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Tests have been vastly used for the assessment of learning in educational contexts. Recently, however, a growing body of research has shown that the practice of remembering previously studied information (i.e., retrieval practice) is more advantageous for long-term retention than restudying that same information; a phenomenon often termed “testing effect.” The question remains, however, whether such practice can be useful to improve learning in actual educational contexts, and whether in these contexts specific types of tests are particularly beneficial. We addressed these issues by reviewing studies that investigated the use of retrieval practice as a learning strategy in actual educational contexts. The studies reviewed here adopted from free-recall to multiple-choice tests, and involved from elementary school children to medical school students. In general, their results are favorable to the use of retrieval practice in classroom settings, regardless of whether feedback is provided or not. Importantly, however, the majority of the reviewed studies compared retrieval practice to repeated study or to “no-activity.” The results of the studies comparing retrieval practice to alternative control conditions were less conclusive, and a subset of them found no advantage for tests. These findings raise the question whether retrieval practice is more beneficial than alternative learning strategies, especially learning strategies and activities already adopted in classroom settings (e.g., concept mapping). Thus, even though retrieval practice emerges as a promising strategy to improve learning in classroom environments, there is not enough evidence available at this moment to determine whether it is as beneficial as alternative learning activities frequently adopted in classroom settings.
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INTRODUCTION

In educational settings, tests are widely used to assess learning. A growing body of research, however, has shown that beyond an assessment tool, tests can also be an effective method to increase long-term retention of studied materials (Bjork, 1988; Roediger and Karpicke, 2006a; Karpicke and Roediger, 2008; Karpicke, 2012; Eisenkraemer et al., 2013). Studies investigating the effects of tests in laboratory settings typically involve the comparison between conditions in which participants take low-stakes tests on previously studied materials (i.e., practice the retrieval of the studied information), to conditions in which participants restudy the previously studied materials. Typically, practicing retrieval yields significantly greater long-term retention of the studied materials than just restudying them (e.g., Pashler et al., 2007), a phenomenon frequently termed “testing effect” or “test-enhanced learning.” This effect has been thought to be a promising strategy to improve learning in classroom settings, and has been recommended as an effective and inexpensive learning strategy to be adopted in schools (Roediger and Pyc, 2012). The question arises, however, whether there is enough evidence for such recommendations. That is, is there a sufficient amount of evidence provided by applied research demonstrating that the testing-effect can promote learning in actual educational contexts? In order to approach this issue, we review here studies that assessed the testing-effect in real educational settings. We focused our analysis on the types of tests these studies used, on the control conditions they adopted, on whether they found corrective feedback beneficial, and most importantly, on whether they were really beneficial for learning in such contexts.

Prior laboratory research have used several types of tests for the practice of retrieval, which can be broadly characterized as free-recall, cued-recall, and recognition tests. In typical free-recall tests, participants are first presented to a series of stimuli (e.g., lists of unrelated words), and are later asked to remember as much of the presented stimuli as they can. In cued recall tests, participants are asked to remember stimuli that were previously associated with specific cues. Thus, in a typical cued-recall paradigm, participants could first see pairs of words in the study phase, as for instance, “house”–“computer.” After an interval, they could be asked to remember the word “computer” when the word “house” was presented again (“house”–“_______”). Finally, in recognition tests, participants are asked to discriminate between studied and unstudied materials. For example, participants may study a series of words and in a later moment see the studied words among unstudied words. The participants' task would be to indicate which words were “old” (i.e., studied) and which were “new” (i.e., unstudied). All these tests have been shown to elicit reliable testing effects in laboratory settings (e.g., Carpenter et al., 2006; Roediger and Karpicke, 2006b; Smith and Karpicke, 2014). In educational settings, however, the format of these tests are often different. Free-recall tests often can take the format of exercises wherein students are asked to retrieve previously studied materials without external support; cued-recall can take the format of fill-in-the-gaps or short-answer tests; and recognition tests can take the format of multiple-choice tests.

An important question for both laboratory and classroom research, is whether these different types of tests are differently effective in eliciting testing effects. Contemporary theories of cognitive psychology propose that memory retrieval is based primarily on two processes, namely, a subjective sense of familiarity (i.e., a sense of knowing that a given stimulus was encountered before), and a more detailed recollection of contextual features of prior events. These retrieval processes are termed familiarity and recollection, respectively (Yonelinas, 2002). Several studies show that performance on free-recall and cued-recall tests are heavily dependent on recollection, whereas performance on recognition tests can be based on familiarity only, or in a combination of familiarity and recollection (Yonelinas and Parks, 2007). Thus, because recollection consists in a more elaborative retrieval of studied information, and involves the reinstatement of episodic/contextual features of the original study event, according to current testing effect theories free- and cued-recall tests are expected to produce greater testing effects than recognition (Carpenter, 2009; Karpicke, 2017). Although several reports are consistent with these prediction (e.g., Stenlund et al., 2016), a recent meta-analysis suggested that this is not always the case (Adesope et al., 2017). The meta-analysis actually shows that recognition tests in the form of multiple-choice tests are at least as effective as free- and cued-recall in reproducing testing-effects. Thus, in the current article we examined whether in educational settings the type of test used for retrieval practice is an important factor for learning. Furthermore, the aforementioned meta-analysis showed that retrieval practice is beneficial for primary, secondary, and post-secondary students, but it did so by collapsing laboratory and classroom studies. Those authors, therefore, did not examine whether retrieval practice is beneficial for students from specific age ranges in actual educational contexts.

Another important question for the implementation of the retrieval practice in classroom environments concerns the type of control condition the retrieval practice is compared to (Kornell et al., 2012). Although the effectiveness of retrieval practice for memory retention is typically assessed by its comparison to a restudy condition (e.g., participants reread the studied materials), the latter is known to be a particularly weak learning strategy (Callender and McDaniel, 2009). Prior laboratory experiments, however, have shown that even when testing is compared to stronger learning strategies, testing remains advantageous (Karpicke and Blunt, 2011). To verify whether such findings are replicable in classroom settings, we describe and discuss the type of control conditions implemented by each reviewed study. Because adopting retrieval practice in classroom settings may entail abandoning other teaching activities, knowledge concerning which strategies are advantageous or disadvantageous in contrast to retrieval practice is particularly important for the well-informed application of retrieval practice in school environments.

Finally, in laboratory settings, corrective feedback has been shown to enhance learning in multiple-choice tests (Butler et al., 2007; Butler and Roediger, 2008) and to enhance learning when participants have low confidence on their responses (Butler et al., 2008). The results of the aforementioned meta-analyses (Adesope et al., 2017), however, suggest that the testing effect was similarly elicited whether feedback was provided or not. Thus, although more laboratory research will be necessary to elucidate the conditions in which feedback may be more or less advantageous for retrieval practice, an important question for educational purposes is whether feedback is beneficial for retrieval in classroom contexts. This question is approached in the current review.

Thus, overall, the central questions of the current review are (1) whether the testing effect is replicable in educational settings; (2) whether there are types of tests that are more (or less) beneficial than others in educational contexts; (3) whether the potential benefits of retrieval practice are more prominent to specific age-ranges in educational settings (4) whether retrieval practice remains beneficial when compared to “stronger” control conditions in the classroom; (5) whether corrective feedback enhances the benefits of retrieval practice in classroom settings; and (6) based on the answer for the questions above, whether the current applied literature is substantial enough to instill the recommendation of retrieval practice in school environments.

Considering the importance of these questions for educational purposes, it is surprising that so few reviews on this topic have been reported so far. An early meta-analytic review (Bangert-Drowns et al., 1991) showed that testing is advantageous for learning in classroom settings, however, the types of tests used in the reviewed studies and the presence or absence of feedback were not considered by those authors. Three more recent meta-analytic reviews considered the application of the testing effect to educational contexts focusing on the influence of testing on students' achievement (Phelps, 2012; Schwieren et al., 2017), or included studies conducted in classroom settings as a moderator in the analysis (Adesope et al., 2017). Although they were all favorable to the use of retrieval practice in educational contexts, due perhaps to the meta-analytic procedures they adopted, no detailed description of how retrieval practice was applied to educational settings was provided. Specifically, no comparisons were made among the applied testing-effect research regarding issues as type of test, age of students, type of study task, type of course, and so on. Indeed, in these meta-analyses the applied research was considered only as a moderator, and no analysis considering the differences among the selected applied studies were conducted. Two further testing-effect meta-analytic reviews did not approach the testing effect on classroom environments (Rowland, 2014; Pan and Rickard, 2018).

Regarding the narrative reviews conducted so far, the review reported by Roediger and Karpicke (2006b) included a section about the application of the retrieval practice to educational contexts. Because most experimental studies on testing effects were conducted in the last decade, the only articles these authors cite on this section are the aforementioned meta-analysis (Bangert-Drowns et al., 1991) and one empirical study (Leeming, 2002). The remaining narrative reviews do not include analysis focusing on detailed educational applications of the testing effect (Dunlosky et al., 2013; Eisenkraemer et al., 2013).

In general, there are several differences between laboratory and educational environments, as for example, the amount of information students are required to learn, the motivation to learn the studied materials, the way the to-be-learned materials are presented, and perhaps more importantly, the differences in the amount of distraction existing in each of these environments. In spite of these differences, recommendations have been often made in favor of the adoption of retrieval practice in classroom environments, which are based mostly on laboratory studies (Roediger and Pyc, 2012; Dunlosky et al., 2013). Furthermore, no review study have shown so far whether the extant literature concerning the applied testing effect gives sufficient support for the ample use of retrieval practice in educational settings. Thus, in contrast to prior reviews on retrieval practice, the current study has a specific focus on the application of the retrieval practice to educational settings. Because retrieval practice can be applied in many different ways, detailed descriptions of how this application was conducted in each study are crucial for future research, or for future applications of such practices to actual classroom contexts. Thus, in sections dedicated to each type of test, and subdivided according to age (from older to younger students), we first summarize the testing procedures of each study, and then conduct integrative discussions focused on each type of test. Overall conclusions and recommendations for future research are proposed toward the end of the article.

METHOD

In order to select the articles for the present work, we searched the databases Web of Science, PubMed and Google Scholar, for keywords or titles containing the terms “testing effect,” “test-enhanced learning,” “retrieval practice,” “applied,” and “classroom,” during the first semester of 2018. To complement the search, further searches were conducted in the reference lists of the selected materials, and in the reference lists of prior reviews on testing effect (e.g., Dunlosky et al., 2013; Adesope et al., 2017). No restriction concerning date of publication was applied. Since the goal was to review studies that were applied to educational contexts only, all articles reporting laboratory studies were excluded. Thus, the inclusion criteria for the selection of studies were (1) articles should present empirical studies; (2) the focus of the experiment should be on the retrieval practice; (3) studies should focus on typically developing individuals; (4) experiments should be applied to actual educational environments in the sense that (a) the to be learned materials were directly related to the content normally exposed and evaluated in particular courses/disciplines, and (b) most phases of the study were conducted in classroom settings, or, in the case of computer-based tests, on platforms frequently used by the studied educational institutions.

RESULTS OF THE LITERATURE REVIEW

After an initial screening based on title and abstract, 67 articles were found from the relevant keywords. These articles were then fully examined according to the inclusion criteria, which resulted in the selection of 23 articles (see Table 1), all reporting experiments conducted in actual classrooms (see inclusion criteria above). Below, each selected article is briefly described and discussed, focusing mainly on type of test, control condition, and on whether feedback was provided or not. The subsections are structured according to type of test, moving from “shallower” to “deeper” types of tests (Craik and Tulving, 1975), and then approaching studies that contrasted or combined different types of tests. Within each subsection, we begin by reviewing studies that recruited undergraduate or medical school students as subjects, and then review studies recruiting high school or elementary school children. The rationale for this organization is to approach first the studies that are more similar to the typical laboratory experiments, and examine whether the usual testing-effect is replicated when just the environment is changed (i.e., from the lab to actual educational contexts), and subsequently verify whether the effects are also replicated for younger participants.


Table 1. Main procedures used in the reviewed articles.
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Thus, below we begin by discussing the current evidence (if any) in favor of the application of multiple-choice tests to educational settings.

Do Multiple-Choice Questions Increase Learning in the Classroom?

Multiple-choice questions are frequently used to evaluate learning, since they are easy to administer and easy to grade. The question then is whether multiple-choice tests can be a useful strategy to enhance learning in the classroom. We found four studies examining this question in undergraduate and medical students, and three studies examining this question in elementary school children.

In the study conducted by Balch (1998), undergraduate students in an introductory psychology class were divided in two groups, the “practice-exam” group and the “review-exam” group. Participants in the practice-exam group received a multiple-choice test with questions similar in format and content, but not identical, to the questions they would later encounter in a final exam. Responses to such questions were followed by corrective feedback. Participants in the review-exam group were asked to read the same questions, along with their answers, and to rate them in a 4-point scale regarding their expectancy of finding these questions again in the final test. In the final test, a week later, students from the practice-exam group exhibited superior performance than participants from the review-exam group.

Batsell et al. (2016) assigned undergraduate students enrolled in an introductory psychology course to a control group, which received daily readings; and to a quiz group, which received daily readings and completed daily multiple-choice quizzes on the readings. Students from both groups performed three exams containing multiple-choice questions throughout the semester. The questions of the exams were divided in three types: identical questions (identical to the quizzed questions), new questions, and similar questions. The similar questions covered topics that had been quizzed, but were substantially different from the questions of the quizzes applied before. The use of daily quizzes improved performance on identical, similar, and new questions compared to the no-activity (“control”) condition. Notably, feedback was not given in this study, and the testing effect was assessed only for materials studied in the textbook (i.e., not studied in the classroom).

In the study reported by Daniel and Broida (2004), undergraduate students enrolled in psychology classes were assigned to one of three conditions: no quiz, in-class quiz, and web-based quiz. In the in-class quiz condition, students responded to quizzes (i.e., 10 chapter-based questions) during the first 15 min of each class. In the web-based quiz condition, the same quizzes were available online for the students during the 24 h preceding each class (for 15 min once they get started). In both conditions, students received immediate feedback of their performance on each quiz. In the no quiz condition, students did not complete any kind of quiz, nor did they have access to them. Performance was assessed in four multiple-choice and/or short-answer tests throughout the semester. As expected, the in-class quiz group performed significantly better than the no-quiz group. However, the performance of the web-based quiz group did not differ significantly from the no-quiz group. The authors later discovered that students were resorting to various strategies to cheat while taking the online quiz. Thus, to avoid this, some changes were made in the online quiz. Specifically, the 10 questions of each quiz were randomly selected from a pool of 100 questions, and the time to complete each quiz was reduced from 15 to 7 min. After those changes, both experimental groups (i.e., web-based quiz and in-class quiz) performed similarly and significantly better than the no quiz group in two further examinations.

Kibble (2007) also examined whether online quizzes enhance learning, but also examined whether the use of quizzes could be increased through a reward system. Quizzes were available to students from five different classes of physiology (approximately 350 students per class) to get them prepared for their usual middle- and end-of-semester exams. Two quizzes were available before each exam, and corrective feedback was given after the second quiz. For each of the five classes, the quizzes were offered within different reward models. In model 1, no incentive was given for the completion of the quizzes; in model 2, 0.5% of the grade was given for those who accessed the quizzes; in model 3, 1% of the grade was given for those who responded correctly to 30% of the quizzes or more; in model 4, 1% of the grade was offered according to the scores obtained in the best of two attempts to complete the quizzes; and in model 5, 2% of the grade was given using the same criteria of model 4. In the class of model 1, as no incentive was offered for the completion of the quizzes, only 52% of the students performed them. Those who completed at least one quiz in this group, performed significantly better than those who did not perform any quiz (i.e., a “no activity” control condition). In the other classes, incentives increased dramatically the access to quizzes, resulting in a very small number of students who did not take any quiz. Interestingly, greater incentives led some students to take quizzes incorrectly, using previously written notes or the help of other people. These students, who achieved a score close to 100% in their first attempt, did not achieve a grade as good as the students who used the two attempts to complete the quiz.

The four studies investigating whether multiple-choice tests are beneficial for medical school students and for undergraduate students show positive results. Below, the three studies assessing multiple-choice tests in children are reviewed.

In the study reported by McDaniel et al. (2011) there were three experiments in which 8th grade students performed three consecutive multiple choice “quizzes” on science contents, followed by corrective feedback. The first quiz was applied before class (students had been instructed to read a text about the lesson at home), the second quiz was applied immediately after class, and the third quiz was applied 24 h before each unit exam (20 days after the first quiz, on average). Overall, participants who were quizzed showed increased performance in the unit, end-of-semester, and end-of-year exams in comparison to participants who were not quizzed. Interestingly, quizzes administered 24 h before the unit exams increased performance not only in the unit exams, but in the end-of-semester exams as well. This effect persevered even when earlier quizzes were absent, suggesting that conducting multiple-choice tests before exams can be an effective tool to improve both exam performance and long-term retention. The findings of McDaniel et al. (2011) were replicated in a follow-up study (McDaniel et al., 2013) in which 9th graders were recruited and the format of the questions were different on each of the three quizzes (i.e., some questions focused on applications of the concepts and others on the definitions of the concepts). As in McDaniel et al. (2011), students received feedback after each quiz, and retrieval practice was compared to “no activity.” Positive effects of quizzing were found for questions focusing on both the application and the definition of the studied concepts.

Roediger et al. (2011) conducted three experiments in 6th grade social studies classes. In the first experiment, a series of multiple-choice quizzes were administered: (a) pre-test quizzes, administered immediately before class; (b) post-test quizzes, administered immediately after class; (c) review tests, administered a few days after class; (d) chapter exams, administered about 2 days after each review test; and (e) a late exam, which was administered at the end of the semester (about 1 or 2 months after study). The quizzes (pre-test, post-test, and review test) covered all the taught materials and consisted of 4-alternative multiple-choice tests, followed by corrective feedback. The chapter exams consisted of an initial free recall test covering all contents of the chapter, followed by multiple-choice questions about quizzed and unquizzed items. Students exhibited greater performance at the chapter exams for quizzed than for unquizzed materials, and such enhanced performance was replicated in the later exams. In the second experiment, a control group that just read the quiz questions was included, and the enhanced retention of quizzed materials found in experiment 1 was replicated in the chapter exam, and partially replicated in the late (end-of-semester) exam. Finally, in the third experiment, students were encouraged to use a website to test their learning. The website could be accessed from the students' homes, and offered different kinds of tests, including games requiring responses to relevant questions. This experiment differed from experiments 1 and 2 by keeping only pre-test quizzes (i.e., post-test and review tests were removed). In total, eight pre-test quizzes were given throughout the year. In the chapter exams (multiple-choice and short-answer) and in the end-of-semester exam (multiple-choice, administered 1–3 months after the target materials were initially studied), the effect of test persisted for pre-tested items, despite of whether participants used the website or not. Overall, this study shows that taking multiple-choice tests can benefit later performance in multiple-choice and short-essay tests, suggesting that such practice is flexible in the sense that practicing retrieval in one type of test can enhance performance in a different type of test.

In summary, we found seven studies examining whether multiple-choice tests were beneficial for learning in classroom settings either for young adults (4 studies) or children (3 studies). In all seven studies, multiple-choice tests were beneficial for learning. From these studies, only one did not include feedback (Batsell et al., 2016), and only two studies compared retrieval practice to a reread condition (Balch, 1998; Roediger et al., 2011), while the remaining five studies compared retrieval practice to “no-activity.” Interestingly, in all seven studies the retrieval practice questions differed from the questions used to probe learning. Some differed in terms of the final test adopted (regular exams, short-essays, short-answers), and others only in the manner the questions were exposed (e.g., application vs. definition of concepts). When these differences were directly approached, testing effects were equally strong for both different and identical questions (e.g., McDaniel et al., 2013; Batsell et al., 2016).

In spite of the overall favorable results of multiple-choice tests for students of various ages, because multiple-choice was compared only to “no-activity” or to reread, it is still unclear whether it is as beneficial for learning as alternative learning strategies (e.g., concept mapping). Furthermore, in the only study without feedback, multiple-choice was compared to “no-activity.” Thus, the question remains whether multiple-choice tests alone (i.e., without feedback) are beneficial when compared to an actual control condition. This is an important issue to be addressed by future research, and will be further approached in the discussion section.

Does Asking Students to Fill in Gaps Increase Learning in the Classroom?

The studies reviewed above suggest that multiple-choice tests are beneficial to learning in classroom settings. Does a slightly more “difficult” type of test elicit similar results? In the studies reviewed below, students were required to fill-in-the-gaps of texts. Such test is analogous to cued-recall tests, a type of test known for eliciting strong testing effects in laboratory settings (Kang et al., 2007). We found only two studies examining this type of test in educational contexts.

The first was reported by Vojdanoska et al. (2010), involved undergraduate students, and was divided in three phases. In the first phase participants attended to a 10 min long Power-point presentation about adult development. The presentation included short videos and contained at least 24 relevant items of information. In the second phase, which was immediately after the first, participants responded in groups or individually to a test containing 16 fill-in-the-blanks questions (out of the 24 relevant items). Importantly, half of these questions were followed by feedback. In the third phase, which was held a week later, participants responded to a final test, which included the 16 questions presented in the second phase and the remaining 8 untested questions. A further group of participants (control group) skipped the first and second phases, and performed just the final test. The data showed that students who were subjected to the first and second phases showed greater performance than the control group in the final test. More importantly, participants showed greater performance for questions that had been tested in comparison to untested questions, and greater performance for questions followed by feedback than for questions not followed by feedback. Conducting tests individually or in groups resulted in indistinguishable performance at the final test.

In the second study investigating fill-in-the-gap tests in educational contexts (Jaeger et al., 2015), 3rd grade children read a 321-word encyclopedic text about the Sun, which contained 20 key terms. After reading the text twice, students either read the text twice again, or received the text with the 20 key terms missing, and had to write them down in the appropriate gap (e.g., The superficial layer of the sun is called ________ [photosphere]). Importantly, corrective feedback was not provided in this study. Seven days later, in the final multiple-choice test, students in the “fill-in-the-gaps” condition had a very superior performance. Also, measures of individual differences in IQ and reading skills conducted in this study suggest that practicing retrieval can benefit any children within the normal range of these abilities.

In summary, we found only two studies investigating the impact of fill-in-the-gaps tests on the retention of educational materials. One of these studies recruited undergraduate students and the other 3rd grade children. Both showed positive testing effects after a 1 week interval. Beyond the differences between these studies in terms of the age of the participants, they also differed in terms of the learning materials (i.e., Power-point presentation vs. an encyclopedic text), in terms of the restudy condition adopted, and in terms of whether feedback was present or absent. Regarding the control condition, Jaeger et al. (2015) compared retrieval practice to rereading, while Vojdanoska et al. (2010) compared retrieval practice to “no-activity.” Feedback, on the other hand, was absent in the study reported by Jaeger et al., and was an independent variable in the study reported by Vojdanoska et al. The results of the latter showed that the benefits of testing were enhanced when feedback was provided. Thus, although the number of studies assessing the application of fill-in-the-gap tests to actual classrooms remains small, this simple retrieval practice seems promising, especially taking into account that it is easy to apply, it is not time consuming, and it is relatively easy to correct and to provide feedback.

Do Short-Answer Tests Increase Learning in Classroom Settings?

As fill-in-the-gaps tests, short-answer tests are analogous to cued-recall tests, which is often used to study memory in laboratory settings. Such tests are thought to elicit stronger testing-effects relative to multiple-choice tests (Carpenter, 2009; Karpicke, 2017; although see Adesope et al., 2017). Thus, we expected that studies using short-answer tests during retrieval practice would show stronger testing-effects in classroom settings. We found eight studies examining the potential benefits of using short-answer tests in classroom settings. Four of the eight studies recruited young adults as participants, one recruited adolescents (high-school students), and three recruited elementary school children.

Among the studies with young adults, one study recruited medical residents (pediatrics and emergency) and three recruited undergraduate students enrolled in biology and psychology classes. In the study in which medical students were recruited (Larsen et al., 2009), participants attended to lectures about myasthenia gravis and epilepsy. Half of the participants were tested on epilepsy, and restudied (i.e., read review-sheets about the lectures) myasthenia gravis, while the other half was tested on myasthenia gravis and restudied epilepsy. Test and restudy sessions were held both immediately after the lectures, and after a 2 weeks interval, and they were followed by corrective feedback (i.e., a sheet with the correct answers). In a final test, administered 6 months after the second restudy/test session, materials tested with short-answer questions were significantly more remembered than restudied materials.

The study reported by Wiklund-Hörnqvist et al. (2014) verified whether short-answer tests are more beneficial than restudy for the retention of cognitive psychology concepts. After learning 57 cognitive psychology concepts through assigned readings, a lecture, and a further short reading about the concepts, undergraduate students (enrolled in a cognitive psychology class) either restudied each concept and its respective definition (i.e., reread it), or remembered and then typed the name of the each concept after reading its definition. Both restudy and retrieval practice were repeated six times for each concept and were performed individually in a computer. Corrective feedback (i.e., the actual correct answer) was provided after each short-answer response. Retrieval practice showed greater retention than restudy in short-answer tests administered 5 min, 18 days, and 5 weeks after the retrieval and restudy sessions were finished.

In the study reported Carpenter et al. (2016), introductory biology undergraduates performed terms' definition exercises that were followed by the recall or the copy of the studied terms' definitions (e.g., Polar body: a cell produced by asymmetric cell divisions during meiosis). After their responses, a corrective feedback was given. Five days later, all students completed an unexpected quiz assessing the information learned from the exercises. Their results showed that only high-performing students (as assessed by prior course exams) were benefited by recalling the definitions of the terms, while low- and middle-performing students were more benefited by copying the definitions than recalling them.

Lyle and Crawford (2011) assessed the potential effects of short-answer questions provided in the end of each class of a statistics course. The authors of the study taught this course to psychology students in two consecutive years. Tests were administered only at the second year, and performance at the first year served just for comparison. The short-answer questions were projected on a whiteboard during the last 10 to 15 min of each class. Students were required to write down and submit their responses before leaving class. At the beginning of each class, the correct answers (i.e., feedback) for the questions from the previous class were projected on the whiteboard (and posted on the course website), and participants were free to review their responses and make further questions before new materials began to be taught. In order to motivate students to perform the tests, they counted for 8% of the course grade. Performance of students in the comparison group (without tests in the end of the classes) and students in the test group were assessed by four multiple-choice tests distributed throughout the semester. The exam questions did not use the same wording as the test questions, but their main contents were the same. In three out of the four examinations of the course, participants who did take tests performed significantly better than participants who did not. In addition, it was also found that the students' scores in the end-of-the-class tests were positively correlated with the grades obtained in the exams.

The four studies assessing the use of short-answer tests as a learning tool for undergraduates and medical school students showed promising results. They all showed positive results, except for Carpenter et al. (2016), who found that only students who exhibited high performance in prior exams were benefited by performing short-answer tests. This is an important finding, which will be further approached in the Discussion section. Below, we turn to studies examining the application of the testing effect in high school (1 study) and elementary school (3 studies).

In the study with high-school students (age-range = 15 to 16 years), Dirkx et al. (2014) examined whether retrieval practice benefits the learning of principles and procedures of probability. The students were assigned to a restudy or a retrieval condition. Both groups first read an 899-words text about probability calculations. The participants assigned to the restudy condition reread the same text three times more, performing in total four study sessions (SSSS). The participants assigned to the retrieval practice condition, performed tests after the initial reading, read the text again, and performed the same tests a second time (STST). Note that corrective feedback in this case consisted in the second study phase. The tests were 10 short-answer questions in which participants either applied to a novel situation a principle/procedure of probability calculation read in the original text, or remembered factual information read in the text. Thus, participants assigned to the retrieval practice condition performed both types of test. A posttest containing factual knowledge and principle-application questions (short-answer) were administered again 1 week after the learning phase was finished. Performances on both types of test (factual or application of principles) were equivalent; nonetheless, both tests were significantly more beneficial than restudy.

In the study conducted by Carpenter et al. (2009), 8th grade students responded to short-answer questions about history contents. The questions comprised materials exposed to students during class, in discussions, notes, reading assignments, and handouts. The tests (and restudy) were administered 1 week (“immediate review” group) or 16 weeks (“late review” group) after the first exposure of the students to the to-be-learned materials. The tests were in the form of simple history questions (Who assassinated President Abraham Lincoln?) to which participants should provide a short response (John Wilkes Booth) followed by corrective feedback (i.e., the correct response). Restudy was identical, except that the correct answer was shown all the time and participants just reread it. A final test administered 9 months after the students had completed the review, showed increased long-term retention for tested items relative to restudied or studied-only items, an increase that was even greater for the 16 weeks relative to the 1 week group.

The study reported by Lipko-Speed et al. (2014) involved 5th graders and focused on the science contents that are typically studied in this grade, namely, light and sound (experiment 1), and geography (experiment 2). This study comprised four sessions. The first and second sessions were administered with an interval of 48 h between them (on Monday and Wednesday of the same week). The third and fourth sessions were administered 1 week later, also with a 2 day interval between them (on Monday and Wednesday of the following week). In the first session, all participants studied 20 key terms and their definitions (e.g., What is sound? Form of energy that you can hear that travels through matter as waves). Five of the 20 key terms were then assigned as controls, and not presented again until the fourth session (final test). During the second and third sessions, the remaining 15 key terms were assigned to three conditions (five to each condition). In the “test” condition, participants were required to type the definitions of each key term (What is sound? ___________); in the “test-plus-feedback” condition, participants received feedback after typing the definition of each key term, and in the “study” condition, each definition was presented again, and participants reread them in a self-paced manner. Finally, in the fourth session (final test), students were asked to type the concept of all 20 key terms. Items assigned to the test-plus-feedback condition were better remembered in the final test than items that were just tested or restudied. Surprisingly, however, the contrast between the recall of tested items (without feedback) vs. restudied items in the final test was not significant, suggesting that feedback was essential to increase learning.

Finally, the study reported by Goossens et al. (2016) investigated whether remembering the description of words was more beneficial for vocabulary learning of 2nd, 3rd, 4th, and 6th graders than copying the descriptions of words. The experiment started with the children receiving the definitions of the words through illustrations and conversations with the experimenter. After this, the children performed several textbook exercises with the learned words, including exercises involving copying (restudy) and remembering (retrieval practice) each word description. The exercises were distributed over 2 or 4 weeks, and the effectiveness of retrieval practice was assessed by short-answer tests administered in the end of each week, and by a final multiple-choice test administered from 1 to 11 weeks after the exercises were finished. No corrective feedback was provided. In both short-answer and multiple-choice tests, retrieval was no more beneficial than restudy. Actually, for the 3rd grade children restudy was even more beneficial than retrieval in both tests.

Thus, from the four studies with high school and elementary school children, two were not very favorable to the use of retrieval practice in class. More specifically, in one study with 5th graders the testing-effect was beneficial only when followed by feedback (Lipko-Speed et al., 2014), and in another it was not reliably beneficial for children from different grades (i.e., 2nd, 3rd, 4th, and 6th graders; Goossens et al., 2016). This raises the question of whether short-answer tests are indeed a beneficial learning strategy for elementary school children. Note that the remaining two studies showing positive testing effects for children included actually 8th graders (Carpenter et al., 2009) and high school adolescents (Dirkx et al., 2014). Thus, more research will be necessary before recommendations of short-answer tests can be made for children below the 8th grade.

Considering all short-answer studies, the differences between studies that did elicit testing-effects relative to studies that did not seem to be related to the type of restudy condition. Note that rereading (Carpenter et al., 2009; Dirkx et al., 2014; Wiklund-Hörnqvist et al., 2014), reading summaries of lectures (Larsen et al., 2009), or attending to the final minutes of a lecture (Lyle and Crawford, 2011) were among the control conditions of the studies showing positive testing-effects. When tests were compared to activities involving copying written materials, retrieval practice was not advantageous (Goossens et al., 2016), except for high-performance students (Carpenter et al., 2016). These results highlight the importance of the control condition to determine whether retrieval practice is successful, and brings into question the capability of retrieval practice to yield greater retention than alternative learning conditions (i.e., learning conditions other than restudy or “no-activity”). This possibility is further approached in the discussion section.

Finally, feedback was provided in all studies showing positive testing-effects. Conversely, the only study contrasting the presence vs. the absence of feedback showed that the testing effect occurred only when feedback was present (Lipko-Speed et al., 2014), and the only study not adopting feedback showed no testing-effects (Goossens et al., 2016). Although the reason for the absence of reliable testing effects here may be related to the age of the participants (see above), these findings suggest that feedback may play an important role when short-answer tests are used for retrieval practice, although as discussed later, more research will be necessary to assess this possibility.

Does Free-Recall Benefit Learning in Classroom Settings?

In free-recall tests, individuals are asked to produce (i.e., recall) previously studied information without the help of cues. Such type of test has been shown to produce strong testing effects in cognitive psychology laboratories (e.g., Roediger and Karpicke, 2006b). To assess the effectiveness of such type of test in the classroom is rather challenging, however. The materials used in class are typically presented in a less controlled manner than it is presented in laboratory settings. That is, while in laboratory settings participants might encode lists of words, often controlled for concreteness, frequency, number of letters, which are presented individually and for a predetermined amount of time; in the classroom, materials are often presented in lectures, texts, and discussions, which are conducted in groups including several students.

Perhaps because of these difficulties, only one study to date investigated whether conducting free-recall tests could be an effective strategy to improve learning in classroom settings. The study was reported by Dobson and Linderholm (2015), and involved two phases. In phase 1, students of an anatomy and physiology course studied one out of three passages describing structures and concepts of (1) cardiac electrophysiology, (2) ventilation, and (3) endocrinology. Each passage had a little more than 600 words, and the study of each passage was conducted in different conditions. That is, each student (a) read one of the passages three times in a row (R-R-R), (b) read another of the passages and then reread it while taking notes (R-R+N), and (c) read the remaining passage, completed a free-recall task, and then read it again (R-T-R). The free-recall task consisted of writing down in a blank sheet as many concepts and definitions from the passage as possible. Immediately after this, and once again 1 week later, participants performed multiple-choice tests on the studied contents. In the first test (immediate), no significant difference in performance between the R-T-R and R-R+N conditions was found, although performances on both conditions were better than performance in the R-R-R condition. In the delayed test (1 week later), however, performance in the R-T-R condition was greater than performances in the other two conditions. In the second phase of the study, the results of the first phase were presented to the participants, and they were encouraged to use the superior R-T-R strategy to get prepared for the remaining course exams. The use of such strategy significantly increased performance on the course exams, suggesting that when students adopt self-testing in their preparation for exams, learning can be significantly improved.

Even though a large number of laboratory studies posits free recall as an excellent practice to enhance long-term retention (Dunlosky et al., 2013), this is the only study examining free-recall in actual educational settings we found. It included two control conditions, namely, a restudy only condition (R-R-R) and a study-plus-taking notes (R-R+N) condition, and the test condition was more beneficial than both when memory for the studied materials was assessed 1 week later (see Roediger and Karpicke, 2006b, for similar results in laboratory settings). Because a retrieval condition without feedback was not included (e.g., R-T-T), it is not possible to infer whether feedback was actually necessary for the success of the free-recall retrieval practice (i.e., would this effect persist without feedback?). Thus, future work should examine the role of feedback for this type of test, as well as examine whether the benefit of retrieval practice over the other learning strategies persist after longer intervals.

Contrasting Different Types of Tests

The two studies reviewed below examined separately the effects of different types of test on learning. More specifically, they compared the testing effects produced by short-answer vs. multiple-choice tests. Such comparison can be highly informative since it can yield a clearer notion of which of these tests (if any) is more beneficial to learning in classroom settings.

In the study reported by Ramraje and Sable (2011), medical school students enrolled in Pathology classes were assigned to one of three treatments: (1) multiple-choice tests administered in the end of the class, (2) short-answer tests administered in the end of the class (3), absence of tests in the end of the class. After 3 weeks, all students completed an unexpected test comprising multiple-choice and short-answer questions. As expected, both multiple-choice and short-answer tests resulted in greater performance relative to no test in the later tests. Surprisingly, however, in both final tests participants who performed multiple-choice tests showed greater performance than participants who performed short-answer tests.

The study reported by McDermott et al. (2014) comprised a series of experiments involving 7th-grade science and high school history contents. In all experiments, students took intermittent quizzes (short-answer or multiple-choice, both with corrective feedback), and performance on unit-exams and end-of-semester exams were analyzed. The quizzes were administered immediately before the materials were taught (prelesson quiz), immediately after the materials were taught (postlesson quiz), and 1 day before the unit exam (review quiz), which took place a few days after the postlesson test. Both multiple-choice and short-answer questions were projected on a screen in front of the classroom, and the research assistant read the questions aloud to the students. The students responded within a limited amount of time by using clickers or writing down their responses in a paper sheet. The restudy condition consisted in projecting the question with its most appropriate answer. The results were clearly favorable to practicing retrieval relative to restudying the materials. More importantly, short-answer and multiple-choice questions were equally effective in enhancing the retention of the studied materials.

Overall, from the studies examining multiple-choice vs. short-answer tests, one did not include feedback and compared retrieval practice to “no-activity” (Ramraje and Sable, 2011), while the other did included feedback and compared retrieval practice to a reread condition (McDermott et al., 2014). Even though both studies were favorable to the use of multiple-choice and short-answer questions relative to restudy or no-activity, multiple-choice tests showed some advantage over short-answer in one of the studies (Ramraje and Sable) and was equivalent to short-answer in the other (McDermott et al.). Taking into account the positive results encountered in the studies using exclusively multiple-choice questions (see section Do Multiple-Choice Questions Increase Learning in the Classroom?), and the application and grading advantages of this type of test, such strategy arises as a promising approach to be used in classroom settings.

Combining Different Types of Tests

The studies below assessed whether the concomitant use of different types of tests in the retrieval practice condition (e.g., short-answer + short-essay) is beneficial for learning in classroom settings. Even though such combinations may be useful in classroom contexts, they may preclude a clear notion regarding whether a specific type of test is more or less beneficial than other types of test. In spite of this experimental caveat, we discuss below the three studies we found that adopted such approach. Noticeably, all the three studies recruited undergraduate students in psychology and physiology classes.

Leeming (2002) investigated whether short-answer and short-essay tests were beneficial for learning in two regular classes of an introductory psychology course (i.e., Introductory Psychology, and Learning and Memory). While half of the students performed only the usual three examinations during the semester, the remaining students performed daily tests during the whole course. The daily tests lasted from 10 to 15 min and consisted of two short-essay questions taken from the book adopted in the course, and five short-answer questions based on the content of the texts and the content of the lessons. Participants in the control condition had regular classes during the retrieval practice period (i.e., the last 10 or 15 min of each class). Immediately after each daily test, the researcher commented and corrected the inappropriate responses (i.e., provided corrective feedback). All participants took a final test about 6 weeks after the classes were finished. The final test contained short-essays, multiple-choice, and fill-in-the-gaps questions about the issues covered by the daily tests. The results showed that the students who performed daily tests had better performances on the final test than the students who did not take them.

Cranney et al. (2009), assessed the benefits of “fill-in-the-gaps” and multiple-choice tests in two experiments. The first experiment was divided in three phases: (1) initial learning, (2) review and (3) final memory test. In the initial learning phase (1), all students watched a video about Psychobiology, which consisted in an introduction on brain signaling and brain structures. In the review phase (2), students were assigned to one of the following groups: (a) groups of 4 to 5 people performed a quiz about the video collaboratively, (b) students completed the same quiz individually, (c) students read a summary of the video and highlighted the most important parts and had 2 min to ask any questions, and (d) students did not re-engage with the video information (i.e., “no-activity”). In the conditions including responding to quizzes (i.e., groups a and b), students had to answer multiple-choice and fill-in-the-gaps questions about the film (e.g., the hippocampus is part of the ________ system [limbic]), and all their answers were followed by corrective feedback. In the final memory test (3), 1 week after the review phase, participants who performed quizzes in groups showed greater performance than participants who performed quizzes individually (and from those who performed no quiz). In experiment 2, the group quiz condition was excluded, and participants in the individual quiz condition showed greater performance than participants in the restudy or “no-activity” conditions.

Burdo and O'Dwyer (2015) assessed the potential benefits of short-answer and multiple-choice tests for learning. In their study, undergraduate students enrolled in a physiology class were assigned to three groups. Group 1, attended to 12 encounters during the semester to review the studied materials using the concept mapping method (Novak, 2010; see also Karpicke and Blunt, 2011). Group 2 attended to 12 encounters in which the retrieval of the studied materials was practiced. To perform the retrieval practice, students were divided into small groups and had to elaborate short-answer and multiple-choice questions using the available written materials as much as they felt necessary. They then exchanged the questions with each other so that other members of the group could answer the questions (without access to written materials). The questions then returned to their authors to be corrected, and then correct and incorrect answers were discussed among the group members (i.e., corrective feedback). Group 3 (control group) did not attend to such extra-class meetings as the other two groups did. Learning in each of these conditions was assessed through the course's final grade and five tests placed during the semester (4 unit tests covering materials studied in specific units and 1 cumulative final test). The analyses showed that in the units' tests and in the final grade, students in the retrieval practice group (i.e., group 2) showed no significant higher performance than the other two groups, except in the second unit test, and only when it was considered separately. Furthermore, even though no significant differences were found in the final exam, the control group had a numerically greater performance than the other two groups in this exam.

In sum, three studies examining the use of two types of test in combination were found. In all of them, undergraduate students were recruited as subjects, and corrective feedback was provided. Benefits of testing were yielded when retrieval practice was compared to attending to the remaining minutes of a lecture (Leeming, 2002) or compared to read and highlight a summary of a video presentation (Cranney et al., 2009). When retrieval practice was compared to concept mapping, however, no reliable effects of test were yielded (Burdo and O'Dwyer, 2015). Thus, reliable effects of retrieval practice were found only when relatively “weak” control conditions were adopted. Furthermore, these results are uninformative regarding the importance of feedback, because a condition “without feedback” was not adopted by any of them.

DISCUSSION

The reviewed studies are overall encouraging about the use of retrieval practice to enhance learning in classroom settings. Reliable testing-effects were yielded for all experimental conditions in 19 of the 23 reviewed studies (see Table 1). Thus, the response to the first and more general question of the current study, which was whether the testing effect is reproducible in educational settings, is overall positive. Below we discuss the remaining questions raised in the introduction, namely, whether there are types of tests that are particularly beneficial to enhance learning, whether retrieval practice is advantageous for different age ranges in school environments, whether retrieval practice remains beneficial when compared to different types of control conditions, and whether feedback is useful to enhance testing effects in classroom settings. After discussing these questions, we turn to discuss whether there is enough evidence for the recommendation of retrieval practice for actual educational contexts, and discuss further issues observed in the reviewed studies that are potentially important for future research and for future applications of retrieval practice to classroom settings.

Does the Type of Test Matter?

Among the reviewed studies, 8 studies used short-answer tests, 7 used multiple-choice tests, 3 used two types of test combined (unfortunately, without comparing them), 2 contrasted short-answer to multiple-choice tests, 2 used fill-in-the-gaps, and 1 used free-recall. Positive testing effects were yielded for all types of tests. More importantly, however, only studies using short-answer tests (Lipko-Speed et al., 2014; Carpenter et al., 2016; Goossens et al., 2016) or short-answer along with multiple-choice (Burdo and O'Dwyer, 2015) showed absence of testing effects (see Table 1). Furthermore, from the 2 studies directly comparing short-answer to multiple-choice, one found no difference between these tests (McDermott et al., 2014), while the other found that multiple-choice tests yielded actually greater retention than short-answer (Ramraje and Sable, 2011).

The absence of testing-effects for short-answer tests found in some studies (e.g., Goossens et al., 2016), or the disadvantage of such test relative to multiple-choice found in one study (Ramraje and Sable, 2011), are inconsistent with the predictions of current theories of retrieval practice (Carpenter, 2009; Karpicke, 2017), and inconsistent with several laboratory findings (Carpenter and DeLosh, 2006; Stenlund et al., 2016). Notably, such inconsistencies may be caused by differences between educational and laboratory contexts. Perhaps because in educational contexts students are more exposed to distractions, such distractions preclude the more controlled memory search needed for cued-recall tests to enhance memory retention (Karpicke, 2017). Recent findings, however, suggest that cued-recall tests under divided attention conditions still elicits reliable testing effects (Mulligan and Picklesimer, 2017), a finding that is at odds with this possibility. Alternatively, the reason for absence of testing effects in a subset of the reviewed short-answer studies may be related to further characteristics of the studies, as for example, the age of the participants or the type of control condition adopted by the researchers.

Is Retrieval Practice Beneficial for All Ages?

Fourteen of the 23 reviewed studies involved undergraduate or medical school students, and retrieval practice was beneficial in most cases, except in Carpenter et al. (2016) wherein it was beneficial for high performers only; and in Burdo and O'Dwyer (2015) wherein it was not beneficial whatsoever. In both these studies showing absence of benefits, short-answer tests were used during retrieval practice. Interestingly, when multiple-choice and fill-in-the-gaps tests were administered instead of short-answer tests, individuals from all age ranges were consistently benefited. Considering the 8 studies involving children and the one study involving high school students, short-answer tests were not beneficial for children from the 6th grade and below (Lipko-Speed et al., 2014; Goossens et al., 2016), when feedback was not provided. A reason for this resides perhaps in the difficulties that short-answer tests present for children. As mentioned above, short-answer tests (i.e., cued recall) involve a controlled memory search, which can be impaired by distractions, especially in children, since their cognitive control abilities are still developing (Davidson et al., 2006). Future research should verify whether such performance deficiency in controlled memory tests is further replicated in children, elucidating whether such tests can be beneficial for children when feedback is not provided.

Retrieval Enhances Learning in Comparison to What Control Conditions?

As can be seen in Table 1, among the reviewed studies, the most common control conditions were “no activity” (11 studies) and rereading (8 studies). Further than that, 2 studies compared retrieval practice to attending to lectures (i.e., the final minutes of lectures), 2 to copying written materials, 1 to taking-notes, 1 to reading review sheets of attended lectures, 1 to read and highlight the summary of a video, and 1 to using concept mapping.

Interestingly, when retrieval practice was compared to rereading or “no-activity” only one study involving 5th graders failed to elicit testing-effects, and only when feedback was absent (Lipko-Speed et al., 2014). Thus, testing-effects seem to be easily yielded in classroom settings when retrieval practice is compared to “no-activity” or to rereading. Notably, however, the comparison between retrieval practice and rereading is somewhat problematic, as rereading has been shown to be a considerably weak learning strategy (e.g., Callender and McDaniel, 2009). The comparison of tests with “no activity” has an even greater limitation, that is, participants are more exposed to studied materials in the retrieval practice than in the control condition (Kornell et al., 2012). Thus, the comparisons between retrieval vs. rereading and retrieval vs. “no activity” conducted in the reviewed studies show that practicing retrieval is more advantageous than using particularly weak learning strategies, and more advantageous than using no strategy whatsoever.

Among the 4 studies showing absence of testing effects, 2 compared retrieval to copying written materials (Carpenter et al., 2016; Goossens et al., 2016), 1 compared retrieval to concept mapping and “no-activity” (Burdo and O'Dwyer, 2015), and 1 compared retrieval to rereading or “no-activity” (Lipko-Speed et al., 2014). Therefore, 3 out of the 4 studies failing to show testing-effects used learning strategies that are evidently stronger than “no-activity,” and possibly stronger than repeated reading. A potential conclusion from these findings is that in classroom contexts retrieval practice is as beneficial for learning as traditional classroom activities.

Alternatively, however, the failure of these studies in revealing testing effects may have been caused by limitations inherent to their designs. For instance, in the study reported by Burdo and O'Dwyer (2015), reliable testing effects were absent when retrieval was compared to concept mapping, but also when retrieval was compared to “no-activity,” suggesting that the short-answer tests conducted by those authors were perhaps particularly inefficient in eliciting testing effects. In the study reported by Goossens et al. (2016), on the other hand, retrieval practice and restudy were interspersed with additional classroom exercises, precluding the attribution of the absence of testing effects exclusively to the conditions of interest. Thus, future research will be necessary to verify whether the use of retrieval remains advantageous when it is compared to activities that involve deeper levels of encoding (Craik and Tulving, 1975) than activities such as rereading or “no-activity.”

In sum, testing effects were clearly yielded in classroom settings when retrieval practice was compared to relatively “weak” learning strategies (e.g., rereading, highlighting, attending to a few minutes of lectures), or when compared to “no-activity.” Testing effects failed to be yielded when retrieval was compared to concept mapping (Burdo and O'Dwyer, 2015), even though such comparison elicited robust testing effects in laboratory settings (Karpicke and Blunt, 2011); and failed to be yielded when retrieval was compared with activities involving copying written materials (Carpenter et al., 2016; Goossens et al., 2016). Future research should verify whether these failures are consistent, even when other types of tests are used (e.g., free-recall, multiple-choice).

Is Feedback Useful to Promote Testing-Effects in Classroom Settings?

Feedback was fully provided in 17 of the 23 reviewed studies, was completely absent in 4, and was treated as an independent variable in only 2. From the 17 studies with feedback, only 2 failed to show testing effects, whereas from the 4 studies without feedback, only 1 study failed to show testing effects. Thus, most studies found successful testing effects, independently of whether feedback was provided or not. The most appropriate manner to determine whether feedback enhance the effects of retrieval, however, is by comparing test conditions with and without feedback in the same experiment (i.e., treating feedback as an independent variable), as in Lipko-Speed et al. (2014) and Vojdanoska et al. (2010). From these 2 studies, 1 found testing effects only when feedback was provided (Lipko-Speed et al., 2014) and 1 found testing effects regardless of whether feedback was provided or not (Vojdanoska et al., 2010). Thus, even though feedback has been shown to enhance testing effects in laboratory settings (e.g., Butler and Roediger, 2008, although see Adesope et al., 2017), it remains unclear whether it is advantageous in classroom settings. Notably, when feedback is provided for all experimental conditions, it becomes difficult to isolate the effects of retrieval from potential effects of feedback (Karpicke, 2017). Thus, as in Lipko-Speed et al. (2014) and Vojdanoska et al. (2010), future research should examine the necessity of using feedback in classroom settings by directly comparing conditions in which feedback is provided to conditions in which feedback is not provided.

Does the Current Applied Literature Sustain the Recommendation of Retrieval Practice in Schools?

The current literature suggests that retrieval practice can be a useful learning tool in educational settings. This is in consonance with the idea that tests can be recommended as a strategy for learning in actual educational contexts (Roediger and Pyc, 2012). Caution should be taken, however, when replacing other learning activities by retrieval practice. It is well-demonstrated by the reviewed studies that retrieval practice is significantly more beneficial than “shallow” learning strategies, as reread for example. Further research is still needed to elucidate whether retrieval practice is more beneficial than more “active” learning strategies, as concept mapping, for example.

Further Issues Concerning Study Materials, Time of Retention, Motivation, Collaborative Testing, and Individual Differences

The current review showed that testing effects can be yielded in classroom settings for different age ranges, for different study materials, and when different intervals between study and retrieval practice are adopted. Regarding study materials, positive testing effects were found for topics as diverse as 7th grade science and history (McDermott et al., 2014), high school probability calculations (Dirkx et al., 2014), and college level anatomy and physiology (Dobson and Linderholm, 2015). Finally, the reviewed studies showed that the interval between study and retrieval practice is not determinant for the testing effects to occur in classroom settings. Studies using both short (e.g., Vojdanoska et al., 2010) and long study-retrieval intervals (e.g., Carpenter et al., 2009) successfully yielded long-term testing effects.

Another important issue for the application of retrieval practice in classroom contexts concerns the motivation of students to engage in such practice. Only 1 study manipulated this issue directly (Kibble, 2007), showing that students performed multiple-choice quizzes considerably more frequently when their engagement in quizzes was incentivized with small percentages of the final grades. The result of this study is very promising, and future research will be needed to examine whether the reward schedules adopted by those authors can be successfully applied to different types of tests (e.g., short-answer).

Although the remaining studies did not manipulate motivation, several included materials that were actually covered in final exams or unit exams, a fact that can perhaps enhance the motivation of students to engage in retrieval practice. As can be seen in the Table 1 (column “Materials for actual exams?”), in all studies using multiple-choice tests, participants practice retrieval with contents that would be queried in later actual exams. Conversely, in only one study using short-answer tests participants practiced retrieval with contents queried in actual exams. It is not clear whether this is a contributing factor for the absence of testing effects in a subset of the short-answer studies. Future research should investigate this issue more closely, especially because short-answer tests are supposedly more effortful than more “passive” learning techniques (Pyc and Rawson, 2009), and motivation may be an important factor for the engagement of students in such type of test.

Only two studies examined whether performing tests collectively is more beneficial than performing tests individually. In both, undergraduate students were tested in psychology classes. In one of them, fill-in-the-gaps tests were equally beneficial when performed individually or in groups (Vojdanoska et al., 2010), while in the other, fill-in-the-gaps and multiple-choice tests were more beneficial when performed collectively than individually (Cranney et al., 2009). Thus, using retrieval practice collectively seems to be an effective alternative to improve learning in college level classes. It is at least as beneficial as retrieval practice performed individually.

Finally, it is important to note that only two of the reviewed studies approached the issue of individual differences. They showed that IQ differences were not determinant for the strength of testing effects in 3rd grade children (Jaeger et al., 2015), and that only students exhibiting high performance in prior course exams were benefited by short-answer tests in an introductory biology class (Carpenter et al., 2016). The lack of applied retrieval practice studies observing individual differences is surprising, given the importance of such differences in educational contexts. This deficiency in the literature, nonetheless, probably reflects a general lack of retrieval practice studies approaching individual differences. The only studies examining this issue in laboratory settings showed that retrieval can be beneficial for individuals with different neurological conditions (Sumowski et al., 2010a,b), for individuals from various age ranges (Tse et al., 2010), for individuals with low general-fluid intelligence and low episodic memory capacities (Brewer and Unsworth, 2012), for individuals with high working memory capacities and low test-anxiety scores (Tse and Pu, 2012), and showed that retrieval practice is not particularly beneficial for individuals with attention-deficit hyperactivity disorder (Dudukovic et al., 2015). Thus, examining the benefits of retrieval practice taking into account individual differences is certainly a very promising avenue for future research, both in applied and laboratory contexts.

Summary of Main Findings

As discussed in the Introduction section, our main goal was to approach a set of questions concerning the application of retrieval practice to educational contexts. Below, these questions are reiterated and followed by answers we have drawn from the findings of the reviewed studies.

(1) Is the testing effect replicable in real educational settings? Yes, since the majority of the reviewed articles found positive answers for this question.

(2) Does the type of test matter? The type of test matters. Multiple-choice and fill-in-the-gaps were shown to be highly beneficial for students. Short-answer tests, on the other hand, were not so consistently beneficial. These findings, however, should be considered in light of the type of control conditions used in each experiment and in light of the age of the participants (see questions 3 and 4 below).

(3) Does the age of the students matter? Age matters when the type of test is considered. That is, children in the 6th grade and below were not benefited by short-answer tests (Goossens et al., 2016), unless feedback was provided (Lipko-Speed et al., 2014). Children of this age range, however, were consistently benefited by multiple-choice (Roediger et al., 2011) and fill-in-the-gaps (Jaeger et al., 2015) tests.

(4) Is retrieval practice advantageous in comparison to “stronger” control conditions? In classroom settings, retrieval practice was shown to be more beneficial for learning than particularly “superficial” learning strategies, as reread; and shown to be more beneficial than performing no-activity whatsoever (i.e., the “no-activity” condition). However, the benefits of retrieval practice disappeared when tests were contrasted with more “active” learning strategies, as concept mapping (Burdo and O'Dwyer, 2015) or with the copying written materials (e.g., Goossens et al., 2016). Thus, given the reviewed research, retrieval practice is more beneficial than “weak” or “superficial” learning strategies, but it does not seem to be more beneficial than “stronger” learning strategies.

(5) Does corrective feedback enhances the benefits of retrieval practice? Considering the reviewed literature, it is not possible to infer that feedback is significantly beneficial for retrieval practice in educational contexts. Retrieval practice can definitely be beneficial without feedback, but too few (and heterogeneous) studies compared conditions with and without feedback to elucidate the real contribution of adding feedback to testing.

(6) Is the current applied literature substantial enough to instill the recommendation of retrieval practice in school environments? Yes, but caution should be taken concerning the activities that will be substituted by retrieval practice, since so far it is only possible to conclude that retrieval practice is more beneficial than reread or “no-activity” in actual educational contexts.

CONCLUSIONS

The reviewed articles show that testing effects can be in general successfully reproduced in classroom settings, with typical classroom materials. The types of control conditions and the age of the participants seem to have an important role in the success of retrieval practice, however. That is, retrieval practice was not reliably beneficial when compared to concept mapping or activities involving the copy of written materials, and when short-answer tests were used with children. These findings are important for educational purposes, especially if the adoption of retrieval practice implies the abandonment of other class activities. The question then is whether retrieval practice is more beneficial than the activities it may potentially replace. Future research should explored this issue by comparing retrieval practice to activities typically administered in class, instead of comparing retrieval practice with repeated reading or “no-activity.” Thus, although considerable work should be done to elucidate these issues, the reviewed studies show that retrieval practice in the form of multiple-choice and fill-in-the-gaps tests are a promising learning strategy to be used in classroom settings.
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