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Overview 

A mere glance at this dissertation’s cover page makes clear that not all difficult 

learning conditions are desirable. In fact, a lot of difficulties are “undesirable during learning, 

after learning, and forever after” (Bjork & Bjork, 2019, p. 166). The desirability of a difficulty 

is determined by its beneficial (long-term) effects on learning processes and outcomes (Bjork 

& Bjork, 2014). In contrast, a failure of the difficulty to evoke improved learning processes 

and outcomes, or a failure of the learner to successfully overcome the difficulty, can constitute 

an undesirable obstacle: Perhaps it is not a coincidence that some learners perceive the word 

‘studying’ as a portmanteau of ‘student’ and ‘dying’. When utilizing desirable difficulties in 

externally regulated and self-regulated learning, there may be a fine line between utter 

frustration and mastery. What circumstantial factors or personality factors influence the 

effectivity of desirable difficulties, and correspondingly, the attitudes to and the usage of 

these? The autonomous use of desirable difficulties in personal learning is a particularly 

important but surprisingly underexplored facet, even though a necessary precondition for the 

effectivity of any learning method is tied to learners’ implementation and degree of use. 

Evidence-based knowledge about the effectivity of desirable difficulties and students’ 

preferences, as well as spontaneous usage thereof, has implications for well-grounded 

recommendations on how to improve student learning. 

To illuminate effectivity and usage aspects, the dissertation is divided into two parts: 

first, the synopsis and second, my published or submitted empirical research papers 

(Appendix A to F). The synopsis will provide a frame into which the findings of my attached 

papers are embedded and to relate my work to the existing literature. The synopsis covers 

externally regulated (laboratory and classroom) and self-regulated learning and starts with a 

brief introduction of the concept of desirable difficulties and a literature review of selected 

papers on disfluency, interleaving and spacing, as well as testing and generation. The 

literature review focuses on effectivity criteria with practical relevance for realistic learning 

and teaching contexts: In particular, I consider learning conditions, learning materials, student 

characteristics, and learning outcomes. The literature review does not consider 

methodological effectivity factors, for example, design characteristics like within or between 

subject manipulations. Since the focus is on practical aspects, theoretical aspects are only 

briefly addressed in the synopsis, but more in-depth in the published or submitted papers. 

My first manuscript to be presented addresses the controversial disfluency effect, 

which is in stark contrast to the empirically well-established effectivity of other desirable 

difficulties. It is debated whether, and under which circumstances, disfluency may be a 

desirable difficulty. Due to the fickle nature of the disfluency phenomenon and the search for 
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potential moderators, my first empirical study aimed to identify factors influencing the 

robustness and desirability of disfluent texts (Appendix A). The findings emphasize that the 

effectivity of disfluency can depend on the type of disfluency manipulation and the time point 

of a performance test—that is, how disfluency is implemented and when disfluency’s effects 

unfold—both are factors that influence disfluency’s benefits for learning. The following 

discussion of the disfluency effect also concerns theoretical aspects. If the disfluency effect 

exists, current accounts are less successful in predicting moderators and conditions under 

which disfluency effectively improves learning. I propose that theoretical rethinking may be 

necessary to uncover if and under which circumstances disfluent fonts may act as a desirable 

difficulty. 

I move then to the empirically well-established desirable difficulties. Given a 

multitude of empirical studies on the spacing and interleaving effect, I merely summarize 

moderators and effectivity conditions. Substantial research on the testing effect is then 

presented. The testing effect is followed by considerations of the generation-effect, because 

both are related. Yet, effectivity conditions and moderators are less well known. Since 

discussions about learners’ characteristics as moderators have so far been centered on 

previous knowledge and cognitive-load aspects, we examined the role of a motivational 

variable and explored whether individual differences in performance expectancies influence 

the benefits of problem-solving as generative activity on delayed test performance (Appendix 

B). The results show that the effectiveness of problem-solving is indeed moderated by one’s 

performance expectancies in combination with the time point of the performance test. The 

desirability of problem-solving unfolds immediately for learners with higher performance 

expectancies but is delayed for learners with lower performance expectancies. The study 

shows that motivational aspects beyond cognitive aspects such as previous knowledge are 

relevant to the desirability of difficulties over time. The notion of personality aspects being 

relevant to desirable difficulties is continued in the following part of the synopsis, which is 

less extensive in scope than the previous section because more details can be found in the 

four included manuscripts. 

After establishing and reviewing the effectivity of desirable difficulties in externally 

regulated contexts, the focus shifts to self-regulated learning. The role of learner 

characteristics for the utilization of desirable difficulties is emphasized in the second part of 

this dissertation: Since learners’ judgments guide their study decisions and given that 

desirable difficulties are potent learning tools, the question arises about which learners 

favorably judge and utilize desirable difficulties when learning on their own? If and how 

students use desirable difficulties in self-regulated learning has only recently begun to be 
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explored, but student characteristics have not so far been of interest. Accordingly, in multiple 

correlational studies, we examined how cognitive-motivational differences relate to attitudes 

and self-reported use of empirically supported desirable difficulties. We show that learners 

with a predisposition to think (need for cognition) are more prone to use generation-related 

desirable difficulties (Appendix C), and learners with a mastery orientation more generally 

like and report greater use of various desirable difficulties (Appendix D). Likewise, learners 

with lower levels of test anxiety indicate greater adoption of self-testing relative to repetition 

techniques, which is also associated with higher exam grades (Appendix E). Moreover, 

different learner characteristics (math competence and math anxiety) can interact and 

differentially influence long-term learning success (Appendix F). Taken together, the section 

on self-regulated learning demonstrates that various learner characteristics are relevant to 

considerations of desirable difficulties in personal learning. 

In the following discussion section, I will briefly address a research gap apparent in 

the current literature. It concerns missing experimental conditions with greater ecological 

validity relevant for the interpretation of the practical effectiveness of desirable difficulties. 

The implication of my discussion concerns the validity of current learning recommendations. 
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Synopsis 

Not all Difficulties are Desirable 

“Nothing worth having comes easy”. This quote is relevant to many aspects in life. The 

idea posits that effort and difficulties that one faces are necessities toward reaping greater 

rewards. Interestingly, this quote also applies to learning and memory. It reveals a governing 

principle on which recent educational research has begun to focus: Introducing certain 

difficulties during learning, which slow down and make learning difficult, can aid long-term 

learning, even though initially performance may be hindered (Bjork, 1994). This notion is 

intriguing and counterintuitive to conventional approaches. Teachers and students often try 

to eliminate challenges based on the intuition that easier learning is more effective (Bjork, 

Dunlosky, & Kornell, 2013; Koriat, 2008). 

 Yet, desirable difficulties have the potential to improve both classroom teaching and 

personal studying alike (Bjork & Bjork, 2014; Bjork & Kroll, 2015; Bjork, Soderstrom, & 

Little, 2015). Desirable difficulties are considerable but achievable difficult tasks or 

conditions during learning that require heightened (mental) effort to improve long-term 

learning (Yan, Clark, & Bjork, 2016). These desirably difficult conditions are empirically 

derived from studies on instruction and training, which have roots in externally regulated 

learning implemented by teachers or instructors. Although short-term performance may not 

be enhanced, long-term learning is improved (Soderstrom & Bjork, 2015).  Several of these 

desirably difficulties have been identified; for example, the generation effect stimulates the 

active creation of contents and inferences rather than mere reception or reproduction (e.g., 

McDaniel, Waddill, & Einstein, 1988; Crouch, Fagen, Callan, & Mazur, 2004); the testing or 

retrieval practice effect requires active memory recall instead of rehearsing contents (e.g., 

Roediger & Karpicke, 2006); the spacing effect or distributed practice entails splitting 

learning sessions into temporally separated units rather than big chunks (e.g., Greene, 2008); 

and, the interleaving effect advises to mix contents during learning episodes (e.g.,  Kornell & 

Bjork, 2008). 

Extensive experimental research supports the effectiveness of these well-established 

conditions and outlines some moderators and boundary conditions (e.g., Bertsch, Pesta, 

Wiscott, & McDaniel, 2007; Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006; Donovan & 

Radosevich, 1999; Rowland, 2014). However, other less well-researched difficulties exist 

whose desirability is under scrutiny. For example, disfluency reduces the cognitive 

processing ease of content (Diemand-Yauman, Oppenheimer, & Vaughan, 2011), yet 

enhancing learning with disfluent learning materials is a fickle endeavor. So far, the 

disfluency effect is difficult to replicate, leading to a body of remarkably inconsistent 
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findings. In the following, I will discuss the robustness, generalizability, and practical 

effectiveness for educational purposes in regulated contexts of several desirable difficulties, 

starting with the most debatable one. 

Influential Factors Regarding the Effectiveness in Externally-regulated Contexts 

Factors that Influence the Effectivity of Disfluency for Learning  

Common sense advises teachers and students to avoid difficult-to-read text materials. 

In their seminal study, Diemand-Yauman, Oppenheimer, and Vaughan (2011) showed that 

memory and learning outcomes can be improved by using illegible fonts. But is that actually 

the case? The findings regarding the contribution to learning with disfluent, hard-to-read text 

materials have been inconsistent, and various replication attempts yielded mixed results, 

suggesting potential unknown moderators (Kühl, Eitel, Scheiter & Gerjets, 2014; 

Oppenheimer & Alter, 2014). The empirical discrepancies call into question whether 

disfluency actually functions as a difficulty that desirably improves learning (e.g., Rummer, 

Schweppe, & Schwede, 2016).  

Theoretically, the experienced subjective difficulty that is associated with disfluent 

information processing functions as a general meta-cognitive cue to allocate more cognitive 

resources. Supposedly, the evoked metacognitions foster control processes that lead to deeper 

processing and elaboration (Alter, Oppenheimer, Epley, & Eyre, 2007), or to more 

appropriate control processes that improve performance (Pieger, Mengelkamp, & Bannert, 

2016). From the meta-cognitive perspective, disfluency should effectively improve learning 

across various contexts; its effects should be independent of the applied disfluency 

manipulation and tied closely to immediate performance. 

In contrast, a recent transfer-appropriate processing (TAP) framework (McDaniel & 

Butler, 2011) emphasizes the qualitative mis-/match of the evoked encoding processes of the 

applied difficulty with respect to the required retrieval processes of the memory test. Thus, 

one important aspect postulated by this framework denotes the specific encoding processes 

stimulated by the type of difficulty applied. Another important aspect of established desirable 

difficulties concerns the time-dependent distinction between immediate performance 

outcomes (observable during or after acquisition/practicing) and long-term learning 

(observable later in time; e.g., Soderstrom & Bjork, 2015). Desirable difficulties improve 

long-term learning and can impair short-term performance (Bjork, 1994). From this 

perspective, it should matter which specific encoding processes may be evoked by a certain 

disfluency manipulation, what kind of memory test is used to detect the disfluency effect, and 

at which point in time the disfluency effect is expected. 
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Given the previous rationale, we identified test delay and disfluency manipulations as 

factors potentially explaining (some of) the discrepant empirical findings (Weissgerber & 

Reinhard, 2017). In the laboratory, we tested students’ immediate and delayed memory 

performance (2 weeks later) on a curricular biopsychological course text that was presented 

between-subjects (N = 134) either as perceptually disfluent with a hard-to-read font, as 

lexically disfluent with 20% scrambled letters, or in its original format. By distinguishing 

between short-term and long-term learning, our expectations were supported; an illegible font 

reduced forgetting, thereby producing delayed memory benefits, although no effect was 

observed short-term. We further tested whether lexical disfluency would have similar 

memory effects as perceptual disfluency, as the meta-cognitive perspective suggests, or 

whether different disfluency manipulations would have different memory effects, as ideas 

from a contextualized framework on desirable difficulties presumes. The results support the 

latter: Lexical disfluency by scrambled letters reduced immediate learning performance but 

had no delayed benefits. The reported findings were only apparent in the cued-recall tests 

(which afforded recall but also comprehension), but not in the multiple-choice tests. 

Moreover, the illegible font effect was much smaller than in Diemand-Yauman and 

colleagues’ (2011) original study.  

Based on our experiment, disfluency may be desirable under certain circumstances, but 

its effect does not generalize across disfluency manipulations, test time points, and memory 

outcomes. Therefore, the effectivity of disfluency for learning seems less general in scope 

and less sizeable as originally reported by Diemand-Yauman and colleagues. Answering the 

question about whether or when disfluency is desirable requires methodologically a larger 

study pool1. Ours is just a single study with one experiment from one research group, 

consequently lacking replication. The reported findings here may be a false positive. 

Likewise, the original study and other positive demonstrations could be a false positive (Type 

1 error), or failures to obtain the effect could be false negatives (Type 2 errors; Kühl, Eitel, 

Scheiter, & Gerjets, 2014). Oppenheimer and Alter (2014) argue: “That might be a reasonable 

inference if there were only a few studies on each side, but as there are now a half a dozen 

studies both showing and failing to show the effect, Type 1 nor Type 2 error seems plausible”. 

Instead, both champion the view of unexplored moderator variables at play. 

Since multiple studies are now available, the findings of these published (and 

unpublished) studies were integrated by means of meta-analysis. The results suggest that 

perceptually degraded texts neither improve nor harm learning outcomes (Xie, Zhou, & Liu, 

 

1 In my opinion, it also requires a different theoretical perspective addressed further below.  
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2018)2. Moderator analysis of this null-effect implies that neither characteristics of the 

learning materials nor of the participants qualify or provide boundary conditions for the 

disfluency effect. Different criterion tasks were not tested for moderation but reported 

separately (null-effect on recall and transfer), and too few studies used a perceptual outcome 

task (picture recall).  The moderation analyses (when disregarding the problems of the meta-

analysis) cannot say much about the fruitfulness of the transfer-appropriate framework 

(McDaniel & Butler, 2011) when applied to disfluent fonts-type effects. 

 Assigning an overall utility value to disfluency in the tradition of Dunlosky et al. (2013) 

requires narratively synthesizing disfluency effects across learning conditions (e.g., 

classroom or lab settings), learner characteristics (e.g., ability, prior knowledge), learning 

materials (e.g., text type), and outcome measures (e.g., memory, comprehension, inference). 

As identified above in our study, the type of disfluency manipulation applied is likely 

important (and the meta-analysis distinguishing font-type and audio-type manipulations 

neither contradicts nor agrees with this proposition). Therefore, the following considerations 

are based on studies with visually degrading font manipulations rather than other ones (e.g., 

auditory: Carpenter, Mickes, Rahman, & Fernandez, 2016; Carpenter, Wilford, Kornell, & 

Mullaney, 2013) and on text materials rather than word lists (for word-list effects, see Geller, 

2017; Geller, Still, Dark, & Carpenter, 2018; Note, some types of disfluency manipulation 

for word-lists would be unfavorable for texts, e.g.,  masking: Besken & Mulligan, 2014; word-

inversion: Sungkhasettee, Friedman, & Castel, 2011). Another reason for the focus of the 

following considerations is based on practicality: Most learning materials are text-based, and 

students or instructors could easily use font-style manipulations.  

When narratively reviewing the literature on disfluency effects with illegible font 

manipulations, one notices that it is rather heterogenous in terms of the used experimental 

 

2 The conclusions of this meta-analysis are problematic. It appears that errors in the coding 
of statistical parameters of multiple studies were made (e. g., Rummer et al., 2016; 
Weissgerber & Reinhard, 2017). The integrated parameters of reported results with and 
without (diverse) covariates adds further to the problematic. The overall conclusion and 
especially the moderator analyses are to be taken with caution. The case illustrates a currently 
undebated although important issue for rigorous, reproducible, and transparent science: Code 
(and data) review. Many errors make it through final publication (Nuijten et al., 2016), some 
of which could be prevented by reviewing the analyses code and the data coding. This topic 
concerns psychology as a field. I do not want to dwell on the problem other than saying code 
(and data review) is not standard practice. Rather I focus on the solution. Together with 
Richard Klein, Hans IJzerman, and Anna van’t Veer, I have initiated a project via the Psych 
Science Accelerator. Our goal is a broad article on code review as a non-technical primer for 
how to formally conduct code review. Supported by many contributors, we hope our future 
guidelines for streamlining code review standards will help catch errors before publication 
and improve accessibility and sharing of scripts and data. 
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paradigms (e.g., saliency manipulation: Rummer, Schweppe, & Schwede, 2016; multi-media 

learning: Eitel, Kühl, Scheiter, & Gerjets, 2014a), whether and which moderator variables are 

included (e.g., working memory capacity: Lehmann, Goussios, & Seufert, 2015; spatial 

abilities: Pieger, Mengelkamp, & Bannert, 2017), and regarding the applied criterion tests or 

formats (e.g., multiple choice: French et al., 2013; pictorial matching: Kühl, Eitel, Damnik, 

& Körndle, 2014). This raises a question: How general are the effects of disfluency across 

the selected literature? 

Learning conditions. Multiple field studies in school (Diemand-Yauman et al., 2011, 

Exp. 2; French, unpublished note; French et al., 2013) found an overall medium-sized effect. 

Some studies conducted in academic courses such as language learning (Lee, 2013) or 

business studies (Weltman & Eakin, 2014) show a small/medium effect, whereas others do 

not (Rummer, Schweppe, & Schwede, 2016; Exp. 2 and Exp. 3). Lab studies show mixed-

results amounting to no overall effect (negative effect: e.g., Kühl et al., 2014; Miele & 

Molden, 2010; Pieger et al., 2017; positive effect: e.g.,  Diemand-Yauman, et al., 2011, Exp. 

1; Seufert, Wagner, & Westphal, 2017; Weissgerber & Reinhard, 2017; no effect: e.g., 

Rummer, Schweppe, & Schwede, 2016; Eitel & Kühl, 2016; Eitel et al., 2014a). Apparently 

applied studies are better for obtaining the effect than are studies conducted in the lab. This 

may be related to the material presented being more relevant to students, as discussed next. 

Learning materials. In some studies, the learning materials were relevant for 

participants’ learning objectives in a course, or the materials were related in content to 

participants’ major/study subject. Lee (2013) used e-book passages that incorporated new 

vocabulary for foreign-language learners, helpful for understanding and answering test 

questions. Weltman and colleagues’ (2014) business students learned material on business 

statistics while French’s students used physics class notes taken during physics lectures 

(French, unpublished note). In contrast are lab studies that have adopted topics on airplane 

lift (e.g., Eitel & Kühl, 2016), toilet tanks (Eitel, Kühl, Scheiter, & Gerjets, 2014b), 

attitudes/social skills or organizational  psychology (Pieger, Mengelkamp, & Bannert, 2016), 

media communication (Pieger et al., 2017), and ship navigation (Lehmann, Goussios, Seufert, 

& Learning, 2015), all with samples of students from backgrounds not related to the materials 

being studied. Hence, there appears to be some co-variation on whether or not an effect was 

found depending on material relevance: Studies with more relevant materials apparently 

showed an effect more frequently. Finally, most studies use expository texts of varying length 

(shorter texts: e.g. French et al., 2013; longer texts: e.g. Lehmann et al., 2015) rather than 

prose text (Halin, Marsh, Hellman, Hellström, & Sörqvist, 2014) or fiction (e.g., Diemand-
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Yauman et al., 2011;  French et al., 2013; Halin, 2016; Rummer et al., 2016; Seufert, Wagner, 

& Westphal, 2017), with mixed results and no apparent pattern. 

Student characteristics. Research on disfluent fonts was conducted with younger 

students, aged 13-16 years (French et al., 2013) and on older students aged 15-18 years 

(Diemand-Yauman et al., 2011) or 16-18 years (French, unpublished note), and on university 

students over 20 years of age (e.g., Eitel et al., 2014b). Younger pupils are not represented 

(see Katzir, Hershko, & Halamish, 2013 for 7.5 years and 10.5 year olds and a font size/line 

length manipulation). Since the age, setting (school), and material relevance are intertwined, 

disfluent font seems to work better for younger pupils, although this tentative conclusion is 

based on confounded variables (e.g., younger participants typically are pupils in schools). 

Yet, there is no obvious reason (to me) why disfluent font should work better for school 

students than university students.  

Theoretically, cognitive abilities and working memory capacity are sensible 

moderators, since processing harder-to-read materials requires greater cognitive resources. 

French et al. (2013) did not find moderating effects of cognitive abilities of school students, 

and Kühl and colleagues state that they obtained no moderation by spatial abilities. On the 

other hand, Lehmann and colleagues (2015) found that higher working memory span was 

advantageous for beneficial disfluent font effects (Lehman et al. 2015; but see Strukelj et al. 

2016 for contrast manipulation). Oppenheimer and Alter (2014) suggest different moderators 

that are more closely tied to the proposed mechanism, for example, motivation stating that 

disfluency “is unlikely to deepen engagement and improve performance when participants 

are already highly motivated”. (p. 503). Test-expectancy as a motivation-related variable did 

not, however, moderate illegible font effects (Eitel & Kühl, 2016), and neither did beliefs 

about intelligence as being fixed or malleable (Miele & Molden, 2010) or other motivational 

variables (Lehmann et al., 2015.; Seufert et al., 2017). The investigation of individuum-

specific moderators is, however, not systematic and limited. 

Outcome measures. At best, the overall (positive) effectiveness of disfluent fonts is 

unclear. The effect does not reliably appear or disappear under known circumstances. Based 

on the previous considerations and on empirical evidence, disfluency’s merit for learning 

outcomes via font-style manipulations is to be regarded as low utility or as ineffective. No 

recommendation for the application of disfluent fonts in education is currently warranted. The 

effect—if existent—is too unstable and not understood well enough to support any successful 

implementation at this point.  

It is unfortunate that after a few promising initial demonstrations (Diemand-Yauman et 

al., 2011; French et al., 2014), the existence of benefits of harder-to-read fonts on learning 
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outcomes is called into question. The positive news is that harder-to-read fonts do not impair 

learning outcomes either,3 a notion hold by naïve laypersons. Dunlosky and Mueller (2016) 

argue that even if a disfluency manipulation shows any effect on learning, the source of the 

effect needs to be empirically established. To put it differently, it requires testing to determine 

whether the observed outcome changes are attributable to disfluency and disfluencies’ 

proposed mechanism of differences in processing fluency.  

These important remarks can be related back to my study in two ways: First,  

although a delayed disfluency effect on cued-recall was obtained, the fact that time-point was 

not manipulated between but within participants has led to a tandem manipulation of 

“disfluency + testing”. The additional analyses show disfluency’s delayed effect to be stable 

when controlling for performance in the first test session. Yet, the experimental design does 

not allow the exclusion of any possibility that disfluency, because it was coupled with testing, 

could exert an effect. A harder-to-read font may have “prepared” cognitive encoding 

processes, which then could be better harvested by the testing effect in terms of storage 

strength (as discussed below). Such an explanation, though, requires reconsidering the 

mechanism by which a harder-to-read font, or disfluency in general, is supposed to influence 

learning outcomes.  

This idea leads directly to my second point: It concerns the theoretical mechanism by 

which disfluent fonts presumably influence learning outcomes. The current account holds the 

following rationale: Harder-to-read fonts are more difficult to read, which slows down and 

reduces processing fluency, thus giving rise to a subjective experience of difficulty. This 

experienced subjective difficulty in turn acts as a cue for the lack of mastery, which stimulates 

more analytical reasoning and elaborative processing. Retention and transfer are then 

indirectly improved by greater cognitive engagement and systematic information processing 

(Diemand-Yauman et al., 2011). Additionally, the experienced difficulties should reduce 

overconfidence and improve monitoring, which translates to more appropriate control 

enhancing performance (Pieger et al., 2016). As such, the proposed mechanism centers on 

processing depth, meta-cognition, monitoring, and control. I will turn briefly to the empirical 

support of the proposed mechanism. 

 There is evidence for disfluent fonts increasing reading and study times (e.g., Eitel & 

Kühl, 2016; Miele & Molden, 2011; Pieger et al., 2016, 2017; Rummer et al., 2016; but see 

also Strukelj et al., 2013). There is evidence for disfluency affecting meta-cognitive 

judgments (e.g., Pieger, Mengelkamp, & Bannert, 2016; Weltman & Eakin, 2014), although 

 

3 Of course, this applies within limits. Materials that are too difficult to read can impair 
learning (Seufert et al., 2017). 
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that is not necessarily the case due to reduced processing fluency (Miele & Molden, 2011; 

Mueller & Dunlosky, 2017; Mueller et al., 2013). There is less evidence for disfluency 

triggering analytic and elaborative processes (Meyer et al., 2015; but see also Alter & 

Oppenheimer, 2014). There is some evidence for disfluency improving meta-cognitive 

accuracy and monitoring (Pieger et al., 2016, 2017), which did not, however, translate to 

better control and study regulation (Pieger et al., 2016).  

All in all, existing evidence in favor of the proposed mechanism is disputable. A case 

in point is the fact that the results of our study are difficult to explain in this framework: Any 

difficulty manipulation reducing processing fluency should similarly affect meta-cognitive 

judgments and in turn pose similar and immediate effects on learning. We obtained similar 

results on meta-cognitive influences of both disfluency manipulations4 (Hard-to-read Font 

and Scrambled Letters), yet we found dissimilar effects on learning, both immediate and 

delayed: Meta-cognition and memory effects were dissociated, contrary to theoretical 

disfluency mechanisms. 

These findings together with the previous evidence led me to believe that one may need 

to take a different direction when thinking about the disfluency effect in education (in terms 

of harder-to-read texts), away from the (uncertain) mechanism of illegible fonts leading to 

deeper processing and elaboration or metacognitively triggered control and regulation (which 

does not seem well-supported). It may be important to take a step back and ask two 

fundamental questions: What does an illegible font manipulation do, and at which processing 

level?  

Eitel and colleagues (2014) take a cognitive load stance and suggest that harder-to-read 

fonts may increase extraneous cognitive load (= occupied working memory unrelated to the 

task complexity or processing of the actual content; Sweller, 2003). They and others often do 

not find evidence for it in learners’ self-reported extraneous cognitive load ratings (e.g., 

Lehmann et al., 2015), which—although a rather crude measure—is nevertheless sensitive in 

regards to too many degraded fonts (Seufert et al., 2017). Therefore, Eitel and colleagues 

 

4 Dunlosky and Mueller (2016) caution about labeling manipulations with theoretically laden 
terms in the context of disfluency research and suggest instead naming manipulations 
according to what was manipulated, e.g., Harder-to-read font vs. Scrambled letters condition. 
The argument refers to a disambiguation about what a construct or theory presupposes and 
what a manipulation actually does. A difficulty manipulation may not necessarily reduce 
processing fluency, and particular labels would imply so. References to disfluency in this 
dissertation are to be interpreted to refer to the manipulation. 
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point out that a less legible text may just lead to more intense perceptual processing, 

increasing perceptual load but not cognitive load5.  

I derive from these findings that harder-to-read fonts should influence perceptual 

processing but not higher-order processing. What also intrigues me when applying cognitive 

load logic to hard-to-read fonts is related to the notion of extraneous load being associated 

with the seductive-details effect or the split-attention effect: In both cases, extraneous load 

shifts the processing focus away from the content, resulting in a split-attention or seductive 

details effect. For harder-to-read texts, that is not the case; the processing focus overlaps with 

the content, being in the same location. To put it differently, attention is directed to the same 

location. Intensified perceptual processing demands in the locus of the text may bind attention 

(Halin, 2016). What this suggests is that a harder-to-read text may influence the allocation of 

attention in a bottom-up manner. Indirect support for this idea comes from research showing 

that mind-wandering is reduced when learning with harder-to-read texts (Faber, Mills, Kopp, 

& D ’Mello, 2017): Although an illegible font had no direct effect on recall and transfer, 

mediation analysis shows that the improved performance was indirectly due to less 

“attentional lapses”. Further indication of a potential role of attention comes from research 

on auditory distraction: Harder-to-read fonts potentially shield against the negative effects of 

noisy environments or irrelevant background speech (Halin, 2016; Halin et al., 2014). These 

studies include a modality-crossing: Text is perceptual input, and noise, or speech, is an 

auditory distractor. It would be a more critical test to see that the processing advantage of 

harder-to-read fonts perseveres under perceptually distractive stimuli (e.g., images). In this 

respect, disfluent fonts as an attention-binder would offer an interesting connection to multi-

media learning: A disfluent text should reduce distraction by seductive visual details (while 

at the same time allowing to tap into the motivational benefits of seductive details). 

The presented findings on distractibility (Halin, 2016; Halin et al., 2014) and mind-

wandering (Faber et al., 2017) both point toward attention as an interesting new vantage point 

from which to explore disfluency effects by illegible fonts. However, none of these studies 

directly investigated the role of attention, and so the idea of bottom-up attentional binding is 

to be seen as a claim worth exploring. Testing the “attentional disfluent font hypothesis” 

requires a process measurement of attention. As gaze patterns often covary with attentional 

allocation, eye-tracking would be an excellent tool, and since faces are excellent attentional 

grabbers, they are useful irrelevant perceptual distractors. Moreover, the processing of 

emotional facial expression can be tapped into by EMG tracking participants’ muscular 

 

5
 Note that in Experiment 1, visually degraded images indeed lead to worse pictorial recall 

(Eitel et al., 2014. 
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reactions. A potential basic research paradigm on which to test the attentional disfluent font 

hypothesis may entail pop-up faces (vs. none) with changing facial expressions (e.g., from 

happy to angry to surprise) presented continuously as irrelevant perceptual stimuli, while 

simultaneously reading a system-paced disfluent expository text (vs. fluent text). Eye-

saccades and fixation times to the faces should be reduced for illegible fonts, and likewise 

EMG-indicated muscular activity to the changing facial expressions should decrease. (As 

mentioned, attention is correlated with eye-gaze, but can be allocated to a location not looked 

at. Thus, the EMG-measures are purposed to track further visual processing of the faces and 

emotional expressions despite eye-fixations on the text: Illegible fonts should increase 

change-blindness to facial expressions.) The gist is that the attentional claim needs to be 

evaluated on three grounds: attention capture, attention binding, and processing of irrelevant 

stimuli. 

Since attention is important for the stabilization of forming representations, and 

disfluency may be a bottom-up attentional grabber, it provides further support for harder-to-

read texts not increasing immediate performance in normal circumstances. Only under 

disruptive circumstances should disfluency have immediate effects in terms of preserving 

performance. However, more stable representations that would get further strengthened by 

retrieval practice (as in my study) may yield long-term educational benefits. Seen in this light, 

disfluency could shield the attention from straying, and testing would aid in terms of a 

decrease in forgetting. 

Illuminating if and how disfluency affects learning is of interest on a more fundamental 

level: At the heart of desirable difficulties lies the idea that desirably difficult conditions foster 

deeper information processing (System 2 recruitment) instead of more shallow processing 

(System 1; for dual process model descriptions see for example Kahneman, 2011). Disfluent 

fonts—like spacing/interleaving or testing—increase the subjectively experienced difficulty 

without altering the difficulty of the learning content. This is proposed to lead to enhanced 

encoding and retrieval processes, thus improving performance later on. The general and 

overarching idea behind all desirable difficulties is—despite desirable difficulties being a 

conglomeration of empirically rather than theoretically derived conditions (and thus different 

theoretical accounts exist that explain their underlying mechanisms)—to automatically trick 

the learner into System 2 recruitment by the difficult learning condition. The gist is to 

stimulate the learner to engage in active top-down processing rather than to passively recruit 

System 1. 

Supposedly, disfluent fonts do exactly this—trick the reader into deeper information 

processing (Oppenheimer and Alter, 2014). Consequently, disfluency should not deepen 
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processing and aid performance when readers are already engaged in System 2 processing, 

for example when being highly motivated. However, disfluent fonts do not seem to recruit 

System 2 (Meyer et al., 2015) as proposed by the meta-cognitive perspective. But it is 

conceivable that disfluent fonts may deautomate reading, due to perceptual decoding via 

greater long-term memory recruitment of stored lexical representations and broader semantic 

activation while decoding and holding stimuli longer in working memory. This idea is 

indirectly supported by Katzir and colleagues (2013): They found an unbeneficial effect on 

comprehension in 7.5-year old pupils with fewer automatic reading skills but found a 

beneficial effect on comprehension in 10.5-year-old pupils with more automated reading 

skills. Further support for such an idea may come from research showing that harder-to-read 

fonts can increase the recall of not presented, but semantically related, lures of presented 

word-lists in the Deese–Roediger–McDermott (DRM) paradigm, which is interpreted as 

semantic activation spreading, although memory performance for presented words is not 

enhanced (Sanchez & Naylor, 2018).  

The purpose of my previous theoretical discussion illustrates a broader point. To 

conclude, theoretical rethinking may be necessary to uncover if and under which 

circumstances (and why) disfluent fonts may act as a desirable difficulty: For example, 

disfluent fonts may be beneficial in multi-media learning as a shield against seductive details 

and split-attention effects. 

Since the previous consideration on disfluency had to be rather detailed to arrive at my 

conclusion on theoretical rethinking, the following considerations of effectivity aspects of 

interleaving, spacing, and testing as desirable difficulties will be shorter. 

Factors Influencing the Effectivity of Interleaved Practice 

Interleaving refers to scheduling practices or presentation format whereby various 

contents or categories are studied in a mixed fashion rather than separately and blockwise. 

Such a mixing can foster inductive learning (e.g., Carvalho & Goldstone, 2017). Although 

interleaving necessarily entails spacing, the spacing effect is not merely responsible for 

interleaving’s effectiveness (Carvalho & Goldstone, 2014; Kang & Pashler, 2012), since 

interleaving can foster comparison processes. In the following, I will briefly review research 

on the robustness, generalizability, and practical applicability of interleaving effects for 

educationally relevant materials.  

Numerous studies with interleaved practice have shown an advantage over blocked 

practice amounting to a moderate overall effect (Hedges’ g = 0.42) according to a brand-new 

meta-analysis (Brunmair & Richter, 2019). Moreover, the meta-analysis observed substantial 
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heterogeneity across samples (range -1.37 to 1.85) on which the overall effect is based, and 

of the effect sizes across learning materials: This suggests the influence of moderator 

variables, some of which I consider next. 

Learner characteristics. Not much research was conducted that systematically 

investigates learner characteristics, and the existing studies show mixed results. For example, 

few studies examined age-effects, yielding null-findings (e.g., Kornell et al. 2010; Vlach, 

Sandhofer, & Kornell, 2008), while others found age to be influential (e.g., Lin et al., 2016).  

Most research is done, however, with university students, and Brunmair and Richter (2019) 

found that interleaving effects in nonstudent samples are smaller than in university student 

samples. Dunlosky and colleagues (2013) discussed the possibility that a certain level of 

competence is needed to reap positive interleaving effects, although too few studies have 

accumulated to assess conclusively the influence of moderators such as previous knowledge 

and learners’ skills. Existing studies show ambiguous findings. For example, Rau, Aleven, 

and Rummel (2010) showed beneficial interleaving effects only for low skilled learners when 

interleaving followed blocked practice in samples of fifth and sixth graders. Schnotz (1984) 

observed high correlations between previous knowledge and learning outcomes in the 

interleaved condition, but not in the blocked condition: Interleaving required greater previous 

knowledge. 

Learning conditions. Further characteristics of interest concern the presentation style 

of interleaved items of different categories, either simultaneously presented or in rapid 

succession: While there is a descriptive advantage of simultaneous over successive 

presentation, overall it is to be regarded as equally effective (Brunmair et al., 2019; Dunlosky 

et al. 2013). Likewise, the retention interval (whether learning is tested immediately after or 

at some delay) and outcome test (retention or inference) both seem to not moderate 

interleaving effects, speaking to interleaving’s usefulness short and long-term as well as for 

memory and transfer. However, for stronger interleaving effects, it is important to not 

temporally space or disrupt comparison processes by distractors in order to reap the full 

potential of interleaving (Brunmair et al., 2019). Furthermore, interleaving effects seem larger 

for intentional learning as opposed to incidental learning, although this question is not yet 

fully resolved. 

Learning outcomes and materials. Brunmair and Richter found no differences 

between the outcome formats of retention and transfer in their meta-analysis. Interleaving 

works best for visual materials such as naturalistic paintings (g = .67; Brunmair et al., 2019). 

Naturalistic photographs (g = .35) and mathematical tasks (g = .34) show less sizable overall 

effects, while expository texts do not benefit from interleaving (although not much research 
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on interleaving of expository texts exists). Learning of word-related content is actually better 

in blocked format rather than in interleaved format (g = -.39). Interleaving is more beneficial 

for more complex materials with greater similarities between categories, whereas high 

dissimilarity within categories is better studied in blocked presentation (Carvalho & 

Goldstone, 2017). As such, when different categories are highly similar (and thus more 

difficult to discriminate), interleaving can foster recognition of the subtle discriminatory 

differences between categories, whereas when a category is highly dissimilar (and thus being 

more difficult for discerning similarities), blocking can foster recognizing similarities within 

categories (Carvalho & Goldstone, 2014).6 Recent evidence suggests that it is possible to 

harness both between- and within-category comparisons for inductive learning with materials 

that allow cross-classification (Abel, Brunmair, & Weissgerber, 2018). For example, 

(artificial) bug species with features (e.g., antenna length, leg shape) associated with two 

orthogonal dimensions (seasons: spring, summer, autumn, winter; element: fire, water, earth, 

air) are more accurately classified along both dimensions (season and element) when bug 

exemplars are presented with one dimension blocked (e.g., seasons) while interleaving the 

second dimension (e.g., element). Thus, single exemplars can be attributed unambiguously 

based on their feature combination (e.g., long antenna/straight legs) to a particular 

combination of both dimensions (e.g., only belonging to winter/earth and not any other like 

winter/water, summer/air, spring/fire, etc.). The applicability to real-world materials must 

nevertheless be demonstrated. 

With respect to practical applications of interleaving in real-word contexts and to 

summarize the previous considerations, interleaving does not generalize across materials: It 

can be advantageous for inductive learning with complex naturalistic visual material such as 

paintings and pictures. Some caution is warranted when applying interleaving to 

mathematical content (see also Pede, Borromeo Ferri, Lipowsky, Vogel, & Schwabe, 2018), 

language learning, or expository texts. Carvalho and Goldstone (2017) suggest that for 

artificial visual stimuli (e.g., geometric objects) that are reduced in complexity, interleaving 

could be fruitless when categories are highly dissimilar. Dunlosky and colleagues (2013) 

stress the possibility that instruction or some preparation should precede interleaving 

interventions. They assign interleaving overall a moderate utility and assert that the literature 

 

6 Note, the results of the meta-analysis are in line with the attentional bias/sequential attention 
framework (Carvalho & Goldstone, 2017). Yet, a direct test of the differential attentional 
focus on dis-/similarities for interleaved and blocked presentation of stimuli with online 
process measures is still pending (R. Abel, personal communication, August 2018). 
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needs to be substantiated regarding student abilities, material difficulty, and training 

requirements. 

Factors Influencing the Effectivity of Distributed Practice 

Distributed practice or spacing refers to a temporal separation of repetitions within a 

single session, or across study sessions, rather than massed practice. Lag-effects are tied to 

distributed practice effects and refer to advantages of longer temporal separations of study 

sessions over shorter ones (Dunlosky et al., 2013). Given that my dissertation only loosely 

concerns spacing effects under the umbrella term desirable difficulties, I will offer only a 

short review regarding robustness, generalizability, and applicability.  

Distributed practice effects have been extensively examined (for reviews see, e.g., 

Cepeda, et al., 2006; Janiszewski, Noel, & Sawyer, 2003), although their summative 

assessment is not easy, given multiple confounds in the literature (Delaney, Verkoeijen, & 

Spirgel, 2010).  

Learning materials and learning conditions. Distributed practice effects are robust 

in basic memory tasks such as learning of wordlists (Benjamin and Tullis, 2010). They occur 

with grammatical and arithmetic rules, vocabulary, scientific concepts, texts, pictures, or 

multimodal (audio-visual) material in various domains (Dunslosky et al., 2013; Kornmeier, 

Spitzer, & Sosic-Vasic, 2014). Distributed practice effects are stronger for intentional than 

for incidental learning, but they occur under both circumstances (Dunlosky et al., 2013), and 

they are greater for longer rather than shorter delays of the final test (Rawson & Kintsch, 

2005; for a replication in seventh graders see Greving & Richter, 2019). Cepeda and 

colleagues (2006, 2008) further note that distributed practice effects are related to the time 

point of the final criterion test: Generally speaking, the longer the interval between the last 

study session and final test, the more beneficial are longer temporal separations of previous 

study sessions. In this respect, Dunlosky and colleagues (2013) point out that a lag of 10–

20% of the desired retention interval is best for performance. 

Learner characteristics.  The most widely studied learner characteristic concerns 

age with robust spacing effects shown across a broad spectrum (Dunslosky et al., 2013; e.g., 

Toppino, Kasserman, Mracek, 1991).  

Learning outcomes. Free recall is most regularly studied, but apparently the effects 

apply to multiple-choice, cued-recall, and short-answer questions as well, although Dunlosky 

and colleagues (2013) state that the focus on basic retention measures constitutes a gap in the 

literature: Evidence from a statistics university course taught either with shorter or longer 

spacing across sessions hints towards benefits for comprehension as well.  
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For application purposes, spacing can be combined with other techniques or 

instructional tools, for example with testing (and spaced testing is more effective than spaced 

restudy). Most textbooks or course conceptions do not, however, interspace but instead amass 

content and problem practices (Dunlosky et al., 2013).   

Factors Influencing the Effectivity of Retrieval Practice 

Retrieval practice, also known as test-enhanced learning, practice testing, or testing 

effect, refers to long-term gains of actively retrieving information from memory rather than 

from passive restudy or from utilizing low-stacks tests during learning. A voluminous body 

of research exists, evaluated by multiple meta-analysis (e.g., Adesope, Trevisan, & 

Sundararajan, 2017; Pan & Rickard, 2018; Phelps, 2012; Rowland, 2014; Schwieren, 

Barenberg, & Dutke, 2017). The evidence overwhelmingly supports the effectiveness of 

testing for enhancing learning outcomes. Accordingly, the following mini-review presents 

findings on the robustness, generalizability, and practical applicability of testing effects for 

educationally relevant materials (for an excellent recent review see Karpicke, 2017). 

Comparing testing conditions with restudy conditions, Rowland (2014) found an 

overall medium effect with a mean weighted size of g = 0.50, reaffirmed by Adesope and 

colleagues (2017). More dramatically, engaging in testing versus no activity or filler activities 

yielded a strong effect of g = .93. Interestingly, testing versus restudying or filler activities 

revealed a medium-sized advantage of g = .71 (Adespose et al., 2017). Rereading or no study 

conditions have both been criticized as ineffective for learning; and comparing testing against 

such baselines may overestimate testing’s effectiveness (Kornell, Rabelo, & Klein, 2012). 

Rereading is procedurally different from testing, and for many educationally relevant 

materials (e.g., text-based learning with test questions) one important comparison is open-

book versus closed-book test questions (e.g., Agarwal, Karpicke, Kang, Roediger, & 

McDermott, 2008; Roelle & Berthold, 2017; Rummer, Schweppe, & Schwede, 2018) to 

remove the active substance (retrieval) proposed by theoretical explanations of the testing 

effect (e.g., elaborative retrieval hypothesis: Carpenter, 2009; bifurcation model, Kornell, 

Bjork, & Garcia, 2011). However, most research has been conducted comparing testing to 

restudy activities, for which the testing effect is robust, and meta-analytic findings revealed 

several moderators influencing its size.  

Learning materials. Rowland (2014) and Adespose (2017) show substantial benefits 

for text materials (both g ~ .7) as well as word-pairs/lists (g varies between .56 and .69). 

Dunlosky and colleagues (2013) remark that factual information, materials of varying length, 
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and text genres across a wide spectrum of topics and even modalities formats (e.g., video 

material or narrated animations) benefit from testing.  

Learner characteristics. Testing is advantageous across a wide population, including 

young learners, college students, the elderly, and even for clinically affected persons 

(Adespose et al., 2017; Dunlosky et al., 2013; Rowland, 2014). Still, the variability for 

different levels of knowledge and ability is underexamined (Dunlsosky et al., 2013). 

Learning conditions and learning outcomes. Testing’s effectiveness has been 

demonstrated across contexts, such as laboratory (g = .61) and classroom (g = .67, Adespose 

et al. 2017; g = .56, Schwieren et al., 2017) and across various retention lengths: Testing is 

sizable for longer retention intervals of more than one day (g = .41; Rowland, 2014) or 

between one and six days (g = .82; Adespose et al., 2017) and even longer intervals of seven 

to 42 days (g = .69; Adespose et al., 2017). While Rowland (2014) found that feedback 

enhances the testing effect (no feedback: .39, feedback: g = .73), Adespose’s and colleagues’ 

(2017) results show no effect size modulation (no feedback: g = .60, feedback: g = .63). 

Some further considerations concern the format of testing (e.g.,  free recall, short-

answer questions), the criterion task (e.g., recognition, cued recall), and its overlap (in the 

sense of transfer-appropriate processing; McDaniel & Butler, 2011; Adespose et al., 2017): 

For testing effects to occur, virtually any test format works (free recall g = .62, cued-recall g 

=.58, multiple choice g = .70, short-answer g = .48, mixed-format g = .80) for every format 

of criterion test (free recall g = .71, cued-recall g = .62, multiple choice g = .56, short-answer 

g = .67, mixed-format g = .78). Moreover, testing can aid transfer (d = .40; Pan & Rickard, 

2018). When the practice test format and the final test format matched, testing effects were 

stronger (g = 0.63) compared to a mismatch (g = 0.53), whereas mixed formats, both during 

practice and criterion tests, led to large benefits (g = 0.75). Interestingly, lower dosages of 

practice testing in the learning phase (only once: g = .70) yielded greater benefits than higher 

doses (twice or more; g = 0.51). Whether testing also works for complex material has been a 

topic of recent debate. The cognitive load proponents argued for testing effects to be restricted 

to low complexity materials (van Gog & Sweller, 2015), which was convincingly rebutted by 

Karpicke and Aue (2015), emphasizing that testing has been shown to work for high-

complexity materials (e.g., McDaniel et al., 2009). 

The short review above outlines the robustness and generalizability of the testing 

effect across a broad range of contexts and conditions, stressing its power as a potent and 

broadly applicable learning tool with demonstrated merits in real life (e.g., classroom: 

Schwieren et al., 2017). Given testing’s value as high utility, Dunlosky and colleagues discuss 

some aspects related to broad usage, emphasizing it is a low cost, time-efficient, flexible, and 
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easy to apply technique, concomitant or within class. However, ideally instructors use testing 

with corrective feedback to guard against perseveration errors and implement testing in the 

form of low stacks or ungraded pop-quizzes. 

Factors Influencing the Effectivity of the Generation Effect  

The generation-effect refers to the active production of information, content, or 

solutions rather than an acquisition by passive reception or demonstration (e.g., Crouch, 

Fagen, Callan, & Mazur, 2004; DeWinstanley & Bjork, 2004; McDaniel, Waddill, & 

Einstein, 1988). Originating in research on completing word-fragments (e.g., Slamecka & 

Graf, 1978, for a meta-analysis see Bertsch, Pesta, Wiscott, & McDaniel, 2007), generation 

effects can encompass a much wider spectrum than word or number generation including text 

materials (e.g., summarization), elaborative elements (e.g., elaborative interrogation or self-

explanation, concept-mapping), or entire generative learning approaches (discovery/inquiry-

based learning: Lazonder & Harmsen, 2016, or Mayer, 2004; problem-based learning: 

Dochy, Segers, Van den Bossche, & Gijbels, 2003). 

All generative forms have in common that the generation activity requires learners to 

engage in deeper and more effortful processing. They further have in common that the 

generated information requires learners to go beyond the presented information, either by 

constructing links to previous knowledge or by relational processing of the provided 

information (see Fiorella & Mayer, 2015; Wittrock, 1989). As such, generation can be broader 

in scope than testing (Karpicke & Zaromb, 2010), although both phenomena are intricately 

linked and are not easy to distinguish.  

It is beyond the scope of this dissertation to give a review of all different streams of 

generative activities. Therefore, the following considerations of robustness, generalizability, 

and applicability are rather schematic excerpts of the literature focused on a few generation 

activities: word and number generations, problem-solutions, summaries and mappings, self-

explanation, and elaborative interrogation (for definitions and brief explanations see Bertsch 

et al., 2007; Chen, Kalyuga, Sweller & 2015; Dunlosky et al., 2013; Fiorella & Mayer, 2015). 

The selection could have been extended to include many other generative activities like 

mental imagery. Since my own work (Reinhard, Weissgerber & Wenzel, 2018) concerns 

problem-solving, which is a topic of cognitive load research (that usually finds disadvantages 

of the generation activity compared to worked examples), I included the other generative 

activities for a broader perspective. The general point is that some generative activities share 

similar boundary conditions (e.g., learners’ abilities or material characteristics), while other 

generative activities do not. Instead they are tied to other conditions (e.g., instructional 
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support and training). The generalizability depends on the specific generative activity under 

consideration.  

Learning conditions. Word, sentence, and number generation activities, meta-

analytically summarized with an effect size of d = .40, demonstrate an overall robust 

advantage compared to mere presentation whereby incidental learning effects were stronger 

than those of intentional learning (Bertsch et al., 2007). Elaborative interrogation with an 

overall effect size of d = .42 (Hattie & Donoghue, 2016) generalizes across incidental and 

intentional learning (Dunlosky et al., 2013). Self-explanations (Median d = .61) are more 

effective during learning rather than after learning and when explanations are not accessible 

later on (Fiorella & Mayer, 2015). For summary writing (Median d = .50) two open issues 

remain regarding the frequency and length of the summaries and regarding whether the text 

to be summarized should be present or absent (Fiorella & Mayer, 2015). Concept-mapping 

overall shows a moderate effect (g = .58) with stronger effects for self-constructed opposed 

to studied maps and longer rather than shorter uses of concept maps (Schroeder, Nesbit, 

Anguiano, & Adesope, 2018). Most importantly, though, summarization or concept mapping 

both require (extensive) pre-training and instruction to be effective (Dunlosky et al., 2013; 

Fiorella & Mayer, 2015). Instructional guidance is also relevant for problem-solving: 

Studying worked examples, which provide instructional problem-solving guidance by 

including expert knowledge schemes, is more beneficial for novice learners on subsequent 

tests than actual low-guidance problem-solving activities (Chen, Kalyuga, & Sweller, 2015; 

for an overview see Renkl, 2014; and Wittwer & Renkl, 2010). 

Learning materials. Generating numbers by calculations rather than reading them 

produced larger benefits as word generation compared to mere reading of words (Bertsch et 

al., 2007). Elaborative interrogation works for a variety of factual materials of different 

content (Dunlosky et al., 2013). Self-explanation generalizes across materials (e. g., narrative 

or expository texts) as well as task domains (e.g., math problem solving; Dunlosky et al., 

2013). Concept mapping yielded benefits across STEM and non-STEM domains (Schroeder, 

Nesbit, Anguiano, & Adesope, 2018). For summarization, Dunlosky and colleagues (2013) 

write that research covers diverse topics and different text lengths without systematically 

manipulating these characteristics, thus allowing no summative statement (organization and 

readability in particular are likely important; Dunlosky et al., 2013). Fiorella and Mayer 

(2015) state, however, that summarization’s effectivity is tied to text length and text type with 

better results for short expository or narrative texts and low-spatial content. Another 

important characteristic is material complexity. During initial acquisition, generative 

activities like problem-solving can be less effective than non-generative activities like worked 
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examples, whereas for low-complexity materials, generative activities can be more effective 

(Chen, Kalyuga, & Sweller, 2015). 

Outcome assessments. For word and number generation, the advantages were largest 

for cued recall with smaller effect sizes for recognition and free recall (Bertsch et al, 2007). 

Moreover, effects have been shown for both short and longer delays (Bersch et al., 2007; see 

also Chen, Kalyuga, & Sweller, 2016), although researchers in the cognitive load school of 

thought argue that generation-effects (including problem-solving advantages) are more 

beneficial for delayed tests (Chen, Kalyuga, & Sweller, 2016).7 Positive summarization 

effects for (non-verbatim) recall and comprehension are established but results for 

applications are mixed, and summarization performance is stable across delays of days to 

weeks (with unknown durability for longer time intervals; Dunlosky et al., 2013; Fiorella & 

Mayer, 2015). Additionally, summarization entails meta-cognitive benefits for monitoring of 

students’ understanding (Anderson & Thiede, 2008), whereas the relationship of self-

explanation and meta-cognition is not fully understood. Self-explanation effects have been 

widely shown for memory, comprehension, and application questions for both near and far 

transfer. Largely unknown is the durability of self-explanation effects, with a few studies 

hinting towards stable benefits across several days or a few weeks. Elaborative interrogation 

effects are mainly shown with measures of explicitly stated information (cued-recall, 

matching), but little research on comprehension and application or longer delays exists, 

though with initial promising results, suggesting that self-generation might have long-term 

benefits.  

Student characteristics. Word and number generation effects show only small 

differences across age, but most studies were conducted with younger adults, thus making 

conclusions difficult (Bertsch et al., 2007). Self-explanation and concept-mapping effects 

(Fiorella & Mayer, 2015) generalize across age ranges similar to elaborative interrogation 

effects (yet with unclear effects for very young learners; Dunlosky et al., 2013). 

Summarization benefits are age-dependent because summarization quality increases with age 

(Fiorella & Mayer, 2015). Apart from age as an individual difference variable, some research 

has examined differences in previous knowledge or varying levels of abilities.  

 

7 This is consistent with the notion of generation as desirable difficulty with benefits later on, 
but the cognitive load perspective ties generation effects to further specific boundary 
conditions (high learner’s expertise, low material complexity), not articulated or shared by 
general frameworks of desirable difficulties (McDaniel & Butler, 2011). Cognitive load 
theory (Sweller, Ayres, & Kalyuga, 2011) and desirable difficulties do not integrate well and 
seem to contradict at times. 
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Accordingly, elaborative interrogation effects have been shown for learners of 

different ability levels (e.g., with cognitive disabilities, high-achieving students): Higher 

previous knowledge enhances elaborative interrogation benefits (Dunlosky et al., 2013). As 

such, learners with a less pronounced knowledge base may not fully reap the gains of 

elaborative interrogation. Some studies point towards self-explanation as more beneficial for 

learners with higher levels of previous knowledge (e.g., Ionas, Cernusca, & Collier, 2012), 

but moderation effects of previous knowledge remain unclear. As to ability levels, findings 

are mixed, some showing benefits for lower-ability students (e. g., McNamara, 2015), while 

other results demonstrating equal gains for lower and higher ability levels (e.g., Griffin, 

Wiley, & Thiede, 2008; Kastens & Liben, 2007). For concept mapping, students with better 

English skills obtained greater benefits on comprehension and transfer tests relative to lower-

skilled readers; yet, memory performance was better for students with lower academic 

abilities indexed by GPA after brief training (Fiorella & Mayer, 2015). The abilities to 

generate non-verbatim, high-quality summaries is important for summarization’s 

effectiveness (Fiorella & Mayer, 2015): Students with higher-domain knowledge were more 

capable at summarizing content (Dunlosky et al, 2013). The expertise reversal effect for 

studying worked examples compared to solving problems explicitly identifies as an important 

moderator the learner’s previous knowledge: As learners’ expertise increases, so decreases 

the advantage of worked examples, nullifying and ultimately reversing, with problem solving 

outperforming worked examples (Kalyuga, Ayres, Chandler, & Sweller, 2003).  

The previously described effect pattern boils down to the broad question about 

whether generation activities benefit weaker or stronger learners. It is not the generation 

activity, per se, but the processes stimulated by the generation activity which aid or hinder 

learning: Some scholars argue that the generative activity fosters cognitive processes in which 

weak learners may not spontaneously engage, but which stronger learners automatically 

employ (see also Fiorella & Mayer, 2015; McDaniel & Butler, 2011). The generation activity 

in this respect externally induces advantageous processing compensatory to a learner’s 

cognitive proclivity. Accordingly, weaker learners should benefit from generation activities. 

 Being able to successfully generate is, however, an important prerequisite to reaping 

the advantages of generation for long-term learning (for generation-failures and memory for 

words, see Slamecka & Fevreiski, 1983). Greater generation success has been linked to better 

test and learning outcomes (e.g., Abel & Hänze, 2018; Wenzel & Reinhard, 2018), and 

instruction or training on the generative activity improved the benefits of the generation 

activity (summarization: e.g.,  Friend, 2001; self-explanation: e.g., McNamara, 2004; concept 
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mapping: e.g., Fraser & Edwards, 1983). If higher abilities are important for generation 

success, then higher abilities are important moderators of generation’s effectivity for learning. 

This notion is in contrast to the idea that weak learners are aided by generation. 

Instead, stronger learners should benefit from generation activities with little instructional 

support (e.g., pretraining, prompts and guidance, or corrective feedback). Learners may 

generate wrong solutions or fail to recognize mistakes, leading to errors and misconceptions 

in the constructed mental schemes. Even if weaker learners successfully generate, they may 

not obtain advantages because most of the cognitive resources may have been devoted to 

performing the generation task itself (i.e., extraneous cognitive load; e.g., Sweller, 2003), 

leaving little cognitive capacity for the processing necessary to obtain the learning objective 

(i.e. germane load, Sweller, 2003; cf. McDaniel, Hines, & Guynn, 2002). Generating the 

solutions to high complexity problems requires a high level of competences. Consequentially, 

weak learners should not benefit from generation activities, especially during initial 

acquisition or for high-complexity materials (cf. Chen, Kalyuga, & Sweller, 2015; Renkl, 

2014). Instead, higher abilities are prerequisites for generation’s effectivity. Learning is only 

aided if learners are able to fulfill the prerequisites of the generation task; hence, the 

effectivity of generation is related to a complementary match between the learner and the 

tasks.  

Similar to this line of reasoning, we theorized that higher performance expectancies 

may be a crucial determinant regarding whether students will benefit from generation. The 

role of motivational variables in research on generation effects has to date been largely 

neglected (for a recent exception, see, e.g., Schindler, Schindler & Reinhard, 2017), with a 

focus instead on previous knowledge and ability levels. We therefore examined whether the 

benefits of problem-solving as generative activity for long-term learning depend on 

individual differences in performance expectancies (= PEs; Reinhard, Weissgerber, & 

Wenzel, 2017). We predicted that problem-solving compared to worked examples should be 

more effective for pupils with higher PEs, especially in the long run. 

Performance expectancies are assumptions about how well the expected results of a 

given behavior will lead to desired results (Vroom, 1964). These estimates have motivational 

consequences for the choice, intensity, and persistence of behavior, and thus, ultimately for 

performance (Wigfield & Eccles, 2000). Consequently, higher performance expectancies 

relate to better learning performances (Bandura, 1997; Dickhäuser, Reinhard, & Englert, 

2011), especially for difficult (learning) tasks (Marshall and Brown, 2004; Reinhard & 

Dickhäuser, 2009). Presumably, higher performance expectancies go along with greater 

persistence and longer sustained effort. If students are certain that their efforts will lead to an 
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intended performance, they show better performances (Schindler, Reinhard, & Dickhäuser, 

2016). Therefore, generating the solution to math problems rather than exercising with 

worked examples should be effective for learners with higher performance expectancies, 

because they assume that their efforts will lead to an intended performance. For learners with 

lower performance expectancies, solving problems may lead to a reduction of efforts and to 

worse performances, because the learner may not believe that the learning task can be 

mastered successfully.  

We tested pupils’ immediate and delayed learning success (after three months) using 

coherent curricular materials on linear functions in a sample of eighth graders. We 

manipulated between-subjects whether pupils studied with a special type of worked examples 

(that reduced self-explanation) or problem-solving. Results show that the effectiveness of 

problem-solving is moderated by one’s performance expectancies and by the posttest time 

point: Pupils with higher performance expectancies showed higher immediate posttest 

performance in the problem-solving condition compared to worked examples. Over time, 

however, this initial advantage of the problem-solving condition could not be maintained at 

the delayed posttest. For those with lower performance expectancies, the pattern was 

reversed: Although immediate posttest performance did not differ, delayed posttest 

performance was higher in the problem-solving condition compared to the worked-example 

condition. Thus, the desirability of generating the solution to math problems depends on 

interindividual differences. 

Summing up the previous considerations to generation-effects, I would assign an 

overall medium utility value due to the wide contextual sensitivity of generation effects. 
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Influential Personality Factors Regarding the Effectiveness in Self-regulated Contexts 

The previous considerations concerned the effectiveness of desirable difficulties in 

regulated learning contexts, and most of the existing research on desirable difficulties 

concerns externally-regulated learning in basic research settings (laboratories), and to a lesser 

extent, in applied or ecological valid settings (classrooms, courses, lectures, training). Self-

regulated learning has only recently begun to be of interest (with a focus on testing and 

spacing, e.g., Kornell & Bjork, 2007). However, much learning takes place outside the 

influence of a researcher or instructor, self-regulated by the learner.8 Thus, learners must 

actively direct how to study, what to study, when to study, and how long to study (Kornell & 

Bjork, 2007). Research on desirable difficulties offers insights for students on the means and 

organization to efficiently tackle their personal learning (Dunlosky, Rawson, Marsh, Nathan, 

& Willingham, 2013): The generation effect recommends to create one’s own learning 

materials, to draw inferences, and to make predictions based on the learning content. The 

testing effect advocates for the use of frequent retrieval events, self-testing by quizzes, 

flashcards, mock exams, and practice problems. The spacing effect advises to avoid mass 

practice over a short period of time in favor of temporary separated learning sessions across 

longer periods. The interleaving effect suggests shuffling different but related learning topics 

rather than studying blockwise. 

Although the benefits of certain desirable difficulties for memory and performance in 

the lab and classroom are robust and sizable, the benefits for personal learning may crucially 

depend on the learners themselves. For example, students may have faulty beliefs about the 

effectivity of desirable difficulties (Bjork, Dunlosky, & Kornell, 2013). They may not apply 

and incorrectly or insufficiently utilize desirable difficulties when studying on their own (e.g., 

Karpicke, 2009). So, what do we know about if and how students use desirable difficulties in 

personal learning? One way to approach this question is by looking at students’ subjective 

judgments on how effective they believe certain desirable difficulties to be (e.g., Karpicke & 

Roediger, 2006; Kornell & Bjork, 2007) and how these judgments influence their actual study 

decisions (e.g., Karpicke, 2009; Pyc & Dunlosky, 2010; Rawson, Dunlosky, & Sciartelli, 

2013; Thiede, Anderson, & Therriault, 2003; Toppino, & Cohen, 2010). Another way is to 

look at students’ self-reported use (e.g., Hartwig & Dunlosky, 2012; Karpicke, Butler, & 

Roediger, 2009; Kornell & Bjork, 2007; McCabe, 2011; Susser, & McCabe, 2013). Neither 

line of research paints a positive picture about students’ metacognitions and usage of desirable 

 

8 Self-regulated learning encompasses the active, self-directive, and constructive process by 
which learners set goals and regulate, monitor, and control their cognition, motivation, and 
learning behavior (Pintrich, 2000; Zimmermann, 2000). 
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difficulties: Students seem to be largely unaware of the benefits of desirable difficulties and 

they seem to underutilize them. Of those desirable difficulties used, testing is most prominent, 

yet it is mainly applied for meta-cognitive reasons (to test one’s understanding) rather than to 

improve one’s actual learning (Kornell et al., 2007), and testing is often adopted ineffectively 

by not completing enough retrieval events (e.g., learning to a criterion of three; Dunlosky & 

Rawson, 2015). Unfortunately, survey research suggests that students often resort to largely 

ineffective study activities like rereading.9  

Students, however, vary greatly with respect to their learning motives and personal 

dispositions, which are known to influence their learning approaches (e.g., Somuncuoglu & 

Yildirim, 1999; Vermut & Donche, 2017; Vermunt & Vermetten, 2004) as well as their 

learning outcomes (e.g., Elliot, McGregor, & Gable, 1999; Mega, Ronconi, & De Beni, 2014; 

Pintrich, 2000). Thus, an important unanswered question remains: How do personality factors 

relate to the degree to which students use desirable difficulties in self-regulated learning? 

Instead of tackling this question from a metacognitive approach, that is, how personality 

characteristics influence meta-cognitive judgments and subsequent study regulation, I argue 

based on a mis-/fit perspective between learner characteristics and desirable difficulties. Such 

a mis-/fit perspective is similar to ideas McDaniel and Butler presented (2011) and does not 

require metacognitive judgments to predict the use of desirable difficulties. Conceiving 

desirable difficulties as (cognitively) effortful learning activities allows to propose the 

following: Students who are more appreciative of challenging learning activities, who are 

more prone to mental engagement, and who have a greater propensity for learning and long-

 

9
 I think that the accumulated and apparently converging findings (of students’ faulty meta-

cognitions and ineffective study habits) from both research lines pose some shortcomings. 
For example, rereading can be effectively used for feedback (e.g., Dunlosky & Rawson, 2015) 
or when implemented in a spaced manner (Rawson & Kintsch, 2005), which is not 
differentiated in survey research yet subsumed under the same “rereading category” and 
interpreted as students favoring an ineffective activity. The survey question can be rather 
artificial and fall short of more realistic study scenarios: In a forced-choice question, students 
had to indicate whether they would repeatedly read a textbook chapter or practice recall of 
the chapter, with overwhelming response in favor of rereading (Karpicke et al., 2009). When 
rephrasing the question now mapping a more realistic scenario of retrieval practice with the 
possibility of restudying afterwards (e.g., Rawson et al., 2013), students’ retrieval practice 
choices increased considerably. Likewise, Ralf Rummer and I both think that the 
interpretation of Judgments of Learning (JOLs) as students having inaccurate meta-cognitions 
favoring rereading over testing long-term is problematic: It is unlikely that higher JOLs for 
mere rereading compared to rereading plus testing (see Roediger & Karpicke, 2006; Karpicke 
& Blunt, 2011) reflect students’ general effectivity beliefs rather than a feedback effect of the 
learning situation, which can be theoretically explained by Koriat’s (1997) cue-utilization 
perspective. Once JOLs would be assessed independently of the feedback of the learning 
situation, JOLs should more accurately depict actual memory (Koriat, Bjork, Sheffer, & Bar, 
2004). 
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term skill acquisition are more favorable and inclined to use desirable difficulties when 

studying on their own (given a match between the learner’s attributes and the learning 

activity). Accordingly, cognitive-motivational learner characteristic should be tied to students 

dis-/liking and dis-/use of desirable difficulties. 

The link of cognitive-motivational student characteristics and desirable difficulties has 

barely received any attention (for a recent exception, see Barzagar Nazari & Ebersbach, 

2018). Yet, general theoretical models of self-regulated learning identify cognitive-

motivational factors (Boekaerts, 1999; Pintrich & Schunk, 2002) as switches for shallow or 

deep processing strategies (Schmitz, Landmann, & Perels, 2007; Vermunt & Donche, 2017). 

Desirable difficulties also can be thought of as deep-learning activities in contrast to shallow 

learning, predominantly utilizing memorizing and rehearsing. Given that the intrinsic 

cognitive motivation to think (Cacioppo & Petty, 1982) and learning orientations (Spinath, 

Stiensmeier-Pelster, Schöne, & Dickhäuser, 2002) both relate to deep learning approaches 

(Cazan & Indreica, 2014; Somuncuoglu & Yildirim, 1999), they also should be related to the 

usage of desirable difficulties in personal learning. Similarly, test anxiety is positively 

associated with surface strategies (Spada, Nikcevic, Moneta, & Ireson, 2006) and multiple 

deficits throughout the learning phase (Cassady, 2004), which may influence the frequency 

of self-testing in favor of repetition approaches. These proposed associations were 

investigated in the following set of studies. 

Need for Cognition Influences Attitudes Toward and Self-reported Use of Desirable 

Difficulties 

In a first set of two studies, we investigated the relationship between Need for Cognition 

(NFC) and the attitude towards desirable difficulties as well as the self-reported application 

of desirable difficulties in self-regulated learning (Weissgerber, Schindler & Reinhard, 2017). 

Students with a higher NFC should be more appreciative and prone to use desirable 

difficulties because of a match between the learner’s attributes and the learning task 

requirements: Cognitively effortful learning conditions will be preferred by students with a 

higher propensity for cognitive challenges. Supporting our hypothesis, we show that indeed 

a higher NFC positively relates to attitudes and use of different desirable difficulties (Studies 

1–2), especially to self-generating of materials and predictions, but weaker and inconsistently 

to interleaving/spacing and self-testing/practicing. While self-generating of contents and 

predictions loaded on one factor, and interleaving/spacing together with self-

testing/practicing loaded on another factor, this two-factor structure was reliably obtained for 

self-reported use, yet for attitudes a one-factor structure did fit. Most importantly, though, the 
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observed relationship between NFC and different desirable difficulties could neither be 

explained by high school graduation grade, indicating academic competence (Study 1, N = 

91), nor by academic self-concept as one’s perception of one’s academic abilities (Study 2, 

N = 93). Therefore, higher levels of intrinsic cognitive motivation to think covaried with 

greater levels of usage.  

Relationship of Achievement Goals to Attitudes and Self-reported Use of Desirable 

Difficulties 

In a third study (N = 97), we examined whether achievement goal motivations 

differentially relate to students’ attitudes and self-reported use of desirable difficulties in 

personal learning (Weissgerber, Schindler & Reinhard, 2016). We argue that different 

achievement goals correspond with different levels of mental engagement, inclination to 

elaborate on learning content, and invested effort. We hypothesized that cognitively effortful 

and long-term oriented learning strategies will be preferred by students with higher intrinsic 

motivation for deeper processing and less avoidance of necessary effort, and by those aiming 

for long-term skill acquisition rather than performance objectives. In line with these 

predictions, students with higher mastery goal orientation reported positive attitudes and more 

application of desirable difficulties. By contrast, students with avoidance goal motivations 

were less favorable and indicated less usage; performance approach goals were unrelated. 

When considering simultaneously all achievement motivations as predictors, as expected 

only mastery goals remained significant. This new finding was robust despite testing against 

an alternative, conceptually related construct: Regardless of controlling for intrinsic cognitive 

motivation (NFC), mastery goal orientation still predicted attitudes and self-reported use of 

desirable difficulties.  

Relationship of Test Anxiety to Utilizing Self-testing in Personal Learning 

(Math) anxiety can influence the relationship between competence and later learning 

success (Weissgerber, Grünberg, Neufeld, Steppat, & Reinhard, 2019), and test anxiety in 

particular may play an important role for the study activities chosen. Accordingly, we 

explored whether test-anxious students leverage the power of testing as a personal learning 

tool (Weissgerber & Reinhard, 2017). We investigated via a survey the degree to which test 

anxiety influences the utilization of self-testing in self-regulated learning. We hypothesized 

that increased cognitive test anxiety would relate to less use of self-testing in favor of 

repetition and rote learning, and thus lead to lower exam grades. Results support this notion: 

The influence of the interference component of test anxiety on exam grades was fully 

mediated by the degree of self-testing. The data suggest that test-anxious students underutilize 
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self-testing. The findings help clarify one reason why test-anxious students underperform, 

and educators could motivate their test-anxious students to rely more on effective study 

approaches. 

In conclusion, learner characteristics do not only play a role as moderators for the 

effectivity of desirable difficulties in externally regulated learning contexts: Even when 

exposed to the same instruction and learning environment, learner characteristics can 

influence later performance and learning outcomes (Weissgerber et al., 2019) via their link to 

self-regulated learning choices (Weissgerber et al., 2016; Weissgerber et al., 2017; 

Weissgerber et al., 2018).  

Thinking back to McDaniel’s and Butler’s (2011) notion of mis-/fit, a difficulty is 

desirable for a learner if it stimulates processes in which the learner does not spontaneously 

engage. Applying this compensatory principle to my findings would mean that prompting 

those learners who do not spontaneously use (or who underuse) desirable difficulties could 

be beneficial to their learning success (provided that they can successfully handle the learning 

activity). Those learners with a greater fit between desirable difficulties as self-regulated 

learning activity and their cognitive-motivational dispositions seem to habitually apply them 

to a greater extent. My findings are corroborated by research showing that successful learners 

are more prone to use (certain) desirable difficulties: High-performing students (relative to 

low-performing students) more frequently endorsed self-testing and spacing (Geller et al., 

2017; Hartwig et al., 2012).  

An open question related to the effectivity and use of desirable difficulties remains: 

Do those learners who would not benefit from using desirable difficulties (as outlined in the 

first part of the synopsis) rightfully avoid desirable difficulties? It remains to be demonstrated 

that encouraging these learners to implement desirable difficulties (to a greater extent) would 

actually aid them. Informing learners that desirable difficulties can be advantageous may 

prove helpful (McCabe, 2011) but not be enough (Kornell & Hausman, 2017) and should be 

complemented by specific instruction and training on how to apply them.  
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Discussion 

The present dissertation concerns factors influencing the effectivity and usage of 

desirable difficulties. Effectivity and usage aspects are both important for successful learning: 

The usage of ineffective learning activities or the non-usage (or misapplication) of effective 

activities undermine learning success. It is therefore important to offer good 

recommendations to learners regarding which desirable difficulties are effective, under which 

circumstances, and for whom. The presented literature and my work both suggest that general 

recommendations about desirable difficulties at the level of main effects are only partially 

justifiable; for example, directing students to “simply use testing or generative activities and 

you will learn well” is not generally true across various learning conditions. Instead, 

recommendations should consider multiple boundary conditions such as time intervals, 

learning materials, learning activities, outcome measures, and student characteristics. For 

example, the literature shows that testing is more effective long term compared to rereading 

but testing and feedback can outperform rereading even short-term (e.g., Pashler, Cepeda, 

Wixted, & Rohrer, 2005, but see also Adespose et al., 2017). My own work on the disfluency 

effect indicates that the specific learning activity, e.g., whether learning with disfluent text 

fonts or scrambled letters, and the time point of the performance test (immediate or delayed) 

both interact. Consequently, the literature and my work both call for more refined 

recommendations, at least at the level of 2-way interactions.10  

Recommendations are ultimately to support the learner, and learners vary with respect 

to a multitude of characteristics. Different ability levels and previous knowledge are variables 

that I reviewed because they have been mostly considered in the literature as effectivity 

moderators, for example with respect to worked examples and problem-solving. The 

importance of the learner is echoed in my study on the relationship of performance 

expectancies, problem-solving, and later test performance, as well as throughout the sources 

cited in the literature review. The presented evidence suggests that specific recommendations 

should also take the learner, and consequently 3-way interactions, into account.  

Existing research furthermore debates the importance of the assessed learning 

outcomes (like recall, comprehension, or transfer, e.g. Adespose et al., 2017; Pan & Rickard, 

 

10
 Note, if we distinguish (short-term) performance and (long-term) learning (Soderstrom & 

Bjork, 2015) and presume that long-term learning is the main goal of education, then we can 
simplify time*activity considerations to more general activity recommendations at the level 
of main effects (e.g., use testing to increase learning success). Yet, this does not hold for the 
other mentioned characteristics (e.g., material, outcome, and learner characteristic) and their 
two-way interactions (e.g., material complexity and learning activity: Chen, Castro-Alonso, 
Paas, & Sweller, 2018; but see also Rawson, 2015). However, overall effect sizes of meta-
analytic results allow some general (albeit limited) recommendations. 
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2017), which means that recommendations may also consider 4-way interactions. Against 

this background, it is not surprising that considerations by McDaniel and Butler (2010) 

theorize 4-way interactions among learner characteristics, learning task, criterion task, and a 

mis-/match between these. Of particular interest in McDaniel's deliberations is the idea of a 

fit between the learning activity and the learner. The general idea of a mis-/fit can interrelate 

the second part of my dissertation to the first part: Part 1 aims at establishing the effectiveness 

of desirable difficulties (if, and under which circumstances). Part 2 aims at illuminating usage 

aspects (who uses the “proven to be effective” desirable difficulties). With respect to the 

degree of utilization, I do not draw on metacognitive judgments as predictors but argue with 

the fit between learners’ characteristics and desirable difficulties: Precisely those learners 

who have a higher fit regarding the (cognitive) requirements of the learning task and their 

cognitive-motivational dispositions use desirable difficulties to a greater extent (e.g., 

desirable difficulties as effortful and cognitively challenging learning activities which target 

lasting skill acquisition are preferred by those with greater proclivity to enjoy cognitive effort 

and strive for mastery and growth). 

The two questions of effectiveness and of self-regulated usage are both fundamentally 

important to what evidence-based educational science (should) aim(s) for: well-grounded 

recommendations illuminating who should use which learning activities in which way and to 

what extent. Such recommendations require, however, a broad knowledge and research base 

on effectivity criteria and spontaneous usage (and implementation) to improve learners’ status 

quo. If the goal is to generate solid and practically relevant recommendations, which are to 

be applied by learners, then the current knowledge and empirical base is insufficient to make 

these well-grounded recommendations: The empirical foundation lacks ecological validity. 

In the following, I will build my case for this apparent research gap. The insufficient 

empirical base has a) specific implications for the interpretation of the practical effectiveness 

of desirable difficulties (are they really that effective in comparison to current control 

conditions?); and b) more general implications for the validity of current learning 

recommendations (are they really more effective than learners’ inter and intra-individual mix 

of study activities?). 

Home Remedy as Control Group – Let Learners Study as They Please 

A new drug should be better than no intervention, better than a placebo, and better 

than the current standard treatment in order to become the recommended treatment. Drawing 

an analogy from medical practices to research on practice-testing, Kornell and colleagues 

(2012) rightly and crucially point out that the value of tests must  be compared to various 
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different learning activities, such as not studying, exact repetition, non-exact repetition, novel 

information, and alternative techniques (and not merely to less effective rereading). Kornell 

and colleagues’ criticism, however, applies not only to testing, but more broadly to desirable 

difficulties whenever the chosen baseline or comparison group is mere (and repeated) 

reexposure (often of exactly the same information) or no exposure at all. 

Surprisingly, research has not compared recommended activities like test-enhanced 

learning to the most natural and current standard treatment of learners: the individual way 

learners study on their own. To say it by means of a medical analogy, is the new drug more 

effective than the home remedy? This may appear to be a provocative idea, apparently being 

at odds with studies showing that students’ meta-cognitions and endorsements of the effective 

technique (e.g., testing) compared to a less effective activity (e.g., rereading) can be 

inaccurate and in favor of the ineffective activity regarding sustainable learning (e.g., 

Karpicke, Butler & Roediger, 2007; Roediger & Karpicke, 2006). Although findings suggest 

that students may choose an ineffective home remedy, this notion’s scope of validity 

decreases for real-world, self-regulated learning, in which students intermix various effective 

and ineffective strategies and in which students schedule learning sessions with respect to the 

amount (e.g., below or beyond criterion) and timing (e.g., massing/spacing).  

There is little known about the effectiveness of these self-regulated approaches 

relative to test-enhanced learning and to other desirable difficulties; it may even be that we 

underestimate these individual strategies. To foreshadow, the few existing experiments with 

mixed-strategy conditions or greater self-regulatory freedom—mirroring more realistic 

student learning—show surprisingly good performance results, especially when retrieval 

practice was included. Thus, I agree wholeheartedly when Kornell and colleagues rightly 

criticize that most of the (pure) control strategies used have been shown to be rather 

ineffective (see Dunlosky et al., 2013), and I add that these control conditions do not reflect 

what learners actually do when studying on their own (see Vermunt & Donche, 2017). I 

suggest adding a new comparison condition to future experimental designs, that is, an 

uninstructed self-regulatory condition as standard practice group. 

To substantiate this idea, I will briefly address the limits of current control conditions 

by reviewing more realistic experimental conditions11 such as mixed-activity conditions, 

including testing + generation or with greater self-regulatory freedom. My considerations 

raise the question about whether we think of learners’ study activities as more ineffective than 

 

11
 I focus on text-based studies without consideration of studies employing word-pair learning, 

which is limited in applicability. However, see Karpicke (2009) for a study with a self-
regulated group for vocabulary word-pairs. 
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they actually are (which is not to say that learners’ utilized study activities are optimal). 

Consequently, a control condition in which learners are free to apply their usual approach 

becomes less strange and more reasonable; following this line of argumentation, it is unclear 

whether our current recommendations are as good as we think they are. 

Current evidence-based research regularly compares two activities (e.g., testing as the 

crucial activity versus rereading as the control condition) in terms of their effectivity (with 

known limitations as discussed by Kornell and colleagues, 2012). Yet, less frequently are 

different activities combined or intermixed and compared to the pure condition (only 

rereading/retesting) and rarely are intermixed conditions pitted against other pairings or 

mixings: Some exemplary exceptions encompass retrieval practice with elaborative prompts 

(Endres, Carpenter, Martin, & Renkl, 2017), generation combined with testing (Weinstein, 

McDermott, & Roediger, 2010), or note-taking combined with rereading or testing (Rummer, 

Schweppe, Gerst, & Wagner, 2017). 

Because an intermixing of activities is less well researched, study recommendations 

are limited and of a relative nature (adopt the more effective strategy among two alternatives, 

for example, use self-testing when the alternative is rereading). It seems warranted, and 

important, to scrutinize various combinations of learning techniques because their interaction 

likely matters. For example, adding another retrieval event to a retrieval-dominated approach 

may provide relatively little additional value (e.g., Roediger & Karpicke, 2006; Exp. 2), while 

adding an elaborative element or feedback may hold relatively greater gains (e.g., Endres et 

al. 2017).  

This is relevant for extending the range of recommendations as it yields insights on 

which activity is to be replaced or added given the interplay with other utilized activities. A 

case in point: The pairing of an ineffective long-term technique (rereading) with an effective 

technique (testing) can substantially boost learning outcomes. When studying expository 

texts, replacing the fourth and final-restudy opportunity with one test opportunity showed that 

long-term performance was nearly up to the level of three consecutive test opportunities in 

Roediger’s and Karpicke’s seminal study (2006, Exp. 2). Likewise, introducing a retrieval-

event prior to rereading improved immediate and delayed recall compared to mere rereading 

and note-taking. With more complex materials, read-recite-review and note-taking were 

similar (McDaniel, Howard, & Einstein, 2009). When note-taking is combined with a single 

test event (rather than rereading), note-taking with retrieval can lead to similar long-term 

recall as two retrieval events (Rummer et al., 2017). Yet, self-generating and answering 

practice test questions compared to experimenter-provided test questions yielded no 

additional improvement (Weinstein, McDermott, & Roediger, 2010). 
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Given that students use multiple techniques in personal learning, which vary in their 

utility (Dunlosky et al., 2013) as well as short and long-term effectiveness, but they 

individually combine them into a unique mix, with underexplored additive, null, or potentially 

diminishing effectivity consequences for the same study time limit, it remains unclear 

whether or not certain poor-evidence techniques or low utility activities actually benefit 

(particular) students in particular situations (see McCabe, 2018).  

Therefore, I like to extend Kornell’s and colleagues’ considerations of “What is the 

value of tests compared to various different learning activities” by asking: “Is practice-testing 

better than the spontaneous individual way learners study? Is implementing testing 

additionally/or as replacement to a particular activity better than the individual way learners 

studied before?” Evidence that practice testing outperforms learners’ personal study approach 

would provide a convincing argument for the broad recommendation of testing in self-

regulated learning. Yet, as of this point and to the best of our knowledge, only one study 

implemented two possible instantiations of this comparison condition with respect to test-

enhanced learning. 

A commendable first step in this direction has been taken by Rawson, Dunlosky, and 

Sciartelli (2013), whose students learned curse-relevant key concepts across multiple spaced 

sessions (successive relearning) to be assessed in actual course exams. They implemented a 

“business as usual” condition, whereby some key concepts had to be studied at home in a 

learner’s individual way, and a self-regulation control condition, in which students could 

freely choose to study, test, or evaluate their learning in any self-chosen order and timeframe 

within a computerized learning environment in the laboratory. By including these comparison 

conditions, exam performance could be compared to an experimenter regulated schedule of 

an optimal testing implementation (achieving three correct criterion recalls by a retrieval–

monitoring–feedback protocol) and the usual (ineffective) rereading-only protocol.  

The results provide a first indication of the recommended, fully regulated three- 

criterion successive relearning approach outperforming the “business as usual” approach. 

Although one may have further expected clear advantages of the computer-assisted spaced 

restudy and self-regulated practice groups, the exam performance for the “business as usual” 

approach was surprisingly good. A conceptual replication repeated the advantage of the three-

criterion group over “business as usual”, but students self-regulated, and unsupervised 

practice of spaced testing achieved similar performance levels as the three-criterion group12 

 

12
 Note, the study also included a cued-recall test 3 and 24 days after the exam showing 

substantially lower scores for the “business as usual” group. Exam performance and recall 
performance are not directly comparable and for what students are prepared (multiple-choice 
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(see also Dunlosky and Rawson (2015) for a study with different self-regulation conditions, 

but without a “business as usual” condition).  

The study by Dunlosky and colleagues provides important comparison conditions and 

tackles the problem that “(…), the typical conditions under which self-testing has been 

examined were highly controlled by the experimenter. That is, participants were not given 

control over the order, timing, duration or even the kind of practice to engage in” (Janes, 

Dunlosky, & Rawson, 2018, p. 231). Comparing practice testing against learners’ 

uninstructed and individual study behavior is a critical comparison that research on testing 

and desirable difficulties lacks. I wholeheartedly agree with Jane and colleagues’ (2018) 

important statement and underscore the practical relevance of it. Evidence-based research on 

the testing effect has not provided much evidence that our recommendations are as good as 

we think they are.  

Given this knowledge gap, it needs to be demonstrated that recommended learning 

activities (and a mix thereof) are better than learners’ idiosyncratic sets of learning activities, 

and I extend the statement of Whitehurst (2010) and Roediger and Pyc (2012): “The gold 

standard of educational innovation for any kind of new educational technique should be a 

strong research base showing that the new method produces positive results relative to 

standard practice” and relative to learners’ idiosyncratic standard practice.  Thus, in self-

regulated learning situations, in which learners govern their studying individually, the 

appropriate comparison condition is learners’ idiosyncratic standard practices.  

I suggest therefore introducing an uninstructed self-regulatory group free to choose 

any activities and order or schedule, either with or without a time limit. Such a comparison 

group could be added additionally to the rereading group and the retrieval practice group, 

which would allow a comparison to the widely used control group of rereading and the 

testing-group, enabling a comparison of students’ standard practice with a known ineffective 

technique and the empirically established effective technique.  

An important aspect when introducing such a comparison condition to experimental 

designs concerns comparability and reproducibility in terms of sample variability and 

unobserved factors. From a methodological point of view, such a standard practice group may 

vary from sample to sample, because it is tied to individuals and thus to sampling variation. 

To not compare apples and oranges across samples, students’ learning activities could be 

recorded (e.g., in the lab via camera or learning protocol and questionnaire, or at home via 

learning diaries) and coded for the type of activity, order, frequency, and duration. To allow 

 

exam) and incentivized (exam grades), their performance was well adjusted compared to the 
untargeted and unincentivized long-term recall. 
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meaningful comparisons within an experimental design across study groups, the group size 

should not be too small due to increased subject and activity variance. One vital point, though,  

is the following: To circumvent these issues without much compromise on ecological validity, 

the realism of the standard practice groups could be taken and applied to experimental groups, 

which could mimic often applied activity mixes and orders in realistic student learning (after 

initial reading, note-taking followed by testing and rereading).13  

To summarize, evidence-based instructional science lacks the evidence to underpin 

the superiority of different (testing) activities and schedules. I suggest including a self-

regulated and uninstructed standard practice group free to choose any activity (mix and/or 

schedule) as a comparison condition in future studies. I think that this comparison group could 

prove fruitful. The overall effectivity of mixed in/effective activities can be similar to (pure) 

effective activities. For example, when looking at experimental conditions in which an 

ineffective strategy (rereading) was combined with an effective activity (testing), 

performance differences to the solely effective activity (mere testing) were less pronounced. 

Mixed learning activities are more realistically adopted as pure learning activities in students’ 

personal study approach and not much is known about the effectivities of these activity mixes. 

Implementing a standard practice group comes with methodological challenges related to 

rigor, comparability, and replicability that need to be addressed (by mimicking realistic 

student learning, like activity mixes, and implementing them in strictly controlled 

experimental designs). However, as evidence-based science, educational research requires an 

empirical underpinning that allows us to confidently know if our recommendations are as 

good as we think they are: If the recommended standard treatment is not better than learners’ 

home remedy, learners would not be well off to implement changes to their learning routine. 

Conclusion 

The reviewed literature and my own work both imply that we can offer learners only 

a few universally valid recommendations, because the effectivity of desirable difficulties is 

tied to different factors and boundary conditions as well as their interplay. Differentiated 

recommendations are thus necessary. In addition, our recommendations are limited because 

the empirical knowledge base lacks ecological validity. In order to provide well-grounded 

and practically adept recommendations, less artificial research studies are necessary: studies 

 

13 Most educational research is based on non-incentivized learning, whereas exam grades 
constitute a potent reward with strong motivational consequences. Moreover, the learning 
materials adopted in experimental designs are often much shorter (e.g., 300 to 1500-word 
texts) than the typical material length that learners actually must master. We propose that 
future studies should more often include greater learning rewards and longer text passages to 
lessen the gap between laboratory research and real-world settings.   
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that include more realistic learning conditions (individual study activities) or that 

experimentally simulate more realistic learning conditions (mixed activities). Although it is 

important to demonstrate the absolute effectiveness of desirable difficulties, evidence should 

also establish the relative effectiveness compared to idiosyncratic learning strategies. 

Advising learners to commonly utilize desirable difficulties—especially those learners whose 

cognitive-motivational disposition does not stimulate habitual use—requires well-grounded, 

ecologically valid research. 
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− Entwicklung der Konzeption: vollständig 

− Literaturrecherche: vollständig  

− Methodenentwicklung: vollständig 

− Entwicklung des Versuchsdesigns: vollständig  

− Datenerhebung: in Teilen  

− Datenauswertung: vollständig  

− Ergebnisdiskussion: vollständig 

− Erstellen des Manuskripts: vollständig 

− Bewältigung des gesamten Review-Prozesses: vollständig 

Zu Nr. 6: 

− Entwicklung der Konzeption: vollständig 

− Literaturrecherche: mehrheitlich  

− Methodenentwicklung: vollständig 

− Entwicklung des Versuchsdesigns: vollständig  

− Datenerhebung: in Teilen  

− Datenauswertung: vollständig  

− Ergebnisdiskussion: vollständig 

− Erstellen des Manuskripts: mehrheitlich  
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Further Manuscripts and Publications 

There exist other side projects, including published research articles, submitted 

manuscripts, or manuscripts in preparation, in which I was involved while working on my 

dissertation. These articles are not an integral part of my thesis but deserve mention. 

Published articles (all in peer-reviewed journals): 

1. Ebersole, C. R., …Weissgerber, S. C., … Nosek, B. (in principle acceptance). Many 

Labs 5: Testing pre-data collection peer review as an intervention to increase 

replicability. Advances in Methods and Practices in Psychological Science. 

2. Hu, C-P., Yin, J., Lindenberg, S., Dalğar, I., Weissgerber, S. C., …, IJzerman, H. 

(2018). Data from the Human Penguin Project: A cross-national dataset testing 

principles from social thermoregulation theory. Scientific Data – Nature, 6, 32. 

3. IJzerman, H., Bialek, M., Novak, S., Tidwell, N., Kraus, S., Ropovik, I., Babincak, P., 

Baník, G., Schütz, A., Menon, M., Sternglanz, W. Collins, W. M., Weissgerber, S. 

C., Sullivan, G. B., Souza de Lima, T. J., & Cunha de Souza, L. E. (In press). Many 

Labs 5: Registered Replication Report of Förster, Liberman and Kuschel’s (2008) 

Study 1. Advances in Methods and Practices in Psychological Science. 

4. IJzerman, H., Čolić, M., Hennecke, M., Hong, Y., Hu, C., Joy-Gaba, J., Lazarević, D., 

Lazarević, L., Parzuchowski, M., Ratner, K., Schubert, T., Schütz, A., Stojilović, 

D., Weissgerber, S. C., Zickfeld, J., & Lindenberg, S. (2017). Does distance from the 

equator predict self-control? Lessons from the Human Penguin Project. Behavioral 

and Brain Sciences, 40, 22–23. 

5. IJzerman, H., Lindenberg, S., Dalğar, İ., Weissgerber, S. C., Vergara, R. C., Cairo, 

A. H., … Zickfeld, J. H. (2018). The Human Penguin Project: Climate, social 

integration, and core body temperature. Collabra: Psychology, 4(1), 37. 

doi:10.1525/collabra.165 

6. Jones, B., …Weissgerber, S. C., …Chartier, C. R. (in principle acceptance). Social 

perception of faces around the world: To which world regions does the valence-

dominance model apply? Nature Human Behavior. 

7. Landy, J. F., …Weissgerber, S. C., ... Uhlmann, E. L. (in press) Crowdsourcing 

hypothesis tests: Making transparent how design choices shape research results. 

Psychological Bulletin. 
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Manuscripts/registered reports submitted for publication (all in peer-reviewed 

journals): 

8. Abel, R., Brunmair, M., & Weissgerber, S. C. (2018). Change one category at a time: 

Study sequence effects beyond interleaving and blocking.  

9. Evans, R., E., …Weissgerber, S. C. (2018). Exploring the consistency and value of 

humour style clusters. registered report at comprehensive results in social psychology. 

10. Weissgerber, S. C., Brunmair, M., & Rummer, R. (2019). Null and void? Errors in 

meta-analysis on perceptual disfluency and recommendations to improve meta-

analytical reproducibility. 

11. Weissgerber, S. C., & Rummer, R. (2018). Home remedy as control group – let 

learner study as they please. 

Manuscripts in preparation: 

12. Weissgerber, S. C., Haverland, S. Wagner, L., Reinhard, M.-A. (2017). Students’ 

perceived competence influences the weighting of effort and performance in grade 

conceptualizations. 

13. Thomas, J., Grey, I., & Weissgerber, S. C. (2017). The misfit-hypothesis revisited: a 

four-nation study of cultural values, cultural fit, and psychological well-being.  

14. Weissgerber, S. C., & Rummer, R. (2018). Learners know more than we think: 

Predicted retention outcomes show better meta-cognitive understanding of retrieval 

practice’s long-term benefits. 

15. Weissgerber, S. C., Klein, R., Van’t Veer, A., IJzerman, H., … (2018). Code review 

as useful tool to improve the accuracy, transparency and reproducibility of analyses. 

Collaborative student replication projects (a peer-reviewed):14 

16. aRegistered Replication Report (https://osf.io/g7fp6/ and https://osf.io/2td9x/) of 

Turri, J., Buckwalter, W. & Blouw, P. (2015). Knowledge and Luck. Psychonomic 

Bulletin & Review, 22(2), 378-390. DOI: 10.3758/s13423-014-0683-5 

17. aDirect replication (https://osf.io/j87rx/ and https://osf.io/t7gw5/) of DeNeys, W., 

Rossi, S., & Houdé, O. (2013). Bats, balls, and substitution sensitivity: Cognitive 

misers are no happy fools. Psychonomic Bulletin & Review, 20(2), 269–273. 

doi:10.3758/s13423-013-0384-5 

 

14a Collaboration with CREP (= Collaborative Replication and Education Project), see 

https://osf.io/wfc6u/ The projects are peer-reviewed. 
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18. aDirect replication (https://osf.io/9vgbz/) of Griskevicius, V., Tybur, J., & Van den, 

B. B. (2010). Going green to be seen: Status, reputation, and conspicuous 

conservation. Journal of Personality and Social Psychology, 98, 343–355. DOI: 

10.1037/a0018589. 

19. aDirect replication (https://osf.io/mxjrt/) of Feng, S., D’Mello, S., & Graesser, A. C. 

(2013). Mind wandering while reading easy and difficult texts. Psychonomic Bulletin 

& Review, 20(3), 586–92. doi:10.3758/s13423-012-0367-y. 

20. bConceptual replication (https://osf.io/375g4/) of Faber, M., Mills, C., Kopp, K., & 

D’Mello, S. (2016). The effect of disfluency on mind wandering during text 

comprehension. Psychonomic Bulletin & Review, 24(3), 914–919.15 

doi:10.3758/s13423-016-1153-z. 

Work in progress: 

There are also two projects I am still working on that are not yet in the manuscript 

preparation phase. The project with Roman Abel is in manuscript preparation phase, while 

the project with Matthias Brunmair is in the coding phase. 

21. Abel, R., & Weissgerber, S. C. (2018). Dissociating retrieval and generative 

processing in initial acquisition within a transfer-appropriate processing framework. 

22. Weissgerber, S. C. & Brunmair, M. (2018). Meta-analysis on the disfluency effect. 

 

15b We thank Faber and colleagues for providing us with their original text and question 
materials. 
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Copies of Published or Submitted Articles 

Appendix A 

Weissgerber, S. C., & Reinhard, M.-A. (2017). Is disfluency desirable for learning? 

Learning and Instruction, 49, 199–217. doi:10.1016/j.learninstruc.2017.02.004 

 

This is the author’s submitted and uncorrected version. Please read the corrected and 

final version published by Elsevier in Learning and Instruction, available online: 

https://www.sciencedirect.com/science/article/pii/S095947521730107X 
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Appendix B 

Reinhard, M.-A.,* Weissgerber, S. C.,* & Wenzel, K.* (2018). Performance expectancies 

moderate the effectiveness of worked-examples and problem-solving over time. 

Manuscript under review. * Shared first-authorship. 

 

This is the authors’ resubmitted manuscript draft after a revise and resubmit decision. 



117 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 118 
 



119 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 120 
 



121 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 122 
 



123 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 124 
 



125 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 126 
 



127 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 128 
 



129 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 130 
 



131 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 132 
 



133 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 134 
 



135 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 136 
 



137 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 138 
 



139 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 140 
 



141 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 142 
 



143 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 144 
 



145 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 146 
 



147 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 148 
 



149 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 150 
 



151 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 152 
 



153 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 154 
 



155 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 156 
 



157 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 



EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 158 
 

 

  



159 EFFECTIVITY AND USAGE OF DESIRABLE DIFFICULTIES 

 

Appendix C 

Weissgerber, S. C., Reinhard, M.-A., & Schindler, S. (2018). Learning the hard way: Need 

for cognition influences attitudes towards and self-reported use of desirable learning 

difficulties. Educational Psychology: An International Journal of Experimental 

Educational Psychology, 38(2), 176–202. doi:10.1080/01443410.2017.1387644 

 

This is the authors’ accepted manuscript version. Please read the final published 

version by Taylor and Francis in Educational Psychology: An International Journal of 

Experimental Educational Psychology available online: 

http://dx.doi.org/10.1080/01443410.2017.1387644 
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Appendix D 

Weissgerber, S. C., Reinhard, M.-A., & Schindler, S. (2016). Study harder? The 

relationship of achievement goals to attitudes and self-reported use of desirable 

difficulties in self-regulated learning. Journal of Psychological and Educational 

Research, 24(1), 42–60. 

 

This is the author’s submitted and uncorrected version. Please read the corrected and 

final version published in Journal of Psychological and Educational Research, available 

online: 

http://www.marianjournals.com/files/JPER_articles/JPER_24_1_2016/Weissgerber_Reinha
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Appendix E 

Weissgerber, S. C., & Reinhard, M.-A. (2018). Pilot study on the relationship of test anxiety 

to utilizing self-testing in self-regulated learning. International Journal of 

Psychological Studies, 10(4), 95–109. doi:10.5539/ijps.v10n4p95 

 

This is the final article version published by the Canadian Center of Science and 

Education (CCSE) in International Journal of Psychological Studies available online: 

http://ccsenet.org/journal/index.php/ijps/article/view/0/37664 
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Appendix F 

Weissgerber, S. C., Grünberg, C., Neufeld, L., Steppat, T., & Reinhard, M.-A. (2019). The 

interplay of math anxiety and math competence on later performance. Manuscript 

submitted for publication. 
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