achievement. In two studies we focused
Intelligence on the relation among intelligence, desirable difficulties—active generation/production of information and taking
Testing effect tests—, and long-term learning. We hypothesized that intelligence is positively correlated to long-term learning and
Retrieval

that difficult learning situations, as opposed to easier reading, increase later long-term learning. We further as-
sumed that the beneficial effects of difficult learning would be moderated by intelligence, thus, we supposed the
positive effects to be stronger for learners with higher intelligence and weaker for learners with lower intelligence.
We in turn conducted two experiments (N; = 149, N, = 176, respectively), measured participants' intelligence,
applied desirable difficulties—generation/testing-in contrast to control tasks, and later assessed long-term learning
indicated by delayed final test performance. Both studies showed positive correlations between intelligence and
later long-term learning. Study 2 further found the expected beneficial effect of difficult learning, which was also
moderated by intelligence. There was no difference between difficult tasks and control tasks for participants with
relatively low intelligence. Retrieving answers in learning tests was, however, beneficial for participants with
average intelligence and even more beneficial for participants with higher intelligence. In general, our two ex-
periments highlight the importance of intelligence for complex and challenging learning tasks that are supposed to
stimulate deeper encoding and more cognitive processing. Thus, specifically learners with higher, or at least
average, intelligence should be confronted with difficulties to increase long-term learning and test performance.

Generation effect
Desirable difficulties
Long-term learning

1. Introduction

Intelligence is often defined as a mental ability that includes in-
formation processing, understanding of complex ideas, logical or analy-
tical reasoning, problem solving, remembering information, acquiring
knowledge and skills, efficiently dealing with novel tasks, and an ability to
learn (e.g., Snyderman & Rothman, 1987; Stern, 2015; Sternberg, 1997). A
variety of theories and paradigms explaining intelligence highlight the
importance of a general mental ability or a general intelligence factor (g)
for such cognitive processes and learning (e.g., Jiger, 1982; Spearman,
1904, 1939). Intelligence has repeatedly been shown to impact almost all
aspects of daily life and was able to predict a broad array of successful
human behaviors, performances, and outcomes, including increased
creativity, elevated potential, improved health, better job performance,
higher income, and longer employment (e.g., Fergusson, Horwood, &
Ridder, 2005; Kuncel, Hezlett, & Ones, 2004; Strenze, 2007). Intelligence
is further linked to an ability to solve complex problems, and is especially
valuable regarding complex tasks, complex information processing, or
complex situations (e.g., Gottfredson, 1997; Kuncel et al., 2004; Roth

* Corresponding author.

et al., 2015; Stadler, Becker, Godker, Leutner, & Greiff, 2015). Further-
more, many studies found intelligence to be strongly and positively cor-
related to long-term learning and academic achievement, and it is often
cited as one of the strongest predictors of long-term learning and academic
achievement. This includes varying measures of learning outcomes in la-
boratories and classrooms, like final test performance or memory out-
comes, as well as varying measures of academic success like grades, gained
school qualifications, or probabilities of gaining university degrees (e.g.,
Bornstein, Hahn, & Wolke, 2013; Fergusson et al., 2005; Kuncel et al.,
2004; Stern, 2015; Strenze, 2007; Roth et al., 2015; for an overview of
multiple meta-analyses regarding intelligence and different oper-
ationalizations of success, including long-term learning and academic
achievement, see Strenze, 2015).

For instance, Fergusson et al. (2005) showed in a longitudinal study
spanning 25years that children's intelligence assessed in middle
childhood significantly predicted individuals' later probability of
gaining school qualifications, post-school educational/vocational qua-
lifications, and university degrees. Higher intelligence was thus con-
sistently linked to higher academic achievement, even controlling for
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gender and early conduct problems and for family, social, and in-
dividual factors (Fergusson et al., 2005). Roth et al. (2015) conducted a
meta-analysis regarding the effects of intelligence on school grades. The
authors included 240 samples with 105,185 participants and found that
higher intelligence was strongly linked to better school grades
(r = 0.44, corrected population correlation: p = 0.54). They found
among other conclusions that different types of intelligence tests re-
sulted in different population correlations, the highest by mixed in-
telligence tests including both verbal and nonverbal tasks (p = 0.60),
followed by verbal intelligence tests (p = 0.53), both significantly
higher than the population correlation yielded by nonverbal tests
(p = 0.44). Individuals' grade level also proved important, showing that
the population correlation of intelligence and grades was significantly
stronger for high school (p = 0.58) and middle school (p = 0.54) than
for elementary school (p = 0.45). The authors also took a closer look at
the varying subject domains and grades: The linkages between in-
telligence and a cluster of mathematical and science courses (e.g.,
mathematics, biology, and physics) were especially strong (p = 0.49),
followed closely by the relations between intelligence and language
courses (e.g., English, German, reading, and literature; p = 0.44), social
science courses (e.g., social studies, history, and geography; p = 0.43),
and art and music courses (p = 0.31). The subgroup sports (p = 0.09)
differed significantly from the other domains.

In addition to such measurements of what are often high-stake
academic achievements, intelligence also explains variations in
learning outcomes in universities and (high) schools. This applies to
predictions of long-term learning in laboratory settings, so long-term
learning, as targeted in the present work, includes individuals' final test
performance on learned materials as well as retrieval, retention, and
memory outcomes. Hence, taking into account the importance of suc-
cessful lifelong learning, a focus on intelligence for such long-term
learning is inevitable. Additionally, cognitively stimulating learning
environments increase the acquisition of usable knowledge, especially
for learners with higher intelligence (e.g., Stern, 2015). Thus, it is also
discussed that even learning situations developed to generally enhance
and optimize durable and long-term learning and test performance like
desirable difficulties (Bjork, 1994) are moderated by intelligence (e.g.,
Brewer & Unsworth, 2012; Kaiser, Mayer, & Malai, 2018; Minear,
Coane, Boland, Cooney, & Albat, 2018).

1.1. Intelligence and desirable difficulties

It is often proposed that learning situations, methods, and processes
that are difficult, challenging, and non-fluent-thus, counting as stimu-
lating learning environments-lead to higher long-term learning, better
performance, deeper information processing, and more exact recall (e.g.,
Bjork, 1994; Bjork & Bjork, 2011; Karpicke, Butler, & Roediger III, 2009).
Recent literature describes different incantations of such desirable diffi-
culties, two of the most common being part of the present work, respec-
tively in Studies 1 and 2: The generation effect (e.g., active generation of
answers to questions, generation/finding of solutions to problems, or
production of information; e.g., Bertsch, Pesta, Wiscott, & McDaniel, 2007;
Slamecka & Graf, 1978) and the testing effect (also labeled testing, retrieval
practice, test-enhanced learning; taking learning tests or quizzes and active
retrieval of information; e.g., Adesope, Trevisan, & Sundararajan, 2017;
Dobson & Linderholm, 2015; Rowland, 2014; for further desirable diffi-
culties-like disfluency or distributed learning-see: e.g., Cepeda, Pashler, Vul,
Wixted, & Rohrer, 2006; Weissgerber & Reinhard, 2017). Both effects in-
crease long-term learning, test performance, and retention, and are sup-
posed to be intricately linked, not easy to distinguish, based on and trig-
gering the same underlying processes (e.g., active retrieval of
information), and sharing a common theoretical basis.

Theoretically, the beneficial effects of testing and generation are at-
tributed to the stimulation of cognitive processes that increase the un-
derstanding, deeper semantic/cognitive processing, and encoding of in-
formation (e.g., Bjork, 1994; Bjork & Bjork, 1992, 2011; Dunlosky,
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Rawson, Marsh, Nathan, & Willingham, 2013; Rowland, 2014). More-
over, generation and testing are assumed to lead to more analytic and
elaborative reasoning/thinking, more retrieval practice, more memory
consolidation, more elaboration, and the allocation of more resources
regarding cognition, effort, and time (e.g., Bjork, 1994; Bjork & Bjork,
1992, 2011; Dunlosky et al., 2013; Rowland, 2014). They are further
supposed to strengthen memory paths, traces, associations, and the re-
lation between stimulus and response, to help anchor the learned in-
formation in long-term memory, and to connect the retrieved informa-
tion with information already stored in memory (see also lexical
activation; e.g., Bjork & Bjork, 1992, 2011; Carpenter, 2009; Fiorella &
Mayer, 2016; Gardiner & Hampton, 1985; Hirshman & Bjork, 1988).
Moreover, the positive effects of desirable difficulties are higher with
increased effort, quality, intensity, depth, and difficulty of retrieval (e.g.,
Alter, Oppenheimer, Epley, & Eyre, 2007; Bjork & Bjork, 1992; Pyc &
Rawson, 2009; Rowland, 2014; Tyler, Hertel, McCallum, & Ellis, 1979).

Researchers often highlight the importance of different moderators,
fulfilled requirements, or special learner characteristics, like cognitive
abilities, for the effectiveness of such desirable difficulties (see also the
aptitude-treatment-interaction and the expertise-reversal effect; e.g.,
Kalyuga, Ayres, Chandler, & Sweller, 2003; Lehmann, Goussios, &
Seufert, 2016; McDaniel & Butler, 2011; Snow, 1989; Van Gog &
Sweller, 2015). They also argue that testing and generation are only
able to increase long-term learning and performance if the needed ex-
tended thought, further/higher effort, and the more elaborated, ana-
lytic, or effortful processing are even possible (e.g., Alter, Oppenheimer,
& Epley, 2013; Oppenheimer & Alter, 2014). Higher intelligence and
higher cognitive resources should increase this possibility. Further,
even by definition, intelligence consists of (effective) information pro-
cessing and the ability to learn, reason, and solve (complex) problems;
it has also been found to be correlated with information processing,
working memory capacity, and retrieval from long-term memory (e.g.,
Bornstein et al., 2013; Gottfredson, 1997; Oberauer, Schulze, Wilhelm,
& SiiR, 2005; Stern, 2015, 2017; Sternberg, 1997; Wang, Ren, &
Schweizer, 2017). Intelligence is thus crucial for the theoretical basics
of desirable difficulties like generation and testing.

Previous studies have empirically shown that difficult learning si-
tuations only increase long-term learning for individuals who possessed
special skills (e.g., higher reading skills), sufficient cognitive resources
(e.g., higher working memory capacities), or further knowledge (e.g.,
background/previous knowledge, experience, expertise), or for those
who were in general high achieving (e.g., Carpenter et al., 2016;
Kalyuga, Chandler, Tuovinen, & Sweller, 2001; Lehmann et al., 2016;
McDaniel, Hines, & Guynn, 2002; McNamara, Kintsch, Songer, & Kintsch,
1996). Notably, all of these variables are linked to higher intelligence.

In line with this, the beneficial effects of desirable difficulties like
generation and testing were sometimes only found for materials and
learning situations that were not overly complex, not too high in ele-
ment interactivity, or not too high in cognitive working memory load,
as well as for information that was successfully retrieved or generated
(e.g., Clark & Linn, 2003; Kaiser et al., 2018; Richland, Bjork, Finley, &
Linn, 2005; Roelle & Berthold, 2017; Rowland, 2014; Van Gog &
Sweller, 2015). We argue instead that these restrictions do not apply to
individuals with higher intelligence. For instance, the positive and
predictive effects of intelligence have been found to be especially strong
regarding cognitive complex tasks and found to be especially valuable
in situations that deal with more complex topics that only individuals
with higher, or at least appropriate, cognitive abilities can master (e.g.,
Gottfredson, 1997; Kuncel et al., 2004; Roth et al., 2015). Further,
when learners receive no feedback, the efficiency of testing and gen-
eration depends on the success while working on the difficult tasks:
More correctly retrieved answers, which should increase with higher
intelligence, lead to more long-term learning and better performance
(e.g., Richland et al., 2005; Rowland, 2014).

Due to all this, it is often assumed that only individuals with suffi-
cient cognitive abilities or resources are even able to use the



K. Wenzel and M.-A. Reinhard

stimulations through difficult tasks to intensify and deepen their
learning, in particular regarding relatively complex and realistic ma-
terials (e.g., Kalyuga et al., 2001; Lehmann et al., 2016; McDaniel et al.,
2002). Only individuals with sufficient cognitive abilities are supposed
to be able to correctly retrieve, further process, encode, and understand
the information, even after working on difficulties that reduce proces-
sing capacities, and to ultimately manage such difficulties without
being cognitively overwhelmed (e.g., Kalyuga et al., 2001; Lehmann
et al., 2016; McDaniel et al., 2002). Since completing complex learning
tasks, overcoming challenging difficulties, and correctly retrieving so-
lutions or answers to questions is more likely the higher the intelligence
of a learner is, we argue that intelligence moderates the effectiveness of
testing and generation.

Notably, not much research has been conducted to test this hy-
pothesis. Still, two studies that did focus on possible moderating effects
of intelligence on the effectiveness of desirable difficulties found sup-
porting evidence. For instance, Kaiser et al. (2018) tested the link be-
tween intelligence—cognitive abilities in the form of inductive figural
reasoning—-and generation tasks as a part of inquiry-based learning on
long-term learning and successful retention of learned materials. They
found that cognitive abilities increased learners' previous knowledge,
which was in turn linked to higher long-term learning in the future.
Minear et al. (2018) further showed that higher fluid intelligence in-
creased the positive effect of testing for difficult, as opposed to easy,
information (regarding Swabhili-English word-pairs). Learners with
lower fluid intelligence showed the reverse effect, thus, a stronger
beneficial testing effect for easy compared to difficult information.

Nonetheless, two studies also resulted in contrary findings: Brewer
and Unsworth (2012), for instance, showed testing compared to a
reading control condition to be more beneficial for participants with
lower general-fluid intelligence than for participants with higher gen-
eral-fluid intelligence. Notably, participants with higher general-fluid
intelligence were better in both learning conditions, generally per-
forming better and having more long-term learning than participants
with lower intelligence. Robey (2017) found no interaction of in-
telligence and a learning condition consisting of a testing and a control
condition. The authors (Brewer & Unsworth, 2012; Robey, 2017) ex-
plained their results insofar as they assumed that learners with higher
intelligence already used more elaboration, retrieval strategies, and
cognitive processing while learning. These learners directly increased
their long-term learning and performance in both conditions, in turn
reducing the beneficial effects of difficult tests that arise through in-
creased elaboration, retrieval, and cognitive processing. In contrast, the
authors suppose that learners with lower abilities do not automatically
use elaborative strategies and elaborative processing, so that tests,
through increasing elaboration, still lead to more long-term learning.
The authors further refer to the importance of increased effort while
working on difficult tasks, because difficulty leads to more effort that in
turn increases later learning and performance. They assumed that the
learning tests were less difficult for learners with higher intelligence
than for learners with lower intelligence, especially considering that
word-pairs were used. This was supposed to decrease the effort more
intelligent learners exerted while retrieving information, further redu-
cing positive effects of testing. This is in line with the findings of Minear
et al. (2018); their study showed that more intelligent learners had a
stronger testing effect for difficult information, which probably trig-
gered more effort and more challenges that intelligent learners still
managed to overcome. In contrast, less intelligent learners had stronger
testing benefits for easy information as compared to difficult informa-
tion, possibly because for them easy information already triggered en-
ough additional effort that they were still able to overcome without
being overwhelmed (Minear et al., 2018).

Hence, using difficult, complex, and realistic learning materials, like
those used in school or university settings, should nonetheless lead to
more benefitting effects of generation and tests for learners with higher
intelligence as opposed to learners with lower intelligence.
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1.2. The present research

The purpose of the present work was to evaluate the effect of dif-
ficulties—generation and testing—on individuals' long-term learning. We
hypothesized that the desirable difficulties conditions would yield
better long-term learning than would a control condition. This main
effect was, however, expected to be moderated by learners’ general
intelligence, insofar as that the benefits of the difficulties should be
more pronounced for those with higher intelligence. We wanted to test
in particular whether higher intelligence serves as a prerequisite for the
beneficial effects of desirable difficulties, especially using complex,
naturalistic, and curricular learning materials.

As mentioned, higher intelligence is theoretically assumed to be one
precondition that elicits beneficial effects of desirable difficulties. Only
learners with higher intelligence are expected to be at all able to suc-
cessfully solve generation tasks, to successfully answer learning test
questions, and to overcome the posed challenges. Further, individuals
with higher intelligence are supposed to profit from difficult tasks in
particular because they should still have cognitive resources left after
solving difficulties. Because (higher) intelligence is particularly im-
portant in complex and stimulating situations, we assume that most of
the restricting factors of desirable difficulties mentioned above-e.g.,
regarding too complex or overwhelming materials—-do not apply for
learners with higher intelligence. Thus, learners with higher in-
telligence are supposed to be able to benefit from difficulties even when
learners with lower intelligence do not. We focus on intelligence as one
of the most important individual characteristics concerning learning
and on its supporting or essential role for difficult learning situations.

This research is important because it helps us further understand the
role of cognitive processes and intelligence involved in learning in
general and in the effectiveness of stimulating learning situations like
desirable difficulties, and it may reveal which cognitive processes are
important for difficulties like generation and testing to be desirable. It
also allows us to observe if such difficult learning situations are at all
able to incrementally predict long-term learning beyond intelligence
since the incremental predictivity of learning methods is often supposed
to be rather low (e.g., Spinath, Spinath, Harlaar, & Plomin, 2006).

Following the theoretical arguments stating intelligence as one of
the best predictors for academic achievement and learning, we assumed
that intelligence is positively correlated with later long-term learning
(Hypothesis 1).

In line with the theoretical reasoning of Bjork (1994), we ad-
ditionally expected a main effect of the learning condition: We assumed
that participants learning with desirable difficulties like generation
achieve higher long-term learning than participants in a reading control
condition (Hypothesis 2).

We further supposed an interaction between participants' in-
telligence and the learning condition. We predicted the beneficial effect
of the generation condition-as opposed to the reading control con-
dition-on long-term learning to be stronger for more intellingent par-
ticipants and weaker for less intelligent participants (Hypothesis 3).

These hypotheses will be tested in our first study. We used gen-
eration tasks (active generation/retrieval of solutions to mathematical
questions without feedback) as the desirable difficulty.

2. Study 1
2.1. Methods

2.1.1. Participants

Power was set to 0.80 and sample size was calculated to detect a
medium effect (f = 0.25). Using G*Power (Faul, Erdfelder, Buchner, &
Lang, 2009), a power analysis revealed a required sample size of
N = 128 to detect a significant effect (alpha level of 0.05) given there is
a true effect. To test the aforementioned hypotheses, we recruited a
sample consisting of 150 participants (Mg = 25.18, SDgg = 5.94,
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range: 19-70, 60.7% female, 86.7% German native speakers). Ninety-
four percent were students at a German university studying a range of
disciplines including psychology, social science, economic sciences,
education, languages, history, and philosophy. One participant was
excluded because he did not participate in all three sessions of the
study, so the final sample consisted of N = 149 participants. Each
participant was randomly assigned to one of the two between-subjects
learning conditions: the generation condition (n = 75) or the reading
control condition (n = 74). Before starting the experiment, each had to
provide her or his approval through reading and signing a written in-
formed consent.

2.1.2. Session 1

In the first session (95 min) intelligence was assessed. Up to seven
participants simultaneously took part. For more anonymity and less
diversion, each participant sat in a workplace with dividers.

Intelligence was measured using the German paper and pencil ver-
sion of the basis module of the Intelligence Structure Test (I-S-T 2000 R,
Liepmann, Beauducel, Brocke, & Amthauer, 2007), which includes verbal
as well as non-verbal tasks. The test is based on multiple paradigms/
theories regarding intelligence (e.g., Cattell, 1963, 1987; Cattell & Horn,
1978; Guttman, 1965; Horn & Cattell, 1966; Jager, 1982; Spearman,
1939; Thurstone, 1938, 1947; see: Liepmann et al., 2007) to combine
their relative advantages. The test battery of the basis module assesses a
general intelligence factor, which is supposed to measure reasoning as a
higher order of intelligence, and which can be interpreted as a measure
of g or as fluid intelligence including knowledge. This overall score
(o = 0.96; further: overall IQ) consists of three areas of intellectual
ability/three content factors, each assessed through three different ex-
ercises: verbal intelligence (Sentence Completion, Verbal Analogies, Simila-
rities; o = 0.88; further: verbal 1Q), numerical intelligence (Numerical
Calculations, Number Series, Numerical Signs; a = 0.95; further numerical
1Q), and figural intelligence (Figure Selection, Cubes, Matrices; o = 0.87;
further: figural IQ). Because our learning materials consist of mathema-
tical tasks (see Session 2 below for further information), numerical IQ
could be more strongly linked to long-term learning than could the other
intelligence quotients; however, we plan to analyze our data using only
overall IQ, due to the theoretical importance of a general mental ability
and reasoning, and we plan to only use the content factors if these are
more strongly correlated to participants' long-term learning than overall
IQ. The intelligence scores were conducted using a standard table that
took participants' age and school education into account.

Because we assessed intelligence before presenting participants the
learning situation in Session 2 and before measuring their long-term
learning in Session 3, we assumed a causal effect of intelligence.

2.1.3. Session 2

In the second session (60 min; at least 1 day after Session 1), demo-
graphic measures were assessed (e.g., age, gender, occupational status,
native language, ethnicity, and field of study). Different control variables
were also measured in randomized order to test for possible differences
between participants in the generation condition and participants in the
reading control condition. However, because these are not the focus of
our study, we plan to only report analyses including these control vari-
ables if they differ significantly between participants in the generation
condition and participants in the reading control condition.

The different control variables included participants' Need for
Cognition (NFC; German version, short form: Bless, Wanke, Bohner,
Fellhauer, & Schwarz, 1994) and participants' self-reported learning
strategies and goal orientations with the German version of the Learning
and achievement motivation assessment scales (SELLMO; Spinath,
Stiensmeier-Pelster, Schone, & Dickhiuser, 2002). We also measured
participants' mathematic self-concept (German version: Schwanzer,
2002; based on: Marsh & O'Neill, 1984), their problem-solving self-
concept (German version: Schwanzer, 2002; based on: Marsh & O'Neill,
1984), and their self-concept of intellectual abilities (German version:
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Schwanzer, 2002). Finally, we also assessed their general academic self-
concept (Dickhduser, Schone, Spinath, & Stiensmeier-Pelster, 2002).

After that, the learning phase started; prior to that, participants were
informed that they had to take a final test, about 2 weeks later, regarding
the learned information. Notably, the learning situations can be classified
as low-stake because participants' outcomes and performances had no
influence on their actual university courses or on their everyday lives.
With regards to the learning materials, we chose complex, realistic, and
curricular mathematical tasks concerning regression analyses. Former
research on the one hand found effects of generation tasks to be espe-
cially strong for mathematical tasks (e.g., Bertsch et al., 2007; Wirebring
et al.,, 2015) and showed on the other hand that the linkage between
intelligence and grades was especially strong for mathematical courses
(Roth et al., 2015). The chosen tasks consisted of arithmetic problems
(e.g., identifying a line based on two given points in a graph) and
mathematical word problems (e.g., sketching of a function into a graph).
First, participants' previous knowledge of such tasks was measured
(duration: 4 min; one point per correct answer, at most 13 points; for a
short example see Appendix A). Three independent raters evaluated and
rated participants' answers to the questions in the previous knowledge
test; later analyses will use the mean score of the three ratings. The inter-
rater reliability was high (ICC: 0.992). Prior knowledge/expertise is often
seen as a good predictor of learning outcome/long-term learning (e.g.,
Stern, 2015), especially when combined with intelligence, although it
was not a substitute for intelligence (e.g., Grabner, Stern, & Neubauer,
2006; Stern, 2015). Moreover, previous knowledge has been shown to be
important for the effectiveness of desirable difficulties (e.g., McNamara
et al., 1996). Kaiser et al. (2018) for instance assumed that only learners
with higher previous knowledge are able to successfully generate in-
formation and to handle the increased cognitive load. Thus, our analyses
will include previous knowledge. Ultimately, we want to test if the effects
of intelligence remain robust when controlling for previous knowledge.

Afterwards, in the first learning phase, all participants read basic
information on the topic and saw some short examples. For the sub-
sequent second learning phase (20 min), participants were then ran-
domly assigned to either a generation condition or a reading control
condition.

2.1.3.1. Generation condition. In the generation condition, participants
had to actively fill blanks and solve mathematical wording problems,
independently and actively generating and retrieving solutions to
mathematical questions. There were 30 blanks overall to fill in, as
well as eight solutions to generate (for a short example see Appendix A).
Participants received no feedback about their generated solutions.

2.1.3.2. Reading control condition. In the reading control condition
participants were presented with the same mathematical questions;
however, these were already solved, and they could see the solutions
(for a short example see Appendix A). Participants were instructed to
read, understand, and memorize the solutions of the learning tasks.
Finally, participants reported their perception of the learning tasks,
e.g., regarding the perceived difficulty of the second learning phase.

2.1.4. Session 3

Two weeks later (range: 11-19 days; M = 14.07; SD = 0.75), long-
term learning (the number of correctly retrieved answers in the final
test inquiring about the learned information) was assessed in a third
session (70 min). Participants were required to work on final test tasks
for 20 min and could gain up to 43 points (one point per correct an-
swer). Participants' performance, indicating their long-term learning,
was also coded from the same three independent raters. Later analyses
will use the mean score of the three ratings. Inter-rater reliability for
long-term learning was high as well (ICC: 0.897). The final test tasks
again included arithmetical problems (35 blanks to fill/to answer), as
well as mathematical text or word problems (eight problems to solve)
and were similar to the learning tasks in the previous session. Some
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questions, however, also included equations with negative slopes in
contrast to the completely positive slopes presented in the learning
phase. Moreover, the final test was also a low-stake testing situation
because participants knew that there were no consequences with re-
spect to their performance; neither their rewards for participating nor
their regular university courses and grades were dependent of their
final test performance and long-term learning outcome.

We further assessed participants' perception of the final test tasks
and if they had gathered further information on the learned topic in the
intervening time. Following an unrelated study concerning credibility
judgments, participants then answered final questions about our study,
e.g., regarding thoughts and comments. They also had the opportunity
to subscribe to a post-experimental elucidation, were shortly debriefed,
received 25 Euro as a reward (psychology students earned course
credits instead), and could review their intelligence quotients.

2.2. Results

On average, participants achieved an overall IQ of 98.54
(SD = 14.58, range: 73.0-131.5). Participants had on average a verbal
IQ of 100.48 (SD = 14.51, range: 70.0-130.0), a numerical IQ of 95.79
(SD = 16.29, range: 56.5-133.0), and a mean figural IQ of 97.72
(SD = 14.83, range: 61.0-137.5). In the previous knowledge test, par-
ticipants were on average able to correctly answer 7.79 of the 13
(59.9%) questions (SD = 4.17, range: 0-13).

Gender distribution, intelligence, previous knowledge, the time lag
between Session 2 and Session 3, and the aforementioned control variables
did not differ between participants in the generation condition and par-
ticipants in the reading control condition (all ps = .438). Therefore, our
analyses will not include the control variables. Regarding the manipula-
tion check, there was no significant difference between participants' rat-
ings of the difficulty of the learning tasks between the two learning con-
ditions  (Mgeneration = 2-56,  SDgeneration = 1.08,  Mrgading = 2.65,
SDreqding = 1.07, t(147) = —0.50, p = .615, d = —0.08; range: 1-5). For
the following analyses, we z-standardized the predictors and used Process
(Hayes, 2018). In the regression analyses we further report the semi-par-
tial correlations (ry( )-

2.2.1. Intelligence, learning condition, and long-term learning

Considering the final test tasks measuring long-term learning, par-
ticipants were on average able to correctly answer 22.04 of 43 (51.3%)
final test questions (SD = 10.73, range: 0.67-42.33).

Correlations (not corrected as well as corrected for measurement
error, thus, disattenuated correlations) can be seen in Table 1. As ex-
pected, overall IQ was significantly correlated to participants' later long-
term learning (r = 0.67, p < .001, disattenuated correlation: r = 0.72).
In line with the expected validity of the scale, overall IQ was also cor-
related significantly to the three content factors (see Table 1). Interest-
ingly, overall IQ and numerical IQ were strongly correlated (r = 0.84,
p < .001, disattenuated correlation: r = 0.88), indicating these vari-
ables to be extremely linked and almost identical. Furthermore, the po-
sitive correlation between numerical IQ and long-term learning
(r =0.66, p < .001, disattenuated correlation: r = 0.72) did not sig-
nificantly differ from the correlation of overall IQ and long-term learning
(r=0.67, p < .001, disattenuated correlation: r = 0.72; z = 0.30,
p = .384). Thus, we use overall IQ as the predictor for the following
analyses. Previous knowledge also positively correlated to overall IQ as
well as to participants' later long-term learning (see Table 1).

Regarding Hypothesis 1, the significant correlation between overall
IQ and long-term learning (r = 0.67, p < .001, disattenuated correla-
tion: r = 0.72; see Table 1) found first support for our assumption. To
test Hypothesis 2, we conducted a t-test to compare the average long-
term learning of participants in both learning conditions:
Mgeneration = 21.13, SDgeneration = 10.66, Mreading = 22.97, SDreading =
10.79, t(147) = —1.05, p = .297, d = —0.17. Contrary to Hypothesis
2, there was no significant difference in long-term learning between
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Table 1
Correlations among intelligence, previous knowledge, and long-term learning
(N = 149).

1. 2. 3. 4. 5. 6.
1. Overall IQ 0.69 0.88 0.84 0.53 0.72
2. Verbal 1Q 0.63 0.36 0.42 0.36 0.45
3. Numerical IQ 0.84 0.33 0.52 0.46 0.72
4. Figural 1Q 0.77 0.37 0.47 0.40 0.44
5. Previous knowledge 0.52 0.34 0.45 0.37 0.67
6. Long-term learning 0.67 0.40 0.66 0.39 0.63

Note: The (uncorrected) correlations are displayed below the diagonal, the
disattenuated correlations are presented above the diagonal.
** p < .001.

participants in the reading control condition and participants in the
generation condition.

To test Hypothesis 1 and Hypothesis 2 in a more detailed way, we
conducted a linear regression analysis using the learning condition
(0 = reading control condition, 1 = generation condition) and partici-
pants' overall IQ as predictors for long-term learning. Homoscedasticity
was given (Breusch-Pagan-Test: p = .477). R for this regression was
significantly different from zero, F(2,146) = 59.85, R? = 0.451,
Rﬁdj = 0.443, p < .001. Again, contrary to our expectation, the
learning condition was not a significant predictor of long-term learning,
t(146) = —1.52, B = —-2.00, SE=1.31, B =-0.09, p=.130,
Tyxz = —0.093. Overall IQ did, as expected, show a significant effect
in the equation, t(146) = 10.85, B =7.14, SE = 0.66, B = 0.67,
p < .001, ryx,, = 0.666. We further ran another regression analysis to
control for previous knowledge. Homoscedasticity was given (Breusch-
Pagan-Test: p = .177). R for this regression was significantly different
from zero, F(3,145) = 60.83, R* = 0.557, Rog; = 0.547, p < .001. The
regression also significantly explained more variance than the model
without previous knowledge, Fpange = 34.95, p < .001. Learning
condition was still not a significant predictor of later long-term learning
in the final test, t(145) = —1.14, B= —1.35, SE = 1.19, = —0.06,
p = .256, TIyx, = —0.063. As expected, overall IQ was still a sig-
nificant predictor, t(145) = 7.14, B = 4.98, SE = 0.70, B = —0.46,
p < .001, ryxz = 0.395. Previous knowledge was also a significant
predictor of long-term learning, t(145) = 5.91, B=
4.13, SE=0.70, p = 0.39, p < .001, ry«z = 0.327. Thus, controlling
for previous knowledge did not substantially change the effects. Hence,
Hypothesis 1 can be supported but Hypothesis 2 cannot.

To test Hypothesis 3, we added the interaction-term of overall IQ
and the learning condition as a predictor. Homoscedasticity was given
(Breusch-Pagan-Test: p = .172). R for this regression was significantly
different from zero, F(4,144) = 45.62, R* =0.559, R3y = 0.547,
p < .001. The regression did not explain more variance than the first
model, Fepgnge = 0.56, p = .457. The learning condition was again not a
significant  predictor, t(144) = —1.15, B = —1.37, SE =1.19,
B = —0.06, p=.253, ryxz = —0.064. As expected, overall IQ was
significant, t(144) = 4.56, B = 4.46, SE = 0.98, 3 = 0.42, p < .001,
Tyx,z = 0.252. Previous knowledge was also a significant predictor, t
(144) = 5.83,B = 4.09, SE = 0.70, 3 = 0.38,p < .001, ry(x = 0.323.
The interaction of both variables showed no significant effect in the
equation, t(144) = 0.75, B =0.90, SE =1.21, B = 0.07, p = .457,
Tyx,z» = 0.041. Thus Hypothesis 3 was not supported.

2.3. Discussion

Our results supported Hypothesis 1 but not Hypotheses 2 and 3. As
expected, intelligence was significantly and positively linked to later
long-term learning indicated by participants' performance in the final
test assessing the learned information. This fits the aforementioned
theoretical reasoning that claims intelligence as one of the strongest
predictors for long-term learning and academic achievement (e.g.,
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Fergusson et al., 2005; Kuncel et al., 2004; Roth et al., 2015; Spinath
et al., 2006). Thus, our findings again strengthen the importance of
intelligence for success in the academic field. Notably, the positive ef-
fect of intelligence for later long-term learning remained robust when
adding participants' previous knowledge, thus, the benefitting effects of
intelligence were not due to specific knowledge. Still, adding previous
knowledge increased the explained variance.

Contrary to theoretical argumentations and former research (e.g.,
Bertsch et al., 2007; Bjork, 1994; Slamecka & Graf, 1978) generation in
comparison to reading did not lead to more long-term learning. Taking
a closer look at the manipulation of the learning condition, however,
showed no significant differences between participants' ratings of the
difficulty of the two learning conditions. Participants in the generation
condition did not perceive the generation tasks as more difficult than
participants in the reading control condition perceived the reading
tasks. We argue, then, that the generation tasks were not difficult en-
ough to count as a desirable difficulty and were in turn unable to trigger
the needed increase in effort, elaboration, retrieval, and cognitive
processing. Due to our questioning of the successfulness of the manip-
ulation, learning condition differences must be more pronounced in
future studies. Thus, more difficult learning conditions should actually
be more difficult.

We furthermore found no interaction between intelligence and the
learning condition. This is plausible considering that there were no
main effects of the learning condition.

Our sample had an extremely large range of intelligence scores and
a-at first glance-rather low mean overall intelligence score of 98.54,
which seemed surprising for a university sample. However, none of the
participants was an outlier, and the calculation of the intelligence
scores took into direct account participants' educational background, so
ultimately the intelligence scores proved normed for individuals with
the educational level required to study in Germany. In line with this, a
large number of individuals per generation these days decides to attend
university: In one survey, for instance, 74% of those who were entitled
to study due to their school degree had already begun studying within
6 months post-graduation, or they definitely planned to begin soon
(Schneider, Franke, Woisch, & Spangenberg, 2017). Only a small
number of individuals with this educational background wanted to
instead start an apprenticeship or vocational education (about 20%;
Schneider et al., 2017). Moreover, many study paths in Germany do not
pose entry restrictions or pre-requisites, so studying individuals in
general and in our sample were not highly selected by admission pro-
cedures. Due to that, samples of students are more diverse regarding
their cognitive resources; are argued to have wider ability ranges; are
generally not restricted to higher abilities; and should resemble the
general population. Further, the average intelligence score of our
sample did not differ from the expected population average of 100 (t
(148) = —1.222, p = .224, d = —0.10). Moreover, almost all partici-
pants stated that they were interested in the results of their intelligence
test and later reviewed these. Hence, we think that our sample ade-
quately represents students in the observed university.

3. Study 2

The aim of Study 2 was to again test the three hypotheses stated
above. That said, the method of Study 2 is parallel to the method used
in Study 1, except we implemented learning tests with feedback as the
desirable difficulty as opposed to a re-reading control condition. The
study also had two instead of three sessions. We further used different
learning materials and measured long-term learning 1 week instead of
2 weeks after learning.

We again assumed that intelligence is positively linked to partici-
pants' later long-term learning (Hypothesis 1).

We additionally supposed that participants in the desirable diffi-
culties learning condition using tests achieve higher long-term learning
than do participants in the re-reading control condition (Hypothesis 2).

Intelligence 77 (2019) 101405

We further assumed that the beneficial effect of the testing condi-
tion is moderated by intelligence, insofar as that the positive effect is
stronger for more intelligent and weaker for less intelligent participants
(Hypothesis 3).

3.1. Methods

3.1.1. Participants

Power was set to 0.90 and sample size was calculated to detect a
medium effect (f = 0.25). Using G*Power (Faul et al., 2009), a power
analysis revealed a required sample size of N = 171 to detect a sig-
nificant effect (alpha level of 0.05) given there is a true effect. To test
the aforementioned hypotheses, we recruited a sample consisting of
179 participants. Three participants were excluded because they did not
participate in both sessions of the study, so the final sample consisted of
N = 176 participants (Mgg = 22.83, SD,g. = 4.23, range:18-40, 70.5%
female, 84.1% German native speakers). Ninety-six-point-six percent
were students at a German university studying a range of disciplines
including psychology, social science, economic sciences, education,
physics, mathematics, languages, history, and philosophy. Each parti-
cipant was randomly assigned to one of the two between-subjects
learning conditions: the testing condition (n = 87) or the re-reading
control condition (n = 89). Before starting the experiment, each had to
provide her or his approval through reading and signing a written in-
formed consent.

3.1.2. Session 1

In the first session (135min) intelligence was assessed and the
learning phase took place. The laboratory and the setting were the same
as in Study 1.

We measured intelligence using the same test as before (I-S-T 2000
R, Liepmann et al., 2007). Again, due to the theoretical importance of a
general mental ability and the results of Study 1, we analyze our data
using overall IQ. After a short break, we then assessed demographic
measures of the participants (e.g., age, gender, occupational status,
native language, ethnicity, and field of study).

Before the learning phase started, participants were informed that
they would, 1 week later, be charged with taking a final test covering
the learned information. The learning material consisted of a textbook
chapter on the brain's lateralization based on a standard introductory
textbook often adopted for university courses in biopsychology (Pinel &
Pauli, 2012). This material was complex, curricular, and difficult;
moreover, previous research found the linkage between intelligence
and grades to be especially high for biological courses (e.g., Roth et al.,
2015).

Again, due to the above-mentioned theoretical importance of pre-
vious knowledge and the results of Study 1, participants' previous
knowledge was measured by implementing three open-ended questions
(duration: 3 min; one point per correct answer, at most three points; for
a short example see Appendix B). Three independent raters evaluated
and rated participants' answers to the previous knowledge questions:
Analyses will use the mean score of the three ratings. The inter-rater
reliability was high (ICC: 0.983).

In the first learning phase, all participants had 10 min to once read
three pages of the textbook concerning the brain's lateralization. For the
subsequent 10 min of the second learning phase, participants were then
randomly assigned to either a testing condition or a re-reading control
condition.

3.1.2.1. Testing condition. In the testing condition, participants were
presented with a learning test assessing aspects of the previously read
textbook material. The 17 test questions consisted of multiple-choice
questions, each with one correct answer and three distractors, plus
open-ended questions asking for single words or bullet points but also
requiring longer, more detailed answers (a maximum of 20 points could
be gained; for examples see Appendix B). After spending 9 min
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answering the questions of the learning test, participants received
feedback in the form of an answer sheet displaying the correct answers
of the learning test (see Rowland, 2014, concerning the importance of
feedback for the effectiveness of tests).

3.1.2.2. Re-reading control condition. In the re-reading control condition
participants were again presented with the same textbook materials.
They were instructed to read the text as many times as they wanted in
the given time and to learn, understand, and memorize the information
as best as they could.

Finally, participants answered some manipulation check questions
regarding this second part of the learning phase, e.g., regarding the
difficultly, strenuousness, or effectivity of the learning task, or re-
garding participants' perceived success.

3.1.3. Session 2

In the second session (about 70 min; 1 week after Session 1; range:
7-9 days; M = 7.02, SD = 0.18) participants' long-term learning was
measured. Participants were therefore required to work for 10 min on a
final test that included 22 final test questions. They could gain up to 27
points (between one and two points could be achieved per correctly
answered final test question). In line with the learning test in the testing
condition, the final test consisted of multiple choice and open-ended
questions. Some final test questions were identical to questions used in
the learning test, some questions were changed slightly, and some were
part of the previously read textbook but were not previously im-
plemented in the learning test. The three independent raters again
evaluated and rated all answers on the final test (ICC: 0.973); analyses
will use the mean score of these three ratings. Again, the final test was a
low-stake situation because there were no consequences for participants
dependent on their performance.

We further assessed participants' perception of the final test, e.g.,
regarding the difficulty or strenuousness of the final test and if they had
gathered further information on the learned topic in the intervening
time. Following an unrelated study concerning credibility judgments,
participants answered final inquiries about our study, e.g., regarding
thoughts and comments. They also had the opportunity to subscribe for
a post-experimental elucidation, were shortly debriefed, received their
25 Euro reward (psychology students earned course credits instead),
and could review their intelligence quotients.

3.2. Results

On average, participants achieved an overall IQ of 101.03
(SD = 14.64, range: 67.5-137.5). They had on average a verbal IQ of
99.76 (SD = 13.34, range: 69.0-133.0), a numerical IQ of 98.71
(SD = 15.98, range: 66.0-133.0), and a figural IQ of 100.48
(SD = 14.75, range: 79.5-140.5). Participants achieved on average
0.27 of 3 points in the previous knowledge test (SD = 0.61, range: 0-3).

Participants' age, gender distribution, native language distribution,
the time lag between Session 1 and Session 2, intelligence, and previous
knowledge did not significantly differ between participants in the
testing condition and participants in the re-reading control condition
(all ps = .317). Regarding the manipulation check, participants in the
testing condition rated the learning task as significantly more difficult
than participants in the re-reading control condition (Mesing = 3.09,
SDiesting = 0.71, Mie reading = 2-33,  SDiereading = 0.78, t(174) = 6.81,
p < .001, d = 1.02). More participants in the testing condition stated
that they would need further time to work on the learning task (32 vs. 3
participants). In line with this, participants in the re-reading control
condition perceived themselves as significantly more successful while
working on the learning task than did participants in the testing con-
dition  (Miesting = 2.85,  SDiesting = 0.93,  Mrereading = 342,  SDye.
reading = 0.77, (174) = —4.93,p < .001, d = —0.67). However, there
were no significant differences between the perceived strenuousness of
the testing and the re-reading condition (Miesting = 3.02, SDyegring = 1.02,
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M reading = 2-73, SDre-reading = 1.09, t(174) = 1.84,p = .067,d = 0.28)
and the rated effectivity of the learning tasks (Miesing = 3.72,
SDyesting = 0.86, Mye.reading = 3-58, SDre.reading = 0.95, t(174) = 1.02,
p = .308, d = 0.16). For the following analyses, we z-standardized the
predictors and used Process (Hayes, 2018). In the regression analyses
we further report the semi-partial correlations (ry,z)-

3.2.1. Intelligence, learning condition, and long-term learning

Considering the final test task measuring long-term learning, par-
ticipants were on average able to give 13.18 of 27 (48.8%) correct
answers in the final test (SD = 4.78, range: 2.33-25.00). Correlations
(not corrected as well as disattenuated) can be seen in Table 2. As ex-
pected, overall IQ was significantly correlated to participants' later
long-term learning (r = 0.44, p < .001, disattenuated correlation:
r = 0.46). In line with the expected validity of the scale, overall IQ was
also significantly correlated to the three content factors (see Table 2).
The correlation of verbal IQ and later long-term learning (r = 0.51,
p < .001, disattenuated correlation: r = 0.55) did not significantly
differ from the correlation of overall IQ and later long-term learning
(r=0.44, p < .001, disattenuated correlation: r = 0.46; z = 1.25,
p = .105). In addition, previous knowledge was positively correlated to
overall IQ as well as to participants' later long-term learning (see
Table 2).

Regarding Hypothesis 1, the significant correlation between overall
IQ and long-term learning (r = 0.44, p < .001, disattenuated correla-
tion: r = 0.46; see Table 2) found first support for our assumption. To
test Hypothesis 2, we first conducted a t-test comparing the long-term
learning between participants in the testing condition (M = 13.92,
SD = 5.02) and participants in the re-reading control condition
(M = 12.45, SD = 4.43). This difference was significant (t(174) = 2.07,
p = .040, d = 0.31), indicating a beneficial effect of testing on later
long-term learning, hence supporting our second hypothesis.

To test both hypotheses in a more detailed way, we conducted a
linear regression analysis with both the learning condition (0 = re-
reading control condition, 1 = testing condition) and overall IQ as
predictors for later long-term learning. Homoscedasticity was given
(Breusch-Pagan-Test: p = .718). R for this regression was significantly
different from zero, F(2,173) = 24.92, R®>=0.224, R2; = 0.215,
p < .001. As expected in Hypothesis 1, overall IQ showed a significant
effect in the equation, t(173) = 6.67, B = 2.14, SE = 0.32, = 0.447,
p < .001, ryx, = 0.447. As expected in Hypothesis 2, the learning
condition was also a significant predictor, t(173) = 2.58, B = 1.65,
SE = 0.64, B = 0.173, p = .011, 1y, = 0.173. To further control for
participants' previous knowledge, we ran another regression analysis
including previous knowledge as a predictor. Homoscedasticity was
given (Breusch-Pagan-Test: p = .412). R for this regression was sig-
nificantly different from zero, F(3,172) = 31.89, R? = 0.357,
R34 = 0.346, p < .001. The regression significantly explained more
variance than the model without previous knowledge, Fcpange = 35.821,
p < .001. As expected, the learning condition was a significant pre-
dictor of later long-term learning, t(172) = 2.57, B = 1.50, SE = 0.58,

Table 2
Correlations among intelligence, previous knowledge, and long-term learning
(N = 176).

1 2 3 4 5 6
1. Overall IQ 0.71 0.88 0.86 0.21 0.46
2. Verbal IQ 0.65 0.36 0.41 0.25 0.55
3. Numerical 1Q 0.84 0.33 0.57 0.11 0.26
4. Figural I1Q 0.79 0.36 0.52 0.10 0.33
5. Previous knowledge 0.20 0.23 0.11 0.09 0.46
6. Long-term learning 0.44 0.51 0.25 0.30 0.45

Note: The (uncorrected) correlations are displayed below the diagonal; the
disattenuated correlations are presented above the diagonal.
= p <.001.
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B =0.158, p = .011, ryx, = 0.157. Overall IQ also showed a sig-
nificant effect in the equation, (172) = 5.97, B = 1.78, SE = 0.30,
B =0.373, p < .001, ryxz =. 365. Previous knowledge was also a
significant predictor, t(172) = 5.99, B = 1.78, SE = 0.30, = 0.374,
p < .001, ryx,» = 0.366. Thus, controlling for previous knowledge did
not substantially change the effects. This again supports Hypothesis 1
and Hypothesis 2.

To test Hypothesis 3, we further added the interaction-term of overall
IQ and the learning condition to this linear regression analyis.
Homoscedasticity was given (Breusch-Pagan-Test: p = .338). R for this
regression was significantly different from zero, F(4,171) = 25.65,
R*>=0.375, R%;=0.360, p < .001. The regression significantly ex-
plained more variance than the model without the interaction,
Fenange = 4.81, p = .030. In line with the results above, the learning con-
dition was a significant predictor, {171) = 2.60, B = 1.50, SE = 0.58,
B = 0.158, p = .010, 1y = 0.157. Overall IQ also showed a significant
effect in the equation, t#(171) = 2.89, B = 1.17, SE = 0.41, B = 0.245,
p = .004, ryx, = 0.175. Previous knowledge also was a significant pre-
dictor, t(171) =6.19, B=1.83, SE=0.30, [(}=0.383, p < .001,
Tyxz = 0.374. As expected, the interaction of overall IQ with the learning
condition was also able to significantly predict later long-term learning, ¢
(171) = 2.19, B=1.27, SE = 0.58, = 0.183, p = .030, ry, = 0.133
(see Fig. 1). A closer look at the conditional effects of the ordinal inter-
action revealed that there was no significant effect of the learning condi-
tion on long-term learning for participants with rather low overall IQ
(overall IQ 1SD below mean), t(171) = 0.28, B = 0.23, SE = 0.82,
p = .780. However, participants with average overall IQ benefitted sig-
nificantly from being in the testing condition compared to being in the re-
reading control condition, #(171) = 2.60, B = 1.50, SE = 0.58, p = .010.
The positive effect of the learning condition was especially strong for more
intelligent participants (overall IQ 1SD above mean), t(171) = 3.39,
B =277, SE = 0.82, p = .001." These findings-that intelligence moder-
ated the effectiveness of the testing condition—supported Hypothesis 3.

Notes. N = 176. Overall IQ +1SD = overall IQ 1SD above mean;
Mean overall IQ = average overall IQ; overall IQ -1SD = overall IQ 1SD
below mean.

To conclude, we further added the interaction-term of previous
knowledge and the learning condition to the linear regression model.”
Again, homoscedasticity was given (Breusch-Pagan-Test: p = .338). R
for this regression was significantly different from zero, F
(5,170) = 20.40, R* = 0.375, R%; = 0.357, p < .001, but did not ex-
plain more variance than the model without the interaction of previous
knowledge and the learning condition, Fpgnge < 0.001, p = .993.
Adding this further interaction-term did not change the results: The
learning condition remained a significant predictor, t(170) = 2.59,
B =1.50, SE = 0.58, B = 0.158, p = .010, ryx = 0.157. Overall 1Q
still showed a significant effect in the equation, t(170) = 2.83,
B=1.17, SE =0.41, = 0.245, p =.005, ryxy = 0.172. Previous
knowledge remained a significant predictor, t(170) = 4.40, B = 1.83,
SE = 0.42, B =0.383, p < .001, ryyz = 0.267. The interaction of
overall IQ and the learning condition was also still able to significantly
predict later long-term learning, t(170) = 2.15, B = 1.27, SE = 0.59,
B =0.183, p = .033, 1y = 0.130. The conditional effects of this or-
dinal interaction thereby followed the same pattern as described before.
In contrast, the interaction between the learning condition and previous
knowledge was not significant, t(170) = —0.01, B = —0.01,
SE = 0.59, p = —0.001, p = .993, ry,, = —0.001.

! The Johnson-Neyman region of significance for the moderator (conducted
with Process) showed that the testing condition had no significant effect on
long-term learning for participants with a (standardized) overall IQ below
—0.256. For participants with a (standardized) overall IQ above —0.256, the
testing condition had a positive and significant effect compared to a re-reading
control condition.

2We thank an anonymous reviewer for this suggestion.
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Fig. 1. Long-term learning predicted through the learning condition, partici-
pants' overall IQ, and the interaction of both variables.

3.3. Discussion

The results described above are completely in line with our theo-
retical predictions and thus support all three of our hypotheses. Again,
as expected, higher intelligence was significantly linked to more long-
term learning, highlighting the importance of (general) intelligence for
long-term learning, knowledge acquisition, and academic achievement
(e.g., Fergusson et al., 2005; Roth et al., 2015; Stern, 2015).

Notably, the manipulation of the learning condition—testing versus re-
reading control-was successful in this second study: The testing condition
was perceived as significantly more difficult than the re-reading control
condition. In line with this, we now found a significant testing effect on
participants' long-term learning. Participants in the testing condition re-
trieved more answers correctly in the final test assessing long-term learning
after 1 week than did participants in the re-reading control condition. This
fits theoretical assumptions regarding the beneficial effects of im-
plementing learning tests (e.g., Adesope et al., 2017; Rowland, 2014). In-
terestingly, this positive effect of the learning test was found using realistic,
difficult, and curricular materials that consisted of rather complex in-
formation. Thus, our results are an indication for the robustness of the
testing effect, even controlling for intelligence and previous knowledge.

Next, we found a significant interaction between the learning con-
dition and participants' overall IQ: Intelligence moderated the effec-
tiveness of learning tests, insofar as that participants with relatively low
intelligence, that is, overall IQ one standard deviation below mean, did
not benefit from the manipulation of the learning situation. Thus, for
lower intelligence, there was no difference in later long-term learning
between participants in the testing condition and participants in the re-
reading control condition. However, participants with average in-
telligence benefitted from taking learning tests as opposed to re-reading
the same information. This positive effect was even stronger for more
intelligent participants with overall IQ one standard deviation above
mean; thus, more intelligent participants in particular profited from
such difficult learning. This result is in line with the aforementioned
theoretical assumptions and empirical findings (e.g., Alter et al., 2013;
McDaniel et al., 2002; Minear et al., 2018; Oppenheimer & Alter, 2014).

Finally, participants previous knowledge was also a significant and
positive predictor for long-term learning. The interaction of previous
knowledge and the learning condition was, however, not sig-
nificant-even though previous knowledge was found to be a moderator
for the beneficial effects of desirable difficulties in past studies (e.g.,
McNamara et al., 1996).

4. General discussion

In two studies, we analyzed the linkage between participants' in-
telligence and their long-term learning, as well as moderating effects of
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intelligence on difficult learning situations like generation and testing
that are supposed to increase long-term learning. As mentioned in the
introduction, intelligence has often been assumed to be one of the best
predictors for learning and academic achievement, especially regarding
complex and stimulating learning. Higher intelligence was further dis-
cussed to increase the effectiveness of intentionally hindered and more
difficult learning situations and to be linked to better and more effortful
cognitive information processing.

The results of our two studies highlight the importance of general in-
telligence and the inevitability of focusing on intelligence for predicting
long-term learning. The positive linkage of intelligence and long-term
learning remained robust and strong when controlling for participants'
previous knowledge and when manipulating the learning situation.
Moreover, although desirable difficulties, at least regarding tests in our
second study, were also beneficial, intelligence even moderated the ef-
fectiveness of such difficult learning. This moderation effect regarding
complex and difficult information is the most important contribution of
our second study to the existing intelligence literature. Notably, tests were
not more effective than re-reading control tasks for participants with re-
latively low intelligence but were beneficial for average and highly in-
telligent participants. Highly intelligent learners profited especially from
using learning tests. Hence, intelligence was not only generally linked to
long-term learning but also moderated situations, processes, and methods
that were specifically constructed to increase long-term learning. This is in
line with the above-mentioned theories stating the importance of a general
intelligence factor for learning, success, and academic achievement in
different contexts (e.g., Kuncel et al., 2004; Roth et al., 2015; Spearman,
1904). Additionally, our results are similar to previous (controversial)
research stating educational interventions and learning methods to be
especially-or even only-advantageous for individuals with at least average
cognitive abilities like intelligence: Thus, methods trying to improve long-
term learning and academic achievement for everyone are often suggested
to only further increase the disparity between high and low ability learners
(see also the Matthew or rich-get-richer effects; e.g., Rapport, Brines,
Theisen, & Axelrod, 1997; Stern, 2015, 2017; Walberg & Tsai, 1983). Our
results further support the literature assuming the importance of higher
cognitive abilities for the beneficial effects of desirable difficulties (e.g.,
Kaiser et al.,, 2018; McDaniel et al., 2002; Minear et al., 2018). Our
findings present a unique contribution to the understanding of the role of
intelligence for learning in general, as well as for stimulating learning si-
tuations using difficult, challenging, and complex materials. Thus, at least
average and higher intelligence facilitates effective deeper semantic en-
coding, cognitive processing, cognitive effort, and consolidation of in-
formation that is triggered by tests.

Due to our results, we can advise the implementation of learning tests
for university students, at least for averagely and highly intelligent lear-
ners. These profit from using difficult learning tests, even when applying
a rather short, low-stake test only once. Fortunately, such learning tests
are advantageous for a larger population of university students and can be
implemented easily into university courses. Still, lecturers must remain
vigilant that the applied learning tests are actually difficult and complex
enough to trigger the beneficial effects. Concerning relatively unin-
telligent learners, we cannot unconditionally advise lecturers to use tests
because such learners would have to indulge in difficult learning without
profiting from it. Nonetheless, we also cannot advise against using diffi-
cult tests because at the very least, participants with lower intelligence
suffered no disadvantages on their long-term learning due to the appli-
cation of learning tests (see also the often assumed poor-get-poorer effect;
e.g., Stanovich, 1986). However, one might also argue that difficult
learning is correlated with stress or frustration for less intelligent learners,
because difficult tasks were in general found to increase perceived an-
xiety, and even low-stake quizzes were linked to pressure compared to a
re-reading control task (e.g., Hinze & Rapp, 2014; O'Neil, Spielberger, &
Hansen, 1969). Regarding generation tasks, implications are not that
clear because the manipulation of the learning condition in Study 1 was
unsuccessful. In line with this, Study 1 did not result in a significant effect
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of the learning condition, thus, generation was not more beneficial than a
reading control task. At the very least the generation tasks did not reduce
participants' long-term learning, thus, they were not harmful.

There were some positive and negative aspects of our studies that we
care to mention and that could be applied or adapted in future work. For
instance, the intelligence test we used was a rather detailed one with
high quality factors; future research should use similar measures. This
applies especially to the importance and predictivity of a general in-
telligence factor. Still, we only used the basis module of the intelligence
test, which measures a general intelligence factor similar to g or to fluid
intelligence encompassing knowledge components. Future studies may
add the existing knowledge tests to additionally assess fluid and crys-
talline intelligence so that more information regarding intelligence is
available. Both of our studies used different curricular and realistic
learning materials that are actually used in school and university courses;
that said, the results can be generalized for actual learning materials and
for information that is complex and difficult instead of relatively abstract
learning of word pairs, vocabulary, or associations. It is vital that the
difficult learning tasks are perceived as more difficult than the easier
control tasks and that both conditions are clearly distinguishable.

As a limitation, we only observed the influence of a single ma-
nipulated learning condition—one generation task or one learning
test-on one single final test assessing long-term learning. However, it is
important to test if the moderating effects of intelligence remain the
same when applying multiple learning tests or multiple re-reads over
the course of an entire semester. In line with this, future studies should
use multiple follow-up final tests to check if the effects change over
time. Although the positive effect of intelligence was found in previous
studies over long periods, the beneficial effect of tests could decline.
One main limitation of our studies is that in regard to intelligence, we
were only able to observe correlations. Although we did infer causal
effects due to the different times of measurements of intelligence and
long-term learning, further causal analyses are still advantageous.
Future studies should implement longitudinal designs because these are
supposed to serve as a basis for causal effects (cf., Strenze, 2007, 2015).

All in all, there remain open questions regarding the tested linkage
among intelligence, cognitive processes, generation, testing, and long-
term learning. This applies for instance to the underlying effects of
cognitive processing for learning. Although we argue that intelligence is
positively correlated to better retrieval as well as to deeper processing
of information, and although we know that higher intelligence is gen-
erally important for learning, we do not know exactly why. The same
applies to the consideration of why desirable difficulties increase cog-
nitive processes that lead to higher long-term learning. It is possible
that higher working memory capacities, the ability to handle simulta-
neously more pieces of information, the amount of cognitive resources,
or higher memory skills are responsible for increased long-term
learning. However, higher success could also be due to the abilities to
reason, abstract thinking, or elaboration, or to higher processing speed,
or simply to the ability to handle more cognitive effort and to overcome
challenging tasks. So, in addition to general intelligence, future studies
could focus on the linkage between even more aspects of cognitive
abilities, like processing speed, working memory capacity, memory, or
reasoning, on long-term learning and the effectiveness of generation/
testing. Moreover, future work should also focus on increasing the
benefit of desirable difficulties for learners with all-and especially
lower-ability levels and not only for average or highly intelligent in-
dividuals. Thus, future studies may try to design difficulties that are
adequately difficult for every individual; the tasks should be difficult
enough to elicit the beneficial effects of desirable difficulties but still
easy enough that learners with lower intelligence are able to overcome
them without being completely overwhelmed (see e.g., Minear et al.,
2018). Future studies should therefore monitor and test which level of
difficulty is beneficial for which individual. Lecturers could, for in-
stance, also give lower ability learners more time or apply graded
learning aids to support them (see e.g., Hanze, Schmidt-Weigand, &
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Staudel, 2010). Besides, researchers could test if lower ability learners
would benefit from longer initial learning phases or from applications
of desirable difficulties later in the learning process when these learners
have already mastered some of the basic information or formed suffi-
cient previous knowledge (see also the above-mentioned expertise-re-
versal effect or the aptitude-treatment-interaction; e.g., Kalyuga et al.,
2003; Snow, 1989). Future work could also test if multiple applications
of desirable difficulties or the usage of tests in high-stake learning si-
tuations in actual university courses may improve long-term learning
for lower ability individuals.

In general, future work could also use a more natural setting, a within-
subject design, or it could even implement further difficulty nuances re-
garding the information as well as the desirable difficulties themselves.
Although the forced application of learning tasks is rather common in
university courses, it is advantageous to explore the effects of intelligence
and desirable difficulties using self-regulated learning. Thus, one could
explore if intelligence also moderates the decision to use generation tasks
or tests instead of relatively easy re-reading tasks, and also if intelligence
moderates learners' persistence while working on such difficulties.

Conclusion
In summary, we want to emphasize the importance of intelligence:

Studies 1 and 2 showed that higher intelligence was beneficial for long-
term learning, even controlling for participants' previous knowledge.

10
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Study 2 also found a positive effect of difficult learning tests as opposed
to the application of reading control tasks. Notably, this beneficial effect
was moderated by intelligence: In particular participants with higher
intelligence profited from such difficult learning. Thus, intelligence was
once again one of the best predictors of long-term learning.
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Appendix A. Example items of Study 1 (translated for this presentation, used materials in German)

Previous knowledge test:
2. Jonas takes the elevator. The equation y = -0,5x + 6 describes the relation between the elapsed
time and the covered distance from Jonas. What can you deduce from this equation? Complement
with which pace and from which height Jonas drives up or down.

a) Pace? meter per second

b) Initial height? meter

¢) up/down?

Learning task in the reading control condition:

b) (0]0); (2]2) fits the line and has the functional equation With the slope m=

is

; the point (2222) B O on this line, because| 22=1-22 |or| 1=1

Correct solution:

Step 1: Insert the given points (2|2) and (0/0) into the formula to compute the slope.

_y2-y1
X2-x1

| Recap, if you enter (2|2) and (0|0) in the general formula to compute the
slope m = % , than you will obtain m = %
m=1
Step 2: This computed slope of m = 1 is inserted into the equation defining the line through the
origin of y = m'x.
y=1x |Insertm=1 intoy=mx
y=X
Step 3: Enter the new unknown point (22|22) with a known point on the line, e. g. (0/0) or (2]2)

into the formula to compute the slope.

22—-0 22 22-2 20
m=222 -2 _1om= =2
22-0 22 22-2 20

Step 4: Compare, if your computed slope based on an unknown and known point in step 3
matches the previously computed slope in step 1.

m = | stemming from the functional equation of y = 1-x in step 1

m= % =1 stemming from the computed slope of an unknown and known point in step 3

2

Both slopes of m = é =1 and of m = 1 are equal, that is 1 = 1. Therefore, the unknown

point has to fit the blue line.
alternatively:
Enter the unknown point of (22(22) into your derived functional equation from step 2 and check,
whether the result is a true mathematical statement.
y=mx | Point (22|22) has x =22 and y = 22
22=122
22 =22 | This is true. Thus, the unknown point (22|22) has to fit the blue line.

Learning task in the generation condition:

a) (0]0); (2]2) fits thel:l line and has the functional equation I:I with the slope m=

s
not

‘:I; the point (22]22) 0O O on this line, because | | 0r| |

11
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Appendix B. Example items of Study 2 (translated for this presentation, used materials in German)

Previous knowledge test:
1. What is the functional lateralization of the brain?

Learning test in the testing condition:

2. Which sort of motor function or movement is malfunctioning due to apraxia?

Final test:

4. Wherefore is the sodium amylate test used? (Please answer the question in at most one or two sentences)
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ARTICLE INFO ABSTRACT
Keywords: Although difficult learning processes like tests are beneficial for later learning outcomes, learning
Acute stress experiences situations including tests or quizzes can also be perceived as acute stressors leading to more

Negative evaluations
Test anxiety

Tests

Desirable difficulties
Situation perceptions

pressure, anxiety, and stress. Thus, we suppose that participants evaluate learning situations with
tests, contrary to reading tasks, as more negative and experience more stress. This should be
especially pronounced for learners with higher, as opposed to lower, dispositional stress or
anxiety. Hence, we further predicted main effects of dispositional variables as well as interactions
with the learning situation. We conducted one online study using hypothetical learning scenarios
and one laboratory study using actual learning and respectively assessed dispositional stress and
anxiety. Study 1 found that hypothetical learning scenarios including tests with public results and
tests with private results were evaluated more negatively than re-reading control scenarios. There
was also some evidence for the predicted interaction effect. In Study 2 a test in an actual learning
situation was evaluated as more negative and additionally led to more acute stress and anxiety
than reading. Dispositional variables were positively correlated to more negative evaluations and
more stress experiences in both studies. However, there were no interactions in Study 2.
Consequently, lecturers must keep in mind that learning tests can serve as acute stressors for
learners, thereby resulting in negative side-effects.

1. Introduction

Educational research often focuses on ways to increase learners long-term learning outcomes and their academic achievement, for
instance through applying more difficult learning situations (e.g., so called desirable difficulties; Bjork, 1994). However, apart from
exploring beneficial effects, it is extremely valuable to test how such difficult learning situations are actually perceived. This applies to
perceptions of learning situations as threats or as acute stressors, which elicit more negative evaluations as well as more experiences
and feelings of anxiety, pressure, or stress. Testing such negative perceptions and experiences is important because such negative
side-effects are, in turn, often linked to further negative consequences like mood disturbances, decreased motivation to learn, and
reduced effort as well as persistence while learning (e.g., Del.ongis, Folkman, & Lazarus, 1988; LePine, LePine, & Jackson, 2004). All in
all, until now not much research was conducted to test these research questions, especially regarding tests as learning situations. Thus,
the present work consists of two studies focusing on typically beneficial learning situations from a different angle: Instead of exploring
effects on later long-term learning, individuals’ evaluations and experiences of difficult learning situations will be tested. We want to
explore how learners perceive and respond to potentially stressful learning situations, therefore taking situational factors, dispositional
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factors, as well as potential interactions into account.

We focus on desirable difficulties as intentionally hindered and challenging learning situations that were often shown to increase
long-term learning and performance (e.g., Bjork, 1994; Bjork & Bjork, 1992, 2011). One of the most common, easily transferable, and
robust desirable difficulties is the application of (learning or practice) tests or quizzes (also known as: testing effect, retrieval practice, or
test-enhanced learning): Taking tests or quizzes on previously learned information—thereby actively and independently solving test
questions, generating solutions, and retrieving answers—enhances long-term learning, final test performance, and retrieval of these
information—even regarding curricular or complex materials (e.g., Dobson & Linderholm, 2015; Dunlosky, Rawson, Marsh, Nathan, &
Willingham, 2013; Karpicke & Aue, 2015; McDaniel, Roediger, & McDermott, 2007; recent meta-analyses: Adesope, Trevisan, &
Sundararajan, 2017; Rowland, 2014; for further desirable difficulties like the strongly related generation effect or disfluency, see e.g.,
Bertsch, Pesta, Wiscott, & McDaniel, 2007; Diemand-Yauman, Oppenheimer, & Vaughan, 2011). Such beneficial effects of tests were
found in laboratory, university, and classroom settings as well as for different learning materials like word-pairs, factual information,
associations, vocabulary, longer scientific textbook paragraphs, and mathematical/statistical concepts or problems (e.g., Adesope
et al., 2017; Dobson & Linderholm, 2015; Dunlosky et al., 2013; Fazio, 2017; Lim, Ng, & Wong, 2015; Lundqvist, 2019; Lyle, Bego,
Hopkins, Hieb, & Ralston, 2019; Lyle & Crawford, 2011; McDaniel, Agarwal, Huelser, McDermott, & Roediger, 2011; Roediger &
Karpicke, 2006; Rowland, 2014; Wong, Ng, Tempel, & Lim, 2019). Moreover, a wide range of learning tests and test question formats
(among others triggering free recall, cued recall, or recognition) have been shown to be beneficial: These include, for instance, writing
down as much of the read information as possible, multiple-choice questions, short-answer questions, fill-in-the-blank questions,
completion of practice problems, finding solutions to mathematical tasks, comprehension-based questions, knowledge-based ques-
tions, application-based questions, transfer questions, and inferences (e.g., Adesope et al., 2017; Dobson & Linderholm, 2015;
Dunlosky et al., 2013; Khanna, 2015; Lim et al., 2015; Lundqvist, 2019; Lyle et al., 2019; Lyle & Crawford, 2011; McDaniel et al., 2011;
McDaniel, Thomas, Agarwal, McDermott, & Roediger, 2013; Roediger & Karpicke, 2006; Rowland, 2014; Wong et al., 2019).

Theoretically, tests and desirable difficulties are supposed to trigger more retrieval practice as well as deeper (semantic) processing
and encoding of information and to stimulate cognitive processes that increase understanding, retention, transfer, and also strengthen
memory traces, paths, or associations (e.g., Adesope et al., 2017; Bjork, 1994; Bjork & Bjork, 1992, 2011; Karpicke, Butler, & Roediger,
2009; Roediger & Karpicke, 2006; Rowland, 2014). Desirable difficulties and tests are further assumed to lead to more analytic
reasoning/thinking, more elaboration, more memory consolidation, and to the allocation of more resources concerning cognition,
effort, and time (e.g., Bjork, 1994; Bjork & Bjork, 1992, 2011; Dunlosky et al., 2013; Rowland, 2014). Tests and desirable difficulties
generally help to increase the meta-cognitive evaluation of learners hitherto learning success and serve as meta-cognitive cues to
allocate more cognitive resources (e.g., Alter, Oppenheimer, Epley, & Eyre, 2007; Bjork, 1999; Pieger, Mengelkamp, & Bannert, 2016).
Thus, learners have a more adequate and realistic view of their amount of learned information up to that point. This also reduces
learners’ illusion of competence and their general overconfidence (e.g., Bjork, 1999). Especially valuable is the effort and difficulty while
being tested—the beneficial effects increase with higher effort, quality, intensity, depth, and difficulty of retrieval (e.g., Bjork & Bjork,
1992; Karpicke & Roediger, 2007; Rowland, 2014). This also applies to the format and depth of retrieval practice and learning tests:
More difficult compared to easier answer formats (e.g., short answer questions vs. multiple choice questions) and deeper compared to
lower questions depths (e.g., applied questions vs. factual questions) are more effective (see e.g., Maass & Pavlik, 2016).

However, such difficult learning situations were sometimes also found to pose too much additional demands as well as too much
cognitive working memory load on learners, in particular regarding authentic, complex, and high element interactivity information (e.
g., Clark & Linn, 2003; Roelle & Berthold, 2017; Sweller & Chandler, 1994; Van Gog & Sweller, 2015; Wenzel & Reinhard, 2019).
Moreover, tests and examinations were found to moderate learners’ attitudes as well as their affect—like motivation, self-efficacy, or
anxiety—and were often perceived as taxing or threatening (e.g., Abouserie, 1994; Bradley et al., 2010; Crooks, 1988). Working on
difficult learning tasks was also shown to increase perceived anxiety (e.g., O'Neil, Spielberger, & Hansen, 1969). Hence, specifically
tests—even as learning situations—are argued to be perceived as stressful situations that lead to acute negative consequences like more
negative evaluations and appraisals as well as to more acute pressure, anxiety, and stress.

1.1. Stress and anxiety in test situations

Empirically, most students experience test situations, especially final high-stake tests or examinations, as stressful and unpleasant
(e.g., Beilock, 2008; Bradley et al., 2010; Hobfoll, 1989; Jamieson, Peters, Greenwood, & Altose, 2016; Sarason, 1984; Sarason &
Sarason, 1990). Tests were also often correlated to feelings of threat, worry, pressure, and anxiety (e.g., Crooks, 1988; Lay, Edwards,
Parker, & Endler, 1989; O’Neil et al., 1969; Stiggins, 2001). Abouserie (1994), for instance, reported that most of students’ academic
stress results from taking and studying for exams, from getting examination results, and from large amounts of information that must
be learned. Moreover, competitive high-stake test situations, like medical school entrance examinations, were perceived as high
pressure by all students, which was in turn linked to negative affective states (Leiner, Scherndl, & Ortner, 2018).

Apart from tests as (graded) examinations in university settings, even tests solely used as learning situations can be perceived as
stressful situations that trigger acute negative consequences and cognitive, affective, or physiological stress responses. For instance,
Hinze and Rapp (2014) found in a laboratory study—using science texts as study materials and multiple choice and open-ended
application questions—that high-stake quizzes led to more anxiety and pressure than low-stake quizzes and re-reading. Low-stake
quizzes were also more pressuring than re-reading. Thus, participants felt some pressure simply from taking quizzes, but higher
stakes—induced by instructions stating that the monetary rewards for participants and a fictive partner were dependent of partici-
pants’ quiz results—additionally led to further state anxiety. This was even independent of individual differences in trait anxiety.
High-stake quizzes also negatively influenced attitudes, interests, and learning outcomes (Hinze & Rapp, 2014). In line with this,
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graded quizzes (each contributing 1% to learners final grade for the respective course) in contrast to ungraded quizzes made par-
ticipants feel more anxious about the course and made them less glad about having quizzes in their classes (Khanna, 2015; Khanna &
Cortese, 2016).

Such learning tests may be experienced as stressful because difficult tasks are often perceived as too demanding, as overwhelming,
or as consuming too many resources (e.g., Bystritsky & Kronemyer, 2014; Endler, 1997; Epel et al., 2018; Hobfoll, 1989). Besides,
learners must expand cognitive resources to answer such complex questions and must actively retrieve or generate information—often
under time pressure or external evaluation through peers, lecturers, or grades (e.g., Bradley et al., 2010; Jamieson et al., 2016).
Additionally, tests require more effort from learners to do well, which is one aspect of a stressful situation (e.g., Epel et al., 2018). We
suppose that this arises especially while working on tests as instantiations of desirable difficulties because these must be—even per
definition—difficult, challenging, and demanding. They also reduce learners’ illusion of competence and their overconfidence. Thus,
learners achieve a more adequate but potentially unsatisfactory view of their hitherto learning progress. This is argued to lead to a
perceived imbalance between the hindered tasks and learners’ own capabilities and resources (see e.g., Kausar, 2010; Lazarus, 1990;
McGrath, 1970). Moreover, experiencing difficulties and giving incorrect answers can feed negatively into learners’ self-perceptions
(e.g., Sarason & Sarason, 1990; Schunk & Gaa, 1981). Performing poorly, which often happens while working on such tasks, also
further leads to experiencing stress (e.g., Sarason & Sarason, 1990; Schunk & Gaa, 1981). In line with this, learners working on difficult
tasks may perceive their outcomes as less controllable, which is also an aspect of a stressor (see e.g., Epel et al., 2018).

In addition to these characteristics of the (potentially stressful) situation, dispositional variables also shape learners’ appraisals,
perceptions, and evaluations of different learning situations. This includes, for instance, traits stress or trait test anxiety. Trait test
anxiety describes the disposition to perceive tests and test situations as stressful and threatening, including worry, emotionality, lack of
confidence, and interference, which occurs especially before and during tests (e.g., Hoferichter, Raufelder, Ringeisen, Rohrmann, &
Bukowski, 2016). Cassady (2004a) fittingly showed that university students with higher, as opposed to lower, dispositional cognitive
test anxiety rated tests as more threatening, reported higher levels of emotionality during tests, and described relationships with
helplessness attributions after tests.

The transactional theory of stress (e.g., Lazarus, 1990; Lazarus & Folkman, 1984, 1987) furthermore highlights the importance of
individual appraisals of the situation and the importance of a conjunction of the situation and the individual. In line with this, Cassady
(2004b) found that cognitive test anxiety accounted for 25 % of the variance reported in performance in a high-external evaluation
pressure situation, whereas it accounted only for 12 % in a no-external evaluation pressure situation. Thus, these results showed an
interaction between situational and dispositional factors.

1.2. The present research

Due to the theoretical argumentations described above and the often-observed detrimental effects of stress—like reduced moti-
vation to learn (including reduced interest to do well, reduced effort, and reduced persistence), health problems, exhaustion, mood
disturbance, emotional upset, cognitive deficits, or impaired academic performance (e.g., Brougham, Zail, Mendoza, & Miller, 2009;
DeLongis et al., 1988; Hobfoll, 1989; LePine et al., 2004; Lumley & Provenzano, 2003; Struthers, Perry, & Menec, 2000)—it is
important to further explore how learners actually perceive and experience learning test situations and if these actually count as acute
stressors. Per definition, tests as desirable difficulties are supposed to be hindered, difficult, and complex, but still possible to over-
come. We want to test linkages among learning tests, learners’ immediate evaluations of such situations, and their direct stress ex-
periences. Thereby, participants’ appraisals and perceptions of different learning situations are not only manipulation checks but the
foci of our work. This is relevant because researchers often argue that situations and individual perceptions of these are rarely the main
focus of experiments (e.g., Edwards & Templeton, 2005). Other researchers generally highlight the importance of situation perceptions
and situation classifications (e.g., Rauthmann, 2012; Rauthmann et al., 2014). Moreover, we want to test the influence of dispositional
variables and potential interactions between difficult learning situations and individuals’ dispositions.

Notably, not much work has been conducted regarding acute effects of tests as instantiations of desirable difficulties on (negative)
situation evaluations and stress experiences. This is especially true when adding (multiple) dispositional variables like trait test anxiety
and trait stress and when exploring potential interaction effects of these dispositional variables and learning situations. A lot of studies
further focused on stress and anxiety inflicted by tests as examinations but not on tests as everyday learning situations.

We theoretically predict that tests, in contrast to re-reading, lead to higher negative evaluations of the learning situation, more
demand, more perceived stress, and to more anxiety, especially for participants with higher levels of dispositional test anxiety, stress,
or general anxiety. Supporting these assumptions, multiple studies actually showed that learning tests and quizzes lead to pressure,
cognitive overload, more perceived difficulty, higher general anxiety, increased test anxiety, and more stress (e.g., Hinze & Rapp,
2014; Khanna, 2015; Van Gog & Sweller, 2015). Dispositional variables like cognitive trait test anxiety were also important for the
perceptions of stress and anxiety (e.g., Cassady, 2004a, 2004b). Previous theories and studies also supported the assumption that
dispositional variables and situational factors interact (e.g., Cassady, 2004b; Lazarus, 1990; Lazarus & Folkman, 1984), so that
potentially stressful situations may be perceived as especially stress- and anxiety-inducing by learners that already score higher on trait
stress and trait anxiety.

Although these fitting evidence exist, there are nonetheless still open questions and contrary findings. For instance, participants in
other studies reported to perceive repetitive tests as learning improving and as test anxiety and negative affect reducing (e.g., Nyroos,
Schéle, & Wiklund-Horngvist, 2016; Szpunar, Khan, & Schacter, 2013). Supposed explanations for these differing findings are that
Nyroos et al. (2016) measured stress and anxiety two weeks after the test—and not immediately after or while working on it—and
without a control group. Thus, the authors did not measure acute stress responses but rather long-term effects. In line with this,
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Szpunar et al. (2013) measured changes in test anxiety regarding the later final test and not regarding the repetitive learning tests that
were conducted before. Thus, they also assessed long-term and not immediate effects and did not focus on the learning tests as acute
stressors but on later examinations as stressful situations. Because stress is argued to be a multilevel process that changes over time and
that has varying effects at different time points (e.g., Epel et al., 2018; Lazarus, 1990), current ratings and momentary effects are
supposed to differ from later ratings and long-term effects. Hence, although learning tests reduced anxiety regarding the final ex-
amination in the study from Szpunar et al. (2013), we argue that working on learning tests themselves still leads to more immediate
negative stress responses and more stress perceptions. Moreover, the tests implemented by Nyroos et al. (2016) were worked on at
home and in learners’ own pace, thus, excluding potential social evaluations and resembling more self-regulated learning than learning
tests applied in university courses. Most important, both studies did neither control for dispositional variables nor tested potential
interactions of the learning situations and dispositional variables. Thus, the added extra value of our work and its unique contribution
is that we focus specifically on learning tests as acute stressful situations and additionally test dispositional effects and interactions of
the situation and the individual.

We argue that learning tests directly implemented in the university context, thus, in a real-world and regulated learning setting,
lead to more acute (cognitive, affective, and physiological) stress responses like negative evaluations, more perceived anxiety, and
more stress experiences. Moreover, we argue that it is extremely relevant to include measurements of learners’ dispositional variables
like trait stress, trait test anxiety, or general trait anxiety, and to test for interactions of the learning situations and these dispositions.

2. Study 1

Our first online Study used a learning scenario condition (two test scenario conditions and one re-reading control scenario con-
dition) as the between-subject variable. Thereby, participants were instructed to either imagine a learning situation in which tests with
private results were applied, a learning situation in which tests with (anonymous) public results were used, or a learning situation with
re-reading control tasks.

We predicted that participants in both test learning scenario conditions evaluate the learning situation as more negative than
participants in the re-reading control learning scenario condition (Hypothesis 1). Additionally, we hypothesized that dispositional
variables like trait test anxiety and trait stress are positively linked to participants negative evaluation of the learning situation
(Hypothesis 2). Moreover, we predicted interactions between these dispositional variables and the learning scenario condition: Par-
ticipants with higher levels of trait test anxiety or trait stress should evaluate the test learning scenario conditions, as opposed to the re-
reading control learning scenario condition, as especially negative (Hypothesis 3).

Further, we predicted that participants in both test learning scenario conditions experience more stress during such learning sit-
uations than participants in the re-reading control learning scenario condition (Hypothesis 4). Additionally, we hypothesized dispo-
sitional variables like trait test anxiety and trait stress to be positively linked to participants stress experiences (Hypothesis 5).
Moreover, we again predicted interactions between these dispositional variables and the learning scenario condition: Participants with
higher levels of trait test anxiety or trait stress should experience the test learning scenario conditions, as opposed to the re-reading
control learning scenario condition, as especially stressful (Hypothesis 6).

2.1. Methods

In the following we report how we determined our sample size, all data exclusions, all manipulations, and all measures used in this
study (cf. Simmons, Nelson, & Simonsohn, 2012).

2.1.1. Participants

We conducted an a priori power analysis using G¥*Power (Faul, Erdfelder, Buchner, & Lang, 2009) to calculate our required sample
size: With a power of .95 and—in line with the effect sizes found by Hinze and Rapp (2014)—an assumed small to medium effect (f =
0.20), the power analysis for an ANCOVA with fixed effects, main effects, and interactions revealed a required sample size of N =390
to detect a significant effect (alpha level of .05)—given there is one. We recruited an American online-sample consisting of 458
participants. Fifty-three of these participants were excluded because they answered at least one out of three questions testing attention
incorrectly. Thus, our final sample consisted of N = 405 participants from MTurk (Mg = 25.72, SDgg = 6.65, range: 18-62, 48.4 %
female, 97.3 % English native speakers). All participants were college or university students. Each participant was randomly assigned
to one of the three learning scenario conditions: either to the learning tests with public results learning scenario (n = 129), the learning
tests with private results learning scenario (n = 136), or the re-reading control learning scenario (n = 140) condition. Before starting,
all participants had to provide their approval through reading and agreeing to an informed consent stating that they knew that their
participation was completely voluntary, that they could withdraw at any time without explanations and consequences, and that they
were at least 18 years old. The study was conducted in full accordance with the Ethical Guidelines of the DGPs and the APA and the
project was approved by the Ethics Committee affiliated with the funding source.

2.1.2. Procedure and measures

After reading information about the study, participants reported their demographics, e.g., age, gender, native language. Thereafter,
we assessed—in randomized order—dispositional variables. We measured participants trait test anxiety (PAF-E; Hoferichter et al.,
2016; o =.91) with 20 items on a four-point Likert-like scale from one (almost never) to four (almost always). Participants were thereby
informed that the following statements described general feelings and thoughts in evaluation situations and that they should choose
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the scale endpoint that suits them best. The scale consists of four sub-dimensions of trait test anxiety with each five items: worry
(0 =.80; e.g., I worry about my results), emotionality (« =.83; e.g., I feel anxious), interference (a =.91; e.g., I easily lose my train of
thoughts), and lack of confidence (a =.88; e.g., I am satisfied with myself). Due the high reliability of the overall score and because the
correlations among the overall score and the dependent variables were similar to the correlations among the sub-dimensions and the
dependent variables, analyses will only include the overall score. We further assessed trait stress using the Perceived Stress Scale (PSS;
Cohen, Kamarck, & Mermelstein, 1983), which measures the degree to which individuals perceived situations in the last month as
stressful using 14 items (a = .88; e.g., In the last month, how often have you been upset because of something that happened unexpectedly?) on
a five-point Likert-like scale from one (never) to five (very often). The Subjective Stress Scale (SSS; Reeder, Schrama, & Dirken, 1973),
which uses four items (o = .88; e.g., There is a great amount of nervous strain connected with my daily activities) on a four-point Likert-like
scale from one (not at all) to four (very well), was applied to additionally measure dispositional stress. Participants were again instructed
to indicate how well the specific statements describe them in general.

We then assessed participants academic self-concept (Dickhauser, Schone, Spinath, & Stiensmeier-Pelster, 2002) using five items
(0« =.89; e.g., My academic ability is ....) on a seven-point Likert like scale from one (lower values) to seven (higher values) as a control
variable. The academic self-concept was measured to control for potential differences between participants in the three learning
scenario conditions. It was applied due to its positive correlation with learners’ self-efficacy and its negative correlations with two
sub-dimensions of trait test anxiety (emotionality and worry; see Dickhauser et al., 2002). Because school-related self-efficacy is
described as a tendency to approach difficult task as challenges and not as threats and was often negatively correlated to test anxiety or
stress (e.g., Crooks, 1988; Hoferichter et al., 2016; Mills, Pajares, & Herron, 2006), potential differences could distort the results. The
variable will only be used in the analyses if participants’ academic self-concepts differ significantly between the learning scenario
conditions.

Participants were then randomly assigned to one of three learning scenario conditions. They were thereby instructed to read and
imagine a scenario that described learning in a college course over a whole semester that would end with an examination. In the tests
with public results learning scenario condition participants were instructed to imagine that the described professor tries to increase
their learning success through applying tests at the end of every session. Shortly following these sessions students receive an e-mail
with a list of the matriculation numbers of all students and their respective ranked test results. In the tests with private results learning
scenario condition every student receives their test results in private per e-mail and can contemplate them individually. In contrast, in
the re-reading control learning scenario condition participants were instructed to imagine that the professor hands the students a
summary of all relevant information to (re-)read after every session (see Appendix A for the complete scenarios). The two test learning
scenario conditions were conducted—in line with Hinze and Rapp (2014)—as two slightly differing conditions that depict two forms of
learning tests that are often applied in actual university settings and that vary regarding potential external or social evaluations. Thus,
although tests in both scenarios are ungraded and the results presented anonymously, the imagined pressure to perform well might be
higher in the tests with public results learning scenario condition because the students know that all matriculation numbers and test
results are viewable for everybody else. Most import, both learning scenario conditions including tests depict realistic situations that
students can actually experience in their courses and that can still be categorized as low-stake.

Following, we assessed our two dependent variables, whereas participants were instructed to answer the following question in line
with perceptions and feelings they would have had if they actually were in the imagined scenarios: Firs, participants were asked to
answer questions concerning their cognitive appraisals and perceptions of the learning scenario, e.g., regarding difficulty, unfairness,
and feelings of anger. This resulted in an overall negative evaluation of the learning situation score using 10 items (o« =.89; e.g.,
Concerning the imagined scenario, ... How (un)just did you find the described and imagined way of learning in the situation?, one (extremely
unjust) to seven (extremely just)) on a seven-point Likert-like scale from one (lower scores) to seven (higher scores). Higher scores
thereby indicate a more negative evaluation of the situation across different domains (see Appendix A for all items and all scale
endpoints). We also included three positive control items (concerning how attentive participants would be in such a situation and how
helpful and interesting they would perceive the situation) that were later not analysed. These items were included so that it was not too
obvious that we wanted to assess an overall negative evaluation score and to reduce the suggestiveness of the applied items. As the
second dependent variable participants affective stress experience indicated by their state stress was then assessed with the Perceived
Stress Questionnaire (PSQ; Levenstein et al., 1993) using 30 items (a =.95; e.g., You feel tense) on a four-point Likert-like scale from
one (almost never) to four (usually). Participants were thereby instructed to rate the respective items in line with their stress experiences
during the imagined scenarios (“While answering the questions please imagine your feelings during the fictitious situation in class you have
read. Please indicate below how you felt in the situation described by the former scenario.”).

Thereafter, we assessed variables for an unrelated study regarding desirable difficulties, negative consequence caused by learning
tests, and resulting hypothetical academic cheating as well as justifications for cheating in an imagined examination (Wenzel &
Reinhard, 2020). Terminating, we applied general control items and inquired if participants had really imagined the read learning
scenario, if they understood the described scenario, how strongly they were able to put themselves in the scenario, and if they had ever
experienced situations similar to the ones described in the scenarios. Participants received 0.60$ for their participation.

2.2. Results

Participants gender distribution, age, trait test anxiety, trait stress measured with the PSS, trait stress measured with the SSS, their
academic self-concept, and the general control items did not differ between the three learning scenario conditions (all ps > .160). Thus,
we did not include the academic self-concept in the analyses. All predictors were z-standardized.

Descriptive statistics of the dispositional variables—trait test anxiety and the two trait stress scales—as well as of the dependent
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Table 1
Descriptive Statistics of Trait Test Anxiety, the Two Trait Stress Scales (measured with the PSS and the SSS), the Negative Evaluation of the
Learning Situation, and Participants State Stress in Study 1.

Variables M SD range
Trait Test Anxiety 2.29 0.64 1.00-4.00
Trait Stress measured with the PSS 2.75 0.82 1.00-5.00
Trait Stress measured with the SSS 2.22 0.85 1.00-4.00
Negative Evaluation of the Learning Situation 3.58 1.15 1.00-7.00
State Stress 2.21 0.63 1.00-4.00
Notes. N =405.
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Fig. 1. The conditional effect of tests private on the negative evaluation of the learning situation for participants with relatively low (- 1SD),
average, and relatively high (+ 1SD) trait stress measured with the PSS in Study 1.

Note. The learning scenario condition was dummy-coded: dummy variable 1: tests private, 1 = tests with private results learning scenario condition;
dummy variable 2: tests public, 1 = tests with public results learning scenario condition; reference category: 0 = re-reading control learning sce-
nario condition.

variables—negative evaluation of the learning situation and participant state stress—are depicted in Table 1. Notably, trait test anxiety
was significantly correlated to trait stress measured with the PSS and to trait stress measured with the SSS (r=.65, r=.60, respec-
tively; both ps < .001). The two trait stress scales were also significantly correlated to each other (r=.67, p < .001).

2.2.1. Negative evaluation of the learning situation

To test Hypothesis 1, we conducted an ANOVA to compare participants negative evaluation of the learning situation in the three
learning scenario conditions: There was a significant main effect of the learning scenario condition, F(2,402) =22.16, p <.001,
np = .10. Results (and subsequent pairwise comparisons) indicated that participants in the tests with public results learning scenario
condition rated the learning situation as significantly more negative (Mpypiic = 4.04, SDpupiic = 1.06) than participants in the tests with
private results learning scenario condition (Mprivate = 3.58, SDprivaze = 1.11) and participants in the re-reading control learning scenario
condition (Mre reqding= 3.15, SDrereading = 1.20; both ps < .001). A further pairwise comparison showed that the tests with private
results learning scenario condition was evaluated as significantly more negative than the re-reading control learning scenario con-
dition (p =.001).

Concerning Hypothesis 2, we firstly regarded the correlations of the negative evaluation of the learning situation and the three
dispositional variables trait test anxiety, trait stress measured with the PSS, and trait stress measured with the SSS (r=.28, p <.001;
r=.33,p <.001;r=.31, p <.001; respectively). To test this hypothesis in more detail and to test which predictor remains robust after
controlling for the other variables, we then conducted a regression analysis including the three dispositional variables as predictors for
participants negative evaluation of the learning situation. R for this regression analysis was significantly different from zero, F
(3,401) =19.57, R?= 128, Rzadj =.121, p< .001. Trait test anxiety was not a significant predictor, t(401)=1.23, B=0.09,
SD=0.07, p=.079, p=.221. Trait stress measured with the PSS was, however, significant, t(401) =2.70, B=0.22, SD =0.08,
f=.187, p=.007. Trait stress measured with the SSS was also significant, t(401) =2.13, B=0.16, SD=0.08,  =.140, p =.034.

To test Hypothesis 3, we conducted two dummy variables for the learning scenario condition (dummy variable 1: tests private,
1 = tests with private results learning scenario condition; dummy variable 2: tests public, 1 = tests with public results learning scenario
condition; reference category: O = re-reading control learning scenario condition). Using SPSS and PROCESS (model 1; Hayes, 2018)
we then ran a regression analysis predicting the negative evaluation of the learning situation using tests private, tests public, trait stress
measured with the PSS, as well as the interactions of tests private and tests public with trait stress measured with the PSS. To keep the
regression analysis as simple as possible, we only used one dispositional variable and the respective interactions instead of using all
three dispositional variables and all six potential interactions simultaneously. We chose trait stress measured with the PSS as the
dispositional variable because it was the descriptively strongest dispositional variable in the regression analysis presented above. R for
this regression analysis was significantly different from zero, F(5,399) = 21.57, R?=.213, Rzadj =.203, p < .001. Tests private was a
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Fig. 2. The conditional effect of tests public on the negative evaluation of the learning situation for participants with relatively low (- 1SD), average,
and relatively high (+ 1SD) trait stress measured with the PSS in Study 1.

Note. The learning scenario condition was dummy-coded: dummy variable 1: tests private, 1 = tests with private results learning scenario condition;
dummy variable 2: tests public, 1 = tests with public results learning scenario condition; reference category: 0 = re-reading control learning sce-
nario condition.

significant predictor, t(399) = 3.43, B=0.43,SD =0.12, § =.174, p = .001. Tests public was also significant, t(399) = 6.89, B=0.87,
SD=0.13, =.350, p < .001. Trait stress measured with the PSS was significant as well, t(399) =2.71, B=0.24, SD =0.09, p =.204,
p= .007. The interaction of tests private and trait stress measured with the PSS was significant, {(399) =2.32, B=0.29, SD=0.13,
f=.142,p= .021. A closer look at the conditional effects of this ordinal interaction (see Fig. 1) revealed that there was no significant
effect of tests private on the negative evaluation of the learning situation for participants with rather low trait stress (trait stress
measured with the PSS 1SD below mean), t(399) = 0.75, B=0.13, SE=0.18, p = .453. However, participants with average trait stress
in the tests with private results learning scenario condition evaluated the learning situation as more negative than participants in the
re-reading control learning scenario condition, (399) =3.43, B=0.43, SE=0.12, p= .001. This effect was especially strong for
participants with higher trait stress (trait stress measured with the PSS 1SD above mean), t(399) = 4.02, B=0.72,SE=0.18,p < .001.
The interaction of tests public and trait stress measured with the PSS was, however, not significant, t(399) =1.06, B=0.13,SD =0.12,
p=.066, p=.292" (see Fig. 2; see Appendix C and Fig. C1 for another figure depicting the significant interaction of tests private and
trait stress and the not significant interaction of tests public and trait stress in one figure).

Notably, these findings supported Hypothesis 1 showing a main effect of the learning scenario condition on the negative evaluation
of the learning situation, insofar as that learning scenarios including tests were evaluated as more negative than the reading control
scenario. Hypothesis 2 was also supported by the found positive correlations among participants’ trait variables and the negative
evaluation of the learning situation. Hypothesis 3, assuming an interaction between the learning scenario condition and participants
trait variables, was only partly supported by our data due to the significant interaction between tests private and trait stress but the not
significant interaction between tests public and trait stress. Interestingly, low trait stress buffered the negative effect of the tests with
private results learning scenario condition on participants negative evaluation of the situation. Tests public, however, increased the
negative evaluation of the learning situation for every participant, independent of their trait stress.

2.2.2. Stress experiences

To test Hypothesis 4, we conducted an ANOVA to compare participants stress experiences indicated by their state stress in the three
learning scenario conditions: There was no significant main effect of the learning scenario condition on state stress, F(2, 402) =1.73,
p=.179, n, =0.01. Thus, there were no significant differences among participants in the tests with public results learning scenario
condition (Mpupiic = 2.29, SDpupiic = 0.64), participants in the tests with private results learning scenario condition (Mpriyare = 2.15,
SDprivate = 0.63), and participants in the re-reading control learning scenario condition (Mre.reading = 220, SDre.reading = 0.60).

Concerning Hypothesis 5, we firstly regarded the correlations of state stress and the three dispositional variables trait test anxiety,
trait stress measured with the PSS, and trait stress measured with the SSS (r=.56, p < .001; r=.52, p< .001; r=.54, p< .001;
respectively). To test this hypothesis in more detail and to test which predictor remains robust after controlling for the other variables,
we then conducted a regression analysis including the three dispositional variables as predictors for participants state stress. R for this
regression analysis was significantly different from zero, F(3,401) = 85.60, R’= .390, Rzadj = .386, p < .001. Trait test anxiety was a
significant predictor, t(401) = 5.70, B=0.19, SD =0.03, $ =.306, p < .001. Trait stress measured with the PSS was also significant, t
(401) =2.58, B=0.09, SD=0.04, p=.149, p= .010. Trait stress measured with the SSS was significant as well, t(401) =4.75,
B=0.16,SD=0.03, f=.261, p< .001.

To test Hypothesis 6, we then conducted a regression analysis using SPSS and PROCESS (model 1; Hayes, 2018) predicting state

! Using trait stress measured with the SSS instead of trait stress measured with the PSS leads to mirroring findings. Tests private, tests public, trait
stress measured with the SSS, as well as the interaction of tests private and trait stress measured with the SSS were significant. The interaction
thereby followed the same pattern as the interaction above. Using trait test anxiety instead of trait stress measured with the PSS leads to partially
similar results, finding tests private, tests public, and trait test anxiety to be significant. Both interactions were, however, not significant.
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stress using tests private, tests public, trait test anxiety, as well as the interactions of tests private and tests public with trait test anxiety.
We chose trait test anxiety as the dispositional variable because it was the descriptively strongest dispositional variable in the
regression analysis presented above. R for this regression analysis was significantly different from zero, F(5,399) = 38.08, R? =.323,
Rzadj =.315, p < .001. Tests private was not a significant predictor, t(399) = —0.74, B= —0.05, SD = 0.06, p = —.035, p = .461. Tests
public was also not significant, t(399) =1.62, B=0.10, SD =0.06,  =.076, p =.106. Trait test anxiety was a significant predictor, t
(399) =7.54, B=0.36, SD=0.05, p=.579, p <.001. The interaction of tests private and trait test anxiety was not significant, t
(399) = —0.56, B=—0.04, SD =0.07, p = —.034, p = .573. The interaction of tests public and trait test anxiety was not significant as
well, 1(399) = 0.03, B =0.002, SD =0.06, p=.002, p =.973.”

Notably, these findings did neither support Hypothesis 4 nor Hypothesis 6 because the learning scenario condition had no effect on
participants stress experiences and there were no significant interactions between the learning scenario conditions and participants
trait variables. Hypothesis 5, predicting positive correlations among participants’ trait variables and their stress experiences, was
supported. Neither further controlling for participants gender nor for their academic self-concept changed any of the results of our first
study.

2.3. Discussion

This study was conducted to test if learning tests—in form of imagined learning scenarios—lead to a more negative evaluation of
the learning situation and to more stress experiences than a re-reading learning scenario. Additionally, we checked for effects of
multiple dispositional variables and potential interactions of these and the learning scenario condition.

As expected, both learning scenarios including tests significantly led to more negative evaluations than the learning scenario
including re-reading. Scenarios with tests with public results were evaluated the most negative. Interestingly, this occurred although
the learning tests were only presented in a very short hypothetical scenario, were ungraded, introduced as learning improving, and
without consequences for participants actual or imagined courses. Both scenarios including tests can therefore be described as low-
stakes even though pressure to perform well should have been slightly higher in the learning tests with public results learning sce-
nario condition. Thus, effects in real classrooms—including real learning materials, actual peers, or incentives to do well—are
probably even more pronounced. The results also remained robust when adding dispositional variables like trait stress and trait test
anxiety, which were also positively linked to participants negative evaluation of the learning situation. Notably, we found a significant
interaction between tests private and trait stress. We had previously predicted that all participants should evaluate the learning
scenarios with tests more negatively than the re-reading control scenario and that these negative effects should be especially strong for
participants with higher trait stress. However, the negative evaluation of the learning situation did not differ between participants in
the private results learning scenario condition and participants in the re-reading control learning scenario condition for participants
with lower trait stress. Thus, lower trait stress was beneficial and buffered the negative effect of the tests with private results learning
scenario condition on participants evaluation of the learning situation. The negative effect of the learning scenario with private tests
was, however, significant for participants with average trait stress, and even descriptively higher for participants with higher trait
stress. There was, in contrast, no significant interaction between tests public and the dispositional variables. Hence, lower trait stress
was apparently not able to buffer the negative effect of the tests with public results learning scenario condition, which was perceived as
the most negative of the three learning scenario conditions.

Unexpectedly, there was no effect of the learning scenario condition on participants stress experiences. Only trait test anxiety and
the trait stress scales were positively linked to participants stress experiences. There were also no interactions between the learning
scenario condition and these dispositional variables. We suppose that these non-significant results were due to our operationalization:
The hypothetical scenarios were probably not strong enough to elicit actual affective experiences of stress. In line with this, our
learning scenarios were rather short and included not many details. Thus, we were not able to control which courses, materials, and
complexity or difficulty levels participants actually imagined or how strongly (if at all) participants were even able to imagine the
presented scenarios and the described learning. The same applies to the predicted interaction effects that were—with one exception
concerning negative evaluations—not found. Hence, although scenarios are important for first evidence, effects in actual classroom or
laboratory settings are advantageous for testing learners’ actual acute experiences in learning situations. Moreover, we argued in the
present research section that Nyroos et al. (2016) found no effects of tests on stress and anxiety because learners rated their stress
experiences two weeks after the test and were simply not able to correctly recall their (past) feelings and experiences. The same could
apply to our operationalization, insofar as that participants might have struggled to imagine acute stress they would have experienced
when indulging in multiple (hypothetical) learning tests over a whole (hypothetical) semester. Thus, it would be valuable to instead
focus on stress experiences directly after one distinct learning situation—to focus on immediate and acute effects—as well as to apply
actual and realistic learning materials instead of only imagined learning materials that were not even described in detail. Moreover,
future work could also add even more dependent variables to cover all potential aspects of stress experiences.

2 Using trait stress measured with the PSS or trait stress measured with the SSS instead of trait test anxiety leads to mirroring findings. In each case
only the dispositional variable would be a significant predictor, but neither tests private, tests public, nor the interactions of the dummy-coded
learning scenario condition and the respective dispositional variable.
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3. Study 2

In line with the argumentations and discussion stated directly above, Study 2 included actual learning in a laboratory and was
conducted to resemble normal university courses as closely as possible. The between-subject variable was the learning condition (one
single test or one reading control condition). To increase our understanding of stress experiences during learning situations, we
additionally implemented further dependent variables. Thus, we now measure the (cognitive) negative evaluation of the learning
situation and three varying indicators for stress experiences, two affective indicators—state stress and general state anxiety—as well
one physiological indicator—participants pulse—directly after the learning phase.

In line with Study 1, we predicted that participants in the test condition, contrary to participants in the reading control condition,
evaluate the learning situation as more negative (Hypothesis 1). Additionally, we hypothesized that dispositional variables like trait test
anxiety, trait stress, and general trait anxiety are positively linked to participants negative evaluation of the learning situation (Hy-
pothesis 2). Moreover, we predicted interactions between these dispositional variables and the learning condition: Participants with
higher levels of trait test anxiety, trait stress, or general trait anxiety should evaluate the test condition, as opposed to the reading
control condition, as especially negative (Hypothesis 3).

Furthermore, we hypothesized that participants in the test condition, contrary to participants in the reading control condition,
experience more stress. Indicators for such stress experiences are higher self-reported state stress (Hypothesis 4a), more general state
anxiety (Hypothesis 4b), and a higher pulse (Hypothesis 4c). Additionally, we predicted that dispositional variables like trait test anxiety,
trait stress, and general trait anxiety are positively linked to stress experiences indicated by state stress (Hypothesis 5a), general state
anxiety (Hypothesis 5b), and pulse (Hypothesis 5c). Moreover, we hypothesized interactions between these dispositional variables and
the learning condition: Participants with higher levels of trait test anxiety, trait stress, or general trait anxiety in the test condition, as
opposed to the reading control condition, should have especially high stress experiences indicated by state stress (Hypothesis 6a),
general state anxiety (Hypothesis 6b), and pulse (Hypothesis 6¢).

3.1. Methods

In the following we report how we determined our sample size, all data exclusions (if any), all manipulations, and all measures
assessed and used in this study (cf. Simmons et al., 2012).

3.1.1. Participants

We again conducted an a priori power analysis using G*Power (Faul et al., 2009) to calculate our required sample size: With a
power of .85” and—in line with the effect sizes of our first study—an assumed medium effect (f=0.30), the power analysis for an
ANCOVA with fixed effects, main effects, and interactions revealed a required sample size of N =102 to detect a significant effect
(alpha level of .05)—given there is one. Thus, we recruited a sample consisting of 108 participants (Mg = 23.26, SDgge = 5.24, range:
18-54, 73.1 % female, 89.8 % German native speakers, 97.2 % university students). Each participant was randomly assigned to one of
the two learning conditions: either the test (n = 53) or the reading control (n = 55) condition. Before starting, all had to provide their
approval through reading and agreeing to a written informed consent. The study was conducted in full accordance with the Ethical
Guidelines of the DGPs and the APA and the project was approved by the Ethics Committee affiliated with the funding source.

3.1.2. Procedure and measures

Up to eight participants could simultaneously take part; at least five were present in every test condition. The laboratory setting
consisted of rows of tables, so that participants faced the experimenter in the front like students face lecturers in university courses.

In the beginning, participants reported their demographics, e.g., age, sex, native language. Thereafter, we assessed—in randomized
order—dispositional variables. These were chosen following the trait variables applied in Study 1. Thus, we used similar German scales
and further included another measure—general trait anxiety—to broaden the scope of the assessed dispositional variables. We
measured participants trait test anxiety using the German version of the scale from Study 1 (PAF; Hodapp, Rohrmann, & Ringeisen,
2011; a=.88; worry: o =.84; emotionality: a =.86; interference: o =.86; lack of confidence: a =.86). Our analyses again use the
overall score. Trait stress was assessed using the screening scale of the Trier Inventory for Chronic Stress (TICS; Schulz, Schlotz, &
Becker, 2004), which includes 12 items assessing the amount of different stressful events in the last three months (a = 88; e.g.,
concerning worry or pressure to perform) on a five-point Likert-like scale from one (never) to five (very often). Additionally, general
trait anxiety was measured with the German trait short version of the State Trait Anxiety Inventory (STAI-T; Laux, Glanzmann,
Schaffner, & Spielberger, 1981) using 10 items (o =.80; e.g., I get tired quickly) on an eight-point Likert-like scale from one (almost
never) to eight (almost always). Before rating any one of these scales, participants were instructed to indicate how well the specific
statements describe them in general.

Then the learning phase started. We first applied an initial study opportunity in which each participant read basic information on
mathematical equations, linear functions, and regression analyses. They were also presented with some short example solutions
regarding the described information. The applied materials should not be new, unknown, or too demanding for participants because

3 The power level was slightly smaller than the power level applied in Study 1 to reduce the number of participants needed to detect significant
effects. This was done due to the higher difficulty of recruiting participants for a laboratory study compared to recruiting participants for online
studies.
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the included information and concepts were normally already learned during their school times—thus, the underlying concepts can be
classified as basic. The materials should, however, not be repeated or used regularly during participants university courses. All in all,
the learned information consists of relevant, realistic, and curricular school/university learning materials that should be challenging
but not too difficult or overwhelming. Moreover, most students have to learn mathematical or statistical information during school or
university (often as basis for further information) and previous studies also often used mathematical information when testing the
effects of tests and desirable difficulties (see e.g., Bertsch et al., 2007; Fazio, 2017; Lim et al., 2015; Lyle et al., 2019; Lyle & Crawford,
2011; Lundqvist, 2019; Wirebring et al., 2015; Wong et al., 2019). Following this first learning phase, we then assessed individuals’
task-specific self-concept (see Dickhauser & Reinhard, 2006; Dickhauser et al., 2002). The scale included five German items (o = 97; e.
g., My ability for such tasks is ...) on a seven-point Likert-like scale from one (lower values) to seven (higher values). The items were
similar to the ones assessing participants academic ability in Study 1 but referred to the specific learning materials and not to par-
ticipants general academic self-concept. As before, this trait variable was only assessed to control for potential differences between
participants in the two learning conditions and will only be included in later analyses if the mean scores differ significantly between
participants in both learning conditions.

Then, as a second learning phase, all participants worked simultaneously for 10 min on a learning task that consisted of a work
sheet presenting arithmetic problems, e.g., identifying a line based on two given points in a graph (see Appendix B). They were
instructed to learn as intensely as they would normally learn in their actual courses and to do their best. Participants were randomly
distributed to one of the two manipulated learning conditions, either the reading control condition or the test condition. In the reading
control condition participants were instructed to read, understand, and memorize the already answered tasks and the needed solution
steps. Thus, participants were able to restudy the information, explanations, and solutions steps that they had read in the first learning
phase directly before. In contrast, participants in the test condition had to take a learning test on the previously read and studied
materials: They had 6 min to think about the presented problems, to retrieve the learned information and explanations, and to recall
the needed solutions steps presented in the initial study phase to then actively answer and solve the test questions. The test included
mostly short-answer and fill-in-the-blank questions. The experimenter then vocally tested their answers; in randomized order every
participant had to answer two of the questions aloud and received short feedback regarding the accuracy of their answers. This
increased the similarity of the test condition to everyday university courses in which students must also answer (test) questions and
retrieve previously learned information while being surrounded by peers. Additionally, every participant thereby received short
feedback concerning the learning test answers—individually correcting every learning test could be too time-consuming for lecturers.
Most important, the learning test was a low-stake situation because participants knew that the test was ungraded, not related to their
actual courses, did not influence their monetary reward for participation, and was conducted as a learning situation and not as an
examination.

Almost at the end of this learning phase—after 8 of the 10 min—the experimenter then instructed participants to measure their
pulse using a pulse oximeter. Pulse thereby served as an indicator for a physiological stress experience. Unfortunately, however, the
pulse assessment was seemingly not as easy as we supposed because three participants reported impossible scores (0, 2.5, and 4). It is
thus possible that other scores were wrong as well but were simply not detected because they seemed apparently correct. Hence, later
analyses testing the hypotheses concerning participants pulse could be contorted and can only be interpreted with caution—or could
be even completely uninterpretable. We therefore relocated all analyses concerning this dependent variable as well as further dis-
cussions on the issue with its interpretation to the Appendix (see Appendix C).*

Immediately after the completed second learning phase, the negative evaluation of the learning situation was measured as a
dependent variable: Participants were instructed to rate their evaluations and perceptions of and during this second learning phase
using the German version of the items applied in Study 1 (x =.89; see Appendix A). Next, we measured participants affective stress
experiences using the other two indicators apart from pulse: self-reported state stress and self-reported general state anxiety. Par-
ticipants state stress was measured with a German version of the Perceived Stress Questionnaire (PSQ; Fliege, Rose, Arck, Levenstein, &
Klapp, 2001; based on Levenstein et al., 1993), which includes 20 items (e.g., You feel tense). Participants were again instructed to refer
their ratings to the second learning phase. In line with adding this introduction, we also discussed about changing the endpoints of the
scale to make it even clearer that the items refer to participants’ immediate situational experiences. Unfortunately, we erroneously
only assessed 10 items (o = .88) on the normal four-point Likert-like scale from one (almost never) to four (usually). The other 10 items
(0 =.92) were assessed on a seven-point Likert-like scale from one (totally disagree) to seven (totally agree). We z-standardized both
halves of the scale and then conducted a mean score of these two z-standardized variables (x = .94). Participants general state anxiety
was assessed using the German state short version of the State Trait Anxiety Inventory (STAL-S; Laux et al., 1981) with 10 items
(x=.90; e.g., I am calm) on a seven-point Likert-like scale from one (almost never) to seven (almost always). Again, participants were
instructed to respond to these items in regard to the second learning phase experienced directly before.

Finally, participants were asked if they had participated in a similar study or if they knew the applied learning materials. They got 5
Euro—or in case of psychology students course credit—as a reward for their participation.

3.2. Results

Participants gender distribution, age, trait test anxiety, trait stress, and general trait anxiety did not differ between the two learning

4 We want to thank an anonymous Reviewer for this suggestion.
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Table 2
Descriptive Statistics of Trait Test Anxiety, Trait Stress, General Trait Anxiety, the Negative Evaluation of the Learning Situation, and Participants
Stress Experiences indicated by State Stress and General State Anxiety in Study 2.

Variables M SD range

Trait Test Anxiety 2.29 0.46 1.20-3.75
Trait Stress 3.01 0.66 1.58-4.75
General Trait Anxiety 4.14 1.05 1.50-7.10
Negative Evaluation of the Learning Situation 3.29 1.12 1.20-6.30
State Stress 0.00 0.94 —1.80 to 1.96
General State Anxiety 3.35 1.15 1.30-6.30

Notes. N = 108. State Stress was z-standardized.

conditions (all ps>.153). The task-specific self-concept, however, differed significantly between the two learning conditions,
Miest = 4.52, SDiest = 1.27, Mreading = 3.89, SDreqding = 1.65, t(106) = 2.22, p = .029. Participants in the test condition had a significantly
higher task-specific self-concept than participants in the reading control condition. Thus, our analyses will include this variable. All
predictors were z-standardized.

Descriptive statistics of the dispositional variables—trait test anxiety, trait stress, and general trait anxiety—and the dependent
variables—negative evaluation of the learning situation, state stress, and general state anxiety—are depicted in Table 2. Trait test
anxiety was significantly and positively correlated to trait stress and to general trait anxiety (r=.50, r=.59, respectively; both
ps < .001). Trait stress and general trait anxiety were also correlated to each other (r=.53, p <.001).

3.2.1. Negative evaluation of the learning situation

To test Hypothesis 1, we conducted a t-test to compare the average negative evaluation of the learning situation of participants in
both learning conditions: Mest = 3.43, SDtest = 1.12, Mreading = 3.15, SDreading = 1.12, t(106) = 1.31, p = .192. Unexpectedly, there was
no significant difference. Due to the above-mentioned significant difference of the task-specific self-concept between participants in
both learning conditions, we further conducted a regression analysis predicting the negative evaluation of the learning situation
through the learning condition (0 =reading control condition, 1 =test condition) and the task-specific self-concept. R for this
regression analysis was significantly different from zero, F(2,105) = 25.14, R?=.324, Rzadj =.311, p <.001. The learning condition
was now a significant predictor, t(105) =3.00, B=0.55, SD =0.18, p =.246, p= .003. The task-specific self-concept was also sig-
nificant, {(105) = —6.91, B= —0.64, SD = 0.09, p = —.568, p < .001.

Concerning Hypothesis 2, we firstly regarded the correlations of the negative evaluation of the learning situation and the three
dispositional variables trait test anxiety, general trait anxiety, and trait stress (r=.19, p= .050; r=.19, p= .052; r=.06, p = .551;
respectively). To test our hypothesis more thoroughly and to test which (or if any) predictor remains robust after controlling for the
other variables, we conducted a regression analysis including all three dispositional variables as predictors for participants negative
evaluation of the learning situation. R for this regression analysis was not significantly different from zero, F(3, 104) = 1.85, RZ = .051,
Rzadj =.023, p= .142. None of the predictors was significant: Neither trait test anxiety, t(104) =1.20, B=0.17, SD=0.14, p =149,
p=.231, nor general trait anxiety, t(104) =1.20, B=0.17, SD=0.14, $ =.150, p = .232, nor trait stress, t(104) = —0.82, B=—0.11,
SD=0.13, f =—-.096, p = .414.

To test Hypothesis 3, we then conducted another regression analysis using SPSS and PROCESS (model 1; Hayes, 2018) to predict the
negative evaluation of the learning situation using the learning condition, task-specific self-concept, trait test anxiety, as well as the
interaction of the learning condition and trait test anxiety. We chose trait test anxiety as the dispositional variable because the cor-
relation of trait test anxiety and the negative evaluation of the learning situation was—contrary to the correlations of the other two
dispositional variables—marginally significant. R for this regression analysis was significantly different from zero, F(4,103) =13.79,
R?=.349, Rzadj =.323, p < .001. The learning condition was a significant predictor, t(103) =2.93, B=0.54,SD =0.18, § =.239,p =
.004. The specific self-concept was also significant, t(103) = —6.83, B=—0.42, SD =0.06, p = —.566, p < .001. Trait test anxiety was
not significant, t(103) =—0.10, B=—0.01, SD=0.12, = —.011, p= .920. The interaction of the learning condition and trait test
anxiety was also not significant, t(103) =1.57, B=—0.29, SD=0.18, p=.165, p=.119.° Notably, these findings supported Hy-
pothesis 1 predicting that the test condition would be evaluated as more negative than the reading control condition. However, neither
Hypothesis 2 nor Hypothesis 3 regarding the predicted positive correlations among participants’ trait variables and the negative
evaluation of the learning situation as well as regarding the predicted interactions between the learning situation and trait variables
were supported.

3.2.1.1. Stress experiences indicated by state stress. To test Hypothesis 4a, we conducted a t-test to compare participants stress expe-
riences indicated by their average state stress in both learning conditions: Myes; = 0.15, SD¢est = 0.95, Mreqding = —0.15, SDreqding = 0.90, t
(106) =1.70, p = .093. Unexpectedly, there was no significant difference. Again, due to the above-mentioned significant difference of
the task-specific self-concept between participants in both learning conditions, we further conducted a regression analysis predicting

5 Using general trait anxiety or trait stress instead of trait test anxiety leads to mirroring findings. In each case, the learning condition and the task-
specific self-concept were significant predictors but neither the dispositional variable nor the interaction of the learning condition and the dispo-
sitional variable were significant.
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state stress through the learning condition (0 = reading control condition, 1 = test condition) and the task-specific self-concept. R for
this regression analysis was significantly different from zero, F(2,105) = 22.73, R?=.302, Rzadj =.289, p < .001. The learning con-
dition was now a significant predictor, t(105) = 3.30, B=0.51, SD =0.16, p =.276, p = .001. The task-specific self-concept was also
significant, t(105) = —-6.44, B = —0.50, SD =0.08, p = —.537, p < .001.

Concerning Hypothesis 5a, we firstly regarded the correlations of state stress and the three dispositional variables trait test anxiety,
general trait anxiety, and trait stress (r=.42,p < .001; r=.32,p= .001;r=.16, p = .104; respectively). To test this hypothesis more
thoroughly and to test which predictor remains robust when controlling for the other variables, we then conducted a regression
analysis including all three dispositional variables as predictors for state stress. R for this regression analysis was significantly different
from zero, F(3,104) = 8.35, R*=.194, Rzadj =.171, p < .001. Trait test anxiety was a significant predictor, t(104) = 3.42, B=0.36,
SD=0.11, p=.388, p = .001. In contrast, general trait anxiety, t(104) =1.35, B=0.15,SD=0.11, p =.156, p = .180, and trait stress,
t(104) = —-1.12, B= -0.11, SD=0.10, p = —.120, p = .267, were not significant.

To test Hypothesis 6a, we conducted another regression analysis using SPSS and PROCESS (model 1; Hayes, 2018) to predict stress
experiences indicated by state stress using the learning condition, task-specific self-concept, trait test anxiety, as well as the interaction
of the learning condition and trait test anxiety. We chose trait test anxiety as the dispositional variable because it was the only sig-
nificant dispositional variable in the regression analysis presented above. R for this regression analysis was significantly different from
zero, F(4,103) = 18.72, R = .421, Rzadj =.398, p < .001. The learning condition was a significant predictor, t(103) = 3.21, B=0.46,
SD =0.14, =.247, p= .002. The specific self-concept was also significant, {(103) = —6.31, B = —0.46, SD=0.07, p = —.493,p <
.001. Trait test anxiety was also significant, t(103) =2.60, B=0.24, SD =0.09, p =.260, p= .011. The interaction of the learning
condition and trait test anxiety was, however, not significant, {(103) =1.20, B=0.17, SD=0.14, p =.118, p =.233.° These findings
supported Hypothesis 4a showing that the test condition increased participants state stress compared to participants in the reading
control condition and partly supported Hypothesis 5a regarding positive correlations among trait variables and state stress. Hypothesis
6a regarding the predicted interaction of the situation and the individual was, however, not supported.

3.2.1.2. Stress experiences indicated by general state anxiety. To test Hypothesis 4b, we conducted a t-test to compare participants stress
experiences indicated by their average general state anxiety in both learning conditions: Myes; = 3.59, SDyest = 1.17, Myeqading = 3.12,
SDreading=1.10, t(106) = 2.15, p= .034. We again additionally conducted a regression analysis predicting general state anxiety
through the learning condition (0 = reading control condition, 1 = test condition) and the task-specific self-concept. R for this
regression analysis was significantly different from zero, F(2,105) =9.66, R?=.155, Rzadj =.139, p < .001. The learning condition
remained a significant predictor, t(105) = 3.02, B=0.64, SD =0.21, p=.277, p= .003. The task-specific self-concept was also sig-
nificant, #(105) = —3.76, B = —0.40, SD=0.11, p = —.345, p < .001.

Concerning Hypothesis 5b, we firstly regarded the correlations of general state anxiety and the three dispositional variables trait
test anxiety, general trait anxiety, and trait stress (r=.40, p < .001; r=.40, p < .001; r=.23, p= .017; respectively). To test this
hypothesis more thoroughly and to test which predictor would remain robust when controlling for the other variables, we then
conducted a regression analysis including all three dispositional variables as predictors for general state anxiety. R for this regression
analysis was significantly different from zero, F(3,104) = 8.64, R?=.199, Rzadj =.176, p < .001. Trait test anxiety was a significant
predictor, t(104) =2.27, B=0.30, SD =0.13, p =.257, p = .025. General trait anxiety was also significant, t(104) =2.35, B=0.31,
SD=0.13, 3=.270, p = .021. In contrast, trait stress was not significant, {(104) = —0.39, B = —0.05,SD=0.12, = —.042,p = .699.

To test Hypothesis 6b, we then conducted another regression analysis using SPSS and PROCESS (model 1; Hayes, 2018) to predict
general state anxiety using the learning condition, task-specific self-concept, general trait anxiety, as well as the interaction of the
learning condition and general trait anxiety. We chose general trait anxiety because it was descriptively the strongest dispositional
variable in the regression analysis presented above. R for this regression analysis was significantly different from zero, F(4,
103) = 10.02, R? = .280, Rzadj =.252, p < .001. The learning condition was a significant predictor, t(103) = 3.12, B=0.62, SD = 0.20,
f=.271, p= .002. The specific self-concept was also significant, t(103) = —3.15, B= —0.32,SD =0.10, p = —.276, p = .002. General
trait anxiety was also significant, t(103) = 3.24, B=0.46, SD = 0.14,  =.399, p = .002. The interaction of the learning condition and
general trait anxiety was, however, not significant, t(103) = —0.48, B = —0.09, SD=0.19, p = —.059, p = .630.” These findings
supported Hypotheses 4b and 5b but did not support Hypothesis 6b. Thus, the learning condition and the trait variables were linked to
higher general state anxiety but there was no interaction of these situational and individual variables. Controlling for participants
gender did not change any of the results of our second study.

3.3. Discussion

Our second study was conducted to explore the influence of tests compared to reading on participants’ acute negative evaluations
of such learning situations and on their acute stress experiences. Stress experiences were thereby indicated by self-reported state stress

6 Using general trait anxiety or trait stress instead of trait test anxiety leads to mirroring findings. In each case, the learning condition and the task-
specific self-concept were significant predictors, but neither the dispositional variable nor the interaction of the learning condition and the
dispositional variable were significant.

7 Using trait test anxiety or trait stress instead of general trait anxiety leads to mirroring findings. In each case, the learning condition, the task-
specific self-concept, and the respective dispositional variable were significant predictors, but the interaction of the learning condition and the
dispositional variable was not.
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and general state anxiety (originally, participants pulse was also assessed as a physiological stress response but the analyses were—due
to the issue with its interpretation described above—relocated to Appendix C). We further tested the effects of trait test anxiety, general
trait anxiety, as well as trait stress and also tested interactions of the learning condition and these dispositional variables. Thus, the
assumptions of Study 1 were investigated in a real learning situation in the laboratory.

The results showed that the learning condition significantly predicted—at least controlling for the task-specific self-con-
cept—participants negative evaluation of the learning situation, state stress, and general state anxiety. As expected, tests constantly led
to higher scores, thus, being evaluated as more negative and experienced as more stress- as well as anxiety-inducing than reading.
Notably, these findings were obtained although we applied learning materials that were not completely new and not that difficult and
even though the used single test was rather short, low-stake, and ungraded. Participants knew that their performance would neither
change their payment nor influence their actual university courses. Nonetheless, retrieving previously learned information and so-
lution steps to answer test questions with other participants nearby and shortly answering two questions aloud to receive feedback was
pressuring enough to be negatively evaluated and to elicit more self-reported stress experiences compared to simply reading the same
information. The results even remained robust when adding multiple dispositional variables and interaction-terms to the linear
regression analyses. The interactions were never significant—probably due to the strong effects of the situation—and the dispositional
variables were not continuously significant. For instance, none of the dispositional variables was significantly correlated to the
negative evaluation of the learning situation.

There are, however, some limitations that need to be noted: E.g., the difference between the scale endpoints of the scale measuring
state stress could have irritated participants. Further, the difference of the task-specific self-concept between participants in both
learning conditions indicates that the randomization of participants was not ideal. Additionally—although we intentionally used
mathematical tasks because a lot of university courses include mathematics, because mathematical tasks are cognitive demanding and
realistic, and because beneficial effects of tests were previously found using such materials—the used learning materials could have
been particularly stress- or anxiety-inducing. Mathematical tasks have, for instance, often been shown to be linked to anxiety and stress
and may be especially threatening (e.g., Ashcraft & Moore, 2009). Thus, different learning materials may result in weaker effects,
wherefore replications of the present work with different materials are valuable. Nonetheless, the descriptive statistics of both studies
showed that state stress scores and the negative evaluation of the learning situation scores are extremely similar and comparable (the
negative evaluation scores in Study 2 were descriptively even lower than the scores in Study 1). Hence, participants did not perceive
and experience the learning situation and the test condition in Study 2 as more threatening than Study 1, indicating that the learning
test in Study 2 still serves as a low-stake situation. Furthermore, one of the most important limitations is that we were unfortunately not
able to test our hypotheses concerning participants pulse due to three—and potentially more—incorrectly self-reported pulse scores
(see Appendix C for the analyses). Although the pulse measurement was—or should have been—rather easy and it is possible that no
additional scores were wrong as well, we think that the results described in the Appendix must be considered with caution. Thus, it
would be valuable for future work to test if the effects found in our second study can be transferred to physiological measures. Future
studies could therefore use simpler or more detailed instructions for the pulse measurements, could additionally assess a baseline of
participants pulse, or could directly apply different physiological metrics of stress experiences like cortisol, which may be even
stronger and more robust than pulse measurements. Finally, we conducted only one session and only one rather short learning phase;
thus, there is no indication of how long-lasting these negative effects of tests are and if they differ or evolve over time.

4. General discussion

The aim of our studies was to test linkages among tests as difficult learning tasks, dispositional variables, potential interactions of
the learning tasks and dispositional variables, and learners’ acute evaluations of and experiences in such learning situations. Thus, our
studies are further steps to understand possible negative consequences of tests not as examinations but as low-stake learning tasks.
Especially the explored—mostly non-significant—interactions are an important unique contribution of our work. Positively, we
focused on participants’ appraisals, attitudes, evaluations, and experiences in different learning situations (see Edwards & Templeton,
2005), thereby also taking multiple dispositional variables into account. Notably, these dispositional variables correlated differently to
our dependent variables, supporting that the dependent variables assess different cognitive and affective responses due to acute
stressful learning situations. Hence, another added value of our studies is that we assessed multiple dispositional variables as well as
multiple dependent variables. Furthermore, the applied learning conditions—especially in Study 2, but also in Study 1—were rather
realistic and operationalized to be similar to learning in actual university courses. We used, for instance, no monetary incentives to
increase participants performance, worry, or motivation but relied on typical incentives in university settings like the existence of
peers, potential external or social evaluations, or participants desire to do their best. We generally tried to conduct studies with
materials and procedures that were as realistic as possible, so that implications of the findings could be easily transferred to actual
classrooms and university courses. Most important, our research highlights that non-cognitive responses to learning tests and desirable
difficulties—like evaluations, affects, and experiences—should also be considered in addition to later learning outcomes. We think that
our work contributes to the existing literature and thereby surely stimulates future work and future important steps—for instance
concerning the strongly related constructs of motivation, learning outcomes, and further triggered (undesirable) behaviour. Moreover,
our studies certainly bridge literature focusing on (the effectiveness of) desirable difficulties and literature focusing on stress and
anxiety (and its influences on later learning outcomes), hence, connecting these research fields.

Notably, our two studies focusing on normally beneficial learning tests as instantiations of desirable difficulties share a lot of
similarities and connections: For instance, the operationalizations of both studies followed the typical pattern of tests as desirable
difficulties and both tried to depict the specific learning situation as realistically as possible, among others by applying (or describing)
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complex and curricular materials and situations, by including varying test questions, and through using only incentives that are
actually present in university courses. Thus, both studies include some aspects of (evaluation, monitoring, or outcome) pressure that
learners normally encounter in their courses (e.g., intrinsic motivation to do their best or to make a good impression on others as well
as the actual or imagined existence of peers and lecturers). Nonetheless, all test situations in the two studies are low-stake (e.g., because
all tests were ungraded, all learners worked simultaneously on the same tasks, there were no monetary incentives, the learned in-
formation in Study 1 were only hypothetical and not specified, and the learned information in Study 2 were not consequential for
participants actual courses, ...). Moreover, the non-significant results regarding stress experiences in Study 1—argued to be due
because multiple (hypothetical) learning tests over a whole semester might be difficult to imagine—led to the usage of one distinct
learning situation in Study 2 and to the measurement of stress experiences immediately after this single learning situation. Also
following these non-significant effects on state stress in Study 1, we then included even more instruments assessing different indicators
of stress experiences in Study 2, so that we were able to analyse even further aspects of immediate stress responses. Hence, the two
studies building the present work and their respective methods share a lot of similarities but also some differences (e.g., concerning the
number of learning conditions, the setting of the respective study, the country in which the samples were recruited, and the applied or
described learning materials) but can, nonetheless, together contribute to the existing literature.

Study 1 found that imagined learning scenarios including tests were evaluated as more negative than imagined learning situations
including re-reading. This remained robust even when adding dispositional variables. Additionally, trait test anxiety and trait stress
were positively linked to participants negative evaluations of the learning scenarios and to participants stress experiences in such
imagined situations. There was a significant interaction between trait stress and the dummy-coded variable tests private, insofar as that
participants with average and high trait stress in the tests with private results learning scenario condition rated the learning situation as
more negative than those participants in the re-reading control learning scenario condition. The negative evaluation of the learning
situation did, however, not differ between participants with lower trait stress in these two scenario conditions. In Study 2, taking a
learning test—in contrast to a reading task—in a laboratory setting with actual learning materials also led to a more negative eval-
uation of the learning situation and additionally even to more stress experiences indicated by more self-reported state stress and higher
general state anxiety. These effects remained robust when adding dispositional variables like trait test anxiety, general trait anxiety,
and trait stress. Additionally, some of these dispositional variables were also positively linked to participants’ stress experiences;
however, the effects of the dispositional variables were not as continuously and not as robust as the effect of the learning condition.
There were no significant interactions.

Taken together, the results of both studies show that imagined and real learning tests negatively impact learners’ cognitive
evaluations as well as attitudes and that actual learning tests applying real learning materials also lead to more negative affective stress
responses. Notably, dispositional trait variables in both studies were also linked to negative evaluations of the learning situation and
stress experiences—however, effects of the trait variables were stronger for the hypothetical scenarios, whereas effects of the learning
condition were stronger for actual learning situations. Interestingly, the effect of the learning condition on the dependent variables was
continuously significant in Study 2 but not continuously significant in Study 1—nonetheless, the descriptive statistics of the state stress
scores and the negative evaluation of the learning situation scores were extremely similar in both studies. Thus, effects of imagined
scenarios seem to be comparable to effects of actual learning in a laboratory setting.

Apart from the one interaction found in Study 1, serving as evidence for potential interactions between situational and individual
factors, we otherwise repeatedly found no support for interactions, indicating that difficult learning situations using tests are
threatening for most individuals and not only for those already scoring higher on dispositional stress or anxiety. Thus, reporting such
non-significant findings is valuable. It could be possible that the interaction in Study 1 was only found due to our oper-
ationalization—scenarios in general and imagined tests with private results specifically—and that there really are no interactions in
laboratory and classroom settings. There were, for instance, also no interactions in the laboratory study from Hinze and Rapp (2014).
Thus, more studies testing interactions are valuable.

Notably, the described negative consequences arose although the tests in Study 1 consisted only of hypothetical tests in imagined
scenarios and the single test in Study 2 was ungraded, low-stake, and without consequences dependent of participants performance.
Thus, even tests solely used as learning situations are acute stressors that can result in negative side-effects and even tests applied as
low-stake can still be perceived as high-stake or pressuring. This is important for the practical application of learning tests in school or
university contexts: Lecturers and learners alike must know that tests can lead to immediate negative evaluations and stress experi-
ences for (almost) every learner and not only for those already high on dispositional stress and anxiety. Hence, lecturers must be careful
when using tests because these can lead to negative consequences: On the one hand, increased stress experiences indicated by higher
situational stress and anxiety as well as increased negative evaluations of the situation—including, for instance, more feelings of anger,
uncertainty, and nervousness as well as more perceived injustice and unfairness—are negative and undesirable states that individuals
normally try to avoid. On the other hand, such negative consequences can, in turn, additionally also lead to further negative side-
effects: Previous work showed that stress, anxiety, pressure, perceptions of situations as threatening, and negative situation evalua-
tions were linked to cognitive deficits, health problems, lower persistence, lower effort, lower motivation to learn, more exhaustion,
and more negative affect (e.g., DeLongis et al., 1988; Leiner et al., 2018; LePine et al., 2004; Struthers et al., 2000). LePine et al. (2004),
for instance, argued in line with the transactional theory of stress (e.g., Lazarus, 1990) that especially stress appraised as a hindrance
(or a threat) is linked to negative situation perceptions, decreased motivation to learn, less effort focussed on the task, and withdrawal
from the situation. Other work also showed that especially positive affective experiences were linked to more cognitive activity,
expectancy of success, and achievement (see Buff, Reusser, Rakoczy, & Pauli, 2011)—thus, it seems important to focus on learners’
experiences, affects, and evaluations. Hence, negative consequences due to tests could generally trigger further undesirable outcomes
and future work could specifically test which consequences the found effects have, for instance, on learners’ motivation and behaviour.
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There are also limitations and future directions of both studies that we care to discuss. For instance, we argued in the beginning that
the inconsistent previous findings are a result of the time at which the dependent variables are measured and that some of the studies
did not measure acute stress but long-term effects. Notably, we only supposed but did not manipulate or test this assumption—thus,
future work focusing thereon would be valuable. It would also be interesting to further explore the scale we used to measure par-
ticipants negative evaluation of the learning situation: Although the used ten items—and the applied indicators of stress experi-
ences—serve as a good overview of different aspects of evaluations and situation perceptions, the individual items could still differ
among each other regarding their actual negativity or undesirability. Thus, future work could try to validate or optimize the applied
measurement. Additionally, as mentioned in the introduction section, beneficial effects of tests arise when using a plethora of tests, test
question formats, and learning materials, however, we were only able to apply two learning scenarios including slightly differing tests
in Study 1 and only one actual learning test in Study 2. Thus, future work should operationalize tests in even more variations to explore
if the found effects arise for all sorts of learning tests. Moreover, instead of using tests as the instantiation of desirable difficulties, future
studies should check if the same results arise when using different difficulties like generation or disfluency. Furthermore, future studies
should additionally examine if the observed negative consequences of tests in turn moderate the effectiveness of difficult learning
situations because previous studies found anxiety and stress (among others due to reduced motivation to learn) to be negatively linked
to academic achievement, learning outcomes, and performance (e.g., Chen & Chang, 2009; Hinze & Rapp, 2014; LePine et al., 2004;
Mok & Chan, 2016; Seipp, 1991; Struthers et al., 2000; Weissgerber & Reinhard, 2018). However, some work also resulted in differing
findings: For instance, LePine et al. (2004) showed that although stress associated with hindrances in the learning context was
negatively related to motivation to learn and to learning performance, stress associated with challenge was in contrast positively
related to motivation to learn and learning performance. Sung, Chao, and Tseng (2016) also found a positive link between test anxiety
and performance, indicating that higher anxiety was generally linked to higher performance. Another study showed that the benefits of
a test, compared to a control condition, decreased with higher test anxiety—but only for participants with lower working memory
capacities and not for participants with higher working memory capacities (Tse & Pu, 2012). In contrast, Messineo, Gentile, and
Allegra (2015) found that—although learners with high test anxiety generally performed less well than those with lower test anx-
iety—they benefited more from learning tests than learners with lower test anxiety. Hence, further work is still valuable. This also
applies to further assessments of learners’ motivation and to potential linkages among learning tests, stress, and learners’ motivation to
learn, to increase their effort, and to persist while working on such difficult learning tasks. Finally, future studies could also directly try
to reduce negative consequences of tests; e.g., using mindfulness interventions, emotion regulation techniques, coping strategies, or
through priming the effectiveness of tests (e.g., Jamieson et al., 2016; Khng, 2017; Struthers et al., 2000; Zenner, Herrnleben-Kurz, &
Walach, 2014).

5. Conclusion

Summarizing we can say that—although difficult learning situations like tests are normally beneficial for learning—they can also
lead to negative consequences. These include more negative evaluations of the learning situations and higher stress experiences
indicated by state stress and general state anxiety. Dispositional variables like test anxiety, general trait anxiety, and trait stress were
also positively linked to such negative consequences but not as robust as the learning situation. We found only one significant
interaction, all other potential interactions between the learning condition and the assessed dispositional variables were continuously
not significant. Hence, lecturers and learners alike must be aware that tests can generally trigger negative consequences.
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Appendix A
Tests with public results learning scenario condition (including the instructions):
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“This is a potential scenario that could happen in your daily life as a student. We would like to ask you to transport yourself in the
situation, and to imagine it as strongly as you can. Imagine that you are a student in college and have lots of exams to write. During one of
your majors your professor tries to increase you, and your fellow students learning success, and enhance your chance to pass the exam.
Therefore, half an hour before the end of every session you write an ungraded test, and answer multiple questions concerning the content
of that session. Once the half an hour is up you can go home. Shortly following every session all students receive an e-mail with the
matriculation numbers of everyone, and their test results, ranking from best to worst.”

Tests with private results learning scenario condition (including the instructions):

“This is a potential scenario that could happen in your daily life as a student. We would like to ask you to transport yourself in the
situation, and to imagine it as strongly as you can. Imagine that you are a student in college and have lots of exams to write. During one of
your majors your professor tries to increase you, and your fellow students learning success, and enhance your chance to pass the exam.
Therefore, half an hour before the end of every session you write an ungraded test, and answer multiple questions concerning the content
of that session. Once the half an hour is up you can go home. Shortly following every session you receive a private e-mail with your own
test results.”

Re-reading control learning scenario condition (including the instructions):

“This is a potential scenario that could happen in your daily life as a student. We would like to ask you to transport yourself in the
situation, and to imagine it as strongly as you can. Imagine that you are a student in college and have lots of exams to write. During one of
your majors your professor tries to increase you and your fellow students learning success and enhance your chance to pass the exam.
Therefore, half an hour before the end of every session your professor hands you a summary with all the relevant information of that
session. In this time you read the materials. Once the half an hour is up you can go home.”

Negative Evaluation of the Learning Situation: Instructions and items

“Please answer the following questions according to your imagined mood/ perception/ thoughts/ feelings during the situation

displayed in the scenario.”
“Concerning the imagined scenario, ...

1 How strenuous did you find the described and imagined learning-situation? One (not strenuous at all) — seven (extremely
strenuous)

2 How (un)just did you find the described and imagined way of learning in the situation? One (extremely unjust) — seven (extremely
just), *recoded item

3 How difficult would your rate the learning in the described situation? One (not difficult at all) — seven (extremely difficult)

4 How fair or unfair would you rate the way of learning in such a situation? One (extremely unfair) — seven (extremely fair),
*recoded item

5 How angry would you be if you were in such a situation and had to learn in such a manner? One (not in the least bit angry) — seven
(extremely angry)

6 How relaxing would you rate such a learning-situation? One (not relaxing at all) — seven (extremely relaxing), *recoded item

7 How overstrained would you feel if you were in such a learning-situation? One (not at all) — seven (totally)

8 How annoyed would you feel if you were in such a learning-situation? One (not at all) — seven (extremely)

9 How uncertain would you feel if you had to learn in a way as described in the situation? One (not at all) — seven (extremely)

10 How inappropriate would you rate such a learning-situation? One (not inappropriate at all) — seven (extremely inappropriate)

Appendix B

Example items of Study 2 (translated for this presentation, used materials in German)
Learning task in the reading control condition:

a) (0]0); (2[2) fits th line and has the functional equation with the slope m=

is

EI; the point (22/22) B O on this line, because' 20=1+22 0r| =L .

Correct solution:
Step 1: Insert the given points (2|2) and (0|0) into the formula to compute the slope.

m=%= 2| Recap, if you enter (2|2) and (0|0) in the general formula to compute the slope m = ¥2=3%, than you will obtain = 3-3

—2 _
=5 =

=I<

m=1

Step 2: This computed slope of m =1 is inserted into the equation defining the line through the origin of y=m - x.

y=1-x| Insert m=1 intoy=m - X

y=Xx

Step 3: Enter the new unknown point (22|22) with a known point on the line, e. g. (0|0) or (2|2) into the formula to compute the
slope.
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—e—Tests with
public results
scenario

—&—Tests with
. private results
/ scenario
3 A .
—a—Reading
control
scenario
T T

Negative Evaluation of the Learning Situation

Trait Stress Mean Trait Trait Stress
(PSS) - 1SD  Stress (PSS)  (PSS)+ 1SD

Fig. C1. The conditional effect of the learning scenario condition on the negative evaluation of the learning situation for participants with relatively
low (—1SD), average, and relatively high (+1SD) trait stress measured with the PSS in Study 1.

Note. The learning scenario condition was dummy-coded: dummy variable 1: tests private, 1 = tests with private results learning scenario condition;
dummy variable 2: tests public, 1 = tests with public results learning scenario condition; reference category: 0 = re-reading control learning sce-
nario condition.

_22.0220_ y_ 22_ _ 222 _ 20 _
m= =y=p=lorm=55-5=5=1

Step 4: Compare, if your computed slope based on an unknown and known point in step 3 matches the previously computed slope in
step 1.

m = 1 stemming from the functional equation of y=1-x in step 1

m = £ = 1 stemming from the computed slope of an unknown and known point in step 3

Both slopes of m = % =1 and of m =1 are equal, that is 1 = 1. Therefore, the unknown point has to fit the blue line.

alternatively:

Enter the unknown point of (22|22) into your derived functional equation from step 2 and check, whether the result is a true
mathematical statement.

y=m - x | Point (22|22) has x=22 and y =22

22=1.22

22 = 22| This is true. Thus, the unknown point (22|22) has to fit the blue line.

Learning task in the test condition:

a) (0]0); (2[2) fits the:’ line and has the functional equation |:I with the slope m=

b not
I:Ipoint (22]22) 01 O on this line, because [ | orl |
Appendix C
Further Analyses
Study 1
Third figure depicting the significant interaction of tests private and trait stress (Fig. C1)
Study 2

The relegated information, analyses, and interpretations of the dependent variable pulse as an indicator of physiological stress
experiences:

See the methods section of Study 2 concerning the issues why this dependent variable was relegated and why the following analyses
have to be interpreted with caution.

Due to the three participants that did not (correctly) report their pulse (see the methods section of Study 2), the following analyses
were conducted with a sample of N =105 (test condition: n = 51; reading control condition: n = 54; descriptive statistics of pulse:
M =80.56, SD =14.65, range: 51-141) and have to be interpreted with caution. To test Hypothesis 4c, we conducted a t-test to
compare participants stress experiences indicated by their average pulse in both learning conditions: My = 82.33, SDyess = 16.28,
Mieading = 78.89, SDreqding = 12.86, t(103) = 1.21, p = .230. There was no significant difference. In line with the other analyses in the
results section of Study 2, we again conducted a regression analysis predicting pulse through the learning condition (0 = reading
control condition, 1 = test condition) and the task-specific self-concept. R for this regression analysis was not significantly different
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from zero, F(2,102) = 0.75, R = .014, Rzadj = —.005, p = .477. The learning condition was not a significant predictor, t(102) =1.13,
B=3.31,SD=2.93, p=.114, p= .261. The task-specific self-concept was also not significant, {(102) =0.22, B=0.33, SD =1.46,
f=.022, p= .825.

Regarding Hypothesis 5c, we firstly regarded the correlations of pulse and the three dispositional variables trait test anxiety,
general trait anxiety, and trait stress (r=.01, p= .925;r = —.08, p= .394; r = —.15, p = .122; respectively). To test this hypothesis
more thoroughly and to test if any of the predictors would become significant when controlling for the other variables, we then
conducted a regression analysis including all three dispositional variables as predictors for participants’ pulse. R for this regression
analysis was not significantly different from zero, F(3,101) =1.27, R?=.036, Rzadj = .008, p= .288. Trait test anxiety was not a
significant predictor, t(101) =1.18, B=2.18, SD=1.85, § =.148, p = .240. General trait anxiety was also not significant, t(101) =
—0.32, B= —0.65,SD=1.99, p = —.043, p= .746. Trait stress was also not significant, t{(101) = —1.60, B= —3.07, SD=1.91, § =
—.207,p= .112.

To test Hypothesis 6¢, we conducted another regression analysis predicting pulse using the learning condition, task-specific self-
concept, trait test anxiety, as well as the interaction of the learning condition and trait test anxiety. We chose trait test anxiety in line
with the other analyses in Study 2. R for this regression analysis was not significantly different from zero, F(4,100) = 0.74, R?=.029,
Rzadj = —.010, p= .566. None of the predictors was significant: Neither the learning condition, t(100) =1.11, B=3.27, SD = 2.95,
f=.112, p= .269, nor the task-specific self-concept, t(100) =0.12, B=0.17, SD=1.50, p =.012, p= .908, nor trait test anxiety, t
(100) = -0.72,B=—-1.37,SD =1.92, = —.093, p = .476. The interaction of the learning condition and trait test anxiety was also not
significant, £(100) = 1.22, B = 3.62, SD = 2.98, p =.156, p = .227.° These findings did neither support Hypothesis 4c, Hypothesis 5c,
nor Hypothesis 6¢ because none of our variables was linked to participants’ pulse.

In contrast to our hypotheses, neither the learning condition, nor the dispositional variables, nor the interaction-terms were linked
to participants’ pulse. Seemingly, the pulse assessment—although being described in detail and with an experimenter present that
participants could ask for help if they were not able to measure their pulse—was not as easy as we supposed. It is possible that other
scores (additionally to the three impossible scores 0, 2.5, and 4 mentioned in the methods section of Study 2) were wrong as well but
were not detected, thus, contorting the results and explaining why there were no significant effects. However, it is of course also
possible that there simply are no effects of the learning condition or the trait variables on pulse. Thus, a low-stake learning situation
including a test—although being evaluated as more negative and experienced as more stressful—might not be threatening enough to
increase learners’ pulse. Such learning tests might only be influential for subjective self-reports, cognitive appraisals, as well as af-
fective states. Future studies should nonetheless use simpler or even more detailed instructions when assessing participants pulse.
Moreover, measuring a baseline of participants pulse—assessed prior to learning—would also have been helpful for conducting a more
valid indicator for changes in participants’ heart rates—although we were only interested in differences in pulse between participants
in both learning conditions and not in individual changes. In line with this, future work could also use different physiological metrics of
stress like cortisol, which may be stronger and more robust.
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Abstract

Desirable difficulties like tests were often shown to increase long-term learning.
However, due to the complexity and difficulty of such tasks, they are also argued to
result in negative consequences like stress, anxiety, pressure, frustration, or nega-
tive evaluations. In other studies, such consequences were, in turn, often found to
increase dishonest behaviour. Hence, the present work tests the assumptions that
tests as difficult learning tasks, contrary to reading, lead to more negative evalu-
ations of the learning situations, to more stress, and—directly and indirectly—to
higher self-reported likelihoods of hypothetical cheating and to higher justifications
for cheating. Thus, the learning situation itself, as well as negative consequences
caused by the learning situation, is supposed to be linked to cheating. We conducted
an online study in which participants read and imagined one of three hypothetical
learning scenarios, either regarding one of two learning tests or a reading control
task. Participants then rated negative consequences due to these scenarios, as well
as likelihoods of cheating, and justifications for it, in a hypothetical examination.
Our results showed no direct effects of the learning scenarios on likelihoods of
hypothetical cheating or justifications. However, test scenarios were evaluated more
negatively than the reading control scenario and these higher negative evaluations
were in turn linked to higher likelihoods of own hypothetical cheating and to higher
justifications. These findings indicate that tests as difficult learning tasks can indi-
rectly influence cheating, at least in hypothetical scenarios. Future work should try
to replicate and expand these results.
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1 Introduction

Challenging, difficult, and intentionally hindered learning tasks have often been
shown to increase long-term learning outcomes compared to learning and pro-
cessing that is fluent, easy, and simple, even though learners and lecturers nor-
mally assume the contrary (e.g., Bjork 1994; Bjork and Bjork 1992, 2011; Die-
mand-Yauman et al. 2011; Dobson and Linderholm 2015; Karpicke et al. 2009;
Kornell et al. 2011). Previous work describes multiple incantations of such diffi-
cult learning tasks, for instance, generation (e.g., Bertsch et al. 2007), distributed
practice (e.g., Cepeda et al. 2006), or disfluency (e.g., Diemand-Yauman et al.
2011). One of the most common desirable difficulties—and part of the present
work—is, however, the application of learning tests or quizzes (also often called
testing effect, testing, learning/practice tests, test enhanced learning, or retrieval
practice): Taking a learning test on studied materials, after an initial study oppor-
tunity but before the final test or examination, increases retrieval of the learned
information and enhances durable long-term learning as opposed to passively
consumed and read materials (e.g., Adesope et al. 2017; Dobson and Linderholm
2015; McDaniel et al. 2007; Roediger and Karpicke 2006; Rowland 2014). These
beneficial effects of tests were found in different settings (e.g., in laboratory,
school, or university settings), for different ages (e.g., elementary school students,
high school students, or university students), when using a broad array of materi-
als or information (e.g., longer scientific textbook paragraphs, factual informa-
tion, or lists of word-pairs like vocabulary), and when applying varying test ques-
tion formats (e.g., multiple choice or short-answer questions inducing free recall,
cued recall, or recognition; e.g., Adesope et al. 2017; Dobson and Linderholm
2015; Dunlosky et al. 2013; Roediger and Karpicke 2006; Rowland 2014).
Theoretically, the beneficial effects of desirable difficulties are attributed to
stimulation of more elaborate cognitive processing, deeper semantic encoding,
allocation of more resources, increased retention and transfer, strengthening of
memory traces and associations, and anchoring of the learned information in
long-term memory (e.g., Bjork 1994; Bjork and Bjork1992, 2011; Dunlosky et al.
2013; McDaniel et al. 1988; McNamara et al. 1996; Roediger and Karpicke 2006;
Rowland 2014). Higher applied (cognitive) effort during retrieval and process-
ing, increased quality and depth of processing and encoding (induced by retrieval
attempts), higher amounts of cognitive capacities and resources utilized during
information processing and retrieval, higher effort needed to solve the tasks, as
well as generally higher difficulty and effort induced by both the test and the
underlying retrieval practice are especially valuable for the positive effects of
desirable difficulties (e.g., Bertsch et al. 2007; Bjork and Bjork 1992; Karpicke
and Roediger 2007; Rowland 2014; Tyler et al. 1979). Difficult tasks also reduce
learners’ existing overconfidence and their illusion of competence, which other-
wise convey the mistaken assumption that read information is already internal-
ized: The learning test and the—due to the test—reduced competence illusion
also enhance meta-cognitive accuracy of the hitherto learning process, in turn
triggering the allocation of more resources and deeper, more elaborate, and more
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systematic processing (e.g., Alter et al. 2007; Bjork 1999; Mihalca et al. 2017;
Pieger et al. 2016).

Nonetheless, although desirable difficulties are argued to be beneficial, they are
also by definition demanding, complicated, and challenging. Thus, lecturers in par-
ticular often express concern about the applicability and effectiveness of such inten-
tionally hindered learning tasks for every individual (e.g., Diemand-Yauman et al.
2011; Lipowsky et al. 2015). In line with these concerns of lecturers, researchers
also proposed that desirable difficulties are only beneficial for those individuals
who can handle the needed increased effort, extended thought, and more elaborated
and deeper processing, and for those who can correctly retrieve information and
overcome the posed challenge (e.g., Alter et al. 2013; Kaiser et al. 2018; Kornell
et al. 2011; Oppenheimer and Alter 2014; Richland et al. 2005; Rowland 2014).
This, however, may not prove possible for everyone: Previous studies, for instance,
showed that special requirements like higher previous knowledge, higher working
memory capacity, higher intelligence, and higher reading ability are relevant skills
for desirable difficulties to actually increase learning outcomes (e.g., Lehmann et al.
2016; McDaniel et al. 2002; McNamara et al. 1996; Wenzel and Reinhard 2019a).
Hence, it is argued that desirable difficulties are not beneficial for every learner.

Notably, apart from that, we assume that difficult tasks used in learning contexts
could also result in further negative side-effects: For instance, difficult learning tasks
can sometimes pose too much additional demand (regarding, for instance, cognitive
capacities, processing capacities, cognitive effort, or working memory capacities)
as well as too much cognitive load on the learner, especially concerning authen-
tic and more complex tasks and high element interactivity information (this applies
in particular to learners with less expertise; see e.g., Kalyuga et al. 2001; Roelle
and Berthold 2017; Sweller and Chandler 1994; van Gog and Sweller 2015; Wen-
zel and Reinhard 2019a). Because desirable difficulties are hard to solve and chal-
lenge learners’ competence illusion and overconfidence (e.g., Bjork 1999), they are
also assumed to reduce self-efficiency and to increase negative emotions, pressure,
or fear of failure: Empirically, difficult tasks in general trigger perceptions of threat
or anxiety and experiencing difficulties or giving incorrect answers feeds negatively
into learners’ self-perceptions (e.g., O’Neil et al. 1969; Sarason and Sarason 1990;
Schunk and Gaa 1981). Besides, performing poorly—which can happen while work-
ing on desirable difficulties—Ileads to experiencing stress (e.g., Sarason and Sara-
son 1990; Schunk and Gaa 1981). Students also perceived difficult learning tasks
and tasks that required more time and effort—and thus more workload—as more
stress-inducing than easier tasks (e.g., Kausar 2010). Moreover, a laboratory study
showed that learning tests resulted in more experienced pressure compared to a re-
reading control task, even controlling for participants’ dispositional anxiety (Hinze
and Rapp 2014). Tests with high-stakes—induced by stating that monetary rewards
were dependent of individuals’ test results—were perceived as even more pressuring
than tests with low-stakes in which monetary rewards were independent of individu-
als’ test results. Thus, individuals felt some pressure simply from taking learning
tests. Additionally, high-stake learning tests led to more anxiety than did low-stake
tests and also negatively influenced participants’ attitudes and interests (Hinze and
Rapp 2014). Fittingly, participants in a laboratory setting that learned with a test,
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compared to students that learned through reading the same information, evaluated
the learning situation as more negative and experienced more stress and anxiety,
even controlling for individual differences like trait stress and trait anxiety (Study
2, Wenzel and Reinhard 2019b). Moreover, due to the increased effort and the chal-
lenge learners must overcome when working with desirable difficulties in their
courses, they are also argued to feel treated unfairly by their lecturers, in particular
because they normally believe easy and fluent learning to be more effective (e.g.,
Karpicke et al. 2009; Kornell et al. 2011). Hence, we assume that difficult learning
tasks should feel especially hard, pointless, and unfair.

Most important, these just described negative consequences (like stress, anxi-
ety, or feelings of unfairness) were in other literature often assumed to be related to
deceptive behaviour like academic cheating (e.g., Agnew 1992; Houser et al. 2012;
Wowra 2007; see also the following paragraphs). Hence, applying desirable difficul-
ties as learning tasks in universities could, directly and indirectly, cause more aca-
demic cheating and increase justifications for such cheating.

1.1 Academic cheating

People generally value honesty, trustworthiness, and credibility (e.g., Geil3ler
et al. 2013), which is why they often refuse to admit their own cheating—or at
least underreport it. Nonetheless, cheating behaviour can be observed throughout
our daily lives (e.g., DePaulo et al. 1996; Feldman et al. 2002) and specifically in
academic contexts (e.g., Finn and Frone 2004; McCabe 2001; McCabe et al. 2001;
Simha and Cullen 2012; Whitley 1998). In one American survey, for instance, 74%
of the participating students reported having seriously cheated on at least one test,
while over 30% admitted repetitive and serious cheating in tests and exams (McCabe
2001; see also: Simha and Cullen 2012; Whitley 1998; Wowra 2007). However,
actual numbers of academic cheating may be even higher because previous stud-
ies found imbalances between what students reported and what teachers actually
observed in terms of cheating behaviour (e.g., Naghdipour and Emeagwali 2013).
Typical incantations of such cheating behaviour in academic contexts include using
cheat sheets in exams, copying answers in tests, relying on inappropriate collabora-
tion during exams, or plagiarism (e.g., Jensen et al. 2002; Simha and Cullen 2012;
Whitley 1998).

In general, different theories regarding cheating and deception do exist, very com-
mon theories being economic models like the rational choice theory (e.g., Akers
1990; Becker 1968) or the strain theory (e.g., Agnew 1992; Agnew and White 1992;
Carmichael and Piquero 2004).

1.1.1 The rational choice theory

The rational choice theory describes the assumption that individuals decide whether
or not to cheat after assessing possible gains or costs of such behaviour. Hence, the
expected utility due to a cost—benefit calculation is important (e.g., Becker 1968). Dis-
honesty is mostly shown when the (for instance) financial or social gains of cheating

@ Springer



Tests and academic cheating: do learning tasks influence... 725

outweigh the costs of such behaviours, such as feelings of guilt and immorality or
facing the consequences of getting caught. Potential gains of cheating in tests would
include getting better grades, achieving better results with less effort, or making a
good impression on others. However, people are also motivated to maintain a posi-
tive self-concept depicting themselves as moral, trustworthy, and honest (e.g., Abeler
et al. 2019; Fischbacher and Follmi-Heusi 2013; Mazar et al. 2008; Shalvi et al. 2011).
Thus, individuals show higher degrees of dishonest behaviour when they feel entitled,
deserving, or justified to do so (e.g., Cameron et al. 2008; Campbell et al. 2004; Fida
et al. 2018; Mazar et al. 2008; Shalvi et al. 2011, 2015). Individuals can feel justified
or entitled to behave dishonestly when, for instance, they can excuse deviant behaviour
through denying their own responsibility (e.g., by blaming external forces like exces-
sive workload), through criticising those who are at the receiving end of their dishon-
esty (e.g., by blaming them as unfair or unethical), or through rationalizing/normalizing
their cheating behaviour (e.g., by stating that everybody cheats; see e.g., Olafson et al.
2013).

1.1.2 The strain theory

The strain theory further assumes that criminal or dishonest behaviour is influenced
by negative affective states that result from perceived strain, strainful experiences, or
stressors. Strain thereby includes failing to achieve, or being denied achieving, posi-
tive outcomes (like good grades); expecting or actually experiencing negative stimuli;
perceiving a disjunction between aspirations or expectations and actual achievements/
rewards; and experiencing a disjunction between fair or just outcomes and actual out-
comes (e.g., Agnew 1992). The resulting negative emotions can, for instance, be anger
or anxiety (e.g., Carmichael and Piquero 2004). Researchers assume that, when faced
with strains, stressors, or stressful situations, perceptions of frustration and unfairness
arise, which in turn are crucial mechanisms for the link between strain and dishonest
behaviour (e.g., Agnew 1992; Agnew and White 1992; Freiburger et al. 2017).

Instead of being contradictory theories, researchers today often propose that both
theories together may explain dishonesty, cheating, and deviant behaviour. Negative
emotions and strain can influence how rational choices are interpreted, thus influencing
individuals’ cost—benefit calculations: For instance, negative emotions can reduce indi-
viduals’ concerns of getting caught, thereby reducing the costs of potential dishonesty;
negative emotions can also increase individuals’ justifications and rationalizations for
their dishonest behaviour (e.g., Carmichael and Piquero 2004; Fida et al. 2015, 2018).
In line with this, negative emotions induced by stressors can also increase individu-
als’ perceptions of the importance of potential benefits or the importance of rewards
gained by their deceptive behaviour (e.g., Carmichael and Piquero 2004; Fida et al.
2015, 2018).
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1.2 Direct and indirect effects of tests as difficult learning tasks on academic
cheating

Notably, the above described negative consequences of desirable difficulties in the
learning context (e.g., stress, anxiety, perceptions of unfairness) fit the just pre-
sented theories explaining dishonesty and academic cheating. Thus, a direct relation
between tests as an incantation of desirable difficulties and academic cheating, as
well as an indirect relation between tests, thereby inflicted negative consequences
(e.g., stress, anxiety, perceptions of unfairness), and academic cheating can be
assumed.

For instance, worries about doing well in school, getting good grades, teachers’
evaluations, and about the own performance compared to the performance of peers
were positively correlated to cheating (e.g., Anderman et al. 1998). Thus, students
often cheat to increase their performance and to make a good impression on oth-
ers (e.g., Franklyn-Stokes and Newstead 1995; Newstead et al. 1996; Wowra 2007).
Fear of not being able to succeed, an inability of keeping up with the assignments,
lower self-efficiency, and fear of failure were also linked to more academic cheat-
ing and often reported as reasons for (past) cheating (e.g., Finn and Frone 2004;
McCabe 1992; Schab 1991; Whitley 1998). Notably, as described before, we sup-
pose that tests as difficult learning tasks increase such perceptions of performing
poorly and fear of failure because they are difficult, hard to solve, and because they
reduce learners’ illusion of competence and reduce their overconfidence.

Test anxiety, social anxiety, and general anxiety were also positively correlated
to (past) academic cheating (e.g., Rost and Wild 1994; Whitley 1998; Wowra 2007).
Stress, parental pressure, pressure for good grades, and pressure in general were also
often found to be linked to cheating or were reported as reasons and incentives for
such dishonest behaviour (e.g., Brimble and Stevenson-Clarke 2005; Davis et al.
1992; Schab 1991; Whitley 1998). A study by Steininger et al. (1964) further showed
that the more negative a (test) situation was perceived, the more anxiety-provoking it
was; or, the more a test was perceived as difficult, the more cheating was considered
as justified and the more participants reported that they would cheat. Negative emo-
tions due to stressors—and we suppose learning tests to be acute stressors—were
further correlated to more moral disengagement in the work context, and in turn
to more justifications for deceptive or counterproductive work behaviour (e.g., Fida
et al. 2015). Such moral disengagement and justifications thus increased deceptive
or counterproductive work behaviour (e.g., Fida et al. 2015), which could also apply
to deception in the academic context. Notably, as described before, tests and difficult
learning tasks were shown to increase such negative emotions and perceptions of
stress, anxiety, and pressure (e.g., Hinze and Rapp 2014; O’Neil et al. 1969; Study
2, Wenzel and Reinhard 2019b).

Furthermore, students’ perceptions of the course or assessments as (too) dif-
ficult increased academic misconduct (e.g., Brimble and Stevenson-Clarke 2005;
Freiburger et al. 2017), and the difficulty of the course was sometimes described
as one reason to justify, rationalize, or neutralize cheating behaviour (e.g., Haines
et al. 1986). In line with this, higher workload was also linked to more cheating
(e.g., McCabe 1992; Whitley 1998). Similarly, participants who thought they had
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indulged in more effort in a task felt more entitled and felt that they had earned
good outcomes, like higher grades, which in turn led to more moral justifications
(e.g., Hoffman and Spitzer 1985). Notably, tests as incantations of desirable difficul-
ties are, even by definition, difficult and they logically increase learners’ effort and
workload. Thus, we suppose that these findings should also apply to tests as difficult
learning tasks.

Another study showed that the more a test situation was perceived as pressuring
and as uncomfortable, that is, the more it was perceived as a high-pressure situa-
tion, the more unfair the testing tool was perceived (Leiner et al. 2018). Because
most learners often believe easier and fluent learning to be extremely effective (e.g.,
Karpicke et al. 2009; Kornell et al. 2011), we assume that they should perceive dif-
ficult tasks like tests and the increased effort they require as unfair and generally as
negative, especially when they are forced to use tests in their university courses. In
turn, students often reported that they would cheat more and that cheating was more
justified when they perceived their teachers, the teaching practices, or the assess-
ments as unfair and their schools as extremely competitive (e.g., Brimble and Ste-
venson-Clarke 2005; Calabrese and Cochran 1990; Finn and Frone 2004; LaBeff
et al. 1990; McCabe 1992; Olafson et al. 2013; Whitley 1998). Fittingly, people who
generally thought they were being treated unfairly were more inclined toward dis-
honesty (e.g., Houser et al. 2012) and perceived inequity was linked to more decep-
tive behaviour (e.g., Greenberg 1990).

1.3 The present research

In summary, the just described theoretical assumptions and the fitting empirical
findings indicate that the application of tests as difficult learning tasks can directly
or indirectly (via increasing negative consequences like perceptions of stress, anxi-
ety, or feelings of unfairness) lead to more academic cheating. In more detail, dif-
ficult learning tests were argued to result in negative consequences like more stress,
more negative perceptions and emotions, or more feelings of unfairness. These neg-
ative consequences were in turn often found to be linked to more cheating, more
intentions to cheat, and to more justifications for cheating. Hence, the present work
was conducted to test these theoretically derived direct and indirect effects of tests as
difficult learning tasks on students’ academic cheating.

Notably, there are to our knowledge neither studies exploring academic cheating
as a result of tests as difficult learning tasks nor studies exploring academic cheat-
ing as a result of negative consequences like stress perceptions and negative situ-
ation evaluations caused by tests. Most of the existing studies regarding desirable
difficulties focused on individual abilities or external factors serving as moderators
or requirements for the described beneficial effects (see e.g., Adesope et al. 2017;
Dobson and Linderholm 2015; Rowland 2014). However, the main focus was sel-
dom on further negative consequences beyond reduced or restricted learning suc-
cess and seldom on further triggered behaviour like cheating. We nonetheless argue
that it is important to focus on these (new) assumptions because academic cheat-
ing can be seen as a widespread and problematic behaviour, even though students
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themselves normally perceive cheating during an exam as having rather light con-
sequences (because it is perceived as not directly harming others; e.g., Brimble and
Stevenson-Clarke 2005; Marksteiner et al. 2013). For instance, due to cheating on a
test, teachers cannot accurately grade students and can therefore not appropriately
support their learning processes or help them to increase their skills (e.g., Reinhard
et al. 2011). Students who enhance their performance through cheating can also gain
an unfair and undeserved advantage compared to others, distort the performance
succession in a class, increase competition, trigger peer cheating, and even normal-
ize dishonest behaviour (e.g., Carrell et al. 2008; Fida et al. 2018; Gino et al. 2009;
McCabe et al. 2001; Paternoster et al. 2013). Dishonesty in an academic setting is
also often linked to further dishonesty in later workplaces (e.g., Nonis and Swift
2001). Due to these negative impacts of academic cheating and due to the lack of
previous work, we think that it is relevant to investigate if the application of tests
as difficult learning tasks directly or indirectly increases the probability of cheating
before advising the usage of such learning tasks in universities. Hence, the present
study uniquely contributes to the literature on desirable difficulties and to the litera-
ture on cheating behaviour.

To measure dishonest behaviour, researchers often use scenarios because these
are assumed to accurately mirror emotions, intentions, and behaviours of individ-
uals in different situations (e.g., Agnew 1992; Carmichael and Piquero 2004; Shu
et al. 2011). Thus, we conducted an online study with the learning scenario condi-
tion (divided in one reading control scenario condition and two test scenario condi-
tions) as the between-subjects variable. We further assessed individuals’ negative
evaluations of the learning scenarios as well as their stress perceptions in such imag-
ined situations as two potential mediators. Self-reported likelihoods of hypothetical
cheating and justifications for cheating served as our dependent variables.

1.4 Hypotheses

Due to the argumentations presented above, we assume the following hypotheses
(see Fig. 1 for a conceptual diagram of the assumed relations): We suppose that
both learning scenario conditions with tests lead to more negative evaluations of
the learning situations (Hypothesis 1) and to higher stress perceptions (Hypothe-
sis 2) than the reading control learning scenario condition. Both learning scenario
conditions with tests are further assumed to directly lead to higher likelihoods of
hypothetical cheating than the reading control learning scenario condition (Hypoth-
esis 3). The negative evaluations of the learning situations are also hypothesized
to be positively correlated to likelihoods of hypothetical cheating (Hypothesis 4).
In line with this, stress perceptions are further assumed to be positively correlated
to likelihoods of hypothetical cheating (Hypothesis 5). Moreover, we assume that
both learning scenario conditions with tests directly lead to higher justifications for
hypothetical cheating than the reading control learning scenario condition (Hypoth-
esis 6). The negative evaluations of the learning situations are also hypothesized
to be positively correlated to justifications for cheating (Hypothesis 7). In line with
this, stress perceptions are assumed to be positively correlated to justifications for
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Fig. 1 Conceptual diagram of the assumed hypotheses. Nofes. The learning scenario condition (X)
includes a reading control scenario, a test with private results learning scenario, and a test with public
results learning scenario

cheating (Hypothesis 8). Thus, apart from direct effects of the learning scenario con-
dition on likelihoods of hypothetical cheating and on justifications for cheating, indi-
rect effects via increases of the negative evaluations of the learning situations and
via increases of stress perceptions are also assumed.

2 Methods
2.1 Participants

Power was set to .95 and sample size was calculated to detect a small to medium
effect (f=.20). Using G*Power (Faul et al. 2009), a power analysis revealed a
required sample size of N=390 to detect a significant effect (alpha level of .05),
given there is a true effect. To test our hypotheses, we recruited an American
online sample consisting of 458 participants, 53 of whom were excluded because
they answered at least one of three attention-check questions incorrectly. Thus,
our final sample consisted of N=405 participants from MTurk (M, =25.72,
SDage=6.65, range=18-62, 48.4% female, 97.3% English native speakers,
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all college or university students). Each participant was randomly assigned to one
of the three learning scenario conditions: either the test with public results learning
scenario condition (n=129), the test with private results learning scenario condition
(n=136), or the reading control learning scenario condition (n=140). Before start-
ing the experiment, all participants had to provide their approval through reading
and then agreeing to an informed consent (stating that they knew that their partici-
pation was completely voluntary and that they could withdraw at any time without
explanation); participants also confirmed that they were at least 18 years old. The
study was conducted in accordance with the Ethical Guidelines of the DGPs as well
as the APA, and the project was approved by the Ethics Committee affiliated with
the funding source. Participants received .60$ for their participation.

2.2 Procedure and measures

The present work was conducted together with another study (concerning desirable
difficulties, trait variables potentially linked to perceptions of such difficult learning
situations, and by desirable difficulties caused stress experiences; Study 1, Wenzel
and Reinhard 2019b). Our dependent variables assessing likelihoods of hypothetical
cheating and justifications for cheating were assessed at the end of this other study.

At the beginning, participants read brief details about the study and then
answered some questions regarding demographics, e.g., age, gender, and native
language. Thereafter, different trait variables (e.g., trait test anxiety and trait stress)
were assessed solely for the other study (Study 1, Wenzel and Reinhard 2019b; aca-
demic self-concept: Dickhiduser et al. 2002; PAF-E: Hoferichter et al. 2016; PSS:
Cohen et al. 1983; SSS: Reeder et al. 1973). Although these dispositional variables
may be related to the dependent variables of the present work, they will not be
included in the analyses because dispositional variables were—unlike the direct and
indirect effects of the learning situations—not the focus of the present study.

Participants were then randomly assigned to one of the three learning scenario
conditions. As an example, the test with public results learning scenario condition,
including the instructions, reads as follows:

This is a potential scenario that could happen in your daily life as a student.
We would like to ask you to transport yourself in the situation, and to imag-
ine it as strongly as you can. Imagine that you are a student in college and
have lots of exams to write. During one of your majors your professor tries
to increase your and your fellow students learning success, and enhance your
chance to pass the exam. Therefore, half an hour before the end of every ses-
sion you write an ungraded test, and answer multiple questions concerning the
content of that session. Once the half an hour is up you can go home. Shortly
following every session all students receive an e-mail with the matriculation
numbers of everyone, and their test results, ranking from best to worst.

In the test with private results learning scenario condition, in which stakes should
be perceived as even lower, participants read a slightly different scenario and were
instructed to imagine that each student received the test results individually via
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e-mail. In contrast, in the reading control learning scenario condition, the imagined
process was that the professor would hand the students a summary of all relevant
materials to read. See “Appendix A” for all three learning scenarios.

To follow, participants answered questions concerning their perceptions and
evaluations of the imagined learning scenario, e.g., regarding difficulty, unfair-
ness, inappropriateness, anger, or injustice. This concluded in an overall negative
evaluations of the learning situations score using ten items («=.89; e.g., How (un)
just did you find the described and imagined way of learning in the situation?, one
(extremely unjust)—seven (extremely just)) on a seven-point Likert-like scale from
one (lower scores) to seven (higher scores). Some of the items were reverse coded
(e.g., participants were asked how fair they thought the learning in the scenario
was). See “Appendix A” for a full list of all items, information about which items
were recoded, and the complete scale labelling. We also added three—Ilater not ana-
lysed—positive control items (e.g., asking for the perceived helpfulness or success-
fulness of such learning tasks) so that it was not completely clear that we wanted to
assess an overall negative evaluations score. We added these positive control items
because we wanted to avoid being too obvious, being potentially suggestive, or to
unintentionally influence participants’ later responses. Participants were also asked
about their situational stress perceptions in such an imagined learning scenario
using the Perceived Stress Questionnaire (PSQ; Levenstein et al. 1993) that consists
of 30 items (x=.95; e.g., You feel tense) on a four-point Likert-like scale from one
(almost never) to four (usually).

Subsequently, participants were told to again put themselves in the aforemen-
tioned scenario and to read the following statement regarding a hypothetical
examination:

While preparing for the exam you took little notes and prepared a crib sheet
you only wanted to use for your learning. Now imagine that you are in class
with your fellow students writing the exam. Thinking about the answer to
question number one you suddenly realize that the crib sheet you used to prac-
tice is still in your pocket.

Participants were then asked how likely it was for them to use the crib sheet to
cheat on the exam (cheating item 1: likelihoods own spontaneous cheating) and how
justifiable that was (cheating item 2: justifications own spontaneous cheating). Then,
participants had to rate how likely it was for someone else to use the crib sheet to
cheat on the exam (cheating item 3: likelihoods others’ spontaneous cheating) and
how justifiable that was (cheating item 4: justifications others’ spontaneous cheat-
ing). Participants were then asked how likely it was for them to intentionally prepare
a cheat sheet with the aim to use it during the exam (cheating item 5: likelihoods
own prepared cheating) and how justifiable that was (cheating item 6: justifications
own prepared cheating). They also reported how likely it was for someone else to
intentionally prepare a cheat sheet with the aim to cheat during the exam (cheating
item 7: likelihoods others’ prepared cheating) and how justifiable that was (cheat-
ing item 8: justifications others’ prepared cheating). These eight cheating items—
four likelihoods items and four justifications items—were answered on a seven-point
Likert-like scale from one (not likely at all/not justifiable at all) to seven (extremely

@ Springer



732 K. Wenzel, M.-A. Reinhard

likelylextremely justifiable). See “Appendix A” for a full list of the items. In line
with previous research (see e.g., Greene and Saxe 1992; Messick et al. 1985; Shu
et al. 2011), we added items distinguishing between likelihoods and justifications
for own hypothetical cheating behaviour and likelihoods and justifications for hypo-
thetical cheating behaviour of other people. Because these cheating items were
newly created for our study, we ran factorial analyses to test the underlying number
of factors before testing our hypotheses. Regarding the four likelihoods of cheating
items, the factor analysis yielded two factors: Factor 1 consisted of the two items
regarding the likelihoods of own cheating (average score of the two items: likeli-
hoods own cheating, o=.86) and factor 2 consisted of the two items regarding the
likelihoods of others’ cheating (average score of the two items: likelihoods others’
cheating, a=.84). The second factor analysis was conducted with the four justifi-
cation for cheating items and resulted in one factor (average score across the four
items: justifications for cheating, a=.95). A detailed description of the two factor
analyses and the respective tables depicting the loadings of the factor analyses are
available in “Appendix B”.

In the end, we measured general control variables (e.g., if participants had really
imagined the read scenarios, if they understood the text, or how strongly they were
able to put themselves in the learning scenarios). For instance, one item reads, Did
you understand the described scenario?, and it was rated from one (No, not at all) to
seven (Yes, completely). See “Appendix A” for a list of these items. We also included
manipulation check questions regarding cheating (e.g., how important grades are
for the participants, if they think they can improve their results through cheating,
how likely it was to get caught in the imagined scenario, how likeable they rated
the imagined lecturer in the scenario, and if they held negative or positive attitudes
towards cheating). For instance, one item reads, How likeable would you rate your
professor?, rated from one (absolutely unlikeable) to seven (extremely likeable). See
“Appendix A” for a list of these items. These manipulation check questions were
included to test for differences among participants in the three learning scenario
conditions.

2.3 Statistical analyses

To test our hypotheses, we conducted three mediation analyses using PROCESS
(Hayes 2018; model 4). Due to the factor analysis that yielded two factors for likeli-
hoods of hypothetical cheating—one for own cheating behaviour and one for oth-
ers’ cheating behaviour—we conducted two analyses to test the hypotheses that
concern likelihoods of hypothetical cheating (e.g., predicting the influence of the
learning scenario condition on likelihoods of hypothetical cheating as well as link-
ages between negative evaluations of learning situations and stress perceptions with
likelihoods of cheating; Hypotheses 3, 4, and 5).

The first mediation analysis used likelihoods of own cheating (testing Hypotheses
1, 2, 3a, 4a, and 5a), the second mediation analysis used likelihoods of others’ cheat-
ing (testing Hypotheses 3b, 4b, and 5b), and the third mediation analysis used jus-
tifications for cheating (testing Hypotheses 6, 7, and 8) as the respective dependent
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variable. All three mediation analyses used the learning scenario condition as the
independent variable and participants’ negative evaluations of the learning situations
as well as participants’ stress perceptions as two potential mediators. The learning
scenario condition was dummy coded (X1: 1=tests with private results learning
scenario condition; X2: 1 =tests with public results learning scenario condition; ref-
erence category: reading control scenario condition). The mediator variables were
z-standardized. To avoid unnecessary repetitions, only the description of the find-
ings of the first mediation analysis will include the influence of the learning scenario
condition on the two mediators, thus, on the negative evaluations of the learning
situations and on participants’ stress perceptions (testing Hypotheses 1 and 2).

3 Results

Neither participants’ gender distribution nor their age differed among the three
learning scenario conditions (both ps>.230). The general control variables and the
manipulation check questions regarding cheating also did not differ among the three
learning scenario conditions (all ps>.091). Only participants in the test with public
results learning scenario condition rated the lecturer as more dislikeable than par-
ticipants in the other two learning scenario conditions (both ps <.001).

The descriptive statistics of the negative evaluations of the learning situations,
stress perceptions indicated by PSQ scores, likelihoods of own cheating, likelihoods
of others’ cheating, and justifications for cheating are presented in Table 1. Notably,
likelihoods of others’ hypothetical cheating were rated as significantly higher than
likelihoods of own hypothetical cheating (p <.001).

The correlations among participants’ negative evaluations of the learning situ-
ations, stress perceptions (PSQ), likelihoods of own hypothetical cheating, likeli-
hoods of others’ hypothetical cheating, and justifications for cheating are depicted
in Table 2. Notably, the negative evaluations of the learning situations were signifi-
cantly correlated to participants’ likelihoods of own cheating (r=.19, p<.001) and
to participants’ justifications for cheating (r=.16, p <.001). The PSQ scores indicat-
ing stress perceptions were significantly correlated to likelihoods of others’ cheating
(r=.14, p=.006).

Table 1 Descriptive statistics

; : Variables M SD Range

of the negative evaluations of

the learning situations, stress Negative evaluations of the 3.58 1.15 1.007.00

perceptions (.PSQ)., hk'ehhoods learning situations

of own cheating, likelihoods .

of others’ cheating, and Stress perceptions (PSQ) 221 .63 1.00-4.00

justifications for cheating Likelihoods own cheating 2.29 1.55 1.00-7.00
Likelihoods others’ cheating 4.21 1.46 1.00-7.00
Justifications for cheating 2.32 1.55 1.00-7.00
N=405
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Table2 Correlations among

the negative evaluations

of the learning situations,

stress perceptions (PSQ),
likelihoods own cheating,
likelihoods others’ cheating, and

1. 2. 3. 4. 5.

1. Negative evaluations of the 1
learning situations

2. Stress perceptions (PSQ) S0%F 1

justifications for cheating 3. Likelihoods own cheating J9%% 0 08% 1
4. Likelihoods others’ cheating .04 Ad4%* 0 36%* 1
5. Justifications for cheating d6** .08 8o 33%% ]

*p<.10, *p <.05, *¥p < .01, Two-tailed. N=405

3.1 Likelihoods own hypothetical cheating (Hypotheses 1, 2, 3a, 4a, and 5a)

Results of the first mediation analysis (see Fig. 2) showed that the learning scenario
condition significantly predicted participants’ negative evaluations of the learn-
ing situations (path a), X1: B=.38, SE=.12, #(402)=3.27, p=.001; X2: B=.79,
SE=.12, (402)=6.66, p<.001. In turn, the negative evaluations of the learning

Negative
Evaluations

Ml

X1

Likelihoods of
Own Cheating

X2

M2

Stress
Perceptions
(PSQ

scores)

Fig.2 First mediation analysis predicting likelihoods of own cheating. Notes. *p <.05, **p<.01. The
learning scenario condition was dummy coded (X1: 1 =tests with private results learning scenario condi-
tion; X2: 1=tests with public results learning scenario condition; reference category: reading control
scenario condition)
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situations predicted participants’ likelihoods of own hypothetical cheating (path b),
B=.33, SE=.09, #(400)=3.61, p=.003. The learning scenario condition did not
significantly predict participants’ stress perceptions indicated by their PSQ scores
(path a), X1: B=—-.07, SE=.12, (402)=—-.61, p=.545; X2: B=.15, SE=.12,
(402)=1.24, p=.216. PSQ scores were also not linked to participants’ likelihoods
of own cheating (path b), B=—-.03, SE=.09, #400)=.02, p=.706. There was no
significant direct effect (path c’) of the learning scenario condition on likelihoods of
own cheating, X1: B=.003, SE=.19, 1(400)=.02, p=.986; X2: B=—-.16, SE=.20,
#(400)=—.82, p=.411. There was also no significant total effect (path c) of the
learning scenario condition on likelihoods of own cheating, X1: B=.13, SE=.19,
1(402)=.71, p=.481; X2: B=.09, SE=.19, 1(402)=.49, p=.626. However, the
results yielded significant indirect effects of the learning scenario condition via the
negative evaluations of the learning situations on likelihoods of own hypothetical
cheating (path a x path b), X1: B=.13, 95% CI [.037, 242]; X2: B=.26, 95% CI
[.113, .423]. There were no indirect effects of the learning scenario condition via
the PSQ scores, X1: B=.002, 95% CI [-.023, .030]; X2: B=-.01, 95% CI [-.050,
.025].

These findings supported Hypothesis 1: Both learning scenarios including tests
were, as assumed, evaluated more negatively than the reading control learning
scenario. These negative evaluations included, for instance, higher perceptions of
unfairness, strenuousness, and injustice, as well as higher feelings of anger. Unex-
pectedly, the learning scenario condition neither influenced participants’ stress
perceptions nor likelihoods of participants’ own hypothetical cheating. Thus,
Hypotheses 2 and 3a were not supported. In line with our assumptions—supporting
Hypothesis 4a—negative evaluations of the learning situations were significantly
and positively correlated to participants’ own hypothetical cheating, indicating that
higher negative evaluations were linked to higher likelihoods of own cheating. This
indirect effect of the learning scenario condition on likelihoods of own hypothetical
cheating (via increased negative evaluations of the learning situations) was signifi-
cant. Hence, negative evaluations of the learning situations had a mediating effect.
Contrary to Hypothesis 5a, stress perceptions were not significantly correlated to
participants’ likelihoods of own hypothetical cheating.

3.2 Likelihoods of others” hypothetical cheating (Hypotheses 3b, 4b, and 5b)

Results of the second mediation analysis (see Fig. 3) showed that the negative
evaluations of the learning situations did not predict likelihoods of others’ hypo-
thetical cheating (path b), B=—-.07, SE=.09, 1(400)=— .80, p=425. The PSQ
score was, however, linked to participants’ likelihoods of others’ cheating (path
b), B=.23, SE=.08, t (400)=2.74, p=.007. There was again no significant
direct effect (path c’) of the learning scenario condition on likelihoods of oth-
ers’ cheating, X1: B=.01, SE=.18, #(400)=.07, p=.946; X2: B=.11, SE=.19,
1(400)=.58, p=.560. There was also no significant total effect (path c) of the
learning scenario condition on likelihoods of others’ cheating, X1: B=-.03,
SE=.18, 1(402)=—-.18, p=.859; X2: B=.09, SE=.18, 1(402)=.50, p=.615.
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Negative
Evaluations

Ml

X1

% Likelihoods of
Others’ Cheating

X2

B=0.23**

M2

Stress
Perceptions

(PSQ

scores)

Fig.3 Second mediation analysis predicting likelihoods of others’ cheating. Notes. *p <.05, **p <.01.
The learning scenario condition was dummy coded (X1: 1 =tests with private results learning scenario
condition; X2: 1 =tests with public results learning scenario condition; reference category: reading con-
trol scenario condition)

Additionally, the findings yielded no significant indirect effects of the learning
scenario condition via the negative evaluations of the learning situations on like-
lihoods of others’ cheating (path a x path b), X1: B=-.03, 95% CI [-.105,
.044]; X2: B=—.06, 95% CI [—-.197, .085]. There were also no indirect effects
of the learning scenario via the PSQ scores, X1: B=-.02, 95% CI [-.086,
.039]; X2: B=.04, 95% CI [-.021, .105].

Unexpectedly, the learning scenario condition did not influence likelihoods
of others’ hypothetical cheating. Thus, Hypothesis 3b could not be supported,
indicating that the learning scenario had no effect on individuals’ ratings of
the probability of others’ cheating in a hypothetical examination. Contrary to
Hypothesis 4b, negative evaluations of the learning situations were not signifi-
cantly linked to others’ hypothetical cheating. Participants’ stress perceptions
were, however, significantly and positively correlated to likelihoods of others’
hypothetical cheating, thus, supporting Hypothesis 5b. This indicated that higher
stress perceptions were linked to higher ratings regarding likelihoods of others’
hypothetical cheating behaviour. There were no indirect effects.
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3.3 Justifications for hypothetical cheating (Hypotheses 6, 7, and 8)

Results of the third mediation analysis (see Fig. 4) showed that the negative
evaluations of the learning situations significantly predicted justifications for
cheating (path b), B=.24, SE=.09, ¢t (400)=2.56, p=.011. The PSQ scores
indicating stress perceptions were not linked to justifications for cheating (path
b), B=-.003, SE=.09, ¢ (400)=-.38, p=.970. There was again no signifi-
cant direct effect (path c’) of the learning scenario condition on justifications
for cheating, X1: B=.02, SE=.19, #(400)=.13, p=.901; X2: B=.07, SE=.20,
1(400)=.33, p=.743. There was also no significant total effect (path c) of the
learning scenario condition on justifications for cheating, X1: B=.11, SE=.19,
1(402)=.61, p=.542; X2: B=.25, SE=.19, 1(402)=1.33, p=.186. However,
the findings yielded significant indirect effects of the learning scenario condition
via negative evaluations of the learning situations on justifications for cheating
(path a x path b), X1: B=.09, 95% CI [.016, .188]; X2: B=.19, 95% CI [.044,
.341]. There were no indirect effects of the learning scenario condition via the

Negative
Evaluations

M1

X1

Justifications
for Cheating

X2

M2

Stress
Perceptions
(PSQ

scores)

Fig.4 Third mediation analysis predicting justifications for cheating. Notes. *p <.05, **p<.01. The
learning scenario condition was dummy coded (X1: 1 =tests with private results learning scenario condi-
tion; X2: 1=tests with public results learning scenario condition; reference category: reading control
scenario condition)
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PSQ scores, X1: B<.001, 95% CI [—.029, .026]; X2: B=—.001, 95% CI [—.042,
.031].

Contrary to Hypothesis 6, the learning scenario condition did not influence par-
ticipants’ justifications for hypothetical cheating. Thus, participants’ ratings of jus-
tifications for hypothetical cheating were not dependent on whether participants had
read scenarios including tests or including reading tasks. Negative evaluations of the
learning situations were significantly and positively correlated to justifications for
hypothetical cheating. This supported Hypothesis 7 and indicated that higher nega-
tive evaluations of the learning situations were linked to later higher justifications
for cheating in the university context. The indirect effect of the learning scenario
condition on justifications for hypothetical cheating (via increased negative evalua-
tions of the learning situations) was also significant. Hence, negative evaluations of
the learning situations had a mediating effect. Participants’ stress perceptions were
not correlated to justifications for hypothetical cheating. Thus, Hypothesis 8 was not
supported.

4 Discussion

The aim of the present work was to test linkages among tests as difficult learning
tasks, possible negative consequences of such difficult learning tasks like negative
evaluations or stress perceptions, and hypothetical academic cheating. We assumed
that learning scenarios including tests, as opposed to a control learning scenario
including reading, directly and indirectly, lead to higher likelihoods of own and oth-
ers’ hypothetical cheating, as well as to higher justifications for such hypothetical
cheating. The indirect effects should arise via increased negative evaluations of the
learning situations and via increased stress perceptions due to the difficult test sce-
narios. Although ample research has focused on the application and effectiveness of
tests as incantations of desirable difficulties (e.g., regarding potential moderators or
boundary conditions; e.g., Adesope et al. 2017; Rowland 2014) and although previ-
ous studies showed that academic cheating has an abundance of negative impacts
(e.g., regarding contagion effects of dishonesty through peers, relations between
academic and workplace dishonesty, or validity of assessments and grading; e.g.,
Carrell et al. 2008; Gino et al. 2009; Nonis and Swift 2001; Reinhard et al. 2011), no
research has—to our knowledge—previously tested our assumptions and hypothe-
ses. Thus, our work using hypothetical scenarios uniquely contributes to the existing
literature regarding cheating in the academic context and to the existing literature
regarding tests as difficult learning tasks.

Our findings showed that although the learning scenario condition had neither
direct effects on likelihoods of own and others’ hypothetical cheating nor on justi-
fications for cheating, it nonetheless indirectly affected likelihoods of own cheating
and justifications for cheating through increasing participants’ negative evaluations
of the learning situations. Both imagined learning scenarios including tests were
evaluated as significantly more negative than the learning control scenario including
reading. These negative evaluations of the learning situations were in turn positively
correlated with likelihoods of own hypothetical cheating and with justifications for
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cheating, whereas participants’ self-reported stress perceptions were only positively
correlated to likelihoods of others’ hypothetical cheating. In general, the cheating
items had rather low mean scores, whereas likelihoods of others” hypothetical cheat-
ing were rated as significantly higher than likelihoods of own hypothetical cheating.
This finding is in line with previous work showing that students often report lower
frequencies of academic cheating compared to the amount that lecturers observed,
and that students also report lower frequencies of their own dishonest behaviour
compared to dishonest behaviour of their peers (e.g., Greene and Saxe 1992; Nagh-
dipour and Emeagwali 2013). Additionally, students often perceive their own dis-
honest behaviour as less condemnable and less serious than the dishonest behav-
iour of their peers and generally believe that they are fairer than others (e.g., Greene
and Saxe 1992; Messick et al. 1985). Thus, it could be that individuals underre-
port their own cheating behaviour (even in anonymous settings), likely because of
the importance and value of norms like honesty and trustworthiness, the urge to
maintain a positive self-concept, and the underlying social undesirability of dishon-
esty (e.g., GeiBler et al. 2013; Mazar et al. 2008). Our factor analysis that yielded
one factor regarding likelihoods of own hypothetical cheating and a second factor
regarding likelihoods of others’ hypothetical cheating further supported these find-
ings. Interestingly, our factor analysis revealed only one factor underlying the four
justifications for cheating items. Thus, our participants did not distinguish between
justifications for own hypothetical cheating behaviour and justifications for others’
hypothetical cheating behaviour (contrary to previously found differences between
justifications for own and others’ dishonesty, see e.g., Shu et al. 2011). In general,
the rather low mean score of the justifications for cheating variable further indicates
that participants rated hypothetical cheating in the presented scenarios as not justifi-
able, thus deeming academic cheating as ethically wrong. An explanation for the
observed single factor could be that individuals normally try to maintain a positive
self-concept and try to feel good or moral even when they cheat (e.g., Mazar et al.
2008): Therefore, they often compare their own behaviour with others’ behaviour
and, for instance, often believe that others cheated even more—and more severely—
than they did (see e.g., Greene and Saxe 1992). This social comparison should, how-
ever, only increase individuals’ perceptions of themselves as a better or more moral
individual compared to others, if the justifications for their own and for others’
behaviours are identically low-, because only then should the higher frequencies of
others’ dishonest behaviour compared to individuals’ own less frequent dishonesty
increase individuals’ self-esteem and their moral self-concept. Moreover, it could
also be possible that justifications for own cheating behaviour and justifications for
others’ cheating behaviour only significantly differ if the justifications ratings were
rendered after individuals indulged in actual dishonest behaviour and not just in
response to imagined hypothetical cheating.

Notably, our results were obtained even though participants did not really engage
in an actual learning activity; they did not really take an exam with actual conse-
quences for their everyday courses, but simply read and imagined scenarios and only
self-reported hypothetical behaviour. Nonetheless, even such minimalistic opera-
tionalizations yielded significant effects. Thus, this indicates that actual learning
in university settings, with real incentives to do well and with actual examinations
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including opportunities of actual cheating behaviour, should lead to even stronger
effects.

Our results partly fit the in the beginning described theoretical and empirical
argumentations regarding negative consequences of desirable difficulties because the
scenarios including tests were actually evaluated more negatively than the reading
control scenario (e.g., Hinze and Rapp 2014; O’Neil et al. 1969). The observed indi-
rect effects of learning scenarios with tests on own hypothetical cheating behaviour
and justifications—via increased negative evaluations of the situations—were also
in line with the in the Introduction presented theoretical and empirical argumenta-
tions regarding the emergence of cheating and dishonesty in academic contexts (e.g.,
Brimble and Stevenson-Clarke 2005; Steininger et al. 1964; Whitley 1998; Wowra
2007). Contrary to our assumptions and to literature described in the Introduction,
there were neither effects of the learning scenario condition on participants’ stress
perceptions nor direct effects of the learning scenario condition on the cheating vari-
ables. This could be due to our operationalizations and the application of hypotheti-
cal scenarios: It is possible that our scenarios were not strong enough to elicit actual
affective responses as well as hypothetical cheating behaviour in only imagined situ-
ations (see also our discussion of limitations below).

Although not all our hypotheses were supported, it is still important to highlight
that tests as difficult learning tasks can, at least indirectly and in scenarios, influence
hypothetical cheating behaviour. Hence, lecturers thinking about applying tests as
difficult learning tasks in their university courses should keep in mind that these
can result in negative evaluations of the situations and can, indirectly, also result
in increased likelihoods of cheating or justifications for cheating. Still, due to the
explorative character of our work and because this is to our knowledge the first study
testing possible effects of tests as difficult learning tasks on cheating, we suppose
that it is too early for stating implications like advising against the usage of tests and
desirable difficulties. Nonetheless, our work sheds light on this problematic issue,
offering a valuable contributing to the literature regarding desirable difficulties as
well as cheating.

4.1 Limitations and future research

There are also limitations of our study that we care to discuss. This includes, for
instance, the applied learning scenarios: Although scenarios are often used in studies
focusing on cheating behaviour (e.g., Agnew 1992; Carmichael and Piquero 2004;
Shu et al. 2011), it is possible that the learning scenarios had no effects because
they were too short, not detailed enough, framed as positive, or too low-stake. Still,
we intentionally designed them to be preferably short, generalizable (e.g., regard-
ing varying study paths or courses), and minimalistic (e.g., so as not to be sugges-
tive or influencing). We additionally wanted to inquire if effects would arise even
when using such simple operationalizations. However, the scenarios may further
have been unable to adequately describe and convey the increased effort, difficulty,
and cognitive processing triggered by desirable difficulties. The same applies to the
short description of the hypothetical exam at the end of the semester, which also
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could have been too short, too undifferentiated, or not detailed enough, because the
short scenario did not actually describe features of the examination situation (e.g.,
regarding the importance of the exam, the existence of peers, or the topic of the
exam). This could have reduced the transportability and imaginability of the sce-
nario. Although our intention was to not prime or suggest responses due to more
detailed descriptions of the hypothetical examination (e.g., by describing opportuni-
ties to cheat or the difficulty of the exam), it is possible that more details concern-
ing the examination situation would have made the scenario more comprehensible,
more realistic, and more transferable to participants’ actual experiences and every-
day lives. We may have then been unable to control how participants actually imag-
ined the examination situation, which might have resulted in confounding variables
that, in turn, could have influenced participants’ answers. Another limitation is that
regarding the negative evaluations of the learning situations and the cheating vari-
ables, we only observed correlations. Future work should also test causal relations.
To do this, future studies could, for instance, directly manipulate the evaluations of
the learning situations described in the scenarios, so that the test scenarios as well
as the reading control scenario are respectively described as positive, negative, and
neutral. This would make it possible to explore whether all conditions including test
scenarios lead to higher hypothetical cheating and justifications, or whether only
those scenarios that were described as negative would increase hypothetical cheat-
ing and justifications for cheating.

In line with the novelty of our research questions and their unique contribu-
tions to the cheating and education literature, one of the best aspects of the present
work is that it is surely stimulating for further research. For instance, future studies
could try to optimize our operationalizations, thus solving the limitations mentioned
above, and generally try to replicate our findings using different samples (e.g., stu-
dents from different countries), different desirable difficulties (e.g., generation or
disfluency), or different negative consequences (e.g., negative affect, fear of failure,
or feelings of pressure). More explicitly, future studies could also be conducted in
laboratory settings or in actual classrooms, applying a real learning phase includ-
ing actually learned information, so that real—and not only hypothetical—cheating
behaviour can be observed. Moreover, future online studies should test our assump-
tions using different and more detailed scenarios that more adequately describe the
learning situation, the learning materials, and the difficulty of the learning tasks. The
description of the examination should also be longer and more detailed, for example
describing the procedure of the exam, the applied questions, the presence of peers or
lecturers, and precautions against cheating more realistic. We also solely presented
the usage of cheat sheets in examinations as the incantation of cheating behaviour;
however, a far wider range of such behaviour does exist and should also be examined
(e.g., inappropriate collaboration during exams or plagiarism). Additionally, until
now, we focused completely on situational variables but not on individual variables,
whereas previous studies showed that multiple trait variables, individual character-
istics, and individual differences (e.g., cognitive abilities, conscientiousness, learn-
ing-goal orientations, self-control, or self-efficacy) are simultaneously influential for
(difficult) learning (e.g., for perceptions or effectiveness’s) and for cheating behav-
iour and dishonesty (e.g., Bertrams and Englert 2014; de Bruin and Rudnick 2007;
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Doménech-Betoret et al. 2017; Finn and Frone 2004; Giluk and Postlethwaite 2015;
Ikeda et al. 2015; Koul 2012; Marcela 2015; Paulhus and Dubois 2015; Schunk
1996; Wenzel and Reinhard 2019a; Yu et al. 2017; see also “Appendix B” regarding
correlations among our dependent variables and the assessed but not analysed trait
variables). Thus, we argue that it is beneficial for future work to include the assess-
ment of individual differences. Lastly, future research should of course also focus on
reducing such direct and indirect negative consequences of tests as difficult learn-
ing tasks. Lecturers could, for instance, thoroughly explain the benefits of difficult
learning to their students, reward them for their efforts, frame the difficulties as even
more positive and low-stake, and adapt the difficulty of the tasks so that they are
difficult enough to elicit beneficial effects but are not too difficult or overwhelming.

4.2 Conclusion

Summarizing, the present work shows that the application of tests as an incantation of
desirable difficulties in the university context—although normally beneficial for long-
term learning—can result in negative side effects: Learning scenarios including tests,
in contrast to a reading control scenario, indirectly increased likelihoods of own hypo-
thetical cheating and justifications for hypothetical cheating through increasing the
negative evaluations of the imagined learning situations. Thus, this work serves as first
evidence for the linkage among tests as difficult learning tasks, resulting negative con-
sequences like negative evaluations or stress perceptions, and hypothetical cheating.
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Appendix
Appendix A: Materials

Tests with public results learning scenario condition (including the instructions):

This is a potential scenario that could happen in your daily life as a student.
We would like to ask you to transport yourself in the situation, and to imag-
ine it as strongly as you can. Imagine that you are a student in college and
have lots of exams to write. During one of your majors your professor tries
to increase your and your fellow students learning success, and enhance your
chance to pass the exam. Therefore, half an hour before the end of every ses-
sion you write an ungraded test, and answer multiple questions concerning the
content of that session. Once the half an hour is up you can go home. Shortly
following every session all students receive an e-mail with the matriculation
numbers of everyone, and their test results, ranking from best to worst.

Tests with private results learning scenario condition (including the instructions):

This is a potential scenario that could happen in your daily life as a student.
We would like to ask you to transport yourself in the situation, and to imag-
ine it as strongly as you can. Imagine that you are a student in college and
have lots of exams to write. During one of your majors your professor tries
to increase your and your fellow students learning success, and enhance your
chance to pass the exam. Therefore, half an hour before the end of every ses-
sion you write an ungraded test, and answer multiple questions concerning the
content of that session. Once the half an hour is up you can go home. Shortly
following every session you receive a private e-mail with your own test results.

Reading control learning scenario condition (including the instructions):

This is a potential scenario that could happen in your daily life as a student.
We would like to ask you to transport yourself in the situation, and to imag-
ine it as strongly as you can. Imagine that you are a student in college and
have lots of exams to write. During one of your majors your professor tries
to increase your and your fellow students learning success and enhance your
chance to pass the exam. Therefore, half an hour before the end of every ses-
sion your professor hands you a summary with all the relevant information of
that session. In this time you read the materials. Once the half an hour is up
you can go home.
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Negative Evaluations of the Learning Situations (10 items, «=.89): Instructions
and items

“Please answer the following questions according to your imagined mood/percep-
tion/thoughts/feelings during the situation displayed in the scenario.”

“Concerning the imagined scenario, ...”

1. How strenuous did you find the described and imagined learning-situation? One
(not strenuous at all)—seven (extremely strenuous)

2. How (un)just did you find the described and imagined way of learning in the
situation? One (extremely unjust)—seven (extremely just), *recoded item

3. How difficult would your rate the learning in the described situation? One (not
difficult at all)—seven (extremely difficult)

4. How fair or unfair would you rate the way of learning in such a situation? One
(extremely unfair)—seven (extremely fair), *recoded item

5. How angry would you be if you were in such a situation and had to learn in such
a manner? One (not in the least bit angry)—seven (extremely angry)

6. How relaxing would you rate such a learning-situation? One (not relaxing at
all)y—seven (extremely relaxing), *recoded item

7. How overstrained would you feel if you were in such a learning-situation? One
(not at all)—seven (totally)

8.  How annoyed would you feel if you were in such a learning-situation? One (not
at all)y—seven (extremely)

9. How uncertain would you feel if you had to learn in a way as described in the
situation? One (not at all)—seven (extremely)

10. How inappropriate would you rate such a learning-situation? One (not inap-

propriate at all)—seven (extremely inappropriate)

Not analysed positive control items:

1. How attentive would you be in such a learning-situation? One (not attentive at
all)—seven (extremely attentive)

2. How interesting did you find the described learning-situation? One (not a bit
interesting)—seven (extremely interesting)

3. How helpful and successful would you rate such a learning-situation? One (not
helpful or successful at all)—seven (extremely helpful and successful)

Cheating items:

1. How likely is it that you would use your crib sheet to cheat in the exam? One (Not
at all likely, you would never use the crib sheet)—seven (Extremely likely, you
would use the crib sheet definitely)

2. How justifiable is it for you to use your crib sheet to cheat in the exam? One (Not
Jjustifiable at all)—seven (Extremely justifiable)

3. How likely is it that someone else would use their crib sheet to cheat in the exam
if they were in the same situation? One (Not at all likely, other people would never
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use the crib sheet)—seven (Extremely likely, other people would use the crib sheet
definitely)

How justifiable is it for someone else to use their crib sheet to cheat in the exam?
One (Not justifiable at all)—seven (Extremely justifiable)

Furthermore, how likely is it that you would intentionally prepare a cheat sheet
with the intention to use it in the exam? One (Not at all likely, you would never
prepare a cheat sheet)—seven (Extremely likely, you would definitely prepare a
cheat sheet)

How justifiable is it for you to prepare a cheat sheet to cheat in the exam? One
(Not justifiable at all)—seven (Extremely justifiable)

How likely is it that someone else would intentionally prepare a cheat sheet to
use it in the exam if they were in the same situation? One (Not at all likely, other
people would never prepare a cheat sheet)—seven (Extremely likely, other people
would definitely prepare a cheat sheet)

How justifiable is it for someone else to prepare a cheat sheet to cheat in the exam?
One (Not justifiable at all)—seven (Extremely justifiable)

Average across items 1 and 5: likelihoods own cheating, o= .86
Average across items 3 and 7: likelihoods others’ cheating, o= .84
Average across items 2, 4, 6, and 8: justifications for cheating, o=.95

General manipulation-check questions:

1.

2.

Have you really read and imagined the former scenario? No, not at all/A little
bit/Yes

Did you understand the described scenario? One (No, not at all)—seven (Yes,
completely)

Were you able to put yourself in the described scenario? One (No, not at all)—
seven (Yes, totally)

Have you (in your daily life as a student) experienced situations similar to the
ones described in the scenario? One (No, never)—seven (Yes, multiple times)

Manipulation-check questions concerning cheating:

“Given the former scenario, ...”

How likeable would you rate your professor? One (absolutely unlikeable)—seven
(extremely likeable)

How important are good grades for you? One (absolutely unimportant)—seven
(extremely important)

How much do you think you can improve the results of your exam through cheat-
ing? One (no improvement at all)—seven (extremely high improvement)

How likely is it that you (if you decided to cheat) would get caught? One (abso-
lutely unlikely)—seven (extremely likely)

How would you rate the consequences of cheating if you would get caught? One
(absolutely no consequences)—seven (extremely severe consequences)
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“In general, ...”

6. How intense would you rate the pressure to perform during your study program?
One (not intense at all)—seven (very intense)

7. Have you cheated in exams before? One (no, never)—seven (yes, every time)

8. Do you have negative or positive attitudes toward cheating during exams? One
(completely negative attitudes)—seven (completely positive attitudes)

Appendix B: Further analyses

Factor analyses with Varimax rotation

We conducted two factor analyses to test the factor structure of the eight cheat-
ing items: Regarding the four likelihoods of cheating items, we conducted a fac-
tor analysis with varimax rotation. The eigen values and a scree plot yielded two
factors explaining a total of 86.99% of the variance of all four likelihoods items
(see Table 3). Factor 1 consisted of the two items regarding the likelihoods of own
cheating (likelihoods own cheating, a=.86; 58.98% of explained variance, eigen
value =2.36). Factor 2 consisted of the two items regarding the likelihoods of oth-
ers’ cheating (likelihoods others’ cheating, a=.84; 28.01% of explained variance,
eigen value=1.12). The second factor analysis with varimax rotation was conducted
with the four justifications for cheating items. The eigen values and a scree plot
yielded one factor explaining a total of 86.23% of the variance of all four items (jus-
tifications for cheating, a=.95; eigen value =3.45; see Table 4).

Table 3 Factor analysis

Variabl Factor loadi
likelihoods of hypothetical arables actor ‘oading
cheating variables 1 2

Likelihoods own spontaneous cheating 920 179

Likelihoods others’ spontaneous cheating 171 912

Likelihoods own prepared cheating .924 .161

Likelihoods others’ prepared cheating .164 913
Tab!e 4 factor analy51.s Variables Factor loading
justifications for cheating
variables !

Justifications own spontaneous cheating 922

Justifications others’ spontaneous cheating .938

Justifications own prepared cheating 936

Justifications others’ prepared cheating 919
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Table 5 Correlations among the negative evaluations of the learning situations, stress perceptions (PSQ),
likelihoods own cheating, likelihoods others’ cheating, justifications for cheating, trait test anxiety (PAF-
E), trait stress scales (PSS, SSS), and academic self-concept

1. 2. 3. 4. 5. 6. 7. 8. 9.

1. Negative evaluation 1
of the learning situ-

ation
2. Stress perceptions S0*FF 1
(PSQ)
3. Likelihoods own 19%* .08* 1
cheating
4. Likelihoods others’ .04 14%* 36%* 1
cheating
5. Justifications for Jd6*% .08 BoF*  33Fk* ]
cheating
6. Trait test anxiety 28%%k 5wk J4HE J4EE ] ]* 1
(PAF-E)
7. Trait stress (PSS) 33wk 52wk 1]* 10t .07 65%* 1
8. Trait stress (SSS) S1FkE 54%% 08 .07 .05 60FF 67 F* 1
9. Academic self- — 18%* 27k Dk (05— 25%k  — A3E* _ AQkE — DOkE ]
concept

*p<.10, *p < .05, **p < .01, Two-tailed. N=405

We further conducted a MANCOVA predicting participants trait test anxiety
(PAF-E), stress traits (PSS, SSS), and their academic self-concept using the learning
scenario condition as the between-subjects variable to test for differences between
participants in the three learning scenario conditions. The one-way MANCOVA
yielded no significant multivariate main effect for the learning scenario condition,
F(8,800)=.50, p=.859, n,=.005. Given the not significant overall test, the uni-
variate main effects were not examined. We also conducted correlations among the
negative evaluations of the learning situations, stress perceptions (PSQ), likelihoods
own cheating, likelihoods others’ cheating, and justifications for cheating with the
trait variables (trait test anxiety, trait stress, and academic self-concept) that were
solely assessed for the other study that was conducted together with this study (see
Table 5).
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Learning With a Double-Edged
Sword? Beneficial and Detrimental
Effects of Learning Tests—Taking a
First Look at Linkages Among Tests,
Later Learning Outcomes, Stress
Perceptions, and Intelligence

Kristin Wenzel* and Marc-André Reinhard

Department of Psychology, University of Kassel, Kassel, Germany

It has often been shown that tests as intentionally hindered and difficult learning tasks
increase long-term learning compared to easier tasks. Previous work additionally indicated
that higher intelligence might serve as a prerequisite for such beneficial effects of tests.
Nevertheless, despite their long-term learning effects, tests were also found to be evaluated
as more negative and to lead to more stress and anxiety compared to easier control tasks.
Stress and anxiety, in turn, often yield detrimental effects on learning outcomes. Hence,
we hypothesized that tests increase later learning outcomes but simultaneously also lead
to more stress perceptions. Such increased stress was, in turn, hypothesized to reduce
later learning outcomes (thus, stress might serve as a mediator of the beneficial effects
of tests on learning). All these assumed effects should further be moderated by intelligence,
insofar as that higher intelligence should increase beneficial effects of tests on learning,
should decrease stress perceptions caused by tests, and should reduce detrimental
effects of stress on learning outcomes. Higher intelligence was also assumed to be generally
associated with higher learning. We conducted a laboratory study (N=89) to test these
hypotheses: Participants underwent an intelligence screening, then worked on either a
test or a re-reading control task, and reported their immediate stress perceptions. Later
learning outcomes were assessed after 1 week. The results supported all assumed main
effects but none of the assumed interactions. Thus, participants using tests had higher
long-term learning outcomes compared to participants using re-reading tasks. However,
participants using tests also perceived more immediate stress compared to participants
that only re-read the materials. These stress perceptions in turn diminished the beneficial
effects of tests. Stress was also generally related to lower learning, whereas higher
intelligence was linked to higher learning and also to lower stress. Hence, our findings
again support the often assumed benefits of tests —even when simultaneously considering
learners’ intelligence and and when considering the by tests caused stress perceptions.
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Notably, controlling for stress further increases these long-term learning benefits. We then
discuss some limitations and boundaries of our work as well as ideas for future studies.

Keywords: learning tests, desirable difficulties, acute stress perceptions, intelligence, long-term learning

INTRODUCTION

The following work raises the question if normally beneficial
learning tests actually serve as double-edged swords, thus, if
they can result in both beneficial as well as detrimental effects:
More specifically, the present work was conducted to
simultaneously focus on the often observed positive long-term
learning effects of tests as difficult and demanding learning
strategies (see, e.g., Adesope et al, 2017; Yang et al, 2021)
but also on potential negative (side) effects caused by such
learning tests, namely, increased stress or anxiety perceptions
(see, e.g., Hinze and Rapp, 2014; Wenzel and Reinhard, 2021).
Such increased stress perceptions should have further detrimental
effects on learning in general as well as on the beneficial
effects of tests on long-term learning in specific (see, e.g.,
Seipp, 1991; Hinze and Rapp, 2014). Additionally, because
recent studies indicated that higher intelligence is valuable for
the effectiveness of tests (see, e.g., Minear et al., 2018; Wenzel
and Reinhard, 2019), the present work also investigates if higher
intelligence moderates the benefits of tests, thus serving as a
prerequisite or boundary condition. In line with this, different
previous studies indirectly supported the assumption that
intelligence might also act as a buffer for negative effects of
tests on immediate stress perceptions (see, e.g., LePine et al.,
2004; Abin et al., 2020) and for the detrimental effects of
stress perceptions on learning outcomes (see, e.g., Chuderski,
2014; Reeve et al., 2014). Hence, the present work bridges
different research fields and simultaneously focuses on beneficial
and detrimental effects of tests as well as on potentially
moderating effects of intelligence as an important individual
difference. Simultaneously testing these different research issues
seems necessary for being able to give empirically well-grounded
advice regarding the application of tests in university or school
settings to learners and lecturers alike—especially because
we not only investigate learning outcomes but also students’
experiences and perceptions as well as individual differences
as potential prerequisites.

More specifically, focusing on these research questions is
extremely relevant due to the importance of successful and
durable later learning outcomes in school and university settings.
Notably, although difficult learning strategies, like tests, have
often been shown to increase long-term learning compared
to learning strategies that are more fluent and simpler, learners
and lecturers mainly assume the contrary (e.g., Karpicke et al.,
2009; Diemand-Yauman et al.,, 2011; Kornell et al, 2011;
Dobson and Linderholm, 2015; Bjork and Bjork, 2019). Thus,
learners normally regard easy and fluent learning strategies
as more effective and most prefer simpler strategies, like repeated
reading—and such misconceptions even stick with teachers-
to-be (e.g., Book et al., 1983; Koriat and Ma’ayan, 2005; Karpicke
et al., 2009; Bjork et al., 2015). Hence, it is extremely important

to conduct further empirical work to be able to give well-
grounded advice to learners and lecturers alike that—or if—
difficult tests are helpful and should be applied in actual
university learning settings. Otherwise, they might not apply
such tasks on their own. In line with this, lecturers and teachers
often express concerns about the effectiveness of such difficult
learning strategies for all of their students (e.g., Diemand-Yauman
et al.,, 2011; Lipowsky et al., 2015), which is why we also test
the importance of (higher) intelligence as a prerequisite for
the beneficial effects of tests. This is relevant as it could further
specify for which group of learners tests are beneficial and
for which they are not. We thereby choose intelligence as an
individual difference because it was often cited as one of the
strongest predictors for academic achievement and is generally
strongly associated with varying operationalizations of successful
human behavior (see, e.g., Bornstein et al, 2013; Strenze,
2015). Surprisingly, we could not find much research concerning
potential moderating effects of intelligence on the effectiveness
of tests for long-term learning outcomes. In addition, and
apart from such later learning outcomes, we also focus on
learners’ perceptions of tests to explore if these normally
beneficial learning tasks also lead to negative side-effects like
increased immediate stress perceptions during and directly
after learning. This seems relevant because it is often argued
that students’ experiences and perceptions of different situations
are seldom the main focus of experiments (see, e.g., Edwards
and Templeton, 2005)—even though stress perceptions include,
among others, subjective distress, higher degrees of worry,
emotionality, tension, anxiety, nervousness, pressure, intrusive
and disturbing thoughts, feelings of overwhelm, and lack of
confidence (see, e.g., Epel et al, 2018). Hence, such stress
perceptions in themselves are extremely unpleasant and
undesirable but were additionally often shown to lead to further
negative consequences like reduced motivation, mood
disturbances, or health problems (e.g., DeLongis et al., 1988;
Hobfoll, 1989; LePine et al., 2004). In line with this, stress
perceptions have often been shown to be associated with lower
learning outcomes (e.g., Seipp, 1991), so that stress perceptions
might even act as a mediator of the beneficial effects of tests
on later learning outcomes. Notably, this would be completely
inconsistent with the intention of using tests in schools or
universities and should therefore be thoroughly explored. Thus,
it is extremely important to know if tests—even those conducted
as low-stakes learning situations—lead to negative consequences,
like increased stress perceptions, and if these would,
paradoxically, be linked to reduced benefits of tests. It is also
important to determine whether these negative side effects of
tests on stress perceptions and the detrimental effects of stress
on later learning outcomes arise for all learners or only for
those with lower cognitive abilities. Hence, we also test if
intelligence moderates these effects, thus, if immediate stress
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perceptions caused by tests or detrimental effects of stress
perceptions on later learning outcomes decrease with higher
intelligence. This would indicate that intelligence might also
serve as a protective factor for potentially negative side effects
caused by such learning tests and for detrimental effects of
acute stress perceptions. In turn, such findings might further
help to specify for whom tests are actually desirable. Taken
together, focusing on and answering these research questions
is very important regarding potential advice for teachers and
lecturers concerning the utilization and practical application
of learning tests in schools and universities. We further think
that the present work focuses on new and extremely relevant
issues while also trying to replicate previous findings (e.g.,
the benefits of tests as well as increased stress perceptions
due to tests) that are of great relevance for the research field.
Moreover, to our knowledge, no previous studies were conducted
to test these assumptions, and none simultaneously tested
prerequisites, beneficial effects, and potentially detrimental
effects of tests. Hence, we want to highlight these important
issues and stimulate future research. In the following, we want
to start with presenting a state of the art literature overview
regarding our posed research issues.

Tests As Desirable Difficulties for Learning
Due to the importance of learning, knowledge acquisition, and
academic achievement, a lot of researchers investigated varying
learning strategies that improve durable long-term learning:
For instance, desirable difficulties as challenging, demanding,
and non-fluent learning processes have often been found to
enhance later long-term learning outcomes compared to easier
and more fluent learning processes (e.g., Bjork, 1994; Karpicke
et al, 2009; Bjork and Bjork, 2011, 2020). Thus, although
these effortful learning strategies appear to slow the learning
process down at first and cause difficulties and challenges for
learners, they increase information processing, retrieval, transfer,
and ultimately leaners long-term learning (e.g., Bjork and Bjork,
2011, 2019, 2020). The term desirable difficulties thereby acts
as an umbrella term for different intentionally hindered learning
strategies, which lead to beneficial effects for later long-term
learning outcomes: These include, for instance, disfluency (using
harder-to-read fonts; Diemand-Yauman et al, 2011) and
generation (generating materials and solutions instead of passive
consumption; Bertsch et al, 2007). One especially robust
desirable difficulty is the application of tests (also: testing, testing
effect, retrieval practice, test-enhanced learning, and learning/
practice tests): Taking (learning) tests on previously studied
materials increases long-term learning compared to easier and
more passive re-reading tasks or compared to note-taking as
a stronger control task—even concerning a multitude of difficult,
complex, and curricular subjects in realistic learning contexts
(e.g., McDaniel et al, 2007; Dunlosky et al., 2013; Rowland,
2014; Karpicke and Aue, 2015; Adesope et al., 2017; Batsell
et al., 2017; Rummer et al., 2017; Yang et al., 2021). These
beneficial effects of tests were, among others, found for different
types of learning materials (e.g., factual information, vocabulary,
conceptual information, longer scientific textbook paragraphs,

traditional (live) lectures/lessons, and recorded e-lectures/video-
presentations) and for different types of test questions (e.g.,
multiple-choice questions, short-answer questions, fill-in-the-
blank questions, comprehension-based questions, application-
based questions, transfer questions, and inferences; e.g., Roediger
and Karpicke, 2006; McDaniel et al, 2011, 2013; Dunlosky
et al, 2013; Rowland, 2014; Khanna, 2015; Jing et al, 2016;
Adesope et al., 2017; Iwamoto et al., 2017; Heitmann et al.,
2018; Feraco et al, 2020; Yang et al., 2021). Moreover, tests
were beneficial in varying (face-to-face or online) settings (e.g.,
laboratories, universities, classrooms, and at home/outside of
class) and for students of different age groups (e.g., elementary
school students, high school students, and university students;
e.g., McDaniel et al., 2007, 2011; Roediger et al., 2011; Rowland,
2014; Adesope et al., 2017; Yang et al, 2021). Notably, the
benefits of tests were also shown to arise when tests were
administered in varying (conventional, computerized, or
technological) modalities (e.g., paper-pencil tests, orally delivered
tests, tests administered with computers, tests administered on
online-websites, tests using clicker response systems, tests applied
with mobile devices, and tests conducted with online applications
like Kahoot; see, e.g., McDaniel et al,, (2013), Grimaldi and
Karpicke, (2014), Feraco et al., (2020), Wang and Tahir, (2020),
Yang et al, (2021). Thus, researchers often recommend the
application of tests as an effective learning task to increase
learners long-term learning outcomes.

Theoretically, these beneficial effects of tests are often attributed
to the stimulation of cognitive processes that increase the
understanding, deeper semantic/cognitive processing, and
encoding of information (e.g., Bjork, 1994; Bjork and Bjork,
2011; Dunlosky et al, 2013; Rowland, 2014). Tests are also
supposed to lead to more analytic and elaborative thinking,
more (effortful) retrieval practice, better anchoring of the learned
information in long-term memory, and to an allocation of
more effort and more cognitive resources while learning (e.g.,
Bjork and Bjork, 1992, 2011; Dunlosky et al., 2013; Rowland,
2014). Most important, the beneficial effects of tests are often
argued to be stronger when the applied tests are more difficult
and thereby elicit more difficult retrieval practice, when the
test questions increase the depth of the required retrieval, and
when learners have to indulge in more effort to work on and
to solve the test questions (e.g., Tyler et al., 1979; Alter et al.,
2007; Pyc and Rawson, 2009; Rowland, 2014; Maass and Pavlik,
2016; Greving and Richter, 2018). Tests were also shown to
be more beneficial the more information learners were able
to successfully retrieve and the more test questions they could
answer correctly (e.g., Richland et al., 2005; Rowland, 2014).
In line with this, previous work also yielded that desirable
difficulties only increase long-term learning for learners who
possess sufficient cognitive resources (e.g., higher working
memory capacities), further knowledge (e.g., background/prior
knowledge, experience, and expertise), special skills (e.g., higher
reading skills), or for those that were generally high achieving
(e.g., McNamara et al., 1996; Kalyuga et al., 2001; McDaniel
et al., 2002; Carpenter et al., 2016; Lehmann et al., 2016).
McDaniel et al. (2002) thereby argued that even when learners
can correctly solve difficult generation tasks, this consumed a
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lot of their processing capacities. This is why only more able
readers—and not less able readers—benefitted from generation
tasks: Only these learners still had cognitive capacities left to
further process and deeper encode the generated information
after solving the difficult tasks. Notably, these findings and
argumentations indicate that desirable difficulties—and especially
tests—have to be difficult, demanding, and taxing to be beneficial
but that learners must simultaneously be sufficiently equipped
to master these posed challenges, must possess the skills to
successfully respond to the difficult tasks and to successfully
retrieve information, and must be able to muster the needed
increased effort (e.g., Richland et al., 2005; Bjork and Bjork,
2011, 2019; Kornell et al., 2011; Alter et al., 2013; Oppenheimer
and Alter, 2014; Rowland, 2014; Karpicke, 2017; Kaiser et al,,
2018). This, however, may not prove possible for every learner—
but should apply to leaners with higher intelligence.

Tests and Intelligence

Intelligence has often been shown to be one of the strongest
predictors for long-term learning, information retrieval, or
academic achievement, and it is also argued to be especially
valuable and predictive for difficult and stimulating learning
environments and complex materials (e.g., Gottfredson, 1997;
Kuncel et al., 2004; Fergusson et al,, 2005; Bornstein et al.,
2013; Roth et al., 2015; Stadler et al., 2015; Stern, 2015, 2017;
Strenze, 2015). Moreover, intelligence is even defined as the
ability to learn, to reason, and to solve problems and has also
often been found to be associated with successful information
processing, successful retrieval from long-term memory, and
higher working memory capacities (see, e.g., Gottfredson, 1997;
Sternberg, 1997; Oberauer et al., 2005; Bornstein et al., 2013;
Stern, 2015, 2017; Wang et al., 2017). Hence, taken together,
higher intelligence is not only generally important for long-
term learning outcomes but also seems to be fundamental for
tests to be actually beneficial and for learners to be actually
able to reap those benefits. Thus, intelligence should moderate
the beneficial effects of tests, insofar as that especially learners
with sufficient cognitive abilities and higher intelligence should
benefit from desirable difficulties and tests, particularly when
learning with complex and curricular materials: Such learners
should be able to successfully retrieve, further process, and
understand the learned information and to manage such difficult
tests without being cognitively overwhelmed—even after working
on difficult and cognitive capacities reducing tasks (e.g., Kalyuga
et al, 2001; McDaniel et al., 2002; Lehmann et al., 2016).
Two previous studies found supporting evidence for the
assumption that intelligence moderates the beneficial effects
of tests: First, a study from Minear et al. (2018) yielded that
higher fluid intelligence increased the positive effects of tests
for difficult, as opposed to easy, information (regarding Swahili-
English word pairs; learners with lower fluid intelligence showed
the reverse effect). Second, Wenzel and Reinhard (2019) found
that only at least averagely intelligent learners achieved higher
long-term learning in a test condition compared to averagely
intelligent learners in a re-reading control condition. Relatively
intelligent learners (intelligence one standard deviation above
mean) profited even more from difficult tests (Wenzel and

Reinhard, 2019). Hence, these argumentations and findings
imply that special prerequisites, like average or higher intelligence,
must be given so that learners can even reap the benefits of
tests. However, contrary findings also exist (showing different
or no interactions between intelligence and the effectiveness
of tests, e.g., Brewer and Unsworth, 2012; Robey, 2017), so
that further work is still valuable.

Interestingly, the findings of Wenzel and Reinhard (2019)
also highlighted that relatively unintelligent learners (intelligence
one standard deviation below mean)—albeit they indulged in
more effort and suffered a more strenuous and demanding
way of learning—did not outperform less intelligent learners
that instead studied with easier, more fluent, and less demanding
re-reading tasks. Thus, the learning outcomes of less intelligent
learners in both learning conditions did not differ from each
other, whereas learners’ subjective experiences and perceptions
during learning should have differed strongly. This in turn
raises the question if further factors additionally to or beyond
long-term learning must be considered when contemplating
whether or not to apply tests in school or university settings.
For instance, difficult learning tasks were previously shown to
increase perceptions of threat or anxiety, experiencing difficulties
as well as giving incorrect answers was found to feed negatively
into self-perceptions, and performing poorly increased stress
perceptions (e.g., O'Neil et al,, 1969; Schunk and Gaa, 1981;
Sarason and Sarason, 1990). Difficult learning tasks and tasks
that require more effort, more time, and more workload were
additionally often perceived as more stress-inducing compared
to easier tasks (e.g., Kausar, 2010). Thus, tests might result in
negative (side) effects like increased stress perceptions (which
would be especially undesirable if the respective learners did
not even profit from taking such tests).

Tests and Perceptions of Stress or Anxiety
According to the transactional theory of stress (e.g., Lazarus
and Folkman, 1987), perceptions of stress or anxiety arise when
working on tasks (or when being in situations) that are perceived
as threatening instead of challenging and in which individuals
think that they do not possess enough resources or enough
cognitive abilities to cope with the posed demands. Perceived
imbalances between difficult tasks and learners’ own capabilities
or resources also result in stress perceptions (see, e.g., McGrath,
1970; Lazarus, 1990; Kausar, 2010). Unsurprisingly, most students
experience test situations, especially (graded) final high-stake
tests, (summative) exams, or (competitive) school entrance
examinations, as stressful, pressuring, and unpleasant (e.g.,
Sarason, 1984; Beilock, 2008; Bradley et al., 2010; Jamieson
et al., 2016; Leiner et al., 2018). It was also observed that the
majority of students’ academic stress stems from taking and
studying for exams and from getting examination results (see,
e.g., Abouserie, 1994). However, apart from such (graded)
examinations, even tests solely used as learning situations might
be stress-or anxiety-inducing—because tests as desirable
difficulties must even per definition be challenging, effortful,
and difficult, and might thus be perceived as overwhelming.
In line with these assumptions, Hinze and Rapp (2014) conducted
a laboratory study using science texts as study materials and
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applied re-reading tasks, low-stakes learning tests, or high-
stakes learning tests. Stakes were thereby operationalized through
instructions given before the learning tests stating that monetary
rewards for the learner and a fictive partner were either
independent of learners’ later final test results or dependent
of their later final test results. The authors found that even
low-stakes tests led to more immediate feelings of pressure
than re-reading tasks and that high-stakes tests further led to
more state anxiety than low-stakes tests and re-reading tasks
(notably, these results were independent of participants’ trait
anxiety and there were no interactions between the learning
condition and trait variables, Hinze and Rapp, 2014). Another
laboratory study also found that learning situations including
a short test (on mathematical concepts and materials) were
evaluated as more negative and as more stress-and anxiety-
inducing than learning situations including a reading control
task (these findings were also independent of participants’ trait
stress or trait anxiety; Wenzel and Reinhard, 2021). Interestingly,
contrary results were also found (see, e.g., Agarwal et al., 2014;
Nyroos et al., 2016) and even though these can be explained
due to methodological differences, replications are still
advantageous. Apart from that, it is furthermore possible that
these effects of tests on stress perceptions do not arise for
learners with higher intelligence and that intelligence might
moderate these negative effects.

Intelligence and Perceptions of Stress or
Anxiety

Because learners with higher intelligence should generally
be able to solve difficult tasks and to answer more test
questions successfully, they should, in turn, perceive tests
as less threatening, less stressful, less difficult, less
overwhelming, and thus as more manageable than learners
with lower intelligence. In line with these assumptions,
previous work showed that cognitive abilities were negatively
correlated to situational stress experiences, math anxiety,
state anxiety, and to ratings of difficulty of varying learning
tasks (e.g., Efklides et al., 1997; LePine et al., 2004; Abin
et al., 2020). Students that were extremely high-achieving
in mathematics were also less math anxious, were more
motivated, had more self-efficiency, and reported more
enjoyment while learning (e.g., Garcia et al., 2016). A study
from Goetz et al. (2007) fittingly yielded that emotions
experienced by school students during a mathematics
achievement test differed based on their abstract reasoning
abilities: Anger and anxiety were more prominent for students
with lower abilities, whereas enjoyment was more prominent
for students with higher abilities. However, if stress nonetheless
arises due to tests, such generally unpleasant perceptions
are also associated with even further detrimental effects
and lower learning outcomes.

Effects of Stress and Anxiety on Learning
Outcomes

For instance, higher stress and anxiety were often found
to be linked to lower motivation to learn, more errors, lack
of concentration, disruptions in attention, higher cognitive

load, and reduced effort and persistence while learning (e.g.,
LePine et al, 2004; Chen and Chang, 2009; Kurebayashi
et al., 2012). Anxiety and stress were also negatively correlated
with cognitive information processing, the effectiveness of
retrieval practice, learning outcomes, academic achievement,
and learners (test) performance—especially as the tasks, test
questions, or information become more complex, more
cognitive demanding, and more difficult (e.g., Hembree,
1988; Seipp, 1991; Struthers et al., 2000; Cassady, 2004a,b;
Eysenck et al., 2007; Beilock, 2008; Chen and Chang, 2009;
Khan et al.,, 2013; Sotardi et al., 2020). Hence, stress and
anxiety were generally shown to have detrimental effects
on learning outcomes but should further also negatively
impact the normally beneficial effects of tests. In line with
these assumptions, Mok and Chan (2016) found that highly
test anxious participants in a learning test condition did
not outperform participants in a re-reading control condition.
Thus, there were no benefits of tests for highly anxious
participants. Similar results were found by Hinze and Rapp
(2014): High-stakes learning tests (operationalized through
stating that monetary rewards were dependent of participants
later final test results) increased pressure and state anxiety
directly before the learning tests, which in turn decreased
the benefits of these tests regarding later long-term learning.
Only participants in a low-stakes learning test condition
(in which monetary incentives were not stated to be dependent
of participants’ test results) outperformed participants in
the re-reading control condition. Hence, acute stress
perceptions might mediate the beneficial effects of tests,
insofar as that higher stress might partly diminish or even
completely erase the beneficial effects of tests on long-term
learning. Theoretically, such detrimental effects of stress on
learning outcomes and on beneficial effects of tests are
assumed to arise because stress and anxiety lead to worries
and cognitive interference indicated by intrusive, distracting,
and irrelevant thoughts. These, in turn, disrupt task-specific
information processing, interfere with cognitive processes,
impair retrieval, and divert the needed attention and focus
away from the learned information, thereby depleting cognitive
capacities and storage and processing resources: These
consumed resources and capacities would otherwise have
been needed for retrieving information, for successfully
answering test questions, and for further processing, encoding,
or decoding of these information (see, e.g., attentional control
theory, cognitive interference model, distraction theories,
processing efficiency theory, and retrieval disruption hypothesis;
Eysenck and Calvo, 1992; Ashcraft and Krause, 2007; Eysenck
et al., 2007; Hinze and Rapp, 2014; Sarason, 1984; Tse and
Pu, 2012; however, contrary results and contrary theories
also exist, showing, for instance, positive linear effects of
stress on learning outcomes or non-linear/inverted U-shaped
relations of anxiety and performance; see, e.g., LePine et al,,
2004; Keeley et al., 2008; Sung et al., 2016). Notably, such
detrimental effects of acute stress and anxiety on learning
might again be less pronounced for learners with higher
compared to learners with lower intelligence. Thus, intelligence
might moderate these detrimental effects.
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Intelligence and Detrimental Effects of
Stress and Anxiety

Because higher intelligence is generally linked to better
information processing, higher (working memory) capacities,
and better retrieval from long-term memory, learning outcomes
of more intelligent learners should not be harmed (as strongly)
by stress perceptions, worry, or reduced cognitive capacities
compared to learning outcomes of less intelligent learners (e.g.,
Oberauer et al., 2005; Stern, 2015, 2017; Wang et al., 2017).
Thus, such learners should still possess enough resources and
capacities to successfully work on difficult tasks and to further
process the retrieved and studied information even after
perceiving stress. In line with this, researchers assumed that
higher domain-specific abilities or extra processing resources
should be able to compensate detrimental effects on learners’
initial acquisition of information and on their later learning
outcomes caused by stress and anxiety (e.g., Tobias, 1984;
Naveh-Benjamin, 1991; Eysenck and Calvo, 1992; Eysenck et al.,
2007). Fittingly, a study from Tse and Pu (2012) found that
less effective and less successful retrieval practice caused by
higher test anxiety could be compensated by higher working
memory capacities. Thus, anxiety had only detrimental effects
for learners with lower working memory capacities (see also
Ashcraft and Krause, 2007; Johnson and Gronlund, 2009; Owens
et al., 2014; for contrary results, see Beilock, 2008). Previously
conducted work also yielded that cognitive abilities had a
buffering effect for negative consequences of distraction, insofar
as that distraction only had a detrimental effect on (exam)
performance for lower ability learners but did not decrease
performance of higher ability learners (Reeve et al., 2014). It
was furthermore shown that (fluid) intelligence moderated the
impact of state anxiety on working memory functioning: The
negative impact of state anxiety on working memory functioning
was shown to diminish with higher intelligence and anxiety
only negatively affected working memory for learners with
intelligence below median (Chuderski, 2014).

The Present Research
Taken together, the present research simultaneously focused
on tests as desirable difficulties, their beneficial effects on later
learning outcomes, and their negative effects on stress perceptions.
We further focused on detrimental effects of increased stress
on later learning outcomes and on the normally beneficial
effects of tests. Moreover, we also explored learners’ intelligence
as a potential prerequisite for beneficial effects of tests as well
as potentially moderating effects of intelligence: Higher
intelligence should increase beneficial effects of tests on later
learning outcomes, decrease stress perceptions caused by tests,
and reduce detrimental effects of stress on learning.
Following the in the Introduction presented empirical and
theoretical argumentations, we thereby suppose the following
hypotheses (see Figure 1 for a graphical depiction). For a
better comprehensibility, we want to sort the hypotheses according
to main and interaction effects: First, we assume that tests,
compared to re-reading tasks, result in beneficial effects on
later learning outcomes: Thus, a test condition should lead to

Stress
perceptions

H2 H3

H6 H7
Learning

outcomes

Learning
condition

H1

HS5
H4

Intelligence

FIGURE 1 | Graphical depiction of the different variables and the assumed
hypotheses. The learning condition consists of a re-reading control condition
(0) and a test condition (1).

higher later learning outcomes than a re-reading control condition
(Hypothesis 1). Nonetheless, working on tests should also increase
acute stress perceptions compared to working on the re-reading
task (Hypothesis 2). In turn, such acute stress perceptions were
assumed to be negatively correlated with participants later
learning outcomes (Hypothesis 3). In that regard, we assumed
that acute stress perceptions would mediate the effect of the
learning condition (and thus the beneficial effects of tests) on
later learning: Higher stress perceptions caused by tests should
be linked with reductions of the normally beneficial effects of
tests on later learning outcomes. Moreover, we assume intelligence
to be positively correlated with later learning outcomes
(Hypothesis 4).

We also assumed the following three interaction effects:
First, we assumed that the beneficial effects of tests on later
learning outcomes should be moderated by participants
intelligence: Beneficial effects should be stronger for more
intelligent participants and weaker for less intelligent participants
(Hypothesis 5). Second, the negative effects of tests on stress
perceptions should also be moderated by intelligence: More
intelligent participants should perceive less acute stress when
learning with a test than less intelligent participants in the
test condition (Hypothesis 6). Third, the detrimental effects of
stress perceptions on later learning outcomes should also
be moderated by intelligence: Later learning outcomes of more
intelligent participants should be less harmed by stress perceptions
than later learning outcomes of less intelligent participants
(Hypothesis 7).

To test these hypotheses, we conducted a laboratory study
consisting of two sessions. We therefore designed a realistic
learning situation that could be easily transferred to actual
universities or schools. We used, for instance, complex and
curricular learning materials that are actually applied in university
courses. Thus, we tried to replicate the often found beneficial
effect of tests (compared to easier and more passive re-reading
control tasks) for difficult and realistic materials. We also
conducted a short learning test, including varying test questions
formats (e.g., short-answer and multiple-choice questions) that
students should often encounter in their university lives (e.g., at
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the end of textbook chapters, in examinations, ...). Moreover,
to reliably investigate whether learning tests actually lead to
stress perceptions, we devised an extremely low-stakes learning
test situation that still resembled an actual university course
as closely as possible. Hence, we did not want to experimentally
manipulate stress but wanted to observe if stress perceptions
would even occur in virtually pressure-less learning situations
that either include a short test task or a re-reading task. Fittingly,
we only instructed participants to do their best while learning
and did include neither monetary rewards (see, e.g., Hinze
and Rapp, 2014) nor grades (see, e.g., Khanna, 2015) as further
incentives that might influence their perceptions and evaluations
of these learning tests. This also ensured that our laboratory
learning situation would resemble a typical learning situation
in university or school settings. To further ensure that the
test task would be without stakes or artificial stressors, we avoided
using learning materials that might be stress-or anxiety inducing
in themselves (like mathematical or statistical information; see,
e.g., Wenzel and Reinhard, 2021) and applied a test in which
participant did not even have to say their answers out loud
in front of their peers (contrary to Wenzel and Reinhard,
2021; see also England et al, 2017). To adequately assess
participants stress perceptions caused by the learning situation,
we measured their state stress directly after they completed
the respective learning task and explicitly instructed them to
refer to their perceptions and experiences while learning (contrary
to previous work where stress was assessed, for instance, before
participants worked on the respective tests, after the tests but
with a longer delay, or even retrospectively at the end of the
academic year; see, e.g., Agarwal et al., 2014; Hinze and Rapp,
2014; Nyroos et al,, 2016). Finally, we must note that our
work was planned and conducted shortly before the onset of
the COVID-19 pandemic. Therefore, our theoretical and
methodological considerations mostly focused on conventional
learning settings or conventional learning modalities that were
rather typical for our respective university before the restrictions
due to COVID-19 were implemented. This includes, for instance,
face-to-face learning situations in which students learn alongside
their peers with a lecturer present as well as directly in-class
implemented learning tasks (see, e.g., Yang et al, 2021, for
the benefits of supervised in-classroom tests compared to tests
administered outside of classrooms). Hence, our laboratory
setting was intended to mirror a typical learning situation
before most education was transferred to distance e-learning.

MATERIALS AND METHODS

Participants

Power was set to 0.90, and sample size was calculated to
detect a medium effect (f= 0.25).! Using G*Power (Faul
et al,, 2009), a power analysis revealed a needed sample
size of N=171 to detect a significant effect (alpha level of
0.05)—given there is an effect (regrettably, we later realized

'Our study was pre-registered by AsPredicted (see https://aspredicted.org/
dm7rd.pdf).

that—following the argumentation of Blake and Gangestad
(2020)—this calculation would have already resulted in an
underpowered sample size regarding the assumed interaction
effects). Unfortunately, due to the COVID-19-outbreak and
later lock-down restrictions, we also had to stop our
recruitment and could not continue to collect data in the
laboratory (this, in turn, further drastically reduced the
power of our work, especially regarding the assumed
interaction effects that are extremely underpowered). Due
to this stop of our recruitment, our sample consisted of
only 91 participants, from which two participants had to
be excluded because they did not participate in both sessions
of the study. Hence, our final sample consisted of N=89
participants (M,,=24.18, SD,,.=6.25, range: 18-48; 70.8%
female; 85.4% German native speakers). Of these, 96.7%
were students at a German university. Seventy-three of them
(82.00%) studied psychology, and the remaining studied,
among others, architecture, education, philosophy, social
science, languages, and politics. Each participant was randomly
assigned to one of the two between-subjects learning
conditions: the re-reading control condition (n=47) or the
test condition (n=42). Before starting, each participant had
to provide their approval through reading and agreeing to
a written informed consent. The study was conducted in
full accordance with the Ethical Guidelines of the DGPs
and the APA, and the funded project was approved by the
Ethics Committee affiliated with the funding source.

Procedure

Up to seven participants could simultaneously take part in
our study. On average, 3.83 students participated simultaneously
(SD=1.97, range=1-7). For less diversion and more anonymity,
each participant sat in a workplace with dividers in front of
a computer. All tasks were complete on this computer. In
general, participants arrived together, started the study together,
and worked simultaneously on the specific tasks but did not
directly communicate with each other while undergoing the
study and while learning. Apart from a brief welcome from
the experimenter, short instructions when different tasks were
supposed to start and stop, and a short farewell (all oral
instructions were read out loud from standardized texts), all
materials and all instructions were presented on the computer.
The experimenter (the first author) otherwise only stopped
the time for time-limited tasks, made sure that these time
limits were met, and monitored that participants generally
adhered to the instructions (e.g., the experimenter sometimes
reminded participants to further work on the specific learning
tasks if participants had stopped working although they still
had time left for studying).

Session 1

After a brief welcome and after reading and agreeing to the
written informed consent, participants’ demographic measures
were assessed (e.g., age, gender, occupational status, native
language, ethnicity, field of study, and graduation grade).
Thereafter, we measured an intelligence estimate using a 3-min
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intelligence screening (mini-gq; Baudson and Preckel, 2015; based
on Baddeleys verbal reasoning, Baddeley, 1968; further:
intelligence-estimate). The mini-q is a reliable and valid screening
instrument for general (fluid) cognitive abilities that accurately
assesses speeded reasoning as a conglomerate of reasoning,
abstract thinking, and processing speed (Baudson and Preckel,
2015). The mini-q includes 64 tasks that each consist of a
statement describing three geometrical figures (square, triangle,
and circle) that participants have to declare as right or wrong
(for two example items, see Baudson and Preckel, 2015) and
have 3min to solve as many of the tasks as possible.> Using
a standard table including a representative adult sample, the
sums of correctly solved tasks can then be transformed to
estimations of intelligence scores (M =100, SD=15). Participants
were generally instructed to try their best while working on
these task. To ensure that our instructions would not frame
the task as needles pressuring or stressful, we correctly described
that the task focused on participants reasoning and abstract
thinking abilities but did not explicitly highlight that it thereby
also serves as an intelligence-estimate. This was done because
previous work sometimes induced stress perceptions by explicitly
presenting tasks as intelligence tests or by using instructions
that generally increase participants’ expectations of having to
work on demanding or threatening intelligence tests (see, e.g.,
Kimmel and Bevill, 1985; Zeidner, 1998).

Before the learning phase started, we then informed
participants that we wanted to explore the effectiveness of
different learning tasks, which is why it would be important
that they give their best while learning and that they should
imagine to be studying for one of their actual university courses.
We also reminded them that the ability to quickly and successfully
learn new information is extremely advantageous in their
everyday university lives and asked them to learn as intensively
as they normally would. Participants were also informed that
they would, 1week later, be charged with taking a final test
covering the learned information. The learning materials consisted
of one textbook chapter describing the brain’s lateralization
based on a standard introductory textbook that is often adopted
for university courses in biopsychology (Pinel and Pauli, 2012).
Thus, the learning material was difficult, complex, and curricular.
Before participants initially read the text, we assessed their
prior knowledge regarding this topic to check if it differed
between participants in the two learning conditions. We thereby
implemented three open-ended questions (e.g., Which function
is linked to the Broca area?) that participants answered
within 3 min.

In the following first learning phase, all participants once
read the three textbook pages concerning the brain’s lateralization
as an initial study opportunity. They were therefore given about
10 min. For the subsequent 10 min of the second learning phase,
each participant was then (via the computer they worked on)

*The procedure of the mini-q was—in accordance with Prof. Dr. Tanja Baudson—
slightly adapted: Instead of letting participants solve all tasks without a time
limit and to then use the number of correctly solved tasks at exactly 3 min,
we directly terminated the measurement after 3 min.

randomly and individually assigned to either the re-reading
control condition or to the test condition.

Re-Reading Control Condition

In the re-reading control condition, participants were again
presented with the textbook chapter. They were instructed to
read the text as often as they wanted in the given time and
to learn, understand, and memorize the information.

Test Condition

In the test condition, participants were presented with a learning
test inquiring different aspects of the previously read textbook.
The test consisted of 17 questions. These were multiple-choice
questions and open-ended questions, which required both short
answers consisting of single words or bullet points as well as
longer, more detailed answers (participants could gain up to
2 points per correct answer; a maximum of 20 points could
be gained; for examples, see Appendix A).

Following, participants state stress caused by the learning
condition was measured with the German version of the
Perceived Stress Questionnaire (PSQ; Fliege et al., 2001; based
on Levenstein et al, 1993) using 20 items (@=0.89; e.g., You
felt tense) on a four-point Likert-like scale from one (almost
never) to four (usually). To assess participants immediate stress
perceptions, they were explicitly instructed to refer their ratings
to their perceptions and experiences during the just finished
second learning phase.

Participants then answered some manipulation check questions
regarding the second learning phase, e.g., regarding the difficultly,
strenuousness, or helpfulness of the learning task, their assumed
success, as well as their evaluations of the second learning phase
as negative/positive and challenging/threatening (e.g., How difficult
did you find working on the second learning phase? one (very
easy) to five (very difficult); see Appendix A for all 6 manipulation
check questions). Thereafter, participants in the test condition
received feedback in form of an answer sheet displaying the correct
answers to the test questions. Finally, participants were asked if
they had already known the learning materials or the applied
intelligence screening and were instructed not to study the learned
materials in the meantime.

Session 2

In the second session (1week after Session 1; Mgy,,=7.12,
8Dy, =0.50, range: 7-10), participants later learning outcomes
were assessed. Therefore, participants were required to work
on a final test for 10 min. The final test included 21 questions
(participants could gain up to 2 points per correct answer; a
maximum of 27 points could be gained). In line with the
learning test in Session 1, the final test consisted of multiple-
choice and open-ended questions. Eight of the final test questions
were identical to questions previously used in the learning
test, while seven of them were slightly changed to assess transfer.
The remaining six final test questions asked about information
that were part of the read textbook chapter but had not been
previously implemented in the learning test in Session 1.
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In the end, participants were asked if they had re-studied
the learning materials in the interim. They were then shortly
debriefed and received the opportunity to take part in a raffle
for a total of 200 Euro. Psychology students could alternatively
earn course credit.

RESULTS

Participants’ age, gender distribution, native language distribution,
graduation note, the number of students that participated
simultaneously, the time lag between Sessions 1 and 2,
participants’ intelligence-estimate scores, and their prior
knowledge did not significantly differ between the test condition
and the re-reading control condition (all ps>0.163). This
indicated that the random distribution of participants to the
two conditions had been successful. Comparing the manipulation
check questions between participants in the test condition and
participants in the re-reading control condition indicated that
the manipulation of the conditions had also been successful:
Most important, participants in the test condition rated the
learning situation as significantly more difficult than participants
in the re-reading control condition, M cading=2.11, SD,.
eading=0.96, Myeq=2.90, SD, =1.12, (87)=—=3.62, p=0.001,
d=-0.76 (95% CI[—1.20; —0.32]). The effect size can be classified
as medium to high. The test condition was also evaluated as
slightly more challenging than the re-reading control condition,
M renting=274,  SDrereating=0.57,  Mieq=2.26, SDyy=0.83,
1(87)=3.23, p=0.002, d=0.68 (95% CI[0.25; 1.11]). There were
no significant differences between ratings of strenuousness,
helpfulness, overall (positive or negative) evaluation, and
successfulness of the two learning conditions (all ps>0.081).

Descriptively, participants achieved on average an intelligence-
estimate score of 112.03 (SD=16.21, range: 73-154). Their
average state stress score was 2.09 (SD=0.52, range: 1.20-3.70).
Considering the final test measuring their later learning outcomes,
participants were on average able to give 13.84 of 27 (51.26%)
correct answers (SD=4.33, range: 4-24).

To test Hypothesis 1, we conducted a f-test to compare
participants later learning outcomes in both learning conditions:
M reating=12.87,  SDsereating =417,  Mieq=14.93, SD\ =430,
1(87)=-2.29, p=0.025, d=-0.49 (95% CI[—-0.92; —0.06]). As
assumed, participants in the test condition answered more final
test questions correctly than participants in the re-reading
control condition, serving as first support for Hypothesis 1.
The size of this effect can be interpreted as medium.

Following, we conducted another t-test to compare
participants’ acute stress perceptions in both learning conditions
to test Hypothesis 2: M reading= 1.99, SDye.reading= 0-49; Meq=2.21,
SD\e=0.52, t(87)=-2.04, p=0.045, d=-0.44 (95% CI[—-0.87;
—0.01]). Supporting Hypothesis 2, participants in the test
condition perceived more state stress during and immediately
after the learning situation compared to participants in the
re-reading control condition. The size of this effect can
be classified as small to medium.

In turn, such stress perceptions were significantly and
negatively correlated with later learning outcomes {r=-0.26

(95% CI[—0.44; —0.06]), p=0.014},’ showing a small to medium
correlation. Thus, higher stress perceptions were linked to lower
later learning outcomes indicated by fewer correctly solved
final test questions. This served as first support for Hypothesis 3.

To test whether the beneficial effects of tests on later learning
outcomes were mediated by participants acute stress perceptions,
we then ran a mediation analysis* with Process (model 4;
Hayes, 2018). Thus, we tested direct effects of the learning
condition on participants later learning outcomes and indirect
effects of the learning condition on participants later learning
outcomes via state stress (all predictors and the potential
mediator were z-standardized; see Figure 1 for a graphical
illustration of these assumed relations and our hypotheses).
The learning condition significantly predicted participants
perceived stress during the learning situation (path a), B=0.43,
SE=0.21, t(87) =2.03, p=0.045. Thus, tests increased acute stress
perceptions, which served as further evidence for Hypothesis
2. In turn, such state stress predicted participants later learning
outcomes (path b), B=-1.41, SE=0.39, #(86) =—3.60, p=0.001.
Thus, higher stress perceptions were linked to lower later
learning outcomes, serving as further evidence for Hypothesis
3. We also found a significant total effect (path c) of the
learning condition on later learning outcomes, B=2.06, SE=0.90,
(87)=2.28, p=0.025. The direct effect (path ') of the learning
condition on later learning outcomes (when simultaneously
controlling for participants’ stress perceptions) was also
significant, B=2.66, SE=0.88, (86)=3.04, p=0.003. Thus,
we found the assumed beneficial effects of tests on later learning,
which served as further evidence for Hypothesis 1. Moreover,
the indirect effect of the learning condition on participants
later learning outcomes via state stress was also significant
(path a x path b), B=—0.60, 95% CI[—1.47; —0.04]. Notably,
the direct effect was stronger than the total effect, showing
that controlling for participants’ state stress increased the
beneficial effects of the test condition. This indicated that state
stress is not a mediator but a suppressor of the effect of the
learning condition on later learning outcomes.

Furthermore, correlational analyses then showed that
participants later learning outcomes were significantly correlated

*Exploratively conducted (hierarchical regression) analyses further supported—at
least concerning this study and this sample—the assumed linear (instead of a
polynominal/non-linear) relation between participants stress perceptions and
their later learning outcomes: Neither a regression model assuming a quadratic
nor a regression model assuming a cubic link between stress and later learning
outcomes was able to explain more variance than a model assuming a linear
relation [both ps > 0.342; see also Sotardi et al., 2020 regarding this approach
and similar findings].

‘In line with typically used wordings regarding mediation analyses, we will
also refer to the regression analysis testing the effect of the predictor (learning
condition) on the potential mediator (stress perceptions) as path a and to the
regression analysis testing the effect of the mediator (stress perceptions) on
the criterion (learning outcomes) as path b. We also refer to the effect of the
predictor (learning condition) without controlling for the mediator (stress
perceptions) on the criterion (learning outcomes) as path c (total effect) and
to the effect of the predictor (learning condition) on the criterion (learning
outcomes) while controlling for the potential mediator (stress perceptions) as
path ¢ (direct effect). We also refer to the indirect effect of the predictor
(learning condition) on the criterion (learning outcomes) via the mediator
(stress perceptions) as path a x path b.
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with their intelligence-estimates {r=0.34 (95% CI[0.14;0.51]),
p=0.001, showing a medium correlation}. This served as first
support for Hypothesis 4. Interestingly, the intelligence-estimate
was also significantly—and negatively—correlated  with
participants state stress {r=-0.39 (95% CI[-0.55; —0.20]),
p<0.001, showing a medium correlation}.

Finally, we conducted a moderated mediation analysis
(Process, model 59; Hayes, 2018) to test all hypotheses—
including the three assumed interaction effects (Hypotheses
5, 6, and 7)—simultaneously in a single statistical model
(all predictors, the mediator, and the moderator were
z-standardized; see Figure 1 for a graphical illustration of
these assumed relations and our hypotheses). Because not
all requirements were fulfilled (homoscedasticity was not
given for one path of the mediation analysis, Breusch-Pagan
test: p=0.031), we ran this analysis with heteroscedasticity
robust standard errors imbedded in Process. Again, the
learning condition significantly predicted participants
perceived stress during the learning situation (path a), B=0.40,
SE=0.20, #(85) =2.05, p=0.043. The intelligence-estimate was
also a significant predictor for such stress perceptions,
B=-0.34, SE=0.15, #(85)=-2.26, p=0.027. However, the
intelligence-estimate did not moderate this negative effect
of the learning condition on stress perceptions (learning
condition*intelligence-estimate), B=-0.10, SE=0.19,
t(85)=—0.55, p=0.586. Taken together, tests led to more
acute stress perceptions than the re-reading control task,
which again supported Hypothesis 2. Notably, although higher
intelligence was generally linked to lower stress perceptions,
the effect of the learning condition on stress perceptions
was not moderated by the intelligence-estimate, thereby not
supporting Hypothesis 5. Moreover, state stress, in turn,
again predicted participants later learning outcomes (path
b), B=-1.01, SE=0.50, #(83)=-2.04, p=0.045. The
intelligence-estimate was, contrary to the previously conducted
correlational analysis, not a significant predictor for later
learning outcomes, B=1.16, SE=0.67, t(83)=1.73, p=0.088.
The intelligence-estimate did also not moderate the detrimental
effect of stress perceptions on later learning outcomes (stress
perceptions*intelligence-estimate), =~ B=-0.12, SE=0.54,
t(83)=—0.22, p=0.829. Thus, higher stress perceptions were
again linked to lower later learning outcomes, which again
supported Hypothesis 3. However, intelligence neither
predicted later learning outcomes nor moderated the
detrimental effect of stress on later learning outcomes, hence,
neither supporting Hypothesis 4 nor Hypothesis 6.
Furthermore, there was a significant direct effect (path ¢)
of the learning condition on later learning outcomes,
B=2.54, SE=0.85, 1(83)=2.98, p=0.004. This effect
was also not moderated by the intelligence-estimate
(learning condition*intelligence-estimate), B=—0.10, SE=1.01,
t(83)=—0.10 p=0.919. These findings again showed that
tests were more beneficial for participants later learning
outcomes than the re-reading control task and that this
beneficial effect was independent of participants intelligence.
This again supported Hypothesis 1 but not Hypothesis 7.
The indirect effect of the learning condition on later learning

outcomes via stress perceptions did also not differ depending
on participants’ intelligence-estimates.

Exploratory Analyses

Exploratory analyses can be found in Appendix B. These include,
for instance, analyses focusing separately on the three different
types of final test questions indicating later learning outcomes
described in the methods section. We also depict correlations
among participant ratings of the manipulation check questions
(assessing their perceptions and evaluations of the two learning
conditions) and participants stress perceptions.’

DISCUSSION

The present work was conducted to simultaneously test linkages
among (learning) tests, acute stress perceptions, intelligence,
and later learning outcomes (see Figure 1 for a graphical
overview of our hypotheses). Addressing these linkages and
testing our hypotheses is extremely relevant before tests—as
potentially double-edged swords—are used in university and
school settings. Summarizing, our results supported all assumed
main effects (most effect sizes can thereby be categorized as
small to medium) but none of the assumed interaction effects.
In more detail, our data yielded that tests led to higher later
learning outcomes 1week after the learning phase compared
to the re-reading control condition. This fits the literature
mentioned in the Introduction and again shows the benefits
of applying tests as difficult learning tasks (e.g., Rowland, 2014;
Adesope et al., 2017; Yang et al., 2021). However, also in line
with our assumptions and the in the Introduction cited literature
(e.g., Hinze and Rapp, 2014; Wenzel and Reinhard, 2021), the
test condition also increased participants acute stress perceptions
during and directly after learning compared to the re-reading
condition. Although the descriptive statistics of stress perceptions
were not extremely high (midpoint of the scale=2.00,
M, reaging=1.99, M\ =2.21) and the size of the effect was only
small to medium, our results showed that even low-stakes
learning tests were perceived as more demanding, more
threatening, and more stressful than re-reading of previously
studied materials. In turn, such stress perceptions were then
negatively linked to later learning outcomes, thus supporting
previous work that also reported detrimental effects of stress
and anxiety on learning (e.g., Seipp, 1991; Hinze and Rapp,
2014; Sotardi et al.,, 2020). Interestingly, such increased stress
perceptions served as a suppressor of the beneficial effects of
tests on later learning outcomes (a mediation analysis found
an indirect effect of the learning condition on long-term learning
via stress perceptions): The direct effect of the learning condition
controlling for stress perceptions was stronger than the total
effect of the learning condition without controlling for differences
in stress perceptions. Thus, the beneficial low-stakes test increased
participants immediate stress perceptions and these triggered
stress perceptions were in turn related to decreases of benefits

*We would like to thank an anonymous reviewer for this suggestion.
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of the test. Hence, although the test condition was still—albeit
less—beneficial for later learning outcomes, it was even more
effective when individual differences in stress perceptions were
controlled for. Furthermore, as has often been shown before
(see, e.g., Kuncel et al., 2004; Fergusson et al., 2005), higher
intelligence was linked to higher achievement and higher later
learning outcomes.® Notably, higher intelligence-estimate scores
were additionally related to lower stress perceptions in the
learning situation. Thus, higher intelligence buffered feelings
and perceptions of threat, demands, or pressure—which is also
in line with literature cited in the Introduction (see, e.g., Efklides
et al.,, 1997; LePine et al., 2004; Goetz et al., 2007). Nonetheless,
intelligence did not moderate any of the main effects found
in our study: The three hypotheses concerning interaction
effects (learning condition*intelligence-estimate on stress
perceptions, learning condition*intelligence-estimate on later
learning outcomes, and stress perceptions*intelligence-estimate
on later learning outcomes) were not supported by our data.

Two aspects of our sample were probably the main reasons
that we were not able to support these hypothesized interaction
effects: the intelligence-estimate scores of our participants and
the size of our sample. Although the intelligence-estimate scores
of our sample were normally distributed, participants had an
average intelligence of 112.03 (SD=16.21, range=73-154),
indicating that even the less intelligent participants in our
sample were rather intelligent. In comparison, the relatively
unintelligent learners that did not benefit from learning tests
in the work of Wenzel and Reinhard (2019; Study 2) had
intelligence scores lower than 86.39. In our sample, however,
only three participants had intelligence scores that were lower
than 86 (73, 84, and 85). Thus, we might have not been able
to observe interaction effects due to these already relatively
high intelligence scores. Even more important was, however,
the small sample size of our work: As mentioned in our
methods section, the sample size was—due to the COVID-
19-outbreak and the resulting stop of our laboratory study—
smaller than a-priori calculated (and the a-priori conducted
and pre-registered sample size might erroneously have already
been too small regarding potential interaction effects; see, e.g.,
Blake and Gangestad, 2020). Thus, it is most likely that the
interaction effects were not detected because power was
not sufficient.

All in all, even though not all our hypotheses were supported
and although the sizes of the found effects can mostly
be described as medium, our work raised important research
issues and aims to serve as a first step to give (empirically
well-grounded) advice to lecturers and teachers regarding the
application of tests, their prerequisites, and their (positive as
well as negative) consequences. Notably, the simultaneous testing

‘Interestingly, intelligence was also positively correlated with participants number
of correctly answered test questions in the test condition (N = 42, r = 0.40,
p = 0.008). The number of correctly answered test questions was then, in
turn, positively correlated with participants long-term learning (N = 42, r = 0.86,
p < 0.001) and negatively with their acute stress perceptions (N = 42, r = —0.54,
p < 0.001). These findings highlight the importance of students’ successfulness
while working on difficult learning tests and the importance of their (cognitive)
abilities to solve such difficult tasks (see also Richland et al., 2005).

of beneficial learning effects of tests, increased stress perceptions
as negative (side) effects caused by tests, detrimental effects
of such increased stress perceptions, and also potential moderating
effects of learners intelligence has, to our knowledge, not been
done before. Hence, our study highlights important research
issues, uniquely contributes to the research field, and presents
findings that are extremely stimulating for future work. Positively,
we therefore conducted a laboratory setting that was similar
to realistic learning situations in university settings (at least
in this respective university and before the outbreak of the
COVID-19 pandemic), insofar as that multiple students
simultaneously worked on learning tasks with an experimenter
present. Participants were thereby only instructed to learn as
they typically would and to do their best without giving them
further incentives to do well (like, e.g., monetary incentives
that are normally not present in university settings). Moreover,
the laboratory was set in a university building that hosts offices
of lecturers as well as seminar rooms and many participants
participated before or after their normal courses—hence, the
setting of the study should have strongly resembled a typical
university setting. Most important, the applied learning materials
were complex and realistic materials that are actually applied
in university courses and that are even—at least for most of
the psychology students included in our sample—part of their
curriculum. Regarding the test condition, we designed a short,
realistic, low-stakes test, which included varying test question
types (e.g., multiple-choice questions and short-answer questions
requiring both shorter and longer answers) as well as varying
levels of questions depths (e.g., asking for facts or asking for
understanding, transfer, and application of the initially studied
information). These test questions should closely resemble
questions that are typically posed in university courses or that
are included at the end of chapters found in many textbooks.
Thus, our findings—indicating a benefit of short learning test
that only require 10min of students’ time and that include
varying complex test questions and difficult and curricular
information—should be applicable and transferable to learning
situations in actual universities and should not only be valid
in laboratory settings. Hence, in line with previous work,
we would advise lecturers to use the last 10min at the end
of their courses to apply test questions concerning the contents
of the respective lectures to help increase their students learning
outcomes (this could be done, for instance, at the end of all
or only some lecturers; see, e.g., Pashler et al., 2007; McDaniel
et al,, 2011; Iwamoto et al., 2017; Greving and Richter, 2018).
Our work also indicates that such tests are beneficial for all
university students independent of their intelligence and might,
thus, be applied in different courses, different study paths, and
for different educational backgrounds. However, our work also
highlights negative (side) effects and detrimental effects caused
by tests that lectures should consider and keep in mind when
designing and using tests. Even though these effects were
expected, they are still startling insofar as that the applied
test was short, did not focus on excessively stress-inducing
materials, and had no consequence for participants’ everyday
lives. In line with this, participants worked on their own, did
not have to say their answers out loud in front of their peers,
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and knew that their results would remain anonymous and
that they only had to try their best without fearing consequences
due to their performances (on, for instance, monetary incentives,
grades, or general evaluations). Thus, although we conducted
the test as a low-stakes learning situation in a laboratory setting
without manipulating stress perceptions (and without choosing
especially stressful tasks or information), the test nonetheless
increased stress perceptions. This indicated that these found
negative (side) effects of tests might be even more pronounced
in actually relevant learning situations in schools or universities.
Due to this assumption and due to the observed further
detrimental effects of by tests caused stress perceptions on the
beneficial effect of test, tests should be conducted as low-stakes
and as stressless as possible—to optimize the benefits of tests
on learning outcomes as well as to improve learners’ experiences
and perceptions while learning. Thus, lecturers should try to
implement tests that are at most similarly stress-inducing as
the tests we applied in this work or try to design tests that
are even less pressuring or threatening (without simultaneously
reducing the difficulty of the test that is needed for the beneficial
long-term learning effects of tests). For instance, previous work
indicated that lectures might try to use more gamified learning
strategies: Iwamoto et al. (2017), for instance, showed that
short tests applied with Kahoot were beneficial for students
learning outcomes and were even perceived and rated as positive
by the respective students (see also Wang and Tahir, 2020
regarding the application of Kahoot, as well as Mavridis and
Tsiatsos, 2017 for the application of game-based tests). The
present work furthermore again showed the relevance of (higher)
intelligence—albeit, it did not moderate any of the found
effects—for cognitive variables like learning outcomes but also
for affective variables like emotional reactions to potentially
threatening situations. Although learners perceived tests as
more stressful independent of their intelligence and although
they similarly suffered under decreased learning outcomes due
to higher stress perceptions independent of their intelligence,
participants with higher intelligence still had some advantages
compared to participants with lower intelligence, insofar as
that higher intelligence was linked to less stress perceptions
in both learning conditions.

Nonetheless, we have to note that our work is not without
limitations, which is why the just described indications and
applications should be considered with caution until further
replications support our findings (especially regarding the
conducted analyses testing the assumed interaction effects).
Hence, we want to briefly discuss the limitations of our study
as well as outlooks and ideas for future work. The most
important limitation is, of course, that our sample size was
smaller than a-priori calculated and that our work was therefore
(especially regarding the assumed interaction effects)
underpowered. Thus, future studies should in any case replicate
our findings with a much bigger sample (see, e.g., Blake and
Gangestad, 2020). Additionally, a large proportion (82.00%) of
our participants studied psychology and were rather intelligent
(M=112.03, SD=16.21). Thus, collecting a generally more
diverse sample and a sample with more variance regarding
participants’ intelligence scores is important for future work

and for future replications—to ensure that the resulting findings
are generalizable to different samples and to be able to give
empirically well-grounded advice to lecturers and learners. The
same applies to future replications using different (e.g., longer
or multiple) tests, varying learning materials (e.g., regarding
information that are definitely part of students curriculum and
that are part of later graded examinations), or different (e.g.,
real university or school) settings. Future work could also focus
more closely on potential impacts of different types of test
questions on students’ perceptions or learning outcomes (see,
for instance, Appendix B for exploratory analyses separating
the in the present work applied three types of test questions).
We also think that it would be valuable to conduct replications
that try to control more strongly how participants in the
re-reading control condition studied—hence, it is important
to know if (and how often or how engaged) participants actually
re-read the materials or if they simply skimmed through the
text. Although the experimenter of our work reminded
participants to keep reading if they had obviously stopped
reading before the time limit was up, we unfortunately had
no way of knowing if participants actually read the text, how
often or how intensively they read the text, and if they thereby
actually tried to understand and memorize the presented
information. Thus, if participants only browsed through the
text and did not genuinely re-read the text, this might have
further increased the difference between the two learning
conditions. Therefore, it would be advantageous if future work
could focus even more on the re-reading control condition
or if they could apply different, even stronger control conditions
(e.g., note-taking). Additionally, longer delays between the
learning phase and the later learning assessment would also
be valuable to generalize our results found after 1week to
longer delays and to more durable long-term learning effects.
Furthermore, the future work could also use different or
additional intelligence tests to focus even more on this important
individual difference. Although the applied screening instrument
serves as a reliable and valid estimation of general cognitive
abilities as a conglomerate of reasoning, abstract thinking, and
processing speed, it would still be advantageous to test whether
the same results would arise when using longer, more general,
or more complex intelligence measurements without short time
limits. Chuderski (2014), for instance, stated that shorter and
timed intelligence tests—which applies to the used intelligence
screening—are often very similar to tests assessing working
memory capacities. Thus, further replications would be valuable.
Fittingly, future studies could also focus more closely on the
assumed effects of intelligence on the benefits of tests to further
investigate why or how these might arise: Should more intelligent
learners, for instance, benefit more from tests because they
are able to answers more questions successfully or because
they can (independent of their actual success) better and deeper
process the retrieved information and the solved answers? Apart
from that, future work should also focus on ways to reduce
stress perceptions caused by tests to maintain their benefits:
For instance, researchers and lecturers could also test the
application of emotion regulation techniques, coping strategies,
online test formats, or repeated tests, and they could further
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prime the beneficial effects of tests or could generally try to
modify learners’ perceptions of increased effort as helpful and
of stressful situations as challenging instead of threatening (e.g.,
Struthers et al, 2000; Leeming, 2002; Cassady and Gridley,
2005; DeVaney, 2010; McDaniel et al., 2011; Jamieson et al.,
2016; Khng, 2017; see also Table 1 in Appendix B for potential
starting points regarding linkages among participants evaluations
of learning situations and their stress perceptions). Future work
could also explore how long-lasting and robust the negative
effects of tests on stress perceptions are.

Finally, we would also like to point out that—because
our study was conducted slightly before the COVID-19-
outbreak and the resulting restriction and thereby triggered
changes concerning students daily lives and their learning
experiences—findings of replications and future studies might
differ due to these interim events: For instance, recent work
showed that students had to adjust to remote learning in
response to the pandemic and that as a result their achievement
goals, engagement, and perceptions of academic success
decreased during his time (e.g., Daniels et al., 2021). Orlov
et al. (2021) similarly described that students performed,
on average, worse during the pandemic than during previous
semesters. Concerning students stress perceptions, the results
are not that clear: Whereas some studies found that stress
and anxiety perceptions generally increased (see, e.g., Limcaoco
et al., 2020; Wu et al., 2021; Yang et al., 2021), some work
showed that academic stress first increased but then decreased
to pre-COVID levels (see, e.g., Charles et al., 2021). Other
studies even yielded that studying during COVID-19 had
no effects on students’ stress perceptions triggered by learning
processes (see, e.g., de la Fuente et al., 2021). Zhang and
Liu (2021) further showed that students attitudes toward
digital learning influenced the levels of distress they
experienced due to the COVID-19 pandemic. Hence, although
the findings are not consistent, they highlight that it would
be valuable to explore if students stress perceptions or
experiences and evaluations of tests (especially regarding
remote or digital learning tests) changed in the interim and
if these changes might impact their effectiveness. Thus,
focusing more strongly on e-learning—as the momentarily
most prominent form of learning—seems to be extremely
relevant. In line with this, the COVID-19 pandemic and
the resulting transfer to remote e-learning also illustrated,
among others, the importance and general need for more
computerized learning strategies, for more technological
applications or digital technologies while learning, or for
more innovative, interactive, and gamified teaching strategies
to successfully adapt to the current situation and to successfully
move to online teaching (see, e.g., Adedoyin and Soykan,
2020; Fergus, 2020; Konig et al, 2020; Sarju, 2020;
Muthuprasad et al., 2021; Nieto-Escamez and Roldan-Tapia,
2021; Obrero-Gaitan et al., 2021; Pozo et al., 2021; Yu et al,,
2021). Future work could accordingly investigate the effects
of new technologies and of digital learning on education
in general but specifically on the application of normally
beneficial tests. Hence, future work might focus on, among
others, computerized learning and testing, automated scoring

systems for tests, automated test question generation, the
usage of artificial intelligence in learning, Al-based learning
assistants, intelligent tutoring systems, or cyber physical
systems in general (see, e.g., Park and Choi, 2008; Grimaldi
and Karpicke, 2014; Bachir et al., 2019; Matayoshi et al,
2020; Pugh et al.,, 2020; Schmohl et al., 2020; Nouhan et al,,
2021; see also Radanliev et al., 2020, for a literature review
of challenges in the application of artificial intelligence in
cyber physical systems). It is thus even more important to
conduct further work and to obtain more recent data
concerning the in this paper identified issues.

CONCLUSION

All in all, our work showed that the application of tests as
a desirable difficulty improves later learning outcomes
compared to re-reading of the same materials. This applies
to curricular and complex learning materials as well as to
realistic and difficult test questions and was even independent
of participants’ intelligence-estimate. However, the application
of such beneficial tests also resulted in higher immediate
stress perceptions—even though the test was conducted as
a short, low-stakes learning situation. This indicates that
actual learning situations including tests might lead to even
higher stress perceptions. These stress perceptions were, in
turn, linked to diminished benefits of tests. More specifically,
controlling for such stress perceptions showed that (at least
in this sample) the applied test was even more beneficial
when it was not perceived as stressful—or at least as only
averagely stressful. Moreover, although there were no
moderating effects, higher intelligence was again linked to
higher learning outcomes and was even associated with lower
immediate stress perceptions during the learning situation.

Hence, our work highlighted important research issues and
resulted in interesting findings. Nonetheless, future work is
still needed to replicate our study with a much bigger and
more diverse sample to explore the robustness of the found
effects, to generalize our findings, and to be able to give
empirically well-grounded recommendations to lecturers.
Moreover, future research should take a closer look at potentially
moderating effects of intelligence to ascertain if these effects
exist or not. Future work could also try to reduce stress
perceptions caused by tests.
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APPENDIX A - MATERIALS

Materials and example items (translated for this presentation, used materials in German)
Example questions of the questions applied in the learning test in the test condition:
1. What is meant by cerebral dominance?
Please answer the question in one or two sentences at most.
2. In apraxia, which type of motor function/movement is disturbed:
3. What should the patient enumerate during the sodium amytal test?
(a) Nothing
(b) Difficult things (e.g., answers to complex math problems, statements,...)
(c) Well-known things (e.g., the letters of the alphabet, the days of the week,...)
(d) Made-up things (e.g., freely invented names,...)

Manipulation check questions applied at the end of Session 1:

1. How difficult did you find working on the second learning phase? one (very easy) to five (very difficult).

2. How helpful for retaining the learning material did you find working on the second learning phase? one (not helpful at
all) to five (very helpful).

3. How (cognitively) strenuous did you find working on the second learning phase? one (not strenuous at all) to five
(very strenuous).

4. How would you most likely evaluate the second learning phase? As ..., one (a challenge) to five (a threat).

. How would you best describe the second learning phase? As..., one (extremely negative) to five (extremely positive).

6. How well do you think you have worked through the second learning phase? one (very poor) to five (very well).

[9)]

APPENDIX B - EXPLORATORY ANALYSES

Exploratory analyses focusing on the three different types of final test questions:

Considering only the final test questions that were identical to the questions posed in the learning test in Session 1
(following: identical final test questions), participants were on average able to give 6.51 of 11 (59.18%) correct answers (SD=2.08,
range: 1-10). We then conducted a t-test to compare later learning outcomes indicated only by the identical final test questions
for participants in both learning conditions: M. caing=6.00, SDic reading=2.16, Mieq=7.07, SD.=1.87, t(87)=-2.49, p=0.015,
d=-0.53 (95% CI[-0.95; —0.10]). As assumed, participants in the test condition answered more identical final test questions
correctly than participants in the re-reading control condition. The size of this effect can be interpreted as medium.

Considering only the final test questions that were slightly changed versions of questions posed in the learning test in
Session 1 to assess transfer (following: transfer final test questions), participants were on average able to give 3.41 of 9 (37.89%)
correct answers (SD=1.80, range: 0-8). We then conducted a t-test to compare later learning outcomes indicated only by the
transfer final test questions for participants in both learning conditions: M rcading=3.02, SDie-reading= 1.60, Mie=3.83, SDiee=1.92,
#(87)=—-2.18, p=0.032, d=—0.46 (95% CI[—0.88; —0.04]). As assumed, participants in the test condition answered more transfer
final test questions correctly than participants in the re-reading control condition. The size of this effect can be interpreted
as medium.

Considering only the final test questions that were new and focused on information that were presented in the textbook
chapter but that had not been implemented in the learning test in Session 1 (following: new final test questions), participants
were on average able to give 3.93 of 7 (56.14%) correct answers (SD=4.43, range: 1-7). We then conducted a t-test to compare
later learning outcomes indicated only by the new final test questions for participants in both learning conditions: M. cuqing = 3.85,
SDe reading = 1.33, Mies=4.03, SDyoie=1.54, t(87)=—0.57, p=0.572, d=—0.12 (95% CI[—0.54; 0.27]). Participants in the test condition
did not significantly answer more new final test questions correctly than participants in the re-reading control condition.

Notably, these explorative findings indicate that the beneficial effects of tests only arise for information that were actually
worked on during the learning test and not for information that participants read in the initial study opportunity but that
had not been part of the learning test.

Exploratory correlational analyses showed that participants stress perceptions were negatively correlated to identical final
test questions (r=—0.18, p=0.095), transfer final test questions (r=—0.26, p=0.014; showing a small to medium correlation),
and new final test questions (r=-0.20, p=0.055). Notably, only the correlation of transfer final test questions and participants
stress perception reached significance when using two-sided tests (the correlations among stress perceptions and identical as
well as new final test questions can be described as marginally significant and reached significance when using one-sided
tests). Further exploratory analyses yielded that the three correlation coeflicients did not significantly differ from each other
(all ps>0.232).
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Further exploratory correlational analyses found that participants’ intelligence-estimates were significantly and positively
correlated to identical final test questions (r=0.28, p=0.009), transfer final test questions (r=0.30, p=0.005), and new final
test questions (r=0.25, p=0.017). Thus, higher intelligence-estimates were generally linked to higher later learning outcomes
for the three different types of final test questions (showing medium correlations). Further exploratory analyses showed that
the three correlation coefficients did not significantly differ from each other (all ps>0.321).

Exploratory analyses focusing on the correlations among participant stress perceptions and the six questions checking the
manipulation of the two learning conditions:

TABLE 1 | Exploratory correlations among the six manipulation check questions and participants stress perceptions (N=89).

1 2 3 4 5 6 7
1. Difficulty —
2. Helpfulness -0.17 —
3. Strenuousness 0.59™ 0.14 —
4. Evaluation — challenge/threat -0.13 -0.21" -0.18 -
5. Evaluation — negative/positive —-0.43™ 0.60™ -0.11 -0.05 —
6. Successfulness -0.66™ 0.35™ -0.36" 0.09 0.51" —
7. Stress perceptions 0.51™ -0.28" 0.31" 0.04 -0.44" -0.67" —

‘p<0.05; "p< 0.01 See Appendix A for a full list of the manipulation check questions.
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