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Self-testing is one of the most reliable and powerful memory benefits known
to cognitive science. Unfortunately, many students omit this strategy in favor of less
effective study techniques such as restudying. The superiority of self-testing to
restudying is known as the testing effect (e.g., Roediger & Karpicke, 2006a). Applied
interventions have been used to attempt to increase self-testing behaviors in
student populations, but have so far been unable to draw strong conclusions due to
the indirectness of their measurements and incompleteness of their experimental
design. Furthermore, these past interventions have been conducted entirely in
person, limiting their practical utility relative to the use of an on-demand and
widely distributable format. In the present investigation, two experiments were
conducted to demonstrate the effectiveness of the Quiz-Me online intervention that
seeks to elicit increased use of the testing effect with (Experiment 1) or without
(Experiment 2) an in-person lecture component, as well as with (Experiment 2) or
without (Experiment 1) random assignment to a control intervention. These
experiments also improved upon past research by using more direct assessment of
study strategies that students appreciate and use, by assessing individual

differences in psychological characteristics, and by establishing benchmark levels of



student conversion from “restudiers” into “self-testers.” Results indicate that in-
class lecture components are necessary for eliciting large-magnitude changes to self-
testing appreciation and adoption, but that online interventions are nonetheless
effective. Despite being smaller in magnitude, they are more strongly associated
with changes to testing effect appreciation and changes to strategy use than a
control intervention. These findings can be used by instructors and the developers of
educational tools to refine the characteristics of future interventions into raising

awareness and use of the testing effect among students.
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INTRODUCTION

It should come as no surprise to educational instructors that students often
engage in suboptimal learning strategies and exam preparation behaviors. Still, it
is one of the great ironies that the people with whom academic researchers and
professors interact on a daily basis continue to exhibit a sizeable disconnect
between their strategies used and those that have been known from years of
research to reliably enhance learning outcomes. To the extent that empirically
verified psychological principles go unused, the value of this research is curtailed.
The present investigation describes the development and implementation of an
educational intervention meant to rectify this unfortunate disparity between the is
and the ought of student learning strategies by increasing the awareness and use of
self-testing.

In a thorough and influential review of the psychological research on learning
strategies, Dunlosky, Rawson, Marsh, Nathan, and Willingham (2013) identified
practice testing (or self-testing, also known as retrieval practice), along with
distributed practice, as the strategies with the highest utility and educational
benefits available to learners. The finding that practice testing is associated with
substantially increased learning outcomes relative to other common strategies like
restudying was summarized in a meta-analysis by Rowland (2014), who analyzed
159 effect sizes from 61 qualifying studies on the benefits of testing and found a
median effect size of g = .55, which can be interpreted like Cohen’s d and therefore

represents a difference of about half a standard deviation in performance between



conditions engaged in practice testing compared to conditions engaged in
restudying. A more recent meta-analysis of the benefits of self-testing, this time of
195 relevant studies, found a similar effect size of g = .51 (Adesope, Trevisan, &
Sundararajan, 2017). Another recent meta-analysis assessed the benefits of
retrieval practice over restudy for the transfer of learning across contexts, and even
in these novel situations testing was associated with strong memory benefits and an
associated effect size of d = .40 (Pan & Rickard, in press). These reliable benefits of
taking practice tests over restudying information is termed the testing effect and has

been the subject of prolific psychological and educational research (Figure 1).
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Figure 1. Number of publications returned in Web of Science search
categorized by search term including “testing effect,” “retrieval practice,”
or both. Conducted 4/3/17.



Despite its reliable benefits for student learning outcomes, the self-testing
strategy often goes underappreciated and underutilized. Karpicke, Butler, and
Roediger (2009) found that only 54% of the Washington University sample they
surveyed reported solving practice problems or using the self-testing strategy when
studying, compared to 84% who said they would re-read their notes or textbook.
Moreover, only 13.5% said they used self-testing most often, compared to 54.8% who
would re-read their book or notes most often. Even when students do use self-
testing, 68% do so for its indirect metacognitive benefits in which they learn which
topics deserve more study, whereas only 18% do so intentionally for the direct
mnemonic benefits (Kornell & Bjork, 2007). Clearly, student appreciation and use of
the testing effect is far below the levels warranted by its documented educational
benefits.!

Much of the empirical testing effect research has been focused on
demonstrating the testing effect across a variety of sample characteristics and
procedural details such as materials, test format, and retention interval. Such
studies have illustrated the wide applicability of the testing effect in both lab-based
and ecologically valid contexts, perhaps most importantly within actual classroom
environments. For instance, McDaniel and colleagues (e.g., McDaniel, Roediger, &

McDermott, 2007; Roediger, Agarwal, McDaniel, & McDermott, 2011; see also

1 Recent research has demonstrated that there exists considerable variability in the
use of practice problems and self-testing across samples. Taken together, the results
of Yan, Thai, and Bjork (2014), Hartwig and Dunlosky (2012), McAndrew, Morrow,
Atiyeh, and Pierre (2016), and Geller et al. (2017) demonstrate an average of
68.75% of students reporting the use of practice problems or self-testing, with a
standard deviation of 15.65% between studies.



Roediger & Karpicke, 2006b, for a review) have demonstrated that testing effects
are reliably elicited in the classroom, thereby emphasizing the educational
opportunity that practice tests hold for students using authentic course materials.
Despite these advances to our understanding of the reliability and ecological
validity of the testing effect, much less research has been conducted in the attempt
to empower students with the propensity towards voluntary self-testing.

Only a handful of studies have been conducted that sought to modify
students’ exam preparation behaviors by teaching them the utility of self-testing.
For instance, Young, Healy, Jones, and Curran (2016) sought to determine whether
providing brief lectures on the benefits of self-testing and periodic reminders to use
practice tests would be effective in increasing self-testing usage and academic
performance. To this end, two of four lab sections associated with a college statistics
course were provided a 5 min lecture on the testing effect. This lecture consisted of
one slide that showed Figure 1 of Roediger and Karpicke (2006a), which was
described by the lab instructor, and the following conclusion was emphasized:
“Information that was quizzed earlier was remembered far better than information
only restudied.” Students were then encouraged to take practice quizzes to enhance
their memory, and in the week prior to each in-class exam, lab instructors
announced the availability of practice tests and encouraged students to take them.
Two labs in the control condition were given no such lecture on the testing effect,
but were made aware of the availability of practice tests on the course website.

Throughout the semester, the 68 students were asked questions in the primary



statistics lecture hall using an iClicker device. Several of these questions were part
of the present experiment, such as “While preparing for the last test, which best
describes how you made use of the practice test?” Answer options included “I went
through and answered questions like I would on a real test,” “I used it like a study
guide to identify important concepts and skills for later study,” “I tried to memorize
the answers that were provided,” and “I prepared in other ways, without using the
practice tests.” Other questions took the form of “For the last test, did you X?”

%«

where X cycled through the options “study the notes and lecture slides,” “make up

your own practice test and test yourself,” “look over your past homework and lab

2«

assignments,” “rework problems from homework and lab assignments,” and “work
through problems in the book that were not required for homework.” Response
options were Yes, No, and Somewhat. It was hypothesized that the experimental
condition (the labs presented with the brief lecture on the testing effect) would
demonstrate more behaviors representing self-testing strategies and fewer
behaviors representing restudying strategies. Contrary to this hypothesis, a series
of chi square analyses revealed no substantial differences in the pattern of student
responses by condition. Subsequent analyses further revealed no differences
between the groups in terms of exam or course grades. Therefore, the simplest
potential solution to the problem of students’ ignorance of the testing effect was not

effective in increasing self-testing behaviors. Clearly, different interventions would

be required.



If a lecture-based intervention was not effective in raising self-testing rates,
what kind of intervention might be more promising? Insight could be potentially be
gained from DeWinstanley and Bjork (2004). In their experiments, they succeeded
in raising use of the generation effect, a learning strategy similar to the testing
effect but which occurs during initial construction of information rather than
retrieving information previously encoded (Karpicke & Zaromb, 2010). Their
intervention (of a lab rather than a classroom sample) was successful because
subjects were exposed to two learning conditions, one that required them to
generate information (letters were missing from critical to-be-encoded words), and
another that required them to simply read comparable text. After taking a test on
this information (without feedback provided), they were given the same two-
condition task again, this time with new text content. Whereas the test on the first
set of content was associated with a clear benefit of generating rather than reading
information, this benefit was eliminated on the second test. This significant
condition-by-test-number interaction on test performance was interpreted by the
authors as evidence that subjects had become aware of the mnemonic disadvantage
of read-only items and then subsequently engaged in enhanced processing of these
read-only items for compensation. The results by DeWinstanley and Bjork (2004)
thus provide evidence that direct experience with the deficiency of one strategy
relative to another might motivate and elicit use of that preferable strategy in the

future.



Following this rationale, Young et al. (2016) designed two lab experiments
that sought to elicit self-testing behavior after students had experienced both a
restudy and a self-testing condition. In these experiments, students were asked to
study learning materials (statistics concepts in Experiment 1, n = 106, and chemical
element paired-associates in Experiment 2, n = 135), followed by re-studying half of
the content and taking a practice quiz on the remaining half. After this review
phase, subjects were given a test on what they had learned, and feedback was
displayed to indicate whether the respective trial had previously been restudied or
practice-tested. This feedback was provided to contrast the memory benefits
provided by these two learning strategies and hopefully to make explicit the
strategy comparison that was left implicit by DeWinstanley and Bjork (2004).
Therefore, unlike the class-based quasi-experiment by Young et al. (2016), the lab
experiments provided subjects with evidence that their own performance was
superior with self-testing rather than providing evidence taken from a previous
study. Following the feedback stage, students were exposed to a new set of learning
materials. Experiment 1 used a procedure that largely paralleled that of
DeWinstanley and Bjork (2004) by presenting the subjects with both restudy and
self-testing trials, and the primary hypothesis was that these subjects would exhibit
a condition-by-test-number interaction on test performance. Experiment 2 replaced
the half restudy/half practice test phase with a series of screens (one per trial)
presenting a previously-studied cue with an instruction to press the spacebar to

reveal the corresponding target when ready; in this way, each trial could be either a



restudy or a practice test trial, depending on the learner’s preference. The primary
hypothesis was that this (experimental) group of subjects would exhibit longer
response latency to reveal the target than would a control group who had not been
exposed to both restudy and self-testing strategies earlier in the procedure (thereby
indicating that the experimental group had learned the value of self-testing indexed
by waiting to reveal the answer). Unfortunately, the hypotheses of Experiments 1
and 2 were not supported. These results were attributed to the weak within-subject
testing effects observed, likely due to the short retention interval used in these
experiments (longer retention intervals are associated with greater magnitude
testing effects; Rowland, 2014). Without experiencing large testing effects firsthand,
subjects would presumably have no reason to alter their behavior. Thus, these
experiments demonstrate the critical importance of eliciting large testing effects in
Iinterventions based on firsthand experience.

None of the Young et al. (2016) investigations found an increase in self-
testing behaviors. If these approaches were not able to alter students’ use of
learning strategies, what kind of intervention could? Two relevant intervention
studies warrant particular attention. An in-class intervention by Einstein, Mullet,
and Harrison (2012) exposed two classes of students enrolled in an advanced
psychology course (“Memory and Cognition”) to both firsthand experience of the
testing effect and a related lecture on the benefits of retrieval practice. The 52
students were given two text passages (on the topics of “the sun” and “sea otters”),

and were instructed to read and then re-read one passage (i.e., restudy), and then to



read and retrieve as many details as possible (i.e., self-test) from the other passage.
One week later, the students were given a surprise exam on the contents of the
passages, tallied their scores, and then listened to a 20-minute lecture on the
testing effect. Results indicated that the tested passage was, on average,
remembered more accurately than the restudied passage, thus exposing many
students to the testing effect. They then completed an assignment on the testing
effect relating to their self-testing experience. At the end of the semester, the
students were asked to anonymously rate how often they incorporated testing in
their reading and studying compared to the beginning of the semester on a scale
from 1 (much less) to 5 (much more). Results indicated that students rated
themselves as significantly more likely to test themselves when reading and when
studying at the end relative to the beginning of the semester. These results
constitute the first demonstrated example of students reporting a greater
willingness to engage in self-testing following an educational intervention.

A similar study was later conducted by Dobson and Linderholm (2015). In
their experiment, 147 students in an anatomy and physiology course were
instructed to alternately engage in three encoding strategies while learning
physiology passages: read the passage three times (R-R-R), read the passage, freely
recall (test on) information from the passage, then reread it (R-T-R), or read then
reread the passage while writing down notes (R-R+N). Immediately after turning in
these materials, a 30-question multiple-choice exam was administered, containing

10 items experienced using each strategy (with strategy/item combinations
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randomized). One week later, the same exam was administered a second time. A
week after the delayed assessment, the instructor of the course presented the
results of the exams to the class. These results revealed a large within-subject
testing effect, such that the tested passage (R-T-R) was remembered more
accurately than the restudied (R-R-R) passage?. Importantly, the instructor showed
the class these results averaged across the class data rather than on a student-by-
student basis, thereby exposing all students to results indicating a testing effect.
This feedback was followed by a brief lecture on the testing effect. This lecture
focused on the use of self-testing during study: Students were advised to read a
small section of notes, retrieve as much of that information from memory as
possible, review the notes to re-encode forgotten information, and repeat until
sufficient performance is achieved (Dobson, personal communication, 2017). This
encouragement was repeated leading up to each exam. All of the students who
participated to this point were labeled the testing group, to be contrasted with the
control group — students in the instructor’s previous year’s course covering the same
material who did not receive exposure to the benefits of testing. Performance did
not differ between the experimental and control groups on Exams 1 or 2, as
expected, given that the intervention occurred between Exams 2 and 3, but the
experimental group outperformed the control group on all subsequent exams. The

authors interpreted these findings as an indication that the group exposed to the

> Exam performance on the R-R+N strategy was between the R-T-R and R-R-R
strategies, but did not significantly differ from either.
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testing effect had learned the benefits of self-testing and used this strategy to
bolster their performance on subsequent exams.

These two studies demonstrate the promise that might ultimately be attained
by educational interventions of the testing effect. Unlike the investigations by
Young et al. (2016), both the Einstein et al. (2012) and Dobson and Linderholm
(2015) studies made use of the conjoint implementation of direct instruction and
comparative experience with positive results, indicating that students can be
brought to an increased awareness of the testing effect and use of the self-testing
strategy when the intervention contains both of these features. Furthermore, these
studies highlight the importance of a lengthy retention interval. Both Einstein et al.
and Dobson and Linderholm used a week-long retention interval, whereas Young et
al. used retention intervals spanning 5 to 20 min. As students would only be
expected to adopt the testing effect after seeing a substantial benefit to their
performance by using it, and because longer retention intervals are one of the
factors known to be associated with larger testing effects (Roediger & Karpicke,
2006a; Rowland, 2014; for a review of these factors and their implementation in
testing effect interventions, see Table 1), using delays of this length is clearly an
important factor for incorporation into educational interventions on the testing

effect.



Table 1

12

Factors known to influence the magnitude of the testing effect and their
implementation in educational interventions.

Factor Rowland (2014) Einstein, Dobson & Quiz-Me.co
Prescription Mullett, & Linderholm
Harrison (2015)
(2012)
Stimulus Type | Prose or paired Prose Prose Prose

Initial Test
Type

Retention
Interval

Initial Test
Cue-Target
Relationship

Final Test Type

Initial Test
Feedback

assoc.

Cued recall

>1 day

Semantically
related

Cued recall

Yes

Free recall

1 week

N/A

Cued recall

Free recall

1 week

N/A

Cued recall

Yes

Cued recall

>1 day

Semantically
related

Cued recall

Yes

Despite these virtues, both studies are beset by notable procedural

limitations, such as the use of dependent variables that cause issues for

interpretation. Einstein et al. (2012) derive their conclusions from measures of self-

rated willingness to use retrieval practice, but rather than conducting these

assessments in a pre/post-test fashion surrounding their intervention, ratings were

measured only at the conclusion of the semester. This procedure means that the

judgments that students made with respect to their behaviors at the beginning of

the semester could have been inaccurate due to the considerable amount of
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intervening time been experience and self-report. If students could clearly recall
instances of self-testing a few weeks ago but have difficulty recalling such behaviors
that occurred several months earlier, they might mistakenly assume that their
behaviors were more drastically different than they actually were. An additional
problem for the Einstein et al. data is that the self-testing ratings question involved
an explicit comparison of pre-intervention and post-intervention self-testing
behavior, so the subjects would have been well-aware of the purpose of this question
and thus susceptible to demand characteristics. This susceptibility is especially
likely considering that the sample consisted of advanced cognitive psychology
students who could be biased towards affirming normative behaviors (such as self-
testing) over time, because doing so is generally consistent with the behavior of
advanced students. Finally, the self-ratings were significantly different when
compared to a model predicting no change from beginning to end of semester (i.e.,
their mean rating was significantly higher than 3 on the scale from 1-5) rather than
compared to data from a control group that did not experience the intervention yet
was asked the same rating question, who might have rated themselves as higher
than a 3 out of 5 as well for reasons entirely unrelated to an intervention. The joint
1ssues of inaccurate retrospection, demand characteristics, and the lack of a control
group make the conclusions by Einstein et al. difficult to accept at face value.
Furthermore, Dobson and Linderholm (2015) based their primary conclusions on
the inference that the increase in the intervention group’s grades over time is

attributable to increased self-testing behavior. However, no direct measurement of
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self-testing attitudes or behaviors was conducted, so alternative explanations
cannot be ruled out. For instance, the classes were taught by one of the authors who
was aware of the identity of the control and experimental groups (into which
participants were not randomly assigned) and the relevant hypotheses, and even
unintentional changes to one’s teaching style may have played a role in the different
performance levels of the relevant groups. For these reasons, a follow-up study
seems justified that (a) measures attitudes towards self-testing and self-testing
behaviors rather than course exam data alone, (b) uses a pre/post-intervention
design rather than retrospective ratings, (c) includes random assignment to a
control group in a double-blind procedure, (d) does not confine its sample to the
author’s own course.

A follow-up study would also have the additional opportunity of advancing
the development of self-testing interventions not restricted to the amelioration of
biases and the exclusion of problematic interpretations. One advancement would be
to collect data to be used for the sake of benchmarking; if educational interventions
are to be designed and implemented, data should be collected that indicate what
percent of students benefitted from that intervention rather than concluding that
the class has improved as a whole. For example, Einstein et al. (2012) note that 67
and 82% of students rated themselves as somewhat or much more likely to use
testing when readying or studying, respectively, compared to the beginning of the
semester. These data are problematic due to hindsight bias, and Dobson and

Linderholm (2015) do not report data at this level of analysis. Follow-up studies
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should report such data to allow for the refinement of educational interventions
that improve in efficacy across iterations. Another procedural advancement would
be to include individual difference measurements of psychological characteristics in
order to identify the predictors of successful or unsuccessful response to the
intervention. A final advancement would be to consolidate the intervention into a
form that lends itself to a less laborious implementation on the part of the person(s)
assigning it. The aforementioned interventions both require instructors to compile
relevant materials, allocate class time to the intervention, tally the results, and
allocate additional class time to present feedback and advocate for further self-
testing. These procedures are likely too burdensome to implement on a large scale,
thereby limiting their practical impact. Follow-up studies should therefore seek to
improve upon these earlier investigations by providing benchmark data to allow for
intervention efficacy analyses over time, by measuring individual differences
characteristics and relating them to intervention outcomes, and by packaging the
intervention in an on-demand medium.

A final feature of educational interventions worthy of emphasis is the
distinction between the awareness of the benefits of using a particular learning
strategy and the tendency to put that awareness into action. This distinction is
important yet has gone largely overlooked. Do students who fail to respond to the
intervention do so because they remain unconvinced of the benefits of self-testing,
or are they aware of these benefits yet have difficulty in enacting self-testing

behaviors in their own exam preparation routines (e.g., due to lack of motivation)?
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Properly understanding the obstacles towards self-testing enactment by
dissociating these two issues will facilitate the development of appropriate
educational interventions in the future. Einstein et al. (2012) and Dobson and
Linderholm (2015) have tacitly assumed that students who become aware of the
benefits of self-testing will seize this knowledge and enact greater self-testing
behavior as a result. Although some students might be motivated enough to do so, it
seems fair to speculate that other students will need the intervention to provide
more facilitation in the transition from awareness to action. To this end, the Model
of Action Phases (MAP; Bamberg, 2013; Heckhausen & Gollwitzer, 1987), a well-
regarded social psychological model of behavioral change, may prove useful for
educational interventions.

The process of behavioral change has sometimes been described as a stage-
based process. One such stage-based model of behavioral change is the MAP. In this
model, the individuals begin in the predecisional stage in which they are aware of
possible courses of action but have not made any decision regarding which to
pursue. This stage involves the weighing of desirability and feasibility of competing
goals and the resulting formation of an intention to pursue a certain goal (a goal
intention), such as improving one’s study habits or getting better grades. As
recommended by intervention studies that failed to yield behavioral change (e.g.,
Meslot, Gauchet, Allenet, Francois, & Hagger, 2016), goal intentions should not be
assumed to occur or allowed to remain implicit, but instead should be brought to

explicit awareness in order to motivate their intention-setting in subsequent stages
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of behavioral change. With this goal intention in place, individuals enter the
preactional stage in which they weigh the pros and cons of various strategies and
settle on a means to achieve their goal. The intention to enact this strategy is called
a behavioral intention; for example, to use a self-testing strategy instead of a
restudying strategy. This is the only stage of behavioral change that the Young et
al. (2016) experiments focused on by lecturing on the benefits of self-testing and
demonstrating those benefits firsthand. Crucial to this stage is maximizing the
persuasive appeal of the behavior being demonstrated, which can be accomplished
for the testing effect by maximizing the magnitude of the testing effect
demonstration (such as by following the recommendations of Rowland, 2014, as
shown in Table 1). Unfortunately, holding a behavioral intention often fails to lead
to the desired behaviors (i.e., the “intention-behavior gap”; Sheeran & Webb, 2016).
A hallmark meta-analysis has shown that such behavioral intentions only explain
about 28% of the variance in exhibited behavior (Sheeran, 2002). The preactional
stage gives way to the actional stage, characterized by the initiation and
implementation of the chosen behavioral strategies, a process facilitated by the use
of implementation intentions, if-then rules that individuals establish to guide their
behavior in the future. For example, a student may form the implementation

intention: “If I sit down to study with my book open, then I will first turn to the

chapter questions in order to quiz myself.” Implementation intentions are
associated with a medium-strong effect size on behavior relative to not using them

(Gollwitzer & Sheeran, 2006). Following the use of such implementation intentions,
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the fourth and final postactional stage is entered, in which the individual evaluates
the outcomes of the behavioral change process, refining the effectiveness of
decisions made at previous stages, and avoiding relapse into suboptimal behaviors.
Interventions that accommodate these four stages of behavioral change might
increase the chances that newfound awareness of the testing effect will lead to the
adoption of self-testing behaviors.

The present investigation is an attempt to improve upon previous testing
effect interventions in a variety of ways. First, our intervention (hereafter referred
to as “Quiz-Me”) will measure attitudes towards self-testing, self-testing behaviors,
course exam data, and individual difference characteristics. Second, Quiz-Me will
derive these self-testing measures from both a randomly-assigned experimental and
a control group before and after the educational intervention, and will do so across a
large and varied sample using a double-blind procedure to minimize the possibility
of biases. Third, Quiz-Me will utilize the Model of Action Phases to facilitate
behavioral enactment such as by eliciting goal and implementation intentions.
Finally, Quiz-Me will be conducted in a manner that emphasizes practicality of

dissemination; this intervention will be hosted online (at www.quiz-me.co) in order

to allow the intervention to be conducted at the students’ convenience and not
during valuable class time. These procedural improvements will be conducted to

supplement the best elements retained from previous interventions, such as the
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joint action of direct experience and lecture? on testing’s benefits as well as the use
of a substantial retention interval and other elements advised to maximize the
magnitude of the testing effect. In doing so, Quiz-Me might prove to be the most
effective and practical intervention yet designed for increasing awareness and use of
the testing effect.

The present investigation describes two experiments that were conducted to
evaluate the effectiveness of the Quiz-Me educational intervention. In Experiment
1, the intervention was assigned to one class and all subjects participated in the
experimental condition. In Experiment 2, the intervention was assigned to seven
college classes, and students were randomly assigned to experimental or control
conditions. We discuss each experiment, and its effectiveness for eliciting self-

testing awareness and behavior, in turn.

? Lecture is present in Experiment 1 but absent in Experiment 2 to assess its
importance for effects observed in Experiment 1.
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EXPERIMENT ONE
Experiment 1 was designed to evaluate the effectiveness of a preliminary
version of the Quiz-Me educational intervention. Using a sample of one college class
1n size, all participants were exposed to the experimental version of the intervention
(i.e., there was no control condition for this study). This procedure was selected to
maximize exposure of participants to the crucial intervention condition given the
small sample available and to determine if the intervention would lead to increased
testing effect awareness and self-testing behaviors, thus paving the way for a more
elaborate follow-up experiment.
Method
Participants
The Quiz-Me intervention was announced as an extra credit homework
assignment in a mid-level psychology course (“Introduction to Cognitive
Psychology”) taught by the first author. On the educational website (to be described
below), students were asked for consent to collection of website data and relevant
course data. It was made clear that consent was voluntary and the instructor would
remain unaware of which students consented for data collection and who
participated while declining consent for data collection (yet still earned course
credit). An alternative assignment (i.e., reading and summarizing an article on the
testing effect) was also offered in lieu of participation, but no students selected this
option. The sample consisted of 27 students who consented to data collection and

provided complete sets of data. In the interest of maintaining brevity within the



21

online intervention, demographic data were not requested. Nevertheless, the
sample consisted of a typical second-to-third year psychology class at the University
of Colorado Boulder: majority female, majority white, majority late teens to early
twenties.
Materials

Motivated Strategies for Learning Questionnaire. During the first week
of the semester, the class was asked to complete the Motivated Strategies for
Learning Questionnaire (MSLQ; Duncan & McKeachie, 2005; Pintrich & DeGroot,
1990; Pintrich, Smith, Garcia, & McKeachie, 1993) on the course website. This
survey was administered in order to perform exploratory research of individual
differences related to attitudes towards learning (e.g., control over one’s learning,
effort regulation, metacognition) that might predict positive responses to the Quiz-
Me intervention. Original questions were created to assess motivation, self-testing
proclivity, and embrace of technology, and these items were randomly interspersed
within the survey (see Appendix B). Despite including original items within it, this
survey will nevertheless be referred to as the MSLQ for simplicity. All items were
scored from 1-7, with 7 representing “very true of me” and 1 representing “not at all
true of me.”

Study Strategy Survey. The appreciation of the testing effect and use of
the self-testing strategy was measured using the Study Strategy Survey (SSS). This
survey, shown in Appendix C, displayed a list of eight common study strategies,

populated by student data provided in Karpicke et al. (2009). The first three
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questions on the SSS asked students to rank these eight strategies (more precisely,
only to rank the top 5 for each question) with respect to each question’s prompt.
Question 1 asked subjects to “Think of the strategies you used to prepare for this
test. Rank the top 5 strategies in order of how often you used them, with 1 as most
often.” Question 2 asked subjects: “Out of all the study strategies (A-H), which do
you think lead to the best learning outcomes for the average student? Rank the top
5 strategies, with 1 as best.” Question 3 asked subjects: “Out of all the study
strategies (A-H), which do you think lead to the best learning outcomes for you?
Rank the top 5 strategies, with 1 as best.” Question 4 asked subjects: “How
beneficial do you believe the Rereading notes or textbook strategy is for your
memory?.” Question 5 asked subjects: “How beneficial do you believe the Do practice
problems, self-tests, or flashcards strategy is for your memory?.” For both Questions
4 and 5, a 1-7 scale was provided, with 1 associated with “Not at all effective” and 7
associated with “Very effective.”

Quiz-Me.co Web-Based Intervention. The Quiz-Me intervention was

hosted on the website http://quiz-me.co. Screenshots of the website are included in

Appendix A. Students were told to access the website only from a desktop or laptop
computer, and not from a smartphone, tablet, or other mobile device. Further

details of the web-based intervention are described in the Procedure section below.
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Procedure

The general procedure involved assigning the SSS as a pre-test along with an
in-class exam (on Oct 4th). Two weeks later (on Oct 21st), the online participation
component was announced and made available to the class. Four days later (On
October 25th), the SSS was assigned as a post-test along with the next in-class
exam. Therefore, the procedure progressed from in-class, to online, to in-class again.

In-Class Procedure. The in-class procedure was identical for both pre-test
and post-test administrations of the SSS. Paper-based class exams were distributed
at the start of the 50 min class period, with the SSS stapled to the final page.
Completing the SSS and turning it in along with the exam earned students two
extra points on their 100-point exams. All students turned in completed surveys
with their exams prior to leaving the classroom.

Online Procedure. Two and a half weeks after this exam (the second exam
of the course), the instructor made a verbal announcement in class about the
availability of an extra-credit assignment that could be conducted online. This
announcement was also delivered via email to the class roster. Students were
instructed to go to www.Quiz-Me.co and complete the experience (labeled “Tutorial”
at the time) to earn additional extra-credit points. The announcement was made as
follows:

If you'd like to earn extra credit, please take the Tutorial

experience at www.Quiz-Me.co , an in-progress educational website

aimed at improving your study strategies. Take this website on a laptop
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or desktop computer, not a mobile phone. Also, it does not work properly

on Safari [web browser]. The Tutorial takes about 20-30 minutes on day

one. 24 hours later, you will receive an email asking you to return to the

site and finish. This second session takes about 10-15 minutes. You

must complete both day one and day two to earn extra credit. Follow the

instructions on the website, and ignore the typos! Importantly, you must

finish the assignment by Monday, meaning you must begin the

assignment by Sunday at the latest, preferably Saturday. If you would

prefer, an alternative assignment is available. Read the attached

journal article [Roediger & Karpicke, 2006a] and write a two-page

paper summarizing the results and relating it to your own life and

study habits. This assignment is also due on Monday. You may do

either the paper option or the website option, but not both.

No students opted to complete the alternative, paper-based assignment.

Unlike on a typical website made for casual browsing with widely flexible
navigation options, the online intervention was highly controlled, with a mostly
linear procedure. Students were required to begin by clicking “Begin Day 1” at the
top of the Home page, and then entering their college-affiliated email address to log
in. On the next page, they were shown a consent form and asked to indicate
whether they consented to data collection both of their online participation data and
of relevant course data. Students could participate for extra credit even if they

selected “No” on the consent form, although no students declined consent.
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Following consent authorization, students were asked to provide responses to
the following three questions, with Options 1 (Strongly Disagree) through 7
(Strongly Agree) displayed: “Being a good learner is important to me,” “Receiving
good grades is important to me,” and “Saving time by studying is important to me.”
The purpose of these questions was not to measure students’ attitudes but rather to
get them to think about these values prior to beginning the intervention. In line
with the tenets of the Model of Action Phases (Bamberg, 2013; Heckhausen &
Gollwitzer, 1987), these value-related thoughts were assumed to evoke relevant goal
intentions, presumably priming students (or otherwise subtly preparing them) to
respond to the intervention in a goal-conducive manner.

On the next screen, subjects were given instructions for the experiment.
Specifically, they were told that today’s participation would involve the completion
of three tasks: Studying 20 trivia facts, restudying half of them, and taking a
practice quiz on the other half. They were also told that a Final Test would occur
the next day, which would allow them to see which strategy leads to better memory:
restudying, or taking a practice quiz. Students were then instructed to “Pick a topic
that you are interested in but do not know much about.” Options included: Sports
and Gaming, Animals and Biology, Food and Drink, World History, or Anatomy and
Medicine. Each category contained 20 true trivia facts, 1-2 sentences in length, and
each fact was judged by the author to be esoteric enough that they would be

unlikely to be known by non-experts.4 This procedure was used so that subjects

4 Due to technical error, students’ selection of topic of study was not recorded.
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would be interested in the material and less likely to exhibit the passive,
unmotivated behavior typical of bored subjects while traversing the online
experience.

Study phase 1. After selecting their topic of choice, the initial study phase
would begin. Instructions stated that the subjects should “Study 20 facts about the
topic of your choice. These facts will be on the Final Test tomorrow, so try hard to
memorize them.” After clicking “Begin,” the first fact, along with a counter (e.g.,
Fact 1 of 20) would be displayed. Aside from reading the trivia fact in the middle of
the screen, the only other action the page allowed was to select “Continue.” All 20
facts for that topic would cycle through the page in the same format before
concluding the initial study period.

Restudy phase. Students then entered the restudy period, beginning with
instructions that stated: “Restudy 10 of the facts you previously studied. These facts
will be on the Final Test tomorrow, so try hard to memorize them.” After clicking
“Next,” students would be exposed to 10 sequential screens, each containing one of
the 20 previously-studied trivial facts. The only difference between this section and
the Study Phase section is that for each fact, one keyword has been underlined. The
reason for underlining a keyword was to attempt to control for attentional effects on
memory, as practice test trials (described below) clearly direct attention toward the
keyword being retrieved from memory. By underlining a keyword during restudy,
the differences between conditions is isolated to the processing of the information

rather than the distinctness of that information relative to the text around it (for



27

more on the control of attention in educational testing effect studies, see Shapiro &
Gordon, 2012).

Practice quiz phase. At the conclusion of the Restudy Phase with the 10th
restudied item, students were given instructions for the Practice Quiz Phase.? These
instructions stated: “You will now take a practice quiz on 10 of the facts you
previously studied. These facts will be on the Final Test tomorrow, so try hard to
memorize them.” Below these instructions were three examples of the feedback they
would receive in this phase. Specifically, an example of a red feedback box was
provided and was said to indicate an incorrect answer, but that the user should
“check the hint at the bottom and try again.” It was also noted that the feedback
screen would display the answer that the user typed, and when incorrect, would
provide a hint by showing the first letter of the correct answer. By providing
immediate feedback and the opportunity to self-correct, it was expected that the
magnitude of the testing effect would be larger than without this feature, as
consistent feedback has been associated with larger testing effect sizes (Rowland,
2014), and getting a practice quiz correct has been associated with larger memory
gains than when getting a practice quiz incorrect (Kornell, Bjork, & Garcia, 2011). If
a user got the second attempt incorrect, they would be shown the correct answer. An
example of a yellow feedback box was also displayed and was said to indicate a

correct answer that had been spelled incorrectly; both the user’s spelling and the

5 The restudy phase was always presented before the practice quiz phase due to the
recommendation by Einstein et al. (2012) in order to reduce the possibility that
students will engage in covert self-testing during the restudy phase.
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correct spelling were provided. Finally, an example of a green feedback box was
provided and said to indicate a correct answer. In keeping with the
recommendations for optimal feedback by Tack, Healy, and Jones (2014), the correct
answer was always provided with the second incorrect attempt or with the correct
attempt.

Following these instructions and feedback examples, subjects were exposed to
a sequence of 10 practice quiz trials, one per screen. The trials consisted of
sentences, identical to those previously studied, but with one keyword missing. For
example, a practice quiz trial might read: “Without access to written language, the
Inca used a system called [Fill in the blank]¢ to communicate using knots in rope or
string.” The subjects were expected to type their response into that blank, and then
press the “Check” button, at which point the appropriate feedback message would
be displayed, and following an incorrect response, a second attempt was also
permitted. After 10 practice quiz trials had concluded, a message informed the
subjects that “Today’s participation is complete. In 24 hours you will receive an
email with a link asking you to return to Quiz-Me to finish participation. You must
finish the Day 2 procedure to receive credit — If you do not finish Day 2, you will
receive no credit!”

Final test. After 24 hours, students received an email that said: “Hey [user’s
first name]!! Come back to Quiz-Me.co to finish participation and receive your extra

credit! Enter your email: [user’s email address] into the box on the Day 2 Return

6 The correct answer is given at the end of the next footnote.
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page to complete the Quiz-Me experience!!! quiz-me.co/#/returnPage.” After

returning to the Quiz-Me website, students entered their university-affiliated email
address to log back in. Once logged in, they were shown a screen of instructions that
read: “Yesterday you studied 20 facts, restudied half of them, and then took a
practice quiz on the other half. Now you will take a Final Test on all the facts. It is
important that you try to do as well as you can. After the test, you will be shown: 1)
How you did on test questions for facts that you Restudied yesterday, 2) How you
did on test questions that you Took a Practice Quiz on yesterday... So you can
compare which strategy leads to better memory!” After pressing “Start,” the Final
Test began. This test was identical in format to the Practice Quiz section from Day
1, except there were questions for all 20 facts, not just half of them. Incorrect
responses were still followed by second chance attempts. Scoring was such that all
correct attempts, regardless of spelling accuracy and whether the correct answer
was achieved on the first or second attempt, were graded as “1” for that trial; only
when subjects got the answer wrong on both attempts did they receive a “0” for that
trial. The Final Test concluded after the 20t trial was submitted.

Feedback page. Immediately after the conclusion of the Final Test, subjects
saw the Feedback Page” in which their performance on the Final Test was revealed
to them. Importantly, the purpose of this page was to elicit in the subject the

understanding that self-testing leads to superior learning outcomes than does

" This Feedback Page was not as extensive as that shown in Appendix A (used in
Experiment 2). The primary difference is that, due to technical constraints at the
time, the Feedback Page of Experiment 1 did not shown data relevant to the
subjects’ own performance, only the performance of the average user. quipu
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restudying, and to elicit implementation intentions consistent with enacting self-
testing behaviors. First, the top of the Feedback Page displayed a text section that
read “How do you think you did? If you are like most people, you did better on
Tested (fill-in-the-blank) than Restudied items! The data below show typical results,
with a clear advantage for items that were practice tested (data from Rohrer,
Taylor, & Sholar, 2010).” Beneath this text was a bar graph that displayed test
accuracy on the Y axis and two bars on the X axis corresponding to Practice Tested
and Restudied trials. The bars represented a 58% to 42% accuracy advantage for
tested over restudied items. True to the text, these data had been taken from
Rohrer et al. (2010, their Figure 6) simply due to the impressive yet fairly typical
effect size they demonstrated. Underneath this bar graph was another text section
with the large header that read “How to Quiz Yourself.” Below read the following
text:
There are three popular ways to give yourself practice quizzes:
1) Make flashcards either by hand or online (such as on
Quizlet.com), and don’t turn them over until you've tried to recall
them from memory.
2) Think of a topic you think is important to the class and try to
write down as much information about it as you can. Then, check
your book and notes to see how much you remembered and what

you forgot.
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3) Have a friend ask you questions. Answer them as thoroughly as
you can, and have them tell you the information that you forgot
to include.
Beneath this “How to Quiz Yourself” text was a series of instructions designed to
elicit implementation intentions: “Think about which strategy you can see yourself
using. Research shows that it helps to state your new plan in If-Then format. For
example, If I sit down to read my notes, Then I will go to Quizlet.com and make
flashcards instead.” Following these instructions were a series of prompts with text-
entry boxes for the subject to type into, designed to elicit implementation
intentions.® The first prompt stated: “Write your new plan to quiz yourself below.”
The word “If:” was shown above the first text box, and the word “Then:” was shown
above the second. Below these text-entry boxes was a button labelled “Finish.” After
progressing past the Feedback Page, subjects were shown the following message:
“Your participation in the Quiz-Me experience is now complete, and your instructor
will be notified that you have earned participation credit.” The following week, the
students took the next in-class exam and Study Strategy Survey (see In-Class
Procedure section), which completed their participation in the study.
Results
A total of 27 subjects provided consent and a complete set of data (i.e., they

did not miss either in-class exam nor fail to complete the Quiz-Me intervention).

8 The conditional if-then nature of implementation intentions has been found to be
particularly important, as they lead to stronger behavioral consequences than plans
to act that take an I will — when format (McCrea, Penningroth, & Radakovich, 2015;
Pakpour et al., 2016).
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Occasionally, subjects failed to respond appropriately to the ranking questions, such
as by listing several strategies with the same ranked numerical priority (e.g.,
Restudy and Self-Testing each given the rank of 1). Whenever these invalid
rankings were observed (for one subject on the Pre-Test and one subject on the Post-
Test), rankings of the same numeral were kept equally prioritized, but the best
ranking (i.e., the smaller numeral) possible for subsequent strategies was altered to
avoid rank-inflation (see Table 2 for a representative example of this recoding
policy). This policy was adopted to maintain the subject’s representation of relative
rankings but reduces artificial rank inflation (or rather deflation, given lower ranks’
higher priorities). Most subjects followed instructions and only provided ranks for
positions 1 through 5; some subjects, however, ranked all 8 strategies. For the sake
of consistency, all unranked strategies and strategies ranked 6-8 were recoded into
a rank of 6, thereby sharing the last place priority spot. This policy was adopted so
that the strategies’ mean rankings would not be influenced by the presence of
rankings of 7 and 8 from some subjects.

Table 2

An invalid Study Strategy Survey response and its corresponding values after
recoding

Original 1 1 2 2 3 4 5 6

Recoded 1 1 3 3 5 6 6 6
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Hypothesis 1: Increased Testing Effect Appreciation

It was hypothesized that the Quiz-Me intervention would cause students to
gain appreciation for the testing effect. Therefore, it was predicted that the
students’ average rank of response option B (“Do practice problems, self-tests, or
flashcards”) would be significantly lower (i.e., more prioritized) after the
intervention than before it. Similarly, it was predicted that the average rank of
response option A (“Rereading notes or textbook”) would be significantly higher (i.e.,
less prioritized) after the intervention than before it. These predictions were made
for both Study Strategy Survey Question #2 (“Which do you think lead to the best
learning outcomes for the average student?”) and Question #3 (“Which do you think
lead to the best learning outcomes for you?”). It also predicted that SSS Question #5
(“How beneficial do you believe [practice testing] is for your memory?”) would be
significantly higher after the intervention than before it, and that SSS Question #4
(“How beneficial do you believe [restudying] is for your memory?”) would be
significantly lower after the intervention than before it. Response patterns for
restudying and self-testing strategies on Question 2 and 3 are provided in Figures 2

and 3, respectively.
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For SSS Question #2, response option B (self-testing) exhibited a significant
decrease in rank from pre-test to post-test, ¢ (26) = 4.497, p <.001, d = .865, a large
effect. Concurrently, response option A (restudying) exhibited a significant increase
in rank from pre-test to post-test, ¢ (26) = 3.164, p <.01, d = .608, a medium effect.
Surprisingly, response option C (“Rewriting notes”) also exhibited a significant
increase in rank from pre-test to post-test, ¢ (26) = 2.935, p <.01, d = .564, a medium
effect. Prior to the intervention, 48.14% of students reported more appreciation (i.e.,
gave a lower, more prioritized rank) for self-testing’s normative benefit than for
restudying, but after the intervention, 92.59% did so, a marginally significant
increase, y2 (1) = 3.789, p = .051.

For SSS Question #3, response option B (self-testing) exhibited a significant
decrease in rank from pre-test to post-test, ¢ (26) = 4.742, p <.001, d = .912, a large
effect. Concurrently, response option A (restudying) exhibited a significant increase
n rank from pre-test to post-test, ¢ (26) = 3.126, p <.01, d = .601, a medium effect.
Prior to the intervention, 48.14% of students reported more appreciation (i.e., gave a
lower, more prioritized rank) for self-testing’s personal benefit than for restudying,
but after the intervention, 100% did so, a significant increase, x2 (1) = 4.900, p <
.05.For SSS Question #4 and 5, responses?® representing the perceived magnitude of
the mnemonic benefits of self-testing did not significantly increase from pre-test (M

=6.481, s = 1.051) to post-test (M = 6.703, s = 0.608), t (26) = 1.236, p > .05, d = .238,

9 Note that unlike Questions #1-3, Questions #4 and 5 were measured using a scale
from 1-7 with 7 corresponding to “very effective” and 1 corresponding to “not at all
effective.”
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a small effect. However, responses representing the perceived magnitude of the
mnemonic benefits of restudying did exhibit a significant decrease from pre-test (M
=5.000, s = 1.664) to post-test (M = 3.814, s = 1.52), t (26) = 5.089, p <.001, d = .979,
a large effect. Prior to the intervention, 66.67% of students reported more
appreciation for the magnitude of self-testing’s memory benefit than for restudying,
but after the intervention, 92.59% did so, a non-significant increase, y2 (1) = 1.139, p
> .05.These results largely support our predictions, and therefore support the
hypothesis that the Quiz-Me intervention was effective at increasing appreciation of
the testing effect.
Hypothesis 2: Increased Self-Testing Usage

It was hypothesized that the Quiz-Me intervention would cause students to
increase use of the self-testing strategy and decrease use of the restudy strategy.
Therefore, it was predicted that the students’ average rank of response option B
would be significantly lower — and their average rank of response option A would be
significantly higher — on SSS Question #1 (“Rank the top 5 strategies in order of
how often you used them”) after the intervention than before it. Response patterns
for restudying and self-testing strategies on Question 1 are provided in Figure 4.
For this question, response option B (self-testing) exhibited a significant decrease in
rank from pre-test to post-test, ¢ (26) = 4.328, p <.001, d = .833, a large effect.
Concurrently, response option A (restudying) exhibited a significant increase in
rank from pre-test to post-test, £ (26) = 2.681, p <.05, d = .60, a large effect. Prior to

the intervention, 29.63% of students reported using (i.e., gave a lower, more
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prioritized rank for) self-testing more than restudying, but after the intervention,
74.07% did so, a significant increase, x? (1) = 5.142, p < .05. These results confirm
our predictions, and support the hypothesis that the Quiz-Me intervention was
effective at increasing use of the self-testing strategy while decreasing use of the

restudy strategy.
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Hypothesis 3: Individual Differences Correlations

It was hypothesized that susceptibility to the Quiz-Me intervention was
neither ubiquitous nor random, but rather that individual differences in
psychological characteristics (measured in the first week of the class) were
predictive of testing effect-related improvements as a consequence of experiencing
the intervention. Therefore, it was predicted that some scales within the MSLQ
would exhibit significant correlations with pre-to-post changes in the Study
Strategy Survey questions. However, there were no specific predictions about which
scales or which testing-effect related improvements would be associated with each
other, so this analysis was entirely exploratory in nature. Furthermore, due to the
combination of the high number of correlation tests that would be analyzed and the
small sample size, inferential statistical tests are not reported, although correlation
coefficients are provided and speculatively interpreted.

Correlations were tested between MSLQ scales and Pre-to-Post differences
for SSS Questions #1-5. Positive difference scores for Questions #1-3 indicate
increased numerical rank over time, corresponding to decreased prioritization.
Conversely, decreased numerical rank over time corresponds to increased
prioritization. Therefore, positive correlations between psychological characteristics
and difference scores for these questions indicate that higher scores on that survey
scale are associated with deprioritization of that strategy. Conversely, negative
correlations between psychological characteristics and difference scores for these

questions indicate that higher scores on that survey scale are associated with
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increased prioritization of that strategy. A useful heuristic for interpreting results
for Questions 1-3 is to treat positive correlations as negative correlations, and vice-
versa. Correlation coefficients between MSLQ scales and pre-intervention SSS
scores are provided in Table 3. Correlation coefficients between MSLQ scales and
pre/post-intervention SSS difference scores are provided in Table 4. Correlation
coefficients between pre- and post-intervention scores and pre- and post-
intervention difference scores are provided in Table 5.

Question #1 A difference scores representing rank change in the use of
restudying after the intervention were negatively correlated!? with critical thinking,
elaboration, and technology embrace, whereas task value and metacognition
exhibited slightly weaker negative correlations. In other words, having higher
values on these scales was associated with more adoption of restudying after the
intervention than before it. Conversely, having lower values on these scales was
associated with less adoption of restudying after the intervention than before it. No
substantial (i.e., r > .30) positive correlations were observed. These results suggest
that students low in these values were particularly likely to decrease engagement in
restudying after the intervention, thereby suggesting that the intervention was

especially effective for them.

9Tt is important to emphasize that these correlations should not be interpreted as
statistically significant. Nevertheless, correlation coefficients with the greatest
absolute value will be described in the text, as this documentation might prove
useful for future research.
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Table 3
Correlations between MSLQ scales and pre-intervention SSS scores in Experiment 1

cL [ cr | ER | EL | EG | HS | 1G [ Mmc | MO | OR [ PL [ sT [ RE | SE | 1Tv [ TE | TA T™
CL -
CT 0.19 -
ER 0.22  0.52 -
EL 029 035 054 -
EG -0.05 -028 -0.38  -0.06 -
HS 0.11  -004 003 009 009 -
IG 0.44  0.67 0.6 049 019 025 -
MC 0.4 0.64 046 029 -0.37 -0.02 055 .
MO 002 022 011 01 -013 -005 02 0.35 -
OR 002  -006 028 042 019 012 016  -0.03 0.7 -
PL 0.3 025 017 021  0.36 0.7 0.44  0.12  0.06 0.3
ST 0.09 0.3 0.2 0.07 -026 006 027 065 031 015 0.5 -
RE 0.06 037 022 037 0.1 013 021 036 -018 035 032 034 -
SE 035 031 059 031 -02 018 046 035 002 012 027 005 0.1 .
TV 045 053 062 059 -009 -0.08 075 046 011 021 026  0.13 0.2 0.4
TE 022 026  0.08 0.1 013 005 011 -001 -002 -01 015 -027 002  0.38 0.1
TA 021 013  -053 -023 033 -0.33 -0.06 0.1 03 -026 -015 003 -01 -0.54 -0.08 -0.01 .
™ 043  0.39 0.7 0.35 -046 029 062 064 017 014 025 036 024 072 0.5 011  -0.6 -
TIQLIA | 056 032 037 053 -025 006 059 036 -019 -0.13  0.01 0.1 0.06 042 051 002 -023 052
T1Q1B | -005 008 029 -003 005 -002 011 -015 -0.12 -0.01 -0.04 -052 -0.08 028 003 017 -028 0.19
TIQ2A | 033 009 02 0.36 -0.02 -022 033 003 -003 02 -009 003 -028 02 04  -005 001 012
T1Q2B | -006 028 031 03 003 039 036 013 -013 -005 034 -026 013 025 027 -0.01 -027  0.38
TIQ3A | 071 009 012 023 -0.14 -009 034 016 -025 004 002 -002 -017 032 031 001 -025 023
T1Q3B | 018  -0.08 0 0.09 0.3 041 024 -007 -013 018 037 -018 022 017 009 015 -024  0.25
T1Q4 .0.38 007 -0.06 -027 -0.14 -0.14 -022 0.32 015 -0.18 -025 0.3 023  -02 -027 013 0.18  0.01
T1Q5 003 021 003 031 011 _ -01 006 _ -0.04 -0.09 -017 003 005 012 0.0l 036 _ 0.14 _ 0.16 _ -0.14

CL = Control of Learning, CT = Critical Thinking, ER = Effort Regulation, EL = Elaboration, EG = Extrinsic Goal Orientation, HS = Help Seeking, IG = Intrinsic Goal

Orientation, MC = Metacognition, MO = Motivation, OR = Organization, PL = Peer Learning, ST = Self-Testing, RE = Rehearsal, SE = Self-Efficacy, TV = Task Value, TE =
Tech Embrace, TA = Test Anxiety, TM =Time Management
T1 Q1 A = Pre-test Ranked Use of Restudying, T1 Q1 B = Pre-test Ranked Use of Self-Testing, T1 Q2 A = Pre-test Ranked Appreciation of Restudying for Other, T1 Q2 B =

Pre-test Ranked Appreciation of Self-Testing for Other, T1 Q3 A = Pre-test Ranked Appreciation of Restudying for Self, T1 Q3 B = Pre-test Ranked Appreciation of Self-

Testing for Self, T1 Q4 = Pre-test Perceived Magnitude of Memory Benefit for Restudying, T1 Q5 = Pre-test Perceived Magnitude of Memory Benefit for Self-Testing
Note: Higher ranks for T1 Q1-Q3 represent lower priority, so positive correlations with these items indicates that higher personality characteristics are associated with lower
prioritization
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Table 4
Correlations between MSLQ scales and pre/post-intervention SSS difference scores in Experiment 1

cL [ cr | ER | EL | EG | HS | 1G [ Mmc | MO | OR [ PL [ sT [ RE | SE | 1Tv [ TE | TA T™
CL i
CT 0.19 .
ER 022 052 .
EL 029 035 054 .
EG 005 028 -0.38  -0.06 .
HS 011  -0.04 003 009  0.09 .
1G 044 067 06 049 019 025 .
MC 04 064 046 029 -0.37 -002 055 .
MO 002 022 011  -01 013 -005 02 035 .
OR 002 -006 028 042 019 012 016  -0.03  0.07 .
PL 03 02 017 021 036 07 044 012 006 0.3
ST 009 03 02 007 026 006 027 065 031 015 015 .
RE 006 037 022 037 01 013 021 036 -0.18 035 032  0.34 :
SE 035 031 059 031 02 018 046 035 002 012 027 005 011 .
TV 045 053 062 059 009 -0.08 075 046 011 021 026 013 02 0.4
TE 022 026 008 01 013 005 011  -001 -002 -01 015 -0.27 002 038 0.1
TA 021 013  -053 -023 033 -0.33 006 001 03 -026 -015 003 -0.1  -054 -0.08 -0.01 .
TM 043 039 07 035 046 029 062 064 017 014 025 036 024 072 05 011  -0.6 -
QLADIf | -0.29 047 -027 047 009 016  -0.33  -0.35 0 022 002 011 -0.08 -033 -0.37 042 -0.06 -0.26
QIBDIf | -0.06 003  -0.3 0 012 -016 019 013 018 -017 022 033 001 -0.38 02  -01 037 -0.28
Q2ADif | -004 011 -012 045 -019 019 -007 -001 009 -026 006 -021 -006 -0.06 -014 006  -0.05  0.07
Q2BDif | -0.14 029 -043 -0.35 -0.02 -028 -055 -027 014 004 -035 018 004 -0.35 053 -009 022 -0.41
Q3ADIf | -0.38 007 003 021 -001 013 -01 -014 021  -01  -009 -0.15 -003 -02 005 -0.04 018  -0.06
Q3 BDIif | -0.19 0 008 -005 -0.38 -041 -023 007 0.1 01 -043 009 -026 013 -005 02 012  -0.16
Q4 Dif 009 -014 01 033 025 001 00l -025 008 041 018 -017  -0.1 0 012 02  -018  -0.05
Q5 Dif 026 012 006 -029 005 007 008 015 012 011 008 007 -012 022 -025 001 _ -0.15 _ 0.19

CL = Control of Learning, CT = Critical Thinking, ER = Effort Regulation, EL = Elaboration, EG = Extrinsic Goal Orientation, HS = Help Seeking, IG = Intrinsic Goal

Orientation, MC = Metacognition, MO = Motivation, OR = Organization, PL = Peer Learning, ST = Self-Testing, RE = Rehearsal, SE = Self-Efficacy, TV = Task Value, TE =
Tech Embrace, TA = Test Anxiety, TM =Time Management
Q1 A Dif = Change in Ranked Use of Restudying, Q1 B Dif = Change in Ranked Use of Self-Testing, Q2 A Dif = Change in Ranked Appreciation of Restudying for Other, Q2 B
Dif = Change in Ranked Appreciation of Self-Testing for Other, Q3 A Dif = Change in Ranked Appreciation of Restudying for Self, Q3 B Dif = Change in Ranked Appreciation

of Self-Testing for Self, Q4 Dif = Change in Perceived Magnitude of Memory Benefit for Restudying, Q5 Dif = Change in Perceived Magnitude of Memory Benefit for Self-

Testing

Note: Positive scores for Q1-Q3 Difs represent increased rank and decreased priority, so positive correlations with these items indicates that higher personality characteristics
are associated with decreased prioritization over time.
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Correlations between task pre-intervention, post-intervention, and SSS difference scores in Experiment 1
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T1 T1 T2 T2 Q1 Q1 Q2 Q2 Q3 Q3
Q1 Q1 T1 T1 T1 T1 T1 T1 Q1 Q1 T2 T2 T2 T2 T2 T2 A B A B A B Q4 Q5
A B Q2A Q2B Q3 A Q3B Q4 Q5 A B Q2A Q2B Q3 A Q3B Q4 Q5 Dif Dif Dif Dif Dif Dif Dif Dif

T1Q1A B

T1Q1B -0.04 -

T1Q2A 0.36 -0.01 -

T1Q2B 0.25 0.55 -0.14 -

T1Q3A 0.56 0.04 0.57 -0.09 .

T1Q3B 0.01 0.57 -0.02 0.5 0.02 -

T1Q4 -0.16 -0.15 -0.58 0.1 -0.57 -0.26 -

T1Q5 0.24 -0.44 -0.17 -0.14 -0.18 -0.29 0.11 -

T2Q1A 0.29 0.33 0.32 0.25 0.37 0.46 -0.25 -0.45 -

T2Q1B 0.09 0.39 -0.18 0.24 0 -0.17 0.13 -0.26 0.1 -

T2 Q2 A 0.27 0.21 0.28 0.2 0.51 -0.04 0.4 -0.33 0.32 0.21 -

T2 Q2B -0.21 0.16 -0.32 0.17 -0.26 0.08 0.08 -0.19 0.03 0.29 -0.22 -

T2Q3 A 0.26 0.34 0.42 0.14 0.38 0.28 -0.38 -0.15 0.62 -0.14 0.59 -0.14 -

T2Q3B 0.15 0.31 0.19 0.36 -0.07 0.14 0.07 -0.36 0.45 0.06 0.24 -0.11 0.26 -

T2 Q4 -0.19 -0.28 0.5 -0.13 0.5 -0.34 0.71 0.15 -0.52 0.23 -0.34 -0.08 -0.68 0.04 -

T2 Q5 0.07 -0.21 0.09 -0.41 0.21 0.1 -0.15 0.47 -0.34 -0.38 -0.21 -0.47 -0.13 -0.56 -0.14 -

Q1 A Dif -0.62 0.3 -0.05 -0.01 -0.18 0.37 -0.07 -0.57 0.58 -0.16 0.04 0.2 0.29 0.24 -0.26 -0.34 -

Q1 B Dif 0.1 -0.77 -0.11 0.4 -0.04 -0.71 0.25 0.28 -0.41 0.28 -0.07 0.04 -0.45 -0.29 0.45 -0.05 -0.42 -

Q2 A Dif -0.13 0.17 -0.69 0.27 -0.13 -0.01 0.22 0.1 -0.04 0.33 0.5 0.13 0.07 0.01 0.2 -0.24 0.07 0.05 -

Q2 B Dif -0.35 -0.41 -0.06 -0.81 -0.07 -0.41 0.14 0.01 -0.21 -0.05 -0.31 0.44 -0.21 -0.4 0.07 0.1 0.13 0.39 -0.17 -

Q3 A Dif -0.33 0.24 -0.21 0.2 -0.66 0.21 0.24 0.05 0.15 -0.12 -0.01 0.14 0.45 0.28 -0.07 -0.31 0.4 -0.33 0.18 0.1 -

Q3 B Dif 0.04 -0.45 0.09 -0.36 -0.05 -0.94 0.28 0.15 -0.29 0.19 0.13 -0.12 -0.18 0.22 0.35 0.1 -0.28 0.6 0.01 0.26 0.1

Q4 Dif -0.02 -0.14 0.17 -0.02 0.16 -0.07 -0.48 0.04 -0.31 0.12 0.13 -0.21 -0.33 -0.04 0.27 0.03 -0.23 0.23 -0.06 -0.11 -0.42 0.05 -

Q5 Dif -0.22 0.36 0.25 -0.11 0.34 0.26 -0.22 -0.82 0.29 0.04 0.23 -0.08 0.09 0.04 -0.27 0.12 0.43 -0.35 -0.05 0.05 -0.26 -0.24 -0.03

T1 Q1 A = Pre-test Ranked Use of Restudying, T1 Q1 B = Pre-test Ranked Use of Self-Testing, T1 Q2 A = Pre-test Ranked Appreciation of Restudying for Other, T1 Q2 B =

Pre-test Ranked Appreciation of Self-Testing for Other, T1 Q3 A = Pre-test Ranked Appreciation of Restudying for Self, T1 Q3 B = Pre-test Ranked Appreciation of Self-

Testing for Self, T1 Q4 = Pre-test Perceived Magnitude of Memory Benefit for Restudying, T1 Q5 = Pre-test Perceived Magnitude of Memory Benefit for Self-Testing
T2 Q1 A = Post-test Ranked Use of Restudying, T2 Q1 B = Post-test Ranked Use of Self-Testing, T2 Q2 A = Post-test Ranked Appreciation of Restudying for Other, T2 Q2 B =
Post-test Ranked Appreciation of Self-Testing for Other, T2 Q3 A = Post-test Ranked Appreciation of Restudying for Self, T2 Q3 B = Post-test Ranked Appreciation of Self-

Testing for Self, T2 Q4 = Post-test Perceived Magnitude of Memory Benefit for Restudying, T2 Q5 = Post-test Perceived Magnitude of Memory Benefit for Self-Testing

Q1 A Dif = Change in Ranked Use of Restudying, Q1 B Dif = Change in Ranked Use of Self-Testing, Q2 A Dif = Change in Ranked Appreciation of Restudying for Other, Q2 B
Dif = Change in Ranked Appreciation of Self-Testing for Other, Q3 A Dif = Change in Ranked Appreciation of Restudying for Self, Q3 B Dif = Change in Ranked Appreciation

of Self-Testing for Self, Q4 Dif = Change in Perceived Magnitude of Memory Benefit for Restudying, Q5 Dif = Change in Perceived Magnitude of Memory Benefit for Self-
Testing
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Question #1 B difference scores representing rank change in the use of self-
testing after the intervention were negatively correlated with self-efficacy. Test
anxiety exhibited a slightly weaker positive correlation with Question 1 B difference
scores. In other words, having higher values on the self-efficacy scale, and lower
values on the test anxiety scale, was associated with more adoption of self-testing
after the intervention than before it. Conversely, having lower values on self-
efficacy and higher values on test anxiety was associated with less adoption of self-
testing after the intervention than before it. These results suggest that students
high in self-efficacy and low in test anxiety were particularly likely to increase
engagement in self-testing after the intervention, thereby suggesting that the
intervention was especially effective for them.

Question #2 A difference scores representing rank change in the appreciation
of restudying for the average student!! after the intervention were negatively
correlated with elaboration. In other words, having higher values on elaboration
was associated with more appreciation of restudying for the average student after
the intervention than before it. Conversely, having lower values on elaboration was
associated with less appreciation of restudying for the average student after the
intervention than before it. No substantial positive correlations were observed. This
result complements the interpretation of Question 1 A by suggesting that students

low in elaboration were particularly likely to decrease their appreciation for

! Note that “for the average student” was part of the wording for Question #3 and does not
describe statistical averaging across students, as might otherwise be interpreted.
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restudying as a memory benefit for the average student after the intervention,
thereby suggesting that the intervention was especially effective for them.

Question #2 B difference scores representing rank change in the appreciation
of self-testing for the average student after the intervention were negatively
correlated with intrinsic goal orientation and task value, as well as effort regulation
and time management, whereas peer learning, self-efficacy, and elaboration
exhibited slightly weaker negative correlations. In other words, having higher
values on these scales was associated with more appreciation of self-testing for the
average student after the intervention than before it. Conversely, having lower
values on these scales was associated with less appreciation of self-testing for the
average student after the intervention than before it. No substantial positive
correlations were observed. This result suggests that students high in these values
were particularly likely to increase their appreciation for self-testing as a memory
benefit for the average student after the intervention, thereby suggesting that the
intervention was especially effective for them.

Question #3 A difference scores representing rank change in the appreciation
of restudying for oneself after the intervention were negatively correlated with
control of learning. In other words, having higher values on control of learning was
associated with more appreciation of restudying for oneself after the intervention
than before it. Conversely, having lower values on control of learning was
associated with less appreciation of restudying for oneself after the intervention

than before it. No substantial positive correlations were observed. This result
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suggests that students low in control of learning were particularly likely to decrease
their appreciation for restudying as a memory benefit for oneself after the
intervention, thereby suggesting that the intervention was especially effective for
them.

Question #3 B difference scores representing rank change in the appreciation
of self-testing for oneself after the intervention were negatively correlated with
extrinsic goal orientation, help-seeking, and peer learning. In other words, having
higher values on these scales was associated with more appreciation of self-testing
for oneself after the intervention than before it. Conversely, having lower values on
these scales was associated with less appreciation of self-testing for oneself after the
intervention than before it. No substantial positive correlations were observed. This
result suggests that students high in these values were particularly likely to
increase their appreciation for self-testing as a memory benefit for oneself after the
intervention, thereby suggesting that the intervention was especially effective for
them.

Unlike for Questions #1-3, difference scores used in correlations for Questions
#4 and 5 were measured not from ranking items but rather from questions
assessing the perceived magnitude of the mnemonic benefits of the two most
relevant strategies. Therefore, positive difference scores represent increased
perceptions of benefits, and positive correlations with psychological characteristics
indicate that higher values on that characteristics are associated with greater

increases in perceived mnemonics benefits for the relevant strategy.
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Question #4 difference scores representing change in the perception of
mnemonic benefits for restudying after the intervention were positively correlated
with organization and exhibited a slightly weaker correlation with elaboration. In
other words, having higher values on these scales was associated with increased
perception of mnemonic benefits for restudying after the intervention than before it.
Conversely, having lower values on these scales was associated with decreased
perception of mnemonic benefits for restudying after the intervention than before it.
No substantial (i.e., | r| > .30) negative correlations were observed. This result
suggests that students low in these scales were particularly likely to decrease their
perception of mnemonic benefits for restudying after the intervention, thereby
suggesting that the intervention was especially effective for them. Unfortunately,
no substantial correlations were observed between Question #5 difference scores
representing change in the perception of mnemonic benefits for self-testing after the
intervention and psychological characteristics on the MSLQ.

A final exploratory analysis was conducted to determine if any insight could
be gained into why subjects differed in their rankings of self-testing with regard to
the best learning outcomes for the average student (Question #2 B) compared to the
best learning outcomes for themselves (Question #3 B). Would any psychological
characteristics predict the tendency to acknowledge the value of self-testing for
other students but not for themselves, or vice-versa? Survey scales that exhibited
substantial correlations with either Question #2 B or #3 B, but not both, were each

entered into distinct linear models, with Pre/Post SSS-item change-by-item type
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interaction entered as the dependent variable.2 Two models that were observed to
have marginally significant interaction terms are displayed in Table 6. Using
estimates from these models, predictions were made regarding the distinction
between appreciation gains from pre-to-post-test for the average student and for
oneself. Surprisingly, students lower in task value exhibited greater gains to
appreciation for self-testing’s benefits for the average student than for themselves,
whereas the opposite was true for students higher in task value. On average,
students one standard deviation below the mean on task value would be predicted
to exhibit a 3.682 greater pre/post rank decrease (i.e., priority increase) for self-
testing’s ranked benefits for themselves than for the average student. Students at
the mean for task value would be predicted to exhibit a 1.673 greater pre/post rank
decrease (i.e., priority increase) for self-testing’s ranked benefits for themselves
than for the average student. Students one standard deviation above the mean on
task value would be predicted to exhibit a .336 greater pre/post rank increase (i.e.,
priority decrease) for self-testing’s ranked benefits for themselves than for the

average student.

2 This measure was created by subtracting pre-from-post intervention survey
measures for both SSS Q #2 and Question #3, resulting in one difference score for
each question. These two difference scores were then subtracted from each other,
resulting in one final difference score that represents the two-way interaction.
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Table 6
Two exploratory models that attempt to explain why students differ in their
appreciation of the testing effect for others compared to themselves in Experiment 1

Predictor Estimate Std. Error t p

Model 1: Task Value by Other/Self question interaction on testing effect awareness

(Intercept) -11.946 5.422 -2.203 0.037
Task Value 1.849 0.839 2.203 0.037
Interaction

Model 2: Effort Reg. by Other/Self question interaction on testing effect awareness

(Intercept) -5.031 2.150 -2.34 0.027
Effort Reg. 0.917 0.387 2.37 0.025
Interaction

Similar results were found for effort regulation. On average, students one
standard deviation below the mean on effort regulation would be predicted to
exhibit a 1.069 greater pre/post rank decrease (i.e., priority increase) for self-
testing’s ranked benefits for themselves than for the average student. Students at
the mean for effort regulation would be predicted to exhibit a .037 greater pre/post
rank decrease (i.e., priority increase) for self-testing’s ranked benefits for
themselves than for the average student. Students one standard deviation above
the mean on effort regulation would be predicted to exhibit a .995 greater pre/post
rank increase (i.e., priority decrease) for self-testing’s ranked benefits for themselves
than for the average student. Although these results were statistically significant,
they were not predicted in advance, and so should be considered exploratory results

used to provide interesting clues for the consideration of future investigations.
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Discussion

Experiment 1 was conducted to test three related hypotheses. First, it was
hypothesized that the Quiz-Me intervention would increase appreciation for the
testing effect. To that end, it was predicted that students exposed to the Quiz-Me
online educational intervention would exhibit significant improvements to
indicators of testing effect appreciation. The results of Experiment 1 confirmed this
prediction. These results took the form of large and reliable increases in the
prioritization of self-testing from pre-to-post-test on questions assessing the
appreciation of the learning benefits of self-testing for the average student and for
themselves. It is intrinsic to the testing effect that not only is self-testing beneficial
for memory, but that it is superior for memory than is restudying. Accordingly, we
predicted decreases in the appreciation of restudying, a prediction that was strongly
confirmed. Large and reliable decreases were observed in the prioritization of
restudying from pre-to-post-test on questions assessing the appreciation of the
learning benefits of restudying for the average student and for themselves.
Furthermore, student perceived not only the ranking of restudying worse off after
the intervention than before it, but perceived the magnitude of the mnemonic
benefits of restudying to be weaker after the intervention. The only evidence
contrary to our predictions for the testing effect appreciation hypothesis was that
the perceived magnitude of the self-testing strategy was not greater after the
intervention than before it. We speculate that this null effect was due to a

combination of a high initial appreciation of the self-testing strategy (i.e., a ceiling
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effect) combined with a modest sample size. Students did numerically improve as
predicted, as evinced by the modest observed effect size. It is quite surprising how
high the initial appreciation of the benefits of self-testing are, given the extensive
literature documenting students’ frequent ignorance of this important learning
strategy. Still, we conclude that the intervention was by and large successful in
increasing awareness of the testing effect as exhibited by greater appreciation of the
self-testing strategy and disillusionment with the restudy strategy.

The second hypothesis tested in the present study was that was the Quiz-Me
intervention would elicit increased use of the self-testing strategy. To that end, it
was predicted that students exposed to the Quiz-Me online educational intervention
would exhibit significant improvements to indicators of self-testing usage. The
results of Experiment 1 confirmed this prediction. These results took the form of
large and reliable increases in the prioritization of self-testing from pre-to-post-test
on questions assessing the use of the self-testing learning strategy. Relatedly, we
observed large and reliable decreases in the use of the restudying learning strategy.
Large and reliable decreases were observed in the prioritization of restudying from
pre-to-post-test on questions assessing the appreciation of the learning benefits of
restudying for the average student and for themselves. It is worth noting that here
and elsewhere, the rankings between self-testing and restudy strategy are not
independent, as increased prioritization of self-testing had a direct influence upon
prioritization measures of other strategies due to the nature of the ranking system

used. Therefore, detriments to the restudy strategy should not be viewed as
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convergent evidence in support of the relevant hypotheses but rather as the same
results presented from a different angle. Nevertheless, we conclude that the
Intervention presents a clear success in the attempt to increase use of the self-
testing strategy.

The third and final hypothesis in the present study was that the gains made
in testing effect awareness and self-testing usage are related to individual
differences in psychological characteristics. We predicted that some of the scales
present in the MSLQ would exhibit significant correlations with the dependent
variables of the previous two hypotheses. Trends were found suggesting that change
in ranked appreciation of the testing effect for the average student was strongest
among subjects: low in control of learning, high in extrinsic goal orientation, high in
help-seeking, and high in peer-learning. The change in ranked appreciation of the
testing effect for oneself was strongest among subjects: low in elaboration, high in
intrinsic goal orientation, high in task value, high in effort regulation, and high in
time management. The change in ranked use of the self-testing strategy was
strongest among subjects: low in critical thinking, low in elaboration, low in
technology embrace, low in test anxiety, and high in self-efficacy. The depreciation
in perceived magnitude of the mnemonic benefits of restudying was strongest
among subjects low in organization. To summarize, results suggest that the
1dealized subject who would be expected to experience the strongest benefits of the
Quiz-Me intervention is someone who is high in: intrinsic goal orientation, extrinsic

goal orientation, help-seeking, peer-learning, task value, effort regulation, time
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management, and self-efficacy, and someone who is low in: control of learning,
elaboration, technology embrace, test anxiety, critical thinking, and organization.
These findings could be used to help select samples that are particularly susceptible
to the benefits of the Quiz-Me educational intervention. Lastly, exploratory
analyses revealed (and future research should attempt to confirm) that task value
and effort regulation might predict the perception that benefits of self-testing are
different for oneself and for other students; surprisingly, students low on these
scales are likely to gain in testing effect appreciation for themselves more than for
the average student. Together, these results constitute the first known attempt at
understanding the individual differences behind susceptibility to the benefits of
educational interventions of the testing effect.

Results of Experiment 1 clearly indicate that the intervention succeeded in
raising appreciation of the testing effect and increasing use of the self-testing
strategy. One of the more surprising findings from this study is the amount of
incoming appreciation that students seemed to have for the testing effect and the
benefits associated with self-testing prior to the intervention. As previous research
has indicated (e.g., Kornell & Bjork, 2007), this level of awareness is uncommon (yet
highly encouraging). One potential cause for this high level of incoming appreciation
of the testing effect is that the University of Colorado Boulder psychology
instructors have been known to emphasize the testing effect in introductory
psychology classes. It is possible that many of the students within this sample had

previous exposure to the principles of the testing effect from these sources.
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Alternatively, perhaps this high level of testing effect awareness is in fact normal
among students but the conversion of this appreciation into action is the
substantive obstacle hindering wide-scale acceptance by students. This
interpretation is given credibility by the observation that, at pre-test, students
ranked self-testing as better for their learning outcomes (and for those of the
average student) yet still ranked restudy as more commonly used than self-testing.
This discrepancy was rectified by the Quiz-Me intervention, at which point students
both appreciated the testing effect and used self-testing more than restudy.
Unfortunately, several notable limitations were present in the current study
that preclude stronger conclusions from being drawn. Foremost among these
considerations is the fact that this intervention occurred as an extra-credit
assignment in an “Introduction to Cognitive Psychology” course, and the students
were exposed to the human memory chapter between the conducting of the pre-and-
post-tests. This section of the course included one lecture on how to use the
principles of cognitive psychology to learn and memorize more effectively, so it is
impossible to disentangle the effects of the intervention and these lectures. This
lecture-based accompaniment to a testing-effect intervention was also used by
Einstein et al. (2012) and by Dobson and Linderholm (2015). However, the ultimate
goal of this intervention is to provide an on-demand self-testing assignment that
does not take up class time, so there are clear improvements to be desired in a
follow-up study. A final limitation of this study is that it, for reasons of sample size,

did not include a control group, an important component of intervention



assessments that would rule out demand characteristics and allow for the
evaluation of course exam grades. Experiment 2 was conducted to enact these

procedural improvements.
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EXPERIMENT TWO

Experiment 2 improved upon Experiment 1 in four ways. First, Experiment 2
was conducted across seven college courses in four universities in order to draw
generalizable conclusions from a large and geographically diverse sample. Second,
Experiment 2 used a modified Quiz-Me intervention that incorporated various
functional improvements, foremost among them being the random assignment of
subjects to an experimental group (as were all subjects in Experiment 1) or a control
group (new to Experiment 2). Third, due to the inclusion of the control group,
Experiment 2 was able to assess the effects of the Quiz-Me intervention on course
exam grades. Finally, Experiment 2 was a pre-registered study within the Open
Science Framework,!3 which required that all hypotheses, procedures, and analyses
be specified in advanced.

Method

Participants

Seven college instructors agreed to assign the Quiz-Me intervention and the
Study Strategy Survey (SSS) to their courses. Four of these instructors attend the
University of Colorado Boulder, three of which are within the Psychology and
Neuroscience department, and the fourth is within the Integrative Physiology
department. The other three instructors attend the University of Massachusetts
Dartmouth, the University of California San Diego, and Western Kentucky

University, all within their respective Psychology departments. The participating

13 See our preregistration page at https://osf.i0/6mdur/
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courses, their sizes of original enrollment, and their number of contributed

consenting participants are listed in Table 7.

Table 7

Instructors and classes participating in Experiment 2

University Instructor | Course Enrollment Participants
University of B.K. General 199 67
Colorado Boulder Psychology (25 control)
D.S.M. Statistics for 182 39
Psychology (27 control)
J.B. General 200 79
Psychology (30 control)
J.H. Statistics for 38 N/A14
Physiology
University of R.L.A. Biopsychology 82 41
Massachusetts (20 control)
Dartmouth
University of A.L. Developmental 289 162 (81
California Psychology control)
San Diego
Western Kentucky J.R. Educational 17 N/A1
University Psychology

% These data were not received in time for analysis
> These data were invalidated by the use of improper procedures (post-test SSS was not
measured at the time of Exam #2 as required) and not included in the present analyses
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Students were asked for consent to collection of website data and relevant
course data once upon the Quiz-Me website. It was made clear that consent was
voluntary and the instructor would remain unaware of which students consented
for data collection and who participated while declining consent for data collection
(yvet still earned course credit). It was advised that an alternative assignment (e.g.,
reading and summarizing an article on the testing effect) should be offered to
students who did not want to participate, but this detail was left to the discretion of
each instructor. In the interest of maintaining a succinct online intervention,
demographic data were not requested.

Materials

Motivated Strategies for Learning Questionnaire. Unlike Experiment
1, Experiment 2 contained a very limited role for assessing individual differences in
psychological characteristics. The MSLQ was not assigned to subjects because
completing this survey would have greatly increased the amount of time required to
complete the Quiz-Me intervention and presumably increase the amount of subject
fatigue or drop-out. It was decided that it would be preferable to obtain a large
sample of subjects than to collect full MSLQ data. Nevertheless, one six-item scale
from the MSLQ — task value — was retained and integrated within the Day 1 online
procedure.

Study Strategy Survey. The same Study Strategy Survey was used as in

Experiment 1. A multiple-choice version of this survey was created for use with
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automated grading software to facilitate data entry with these larger samples. This
form is shown in Appendix C.

Quiz-Me.co Web-Based Intervention. The same Quiz-Me online
intervention was used as in Experiment 1, although some functional improvements
had been made between experiments. These changes are described in the Procedure
section below.

Procedure

As in Experiment 1, the general procedure involved assigning the SSS as a
pre-test along with an in-class exam. The online participation component of the
intervention was announced and made available to the class on the same date that
the first exam grades were announced. It was also announced that the completion
deadline for the assignment was one week prior to the second in-class exam. On
that second exam, the SSS was again assigned and collected. Therefore, the
procedure progressed from in-class, to online, to in-class again.

In-Class Procedure. Most of the in-class procedure was identical to that
used in Experiment 1. The biggest difference was that the instructors were asked to
submit not only SSS data for analysis, but also the scores for the in-class exams
that accompanied the SSS.

Online Procedure. Most of the online procedure was identical to that used
in Experiment 1. The biggest difference was the inclusion of a control group. After
consenting to data collection and then answering six survey items assessing task

value with respect to the course assigning the intervention (response options ranged
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from 7, “strongly agree,” to 1, “strongly disagree”), students were randomly assigned
to either an experimental condition or a control condition. Within the experimental
condition, the items-to-condition (tested vs restudied) mapping was randomly
counterbalanced across subjects.

Control group. The control condition consisted of a simple screen displaying
one of two popular press articles on the testing effect (Belluck, 2011, 1,157 words;
Freemark, 2014, 1,073 words), along with the instruction “Please read the following
article in its entirety” at the top of the screen. One article was provided on each of
the two days. These articles were chosen because they describe the testing effect
and its benefits for students, thereby equating this condition with the experimental
condition in terms of demand characteristics. After clicking the “Finish Reading”
button at the bottom of the screen on Day 1, subjects were told to expect a follow-up
email link that they would receive in 24 hours to return and complete the
assignment in order to receive credit. After reading the other article on Day 2,
subjects were told that their participation was complete and their instructor would
be notified that they have earned participation credit (it was left up to the
discretion of the instructor how much credit to award). In this way, the control
condition was exposed to a mostly typical homework assignment, such as that which
could have been provided by an instructor hoping to elicit self-testing behavior in
his or her students (i.e., as a “status quo” educational intervention): to read an

article of relevant text in exchange for course credit. Although it was never stated
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that the subjects would be required to retain the information that they had read,6
it might be fairly assumed that most students had the expectation that reading
assignments for extra credit do not come with “no strings attached.” Therefore, it
can be assumed that most students had read and encoded the text rather than
scrolling to the “Finish Reading” button without reading the text.

Experimental group. For the experimental group, no details on Day 1
differed from those used in Experiment 1. On Day 2, immediately after the last
Final Test item had been completed, the three survey items designed to elicit goal
intentions (“Being a good learner is important to me,” “Receiving good grades is
important to me,” “Saving time by studying efficiently is important to me”) were
displayed along with a response scale ranging from 7 (“strongly agree”) to 1
(“strongly disagree”). These questions were moved to this phase of the procedure in
order to make them salient immediately prior to viewing the Feedback Page.

The Feedback page incorporated several changes, ranging from visual design
to information presentation (see Appendix A). The top of the Feedback Page
displayed a large text heading that read “Below is a graph of your results” along
with a bar graph accompanied by the following explanations (provided to ensure
that even students without the ability to understand bar graphs could appreciate
the benefits of the testing effect): “The first bar shows today’s test performance for
facts that you Took a Practice Quiz on yesterday. The second bar shows today’s test

performance for facts that you Restudied yesterday.” The bar graph displayed below

16 Students in the control condition could not be tested on the information they had
read, otherwise their experience might have constituted a testing effect of its own!
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this text did in fact demonstrate their scores on the Final Test. Underneath this
section was another large text heading that read “Below is an average student’s
result” with another bar graph accompanied by the following explanation: “The first
bar shows how the average student did on facts that they Took a Practice Quiz on
yesterday. The second bar shows how the average student did on facts that they
restudied yesterday.” The bar graph displayed below this text was not dynamically
populated (like the bar graph for the student’s own data had been) but rather was
populated in advance!” to ensure that all subjects were exposed to some form of the
testing effect in the form of these “average student data,” with or without seeing the
testing effect in their personalized data.

Below the graphs was a paragraph of text reading: “As you can see, the
average student has much better memory after taking practice tests compared to
only studying. If you value being an effective learner or receiving good class grades,
this strategy is for you.” Below this text were “Three techniques for using practice
tests for better memory: 1) Use flashcards or Quizlet.com to test yourself. Don’t turn
them over until you've tried to recall the answer from memory. 2) Quiz your friends
and have them quiz you. Try to stump each other, then review the correct answers.
3) See if you can explain difficult concepts out loud or on paper. Compare your

explanation to the one from the book or your notes.” After these techniques were

17 In Experiment 1, this graph showed a 58% to 42% accuracy advantage for tested
over restudied items, taken from Rohrer et al. (2010, Figure 6). In Experiment 2,
this graph showed a 63% to 49% accuracy advantage for tested over restudied
items, taken from a sample of subject pool data (n = 36) who used the Quiz-Me
intervention in the Fall of 2017.
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listed, the Feedback Page provided several questions to the subject along with text
entry boxes. The questions were: “Which strategy above can you picture yourself
using?” “Why that one in particular?” “When and where will you use that strategy?
Be specific! What time of day? In what location?”1® and finally: “Please state your
new strategy in If-Then format. For example, If you are in (the place and time you
just identified), Then you will engage in (the strategy you just chose to use).”
Underneath the final text entry box read the following text: “That concludes the
Tutorial experience! Unlike many other students, you now know the benefits of
practice testing, and how to use it. Thanks for participating, we hope it helps!.” The
page then asked: “Do you believe you will use this information to help you study in
the future?” with two buttons presented below. One read “Yes-I'll use this info” and
the other read “No-I won’t use this info.” It was hoped that selecting the affirmative
response would function as a foot in the door (Freedman & Fraser, 1966) and start
the subjects down the road of following their behavioral intentions.?
Results

A total of 388 subjects provided consent and a complete set of data. As in

Experiment 1, subjects occasionally (n = 31) failed to respond appropriately to the

ranking questions, such as by listing several strategies with the same ranked

18 Implementation intentions have been found to be most effective when they are
accompanied by tactics that increase the accessibility of the opportunity cue, such
as by mental simulation and visualization of the individuals’ study space and the
routine they typically employ when beginning a study session (Knduper, Roseman,
Johnson, & Krantz, 2009).

19 Technical error prevented the recording of which of these buttons the subjects
had selected.
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numerical priority (e.g., Restudy and Self-Testing each given the rank of 1). These
instances were recoded according to the same policy enacted in Experiment 1 (see
example recoding in Table 2). The final samples by instructor are reported in Table
7. Samples from two courses (instructors J. R. and J. H.) were not included in the
following analyses due to substantial procedural deviations or tardiness of data
provision. In total, 183 subjects assigned to the control group and 205 subjects
assigned to the experimental group were analyzed. Descriptive data for the restudy
and self-testing items of the SSS as well as in-class exam grades are displayed by
condition in Table 8.

Unlike in Experiment 1, Quiz-Me was able to record data relevant to the
Final Test within the experimental group. We predicted that the testing effect
would be observed, as evinced by greater performance on previously-tested than
previously-restudied items. This testing effect was observed, as previously-tested
items (M = 70.98%, s = 22.54%) were recalled to a significantly greater extent than
previously-restudied items (M = 57.35%, s = 27.08%), t (203) = 8.935, p <.001, d =
.625, a medium effect. The effect of counterbalance condition on magnitude of the
testing effect was assessed by a 2 (item type) x 2 (counterbalance condition) linear
model with repeated measures on item type (tested, restudied). The interaction was
not significant, F (1, 202) < 1, p > .05, n2 < .001, indicating that the counterbalance
condition did not impact the magnitude of the testing effect observed. The effect of
topic chosen (e.g., world history, food and drink) on magnitude of the testing effect

was assessed by a 2 (item type) x 5 (content topic) linear model with repeated



measures on item type (tested, restudied). The interaction was not significant, F' (4,

199) = 1.115, p > .05, 2 < .021, indicating that the content topic chosen did not

impact the magnitude of the testing effect observed.

Table 8

Descriptive statistics for Study Strategy Survey by condition in Experiment 2

Experimental Group

Control Group

Measure

Pre

Post

Pre

Post

SSSQ#1 A
SSSQ#1 B
SSSQ#2 A
SSS Q#2 B
SSSQ#3 A
SSS Q#3 B
SSS Q #4

SSS Q #5

Exam

2.194 (1.515)
3.089 (1.703)
3.064 (1.760)
2.422 (1.614)
2.820 (1.711)
2.582 (1.668)
5.285 (1.415)

5.985 (1.159)

2.557 (1.728)
3.154 (1.879)
3.606 (1.941)
2.383 (1.678)
3.328 (1.806)
2.661 (1.806)
5.229 (1.386)

6.153 (1.070)

2.311 (1.648)
3.216 (1.779)
3.383 (1.782)
2.611 (1.757)
3.056 (1.786)
2.672 (1.723)
5.133 (1.411)

5.988 (1.138)

2.502 (1.662)
2.994 (1.808)
3.572 (1.963)
2.500 (1.795)
3.226 (1.794)
2.613 (1.794)
5.116 (1.403)

6.138 (1.071)

75.553 (11.823) 80.790 (11.294) 76.163 (12.395) 78.707 (14.716)

Mean (standard deviation)
Note: Question Part A always corresponds to Restudy, whereas Question Part B
always corresponds to Self-Testing.
Note: More positive responses on SSS Q1-Q3 indicate higher numerical rank and
thus lower prioritization of the corresponding strategy, whereas more positive
responses on SSS Q4-Q5 indicate greater appreciation for the corresponding

strategy.




67

Hypothesis 1: Increased Testing Effect Appreciation

Interaction with Condition. It was hypothesized that the experimental
condition, characterized by direct experience with the testing effect as well as the
leveraging of goal, behavioral, and implementation intentions, would elicit a greater
appreciation of the testing effect than would the control condition, which was only
exposed to text articles on the testing effect. It was predicted that subjects’ change
in attitudes towards study strategies, as measured in the SSS Questions #2-5,
would demonstrate increased appreciation of self-testing and decreased
appreciation of restudying. Each analysis was conducted through individual linear
models with the difference in scores across tests on the relevant survey items used
as the dependent measure, and group inclusion treated as the between-subject
predictor variable. These analyses amounted to the test of 2 (test: pre/post) by 2
(condition: experimental, control) interactions, with repeated measures on test. To
preview our results, none of the predicted interactions were found to be statistically
significant.

For SSS Question #2, response option B (self-testing) did not exhibit a
significant test by condition interaction, F (1, 379) < 1, p >.05, n2 < .001. Similarly,
response option A (restudying) did not exhibit a significant test by condition
interaction, F' (1, 378) = 2.316, p >.05, n2 = .006. Prior to the intervention, 58.20% of
experimental group students reported more appreciation (i.e., gave a lower, more
prioritized rank) for self-testing’s normative benefit than restudying, and after the

intervention, 63.18% did so, whereas 61.11% of the control group reported more
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appreciation before the intervention compared to 63.89% after it. This interaction
was not significant, y? (1) < 1.

For SSS Question #3, response option B (self-testing) did not exhibit a
significant test by condition interaction, F (1, 379) < 1, p >.05, n2 < .001. Similarly,
response option A (restudying) did not exhibit a significant test by condition
interaction, F' (1, 379) = 2.447, p >.05, n2 = .006. Prior to the intervention, 51.24% of
experimental group students reported more appreciation (i.e., gave a lower, more
prioritized rank) for self-testing’s personal benefit than restudying, and after the
intervention, 59.70% did so, whereas 54.44% of the control group reported more
appreciation before the intervention compared to 59.66% after it. This interaction
was not significant, y? (1) < 1.

For SSS Question #4 and 5, responses representing the perceived magnitude
of the mnemonic benefits of self-testing did not exhibit a significant test by
condition interaction, F' (1, 373) < 1, p >.05, n2 < .001. Similarly, responses
representing the perceived magnitude of the mnemonic benefits of restudying did
not exhibit a significant test by condition interaction, F' (1, 372) <1, p >.05, p2 <
.001. Prior to the intervention, 53.50% of experimental group students reported
more appreciation (i.e., gave a lower, more prioritized rank) for the magnitude of
self-testing’s memory benefit than restudying, and after the intervention, 60.20%
did so, whereas 53.88% of the control group reported more appreciation for the
magnitude of self-testing’s memory benefit before the intervention compared to

58.88% after it. This interaction was not significant, y2 (1) < 1.
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Despite the alignment of the observed numerical trends with our predictions,
results of these statistical tests refute our prediction that the pre/post differences in
SSS Questions 2-5 would depend on condition. Therefore, our hypothesis - that the
direct experience of self-testing and the involvement of the Model of Action Phases
would lead to greater appreciation of the testing effect than reading a text article
about the effect — receives no support in the form of statistically significant
interactions. However, an interesting pattern was observed in the data,
demonstrated in Table 9. Specifically, only the experimental group was associated
with significant pre/post changes to testing effect appreciation. The experimental
group exhibited a significant rank increase (i.e., a priority decrease) in appreciation
of the restudy strategy, both for the average student and for oneself, and a
significant increase in the perceived magnitude of learning benefits for self-testing.
No similar results were found for the control group. Although not as strong as
finding a statistically significant interaction, this dissociation of results between
groups constitutes evidence that the experimental group was particularly effective
at changing testing effect appreciation, whereas the same is not true of the control

group.



Table 9.

Study Strategy Survey responses and in-class exam grades by intervention condition

in Experiment 2.

SSS Question # Strategy Experimental Control
Pre Post Pre Post
t-test of pre/post t-test of pre/post
difference scores difference scores
1: Strategy Use Restudy 2.194 | 2557 2.311 | 2.502
t (200) = 2.816** t (179) = 1.276
Self-Testing 3.089 | 3.154 3.216 | 2.994
t (200) < 1 t (179) = 1.331
2: Appreciation for | Restudy 3.064 | 3.606 3.383 | 3.572
Average Student t (200) = 3.738%** t(178)=1.163
Self-Testing 2422 | 2383 | 2611 | 2.500
t(200)<1 t(178) <1
3: Appreciation for | Restudy 2.820 | 3.328 | 3.055 | 3.226
Oneself t (200) = 3.461*** t (179) = 1.178
Self-Testing 2.582 | 2.661 2.672 | 2.613
t(200) <1 t(179) <1
4 & 5: Magnitude of | Restudy 5285 | 5.229 5.133 | 5.116
Learning Benefits t(194) <1 t(178) <1
Self-Testing 5.985 6.153 5.988 6.138

t (195) = 1.969*

t(178) =1.633

In-Class Exam
Grades

75.553 80.790

76.163 78.707

t (195) = 5.772%**

t (180) = 2.515%

Note: *p <.05, **p <.01, ***p <.001

Pre-Post Differences. As the test (pre, post) by condition (experimental,

control) interactions were not significantly different from each other for any of the

relevant dependent measures, we report pre-post differences collapsed across

groups. As in Experiment 1, it was hypothesized that the Quiz-Me intervention

would cause students to gain appreciation for the testing effect. Therefore, it was

predicted that the students’ average rank of response option B (“Do practice




71

problems, self-tests, or flashcards”) would be significantly lower (i.e., more
prioritized) after the intervention than before it. Similarly, it was predicted that the
average rank of response option A (“Rereading notes or textbook”) would be
significantly higher (i.e., less prioritized) after the intervention than before it. These
predictions were made for both Study Strategy Survey Question #2 (“Which do you
think lead to the best learning outcomes for the average student?”) and Question #3
(“Which do you think lead to the best learning outcomes for you?”). It also predicted
that SSS Question #5 (“How beneficial do you believe [practice testing] is for your
memory?”) would be significantly higher after the intervention than before it, and
that SSS Question #4 (“How beneficial do you believe [restudying] is for your
memory?”’) would be significantly lower after the intervention than before it.
Response patterns for restudying and self-testing strategies on Question 2 and 3 are

provided in Figures 5 and 6, respectively.
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Figure 5. Study Strategy Survey responses for Experiment 2: Question #2
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Figure 6. Study Strategy Survey responses for Experiment 2: Question #3
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For SSS Question #2, response option B (self-testing) did not exhibit a
significant decrease in rank from pre-test to post-test, ¢ (379) <1, p >.05, d = .035.
However, response option A (restudying) did exhibit a significant increase in rank
(i.e., a decreased in prioritization) from pre-test to post-test, ¢ (379) = 3.404, p <.001,
d = .174, a small effect. As Table 9 demonstrates, this pre/post effect for restudying
was primarily driven by the experimental intervention condition. Prior to the
intervention, 59.58% of students reported more appreciation for self-testing’s
normative benefit than restudying, and after the intervention, 63.51% did so, a non-
significant increase, y2 (1) < 1.

For SSS Question #3, response option B (self-testing) did not exhibit a
significant decrease in rank from pre-test to post-test, ¢ (380) <1, p > .05, d = .008.
However, response option A (restudying) exhibited a significant increase in rank
from pre-test to post-test, ¢ (380) = 3.336, p <.001, d =.170, a medium effect. As
Table 9 demonstrates, this pre/post effect for restudying was primarily driven by
the experimental intervention condition. Prior to the intervention, 52.75% of
students reported more appreciation for self-testing’s personal benefit than
restudying, but after the intervention, 59.68% did so, a non-significant increase, y?
(1) = 1.699, p > .05.

For SSS Question #4 and 5, responses?® representing the perceived

magnitude of the mnemonic benefits of self-testing did exhibit a significant increase

20 Note that unlike Questions #1-3, Questions #4 and 5 were measured using a scale
from 1-7 with 7 corresponding to “very effective” and 1 corresponding to “not at all
effective.”
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from pre-test (M =5.987, s = 1.148) to post-test (M =6.151, s = 1.066), t (374) =
2.555, p < .05, d =.131, a small effect. As Table 9 demonstrates, this pre/post effect
for self-testing was primarily driven by the experimental intervention condition.
However, responses representing the perceived magnitude of the mnemonic benefits
of restudying did not exhibit a significant decrease from pre-test (M = 5.221, s =
1.410) to post-test (M =5.185, s =5.151), t (373) <1, p > .05, d = .042. Prior to the
intervention, 53.68% of students reported more appreciation for the magnitude of
self-testing’s memory benefit than restudying, but after the intervention, 59.57%
did so, a non-significant increase, x? (1) <1.

These results provide mixed support for our predictions. For Questions #2
and 3, results exhibited the predicted detriment to restudy priority following the
intervention, but results did not exhibit the predicted improvement to self-testing.
For Questions #4 and 5, results exhibited the predicted benefit of the perceived
magnitude of self-testing following the intervention, but did not exhibit the
predicted detriment to restudy. These findings therefore provide mixed support for
the hypothesis that the Quiz-Me intervention was effective at increasing
appreciation of the testing effect.

Hypothesis 2: Increased Self-Testing Usage

Interaction with Condition. It was hypothesized that the experimental
condition, characterized by direct experience with the testing effect as well as the
leveraging of goal, behavioral, and implementation intentions, would elicit greater

use of the self-testing strategy than would the control condition, which was only
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exposed to text articles on the testing effect. It was predicted that subjects’ change
in study behavior, as measured on the SSS Question #1, would demonstrate
increased use of self-testing and decreased use of restudying. This analysis was
conducted through a linear model with the difference in scores across tests on SS
Question #1 responses used as the dependent measure, and group inclusion treated
as the between-subject predictor variable. This analysis amounted to the test of a 2
(test: pre/post) by 2 (condition: experimental, control) interaction, with repeated
measures on test. For this question, response option B (self-testing) did not exhibit
a significant test by condition interaction, F' (1, 379) = 1.757, p >.05, n2 = .004.
Similarly, response option A (restudying) did not exhibit a significant test by
condition interaction, F' (1, 379) < 1, p >.05, n2 = .001. Prior to the intervention,
31.34% of experimental group students reported more use for self-testing than
restudying, and after the intervention, 41.29% did so, whereas 34.44% of the control
group reported more appreciation before the intervention compared to 40.33% after
it. This interaction was not significant, y2 (1) <1. Despite the alignment of the
observed numerical trends with our predictions, results of these statistical tests
refute our prediction that the pre/post differences in SSS Questions 1 would depend
on condition. Therefore, our hypothesis - that the direct experience of self-testing
and the involvement of the Model of Action Phases would lead to greater use of the
self-testing strategy than reading a text article about the effect — receives no
support in the form of a statistically significant interaction. However, as was the

case for changes in testing effect awareness, an interesting pattern was observed in
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the strategy use data, demonstrated in Table 9. Specifically, only the experimental
group exhibited a significant rank increase (i.e., a priority decrease) in use of the
restudy strategy. No similar result was found for the control group. Although not as
strong as a finding a statistically significant interaction, this dissociation of results
between groups constitutes evidence that the experimental group was particularly
effective at changing study strategy use, whereas the same is not true of the control
group.

Pre-Post Differences. As the test (pre, post) by condition (experimental,
control) interaction was not significantly different from each other, we report pre-
post differences collapsed across groups. As in Experiment 1, it was hypothesized
that the Quiz-Me intervention would cause students to increase use of the self-
testing strategy and decrease use of the restudy strategy. Therefore, it was
predicted that the students’ average rank of response option B would be
significantly lower — and their average rank of response option A would be
significantly higher — on SSS Question #1 (“Rank the top 5 strategies in order of
how often you used them”) after the intervention than before it. Response patterns
for restudying and self-testing strategies on Question 1 are provided in Figure 7.
For this question, response option B did not exhibit a significant decrease in rank
from pre-test to post-test, ¢ (380) < 1, p > .05, d =.023. However, response option A
exhibited a significant increase in rank from pre-test to post-test, ¢ (380) = 2.862, p
<.01, d = .146, a small effect. As Table 9 demonstrates, this pre/post effect for

restudying was primarily driven by the experimental intervention condition. Prior
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to the intervention, 32.80% of students reported using (i.e., gave a lower, more
prioritized rank for) self-testing more than restudying, but after the intervention,
40.83% did so, a marginally significant increase, 2 (1) = 3.419, p = .069. These
results provide some confirmation for our predictions, supporting the hypothesis
that the Quiz-Me intervention was effective at decreasing use of the restudy
strategy, despite not increasing use of the self-testing strategy.
Hypothesis 3: Increased Exam Grades

Unlike in Experiment 1, it was hypothesized that the predicted benefits of
the Quiz-Me intervention would cause an increase in students’ abilities to retain
class-related information. Therefore, it was predicted that students would exhibit a
significant pre/post-test improvement on course exam grades. Unfortunately, a test
of the pre/post differences in exam grades is confounded with exam content; because
instructors assessed different information on Exams #1 and 2, any main effect of
pre/post-test difference could be attributed to content rather than the learners’

study strategies used leading up to them.
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Interaction with Condition. To counteract this issue, a test of the exam
number-by-condition interaction was analyzed. As both conditions experienced the
same two exams, the test of the interaction would reveal whether either of the Quiz-
Me intervention conditions made more improvements from Exam #1 to Exam #2
than the other condition. It was hypothesized that the experimental condition would
elicit greater exam-preparatory improvements than would the control condition,
and so it was predicted that the experimental group would exhibit greater
improvement from Exam #1 to Exam #2 than would the control group. This analysis
was conducted through a linear model with the difference in scores across exams
used as the dependent measure, and group inclusion treated as the between-subject
predictor variable. This analysis amounted to the test of a 2 (exam: first, second) by
2 (condition: experimental, control) interaction, with repeated measures on test.
Results exhibited a marginally significant interaction between condition and exam
differences, F' (1, 371) = 2.901, p = .089, n2 = .007. These results provide weak
evidence that the effect of experimental condition had a reliable impact on the
improvement in grades from Exam #1 to Exam #2. Descriptive statistics and within-
condition pre/post t-tests are provided in Table 9.

Two speculative analyses were conducted to determine whether other
relevant measured variables could help explain the preset data. First, the difference
in instructor had an impact on the presence of the predicted condition by exam
number interaction. This analysis took the form a 5 (instructor) by 2 (condition) by 2

(exam) interaction with repeated measures on exam. This interaction term was
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significant, F' (4, 363) = 2.584, p < .05, n2 =.027, a small effect. The differences in
exam improvement by instructor and condition are presented in Table 10. Notably,
the only instructors for whom an advantage of experimental condition was not
present was for both of the instructors teaching General Psychology classes. When
removing these classes from the analysis, the condition-by-exam interaction is
significant, F' (1, 237) = 10.300, p <.01, n2=.041, a small effect. Importantly, this
analysis of the impact of the two conditions on exam improvement was dependent
on whether the course was a General Psychology course or a higher level course was

motivated not by an a priori hypothesis but by ad-hoc speculation.

Table 10

The differences in exam improvement by instructor and condition in Experiment 2
Instructor Experimental Control p (Int) Task Value

B.K. (n=67) 3.675 (8.724) 7.416 (9.554) .120 5.553 (1.000)

D.S.M. (n = 39) -8.467 (16.311) -14.098 (20.020) 431 5.070 (1.149)

7.862 (9.782)

J.B.(n="179) 2.772 (13.978) .092 6.018 (0.909)

R.LA. (n=41) 4.000 (9.978) -.400 (13.320) 222 5.705 (1.055)

AL. (n=162) 8.382 (9.672) 5.592 (9.281) .062 5.422 (1.116)

Mean (standard deviation)
“Int” represents the exam-by-condition interaction for that instructor



82

It could be reasoned that the (elective) General Psychology courses could be
characterized by lower task value than the higher level, psychology majors-only
courses. Task value was assessed in this experiment due to its promising role in
predicting positive outcomes from the intervention in Experiment 1. It was the only
scale from the MSLQ that was retained from Experiment 1, and was completed by
all subjects including those from the experimental and control conditions. Task
value was found to differ by instructor, F' (4, 365) = 6.322, p <.001, n2 = .064, a small
effect, but not in a way that would have made the latter two analyses redundant.
Specifically, the predicted pattern whereby the General Psychology courses
exhibited lower task value than the other courses was not observed in the data. In
fact, the General Psychology courses were characterized by task value that was at
or above the average of M =5.555. We conducted an additional exploratory analysis
consisting of a test of the statistical interaction between task value and condition
interaction on exam grade with repeated measures on exam number. A significant
task value by condition interaction was found, F' (1, 353) = 4.037, p <.05, p2=.011, a
small effect, indicating that the effect of intervention condition on exam grade
improvement depends upon the level of task value exhibited by the subject. Table
11 provides estimates of model parameters and Table 12 provides predictions of
grade improvement based on condition and task value. The predictions depict a
pattern whereby subjects in the experimental group experience substantial test-to-
test improvement regardless of task value score, whereas test-to-test improvement

for control group subjects is highly dependent upon task value score. These
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analyses, although entirely ad hoc in nature, support the findings of Experiment 1
that task value is an important characteristic for predicting susceptibility to the
Quiz-Me intervention. More importantly, they demonstrate that subjects who are
low in task value benefit by taking the experimental over the control intervention.
Correlations between task value and Study Strategy Survey responses are provided

in Table 13.

Table 11
Estimates of model parameters for condition by task value interaction on exam
improvement in Experiment 2

Predictor Estimate Std. Error t
Intercept -10.280 4.787 2.147*
Condition 16.506 7.080 2.331*
Task Value 2.294 0.857 2.675%*
Interaction -2.509 1.248 2.009*
Table 12

Predictions of exam improvement based on condition by task value interaction model
in Experiment 2

Experimental Control
Low Task Value (M - s) 5.266 -0.025
Medium Task Value (M) 5.033 2.467

High Task Value (M + s) 4.799 4.961
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Table 13
Correlations between task value, pre-intervention, and SSS difference scores in Experiment 2

T1Q1 |T1Q1|T1Q2 |T1Q2|T1Q@3|T1Q3 Q1A |Q1B |Q2A |Q2B |Q3A |Q3B | Q4
TV A B A B A B T1Q4 | T1 Q5 | Dif Dif Dif Dif Dif Dif Dif
TV -
T1Q1A -0.14 -
T1Q18B 0.2 -0.09 -
T1Q2A -0.09 | 0.36 | 0.03 -
T1Q28B 0.15 | 0.03 0.39 -0.18 -
T1Q3A -0.08 | 0.55 0 0.57 | -0.09 -
T1Q38B 0.18 |-0.02 | 0.61 -0.08 | 0.57 -0.05 -
T1Q4 0.23 |-0.36 | 0.16 |-0.34 |0.21 -0.47 | 0.18 -
T1Q5 0.01 |0.04 |-034 |0.04 |-0.31 |0.07 |-0.45 |0.08 -
Q1 A Dif 0.13 | -0.55 | 0.02 -0.15 | -0.01 | -0.27 | 0.01 0.12 -0.01 -
Q1 B Dif -0.07 | -0.01 | -0.53 |-0.01 |-0.19 |-0.02 |-0.25 |-0.02 | 0.07 | -0.04 -
Q2 A Dif 0.08 |-0.18 | 0.04 |-0.53 | 0.03 -0.27 | 0.07 0.08 | -0.02 | 0.33 -0.02 -
Q2 B Dif -0.1 0.05 -0.16 | 0.18 | -0.6 0.04 |-0.25 |-0.04 |0.12 |O 0.39 |-0.14 -
Q3 A Dif 0.12 |-0.27 | -0.06 |-0.28 | O -0.56 |0 0.15 0.02 |0.51 0 0.52 | -0.02 -
Q3 B Dif -0.12 | 0O -0.27 | 0.04 |-0.28 |-0.03 |-0.57 |-0.02 | 0.2 -0.06 | 0.5 -0.11 | 0.46 | -0.08 -
Q4 Dif -0.04 | 0.09 -0.01 | 0.08 |-0.07 |0.17 |-0.04 |-0.5 -0.07 | -0.18 | 0.11 | -0.24 | 0.07 -0.3 0.16 -
Q5 Dif 0.06 | 0.05 0.1 -0.03 | 0.13 -0.03 | 0.22 -0.06 | -0.58 | 0.04 |-0.21 | 0.04 |-0.14 |0.07 |-0.33 | 0.07

T1 Q1 A = Pre-test Ranked Use of Restudying, T1 Q1 B = Pre-test Ranked Use of Self-Testing, T1 Q2 A = Pre-test Ranked Appreciation of Restudying for Other, T1 Q2 B =
Pre-test Ranked Appreciation of Self-Testing for Other, T1 Q3 A = Pre-test Ranked Appreciation of Restudying for Self, T1 Q3 B = Pre-test Ranked Appreciation of Self-
Testing for Self, T1 Q4 = Pre-test Perceived Magnitude of Memory Benefit for Restudying, T1 Q5 = Pre-test Perceived Magnitude of Memory Benefit for Self-Testing

T2 Q1 A = Post-test Ranked Use of Restudying, T2 Q1 B = Post-test Ranked Use of Self-Testing, T2 Q2 A = Post-test Ranked Appreciation of Restudying for Other, T2 Q2 B =
Post-test Ranked Appreciation of Self-Testing for Other, T2 Q3 A = Post-test Ranked Appreciation of Restudying for Self, T2 Q3 B = Post-test Ranked Appreciation of Self-
Testing for Self, T2 Q4 = Post-test Perceived Magnitude of Memory Benefit for Restudying, T2 Q5 = Post-test Perceived Magnitude of Memory Benefit for Self-Testing

Q1 A Dif = Change in Ranked Use of Restudying, Q1 B Dif = Change in Ranked Use of Self-Testing, Q2 A Dif = Change in Ranked Appreciation of Restudying for Other, Q2 B
Dif = Change in Ranked Appreciation of Self-Testing for Other, Q3 A Dif = Change in Ranked Appreciation of Restudying for Self, Q3 B Dif = Change in Ranked Appreciation
of Self-Testing for Self, Q4 Dif = Change in Perceived Magnitude of Memory Benefit for Restudying, Q5 Dif = Change in Perceived Magnitude of Memory Benefit for Self-
Testing
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Discussion

Experiment 2 was conducted to test three related hypotheses. First, it was
hypothesized that the Quiz-Me intervention would increase appreciation for the
testing effect relative to before the intervention, and relative to the control
intervention. To that end, it was predicted that test (pre, post) by intervention
condition (experimental, control) would interact on the various measures of testing
effect appreciation. This prediction was partially refuted by the finding of non-
significant interactions upon testing effect appreciation, both for oneself and for the
average student. Despite the lack of statistically significant interactions, pre/post
differences on several measures were observed that were driven primarily by the
experimental group. In fact, no pre/post differences were observed within the
control group, but the experimental group repeatedly showed pre/post differences
for testing effect awareness, such as reduced prioritization of the restudy strategy.
Therefore the results of Experiment 2 indicate that the experimental intervention
was largely effective in increasing appreciation of the testing effect, whereas the
control condition was not.

Second, it was hypothesized that the Quiz-Me intervention would increase
use of the self-testing strategy and decrease use of the restudy strategy, both
relative to before the intervention, and relative to the control intervention. To that
end, it was predicted that pre-to-post-interventions changes in restudy and self-
testing use would interact with intervention group, such that experiencing the

experimental group’s intervention would cause larger pre-to-post changes in restudy



86

self-testing use than would experiencing the control group’s intervention. This
prediction was partially refuted by the finding of a non-significant interaction, such
that pre-to-post intervention changes in restudy and self-testing use did not depend
on which intervention subjects had experienced. Despite the lack of a statistically
significant interaction, pre/post differences on restudy usage were observed and
driven primarily by the experimental group. Specifically, no pre/post differences for
restudying or self-testing were observed for the control group, but restudy use rank
had significantly decreased for the experimental group. Therefore, the results of
Experiment 2 indicate that the intervention was somewhat effective in changing
study strategy use, namely by decreasing students’ proclivity of restudying relative
to other strategies, and this benefit was only experienced by the experimental
intervention condition.

Third, it was hypothesized that the Quiz-Me intervention would increase
students’ abilities to succeed on in-class exams. However, a simple pre-to-post
intervention comparison is confounded with exam content, so the only relevant
prediction concerned the interaction between exam number and intervention group.
These results revealed a marginally significant interaction, indicating modest
support for the prediction that pre-to-post exam grade improvement depends on
whether students experienced the experimental intervention or the control
intervention. This benefit to exam performance might be due to the changes to
study strategy and appreciation and use that was present in the experimental

group but not the control group.
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Additionally, ad-hoc investigation into the distribution of exam grades
between instructors revealed that only the samples associated with General
Psychology courses failed to display the predicted condition by exam number
interaction. Additional analyses indicated that task value also exhibited a
significant interaction with condition on exam improvement, indicating that the
amount to which a student cares about the course at hand influences whether the
experimental group will benefit him or not; when task value is high, there is little
difference in outcomes by group, but when task value is low, this difference is
substantial. These ad hoc analyses are not conclusive but rather might highlight
important avenues for future research.

There are two primary conclusions to be drawn from Experiment 2. First, as
in Experiment 1, students were receptive to taking online educational interventions
and applying that information to inform their beliefs about the effectiveness of
various study strategies as well as changing their study behaviors. Unlike
Experiment 1, this receptivity manifested in decreased appreciation and use of
restudying more so than in an increased appreciation and use of self-testing.
Another primary conclusion from Experiment 2 is that students demonstrate
superior intervention outcomes for the Quiz-Me experimental educational
intervention than for the control intervention. Although not revealed by a
significant interaction, the repeated finding that pre/post differences in restudy
appreciation and use were only observed for the experimental group, combined with

the marginally greater pre/post exam performance exhibited by the experimental



group, converge on the conclusion that the experimental group was successful in

changing student study strategies for the better.

88
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General Discussion

The current investigation was conducted in order to build upon the successes
of previous applied research endeavors into the development and validation of
educational interventions that teach students about the testing effect and elicit
greater self-testing behavior. Previous studies, such as those conducted by Einstein
et al. (2012) and Dobson and Linderholm (2015), have been characterized by
successful educational outcomes qualified by issues of interpretation. The present
experiment sought to build upon this previous research in several ways. First,
previous research drew conclusions about the efficacy of interventions from either
in-class exam data or retrospective surveys alone, neither of which permit the most
direct assessment of attitudes and behaviors related to self-testing in isolation. The
current investigation measured both in-class exam data and surveys undertaken
immediately after in-class exams in order to accurately assess student study
strategies and their effects on exam grades while minimizing biases of
retrospection. Other important new measures included the Motivated Strategies for
Learning Questionnaire, used to identified individual differences in psychological
characteristics that might predict susceptibility to a successful reaction to the
educational intervention. Second, in addition to the use of an experimental group
defined by the presence of comparative experience and explicit recommendation of
self-testing, Experiment 2 also included a control group defined by exposure to a
text-based intervention in order to minimize the impact of demand characteristics

and artifacts inherent to quasi-experimental procedure designs. Third, the current
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investigation attempted to supplement previous intervention procedures with
details designed to maximize the likelihood of behavioral change as recommended
by the Model of Action Phases (Bamberg, 2013; Heckhausen & Gollwitzer, 1987),
including the formation of goal, behavioral, and implementation intentions. Finally,
this investigation conducted the important work of making the educational
intervention an online experience, thereby preserving class time and making this
testing effect elicitation experience widely accessible; its validation as an
enhancement of educational outcomes would thus be an important contribution in
the pursuit of effective tools to improve student study behaviors.

In many ways, the present investigation has confirmed what previous studies
have found, thereby solidifying the state of the research into the elicitation of self-
testing behaviors. As was previously found by Einstein et al. (2012), students in
Experiment 1 confirmed a greater tendency of using self-testing behavior after the
intervention than before it. As previously noted, these present data were recorded
immediately after each exam rather than months in retrospect. Unlike Einstein et
al., Experiment 1 found that students not only used self-testing more than before
the intervention, but they ranked self-testing as better for their learning outcomes,
ranked self-testing better for the average student’s learning outcomes, and judged
self-testing to be better in magnitude of learning outcomes than restudying. The
number of students who appreciated and used self-testing more than restudying
grew a substantial amount after the intervention as well. The results of Experiment

1 provide the strongest available support for the claim that educational
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interventions into the testing effect can increase testing effect appreciation and self-
testing use.

The results of Experiment 2 also confirm and extend the work of Einstein et
al. (2012), although they do so in a more modest way than did Experiment 1.
Whereas the self-testing improvements (i.e., in appreciation and use) in Experiment
1 were very large, such improvements in Experiment 2 were considerably smaller.
The most plausible interpretation for these divergent results is that Experiment 1
was conducted in a course that was particularly well-suited for the intervention. As
a course in cognitive psychology that covered the dynamics of learning and memory
— including the testing effect — in between Exams 1 and 2, this course supplemented
the direct experience of the testing effect in the online intervention with in-person
lectures that emphasized many topics relevant to changing one’s study strategies.
This procedure is entirely in keeping with previous research, as both Einstein et al.
(2012) and Dobson and Linderholm (2015) dedicated class time to discussing the
testing effect and its incorporation into exam preparation routines, but this
procedure is far from the fully online implementation that was used in Experiment
2. The lack of lecture-based accompaniment of the intervention may thus be the
most important difference in the divergent set of results between experiments. If
true, the difference in results between Experiments 1 and 2 can be attributed to the
in-person lecture accompanying the intervention, and the effects present in
Experiment 2 (with no in-person lecture) can be ascribed to the effects of the online

procedure alone. No previous research has examined the effects of a purely online
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educational intervention into the teaching of the testing effect. After only two 30-
min (or shorter) sessions in the experimental condition, students exhibited
significant reductions in their ranked use and appreciation of restudying, and a
significant increase in the perception of the magnitude of self-testing’s memory
benefits. This experience can thus be viewed as an easy method for changing
students’ self-testing attitudes and behaviors without need for an in-person lecture
component. Future research should attempt to replace not only the comparative
experience component of the intervention that was conducted in person by Einstein
et al. (2012) and Dobson and Linderholm (2015) and conducted here on Quiz-Me,
but also to replace the in-person lectures crucial to the effects of Experiment 1 with
further on-demand content such as video lecture in order to complete the transition
from in-person to online intervention. In doing so, this future intervention could
realize the goal of the fully on-demand testing effect intervention that Quiz-Me had
attempted to achieve.

This investigation did more than confirm and extend previous research, but
also drew several new and interesting conclusions. Foremost among these additions
was the assessment of a control group that experienced an intervention defined not
by comparative experience and goal, behavioral, and implementation intentions, but
rather by reading two articles on the educational applications of the testing effect.
This control group was selected in order to mimic the lay-intervention of high-school
and undergraduate college teachers: assigning a passage of text and hoping that the

students care enough to put the content to use. As anticipated, this control group
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was less effective for changing testing effect awareness and use than the
experimental condition. This change was not exhibited in significant interactions,
but rather in the recurring finding that the experimental group alone was
accompanied by changes to appreciation and use of the restudy strategy. Although
it would have been preferable to observe changes in the use in self-testing, it is
promising that Quiz-Me was successful in correcting misguided beliefs about the
benefits of restudying, and in increasing the magnitude of perceived benefits of self-
testing. These changes to restudying beliefs and use priorities may have caused the
marginally greater exam performance that was experienced by the experimental
group than the control group. Interestingly, it was found that the control group was
not associated with as much exam grade improvement as the experimental group
within General Psychology courses and within students low in task value. It would
be valuable to determine whether these results hold in future samples as well.

The current investigation was accompanied by several notable limitations.
First, although Experiment 1 identified the psychological characteristics of subjects
who would be particularly susceptible to positive reactions to the educational
Intervention, it would be most appropriate to describe these characteristics as
relevant to the Experiment 1 procedure rather than the more portable Experiment
2 procedure. This limitation should be addressed in future research by finding the
appropriate balance in the trade-off between collecting lengthy survey data yet
fatiguing subjects or collecting less data while preserving enthusiasm for the online

experience. An additional limitation is the use of rank scores as primary measures
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in the Study Strategy Survey. Without absolute measures such as number of hours
spent engaged in a particular strategy, it is difficult to determine whether a
strategy rank has changed due to decreased priority of a strategy previously
preferable to it or due to an increased appreciation of that strategy itself.
Furthermore, many educators might be interested in finding methods of increasing
the amount of time that students spent engaged in a particular strategy, and care
less about that strategy’s perceived benefits. Finally, as previously noted, some
students were confused by the wording on the study strategy survey (e.g., providing
the same rank to multiple strategies which had to be manually corrected), so an
improved version of the SSS is clearly desirable.

To conclude, the present investigation has demonstrated that students will
alter their beliefs about the relative benefits of study strategies and reprioritize the
use of those strategies if exposed to the proper educational intervention that
includes an in-person lecture component. Although weaker in magnitude,
significant changes to attitudes and behaviors related to study strategies are
observed even in the absence of in-person lecture. These benefits are especially
relevant to the direct comparative experience of the testing effects as well as goal
and implementation intentions (specific to the experimental intervention)
recommended by the Model of Action Phases (Bamberg, 2013; Heckhausen &
Gollwitzer, 1987). Future interventions should now be developed to surpass the

benchmarks of study strategy reprioritization elicited by Quiz-Me.
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Appendix A:

Images of the Final Quiz-Me Online Intervention (Spring 2018)

See text for divergences from Fall 2017 version

QuizMe

Quiz-Me.Co

Begin the Day 1 session here!

Be sure to sign in with your official college email address to
receive participation credit.

student@university.edu | Login |

About

Quiz-me.co is an educational experience designed to demonstrate to students the benefits of using appropriate study strategies. To experience
these benefits yourself, click Day 1 Begin above if you are a new user, or Day 2 Return if you have already begun the Quiz-me experience.
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Quiz-Me.Co

Please read this consent form and indicate whether
you would like to participate below

PARTICIPANT INFORMED CONSENT FORM

Examining Student Self-Regulated Learning Techniques in Classroom and Online

Principal Investigator Adam P. Young

Please read the following material that explains this research study. Signing this form will indicate that
you have been informed about the study and that you want to participate. We want you to understand
what you are being asked to do and what risks and benefits—if any—are associated with the study. This
should help you decide whether or not you want to participate in the study.

You are being asked to take part in a research project conducted by Adam P. Young, M.A., graduate

mtrrdant in tha TTaisraenitsr af Malacada at Danldac)s TManactomant Af Darrnhalaasr and Nasreanainnaa 24K

Authorization:

I have read this paper about the study or it was read to me. I understand the possible risks and benefits. I
know that being in this study is voluntary. I choose to be in this study. I know that I can withdraw at any
time. I have received, on the date signed, a copy of this document containing two pages.

Use your official name known to your school
Your First Name:  Sample

Your Last Name:  Student
My Student ID #: 0123456
My University:  University
My Professor:  Professor
Today's Date:  01/22/2018

| consent to take part in this study #Yes [ No

submit
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ease Indicate the extent to which you agree or disagree
with the following statement:

| like the subject matter of this course.

(Strongly Disagree) o - e - ° - ° - ° - o - . (Strongly Agree)

| think i will be able to use what | learn in this course in other courses.

(Strongly Disagree) o - e - e - ° - ° - ° - ° (Strongly Agree)

X
It is important for me to learn the course material in this class.

(Strongly Disagree) o - ° - ° - ° - ° - o - B (Strongly Agree)

| think the course material in this class is useful for me to learn.

(Strongly Disagree) o - e - ° - ° - e - ° - ° (Strongly Agree)

| am very interested in the content area of this course.

(Strongly Disagree) o - ° - ° - ° - ° - ° - B (Strongly Agree)

Understanding the subject matter of this course is very important to me

(Strongly Disagree) o - e - ° - ° - ° - o - ° (Strongly Agree)

Quiz-Me.Co

Day 1 Instructions

Today you will complete three tasks:
1) Study 20 trivia facts

2) Restudy half of them

3) Take a practice quiz on the other half

Tomorrow you will take a Final Test on all the facts, and see which strategy leads to better memory: Restudying versus
Taking A Practice Quiz.
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QuizMe

Quiz-Me.Co

Pick a topic that you are interested in but do not know much about.
Sports&Gaming

Animal&Biology

Food&Drink

World History

Anatomy&Medicine

Quiz-Me.Co

Study Phase

Study 20 facts about the topic of your choice. These facts will be on the Final Test tomorrow, so try hard to memorize them.
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Quiz-Me.Co

Study Phase

Fact 1 of 20

Without access to written language, the Inca used a system
called quipu to communicate using knots in rope or string.

Gonine

QuizMe

Quiz-Me.Co

Restudy Phase

Restudy 10 of the facts you previously studied.

These facts will be on the Final Test tomorrow, so try hard to memorize them.
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Quiz-Me.Co

Restudy Phase

Fact 1 of 10

The shortest war in history was fought between the United
Kingdom and Zanzibar over succession to the throne of the

sultan and lasted approximately 38 minutes.

Quiz-Me.Co

Practice Quiz Phase

You will now take a practice quiz on 10 of the facts you previously studied.

These facts will be on the Final Test tomorrow, so try hard to memorize them.
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QuizMe

Correct, but you may want to check your spelling...

Your Answer: puppys
Correct Answer: pupples

Correct Solution: There are more than 5 million puppies born in the United States
every day.

Your Answer: pupples
Correct Answer: pupples

Correct Solution: There are more than 5 millon pupples born in the United States
every day.

QuizMe

Practice Quiz Phase

Without access to written language, the Inca used a system called[ Fill in the blank ]to
communicate using knots in rope or string.
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Practice Quiz Phase

Without access to written language, the Inca used a system called quipu to
communicate using knots in rope or string.

That is correct!

Your Answer: quipu
Correct Answer: quipu

Correct Solution:
Without access to written language, the Inca used a system called quipu to communicate using
knots in rope or string.

Practice Quiz Phase

A zigurat is a massive raised structure found in ancient Mesopotamia that served
both as a shrine and as a place to escape rising flood waters.

Correct, but you may want to check your spelling...

Your Answer: zigurat
Correct Answer: ziggurat

Correct Solution:
A ziggurat is a massive raised structure found in ancient Mesopotamia that served both as a
shrine and as a place to escape rising flood waters.
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QuizMe

Practice Quiz Phase

In ancient Egypt, only the rich could afford [ ] , which were commonly made
from stone.

Practice Quiz Phase

Today's participation is complete.
In 24 hours you will receive an email with a link asking you to return to Quiz-Me to finish participation.

You must finish the Day 2 procedure to receive credit-If you do not finish Day 2, you will receive no credit!
Please close this browser window now.
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Day 2 Instructions

Welcome Back
Yesterday you studied 20 facts, restudied half of them, and then took a practice quiz on the other half.

Now you will take a Final Test on all the facts. It is important that you try to do as well as you can.

After the test, you will be shown:
1) How you did on test questions for facts that you Restudied yesterday
2) How you did on test questions for facts that you Took a Practice Quiz on yesterday

...80 you can compare which strategy leads to better memory!

Final Test

The shortest war in history was fought between the United Kingdom and Zanzibar over succession to the
throne of the | Fill in the blank | and lasted approximately 38 minutes.
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QuizMe

Being a good learner is important to me

(Strongly Disagree) o - ° - e - ° - e - e - ° (Strongly Agree)

Receiving good grades is important to me

(Strongly Disagree) o - e - o - ° - ° - ° - ° (Strongly Agree)

Saving time by studying efficiently is important to me

(Strongly Disagree) o - e - e - ° - ° - e - ° (Strongly Agree)







Which strategy above can you picture yourself using?

Why that one in particular?

Your comments here

Please state your new strategy in If-Then format.
For example, If you are in (the place and time you just
just identified), Then you will engage in (the strategy

you chose to use).

Your comments here

That concludes the Tutorial experience!
Unlike many other students, you now know

the benefits of practice testing, and how to use it.

Thanks for participating, we hope it helps!
Do you believe you will use this

information to help you study in the future?
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Appendix B:
Motivated Strategies for Learning Questionnaire

And Cronbach’s Alpha Reliability Values

115

Item Scale

Alpha

Control of learning | It is my own fault if T don’t learn the material in a course.

If T try hard enough, then I will understand the course material.

If T study in appropriate ways, then I will be able to learn the

material I'm studying.

If T don’t understand the course material, it is because I didn’t try

hard enough.

.663

Critical thinking I try to play around with ideas of my own related to what I am

learning in my courses.

I often find myself questioning things I hear or read in my courses

to decide if I find them convincing.

Whenever I read or hear an assertion or conclusion in a class, I

think about possible alternatives.

When a theory, interpretation, or conclusion is presented in class
or in the readings, I try to decide if there is good supporting

evidence.

I treat the course material as a starting point and try to develop

my own ideas about it.

.659
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Effort regulation I work hard to do well in my classes even if I don’t like what we .820
are doing.
I often feel so lazy or bored when I study for a class that I quit
before I finish what I planned to do. (REV)
When course work is difficult, I either give up or only study the
easy parts. (REV)
Even when course materials are dull and uninteresting, I manage
to keep working until I finish.
Elaboration When reading for a class, I try to relate the material to what I 617
already know.
I try to relate ideas in one subject to those in other courses
whenever possible.
I try to understand the material in a class by making connections
between the readings and the concepts from the lectures.
When I study for a course, I write brief summaries of the main
ideas from the readings and my class notes.
I try to apply ideas from course readings in other class activities
such as lecture and discussion.
When I study for a class, I pull together information from different
sources, such as lectures, readings, and discussions.
Extrinsic goal If I can, I want to get better grades in my classes than most of the | .419

orientation

other students.

I want to do well in my classes because it is important to show my

ability to my family, friends, employer, or others.

Getting a good grade in my classes is the most satisfying thing for

me right now.




The most important thing for me right now is improving my
overall grade point average, so my main concern in my classes is

getting a good grade.

117

Help seeking

I try to identify students in my classes whom I can ask for help if

necessary.

Even if T have trouble learning the material in a class, I try to do

the work on my own, without help from anyone. (REV)

When I can’t understand the material in a course, I ask another

student in the class for help.

I ask the instructor to clarify concepts I don’t understand.

L7131

Intrinsic goal

orientation

The most satisfying thing for me in my courses is trying to

understand the content as thoroughly as possible.

When I have the opportunity in my classes, I choose course
assignments that I can learn from even if they don’t guarantee a

good grade.

I prefer course material that arouses my curiosity, even if it is

difficult to learn.

I prefer course material that really challenges me so I can learn

new things.

.665

Metacognition

I try to change the way I study in order to fit the course

requirements and the instructor’s teaching style.

I often find that I have been reading for this class but don’t know

what it was all about.

I ask myself questions to make sure I understand the material I

have been studying in my classes.

When I become confused about something I'm reading for a class, I

147




go back and try to figure it out.

If course readings are difficult to understand, I change the way I

read the material.

During class time I often miss important points because I'm

thinking of other things. (REV)
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I try to think through a topic and decide what I am supposed to
learn from it rather than just reading it over when studying for a

course.

When I study for a class, I set goals for myself in order to direct

my activities in each study period.

When studying for a course I try to determine which concepts I

don’t understand well.

If T get confused taking notes in class, I make sure I sort it out

afterwards.

When reading for a course, I make up questions to help focus my

reading.

Before I study new course material thoroughly, I often skim it to

see how it is organized.

Motivation (orig.) If my teacher doesn’t assign something I probably won’t do it, even | .707
if it might help me learn the material. (REV)
I do assignments the teacher says are optional even if they don’t
earn extra credit.

Organization When I study for a course, I go through the readings and my class | .508

notes and try to find the most important ideas.

When I study the readings in a course, I outline the material to

help me organize my thoughts.




I make simple charts, diagrams, or tables to help me organize

course material.

When I study for a course, I go over my class notes and make an

outline of important concepts.

119

Peer learning

I try to work with other students from my classes to complete the

course assignments.

When studying for a course, I often set aside time to discuss

course material with a group of students from the class.

When studying for a course, I often try to explain the material to a

classmate or friend.

762

Self-testing (orig.)

I quiz myself with practice questions in textbooks to help me

memorize class material.

I quiz myself by using flashcards to help me memorize class

material.

.638

Rehearsal

I memorize key words to remind me of important concepts in my

classes.

When studying for a course, I read my class notes and the course

readings over and over again.

When I study for a class, I practice saying the material to myself

over and over.

I make lists of important items for my courses and memorize the

lists.

.544

Self-efficacy

I'm confident I can learn the basic concepts taught in my classes.

.903




I believe I will receive excellent grades in my classes.

I expect to do well in my classes.

I'm confident I can understand the most complex material

presented by the instructor in my courses.

I'm confident I can do an excellent job on the assignments and

tests in my courses.

I'm certain I can master the skills being taught in my classes.

120

I'm certain I can understand the most difficult material presented

in the readers for a course.

Considering the difficulty of my courses, the teacher, and my

skills, I think I do well in my classes.

Task value

I like the subject matter of my courses.

I think I will be able to use what I learn in one course in other

courses.

It is important for me to learn the course material in my classes.

I think the course material in my classes is useful for me to learn.

I am very interested in the content area of my courses.

Understanding the subject matter of my courses is very important

to me.

728

Tech embrace

(orig.)

I am always using the internet.

I prefer to do tasks by hand rather on the computer. (REV)

.8568




I am excited by new technologies.

Whenever possible, I like to own the newest technology.

I avoid using technologies that seem complicated.

If my family member has problems with their computer, I can help

them.

I consider myself good with computers.

I enjoy learning ways that technology can make tasks more

efficient.

I use tools on educational websites to help me study.

121

Test anxiety

I have an uneasy, upset feeling when I take an exam.

When I take a test I think about how poorly I am doing compared

with other students.

When I take a test I think about items on other parts of the test I

can’t answer.

I feel my heart beating fast when I take an exam.

When I take tests I think of the consequences of failing.

755

Time management

I make sure that I keep up with the weekly readings and

assignments for my courses.

I find it hard to stick to a study schedule. (REV)

I often find that I don’t spend very much time on my courses

because of other activities. (REV)

I make good use of my study time for my courses.

I rarely find time to review my notes or readings before an exam.

REV)

I attend my classes regularly.

T usually study in a place where I can concentrate on my course

785
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work.

I have a regular place set aside for studying.




Appendix C:

Study Strategy Survey, Version 1

Extra Credit: Study Strategy Survey.

Your responses will remain anonymous, will not impact your grade, and will not be shared
without your explicit consent, which will be asked for in the coming days (and which you may
decline without losing credit). In the meantime, please answer these questions honestly.

Listed here are several study strategies you might have used when preparing for this test.
Refer to them by letter when answering the following questions:

Rereading notes or textbook

Do practice problems, self-tests, or flashcards

. Re-write notes

. Study with a group of students
Use mnemonics (acronyms, rhymes, etc.)
Make outlines or review sheets

. Highlight (in notes or book)

. Think of real life examples

IGMMOO W

1. Think of the strategies you used to prepare for this test. Rank the top 5 strategies in order
of how often you used them, with 1 as most often. Only use numbers 1-5 once.

A B C D E F G H

2. Out of all the study strategies (A-H), which do you think lead to the best learning outcomes
for the average student? Rank the top 5 strategies, with 1 as best. Only use numbers 1-5
once.

3. Out of all the study strategies (A-H), which do you think lead to the best learning outcomes
for you? Rank the top 5 strategies, with 1 as best. Only use numbers 1-5 once.

A B C D E F G H

4. How beneficial do you believe the Rereading notes or textbook strategy is for your
memory? Circle the number that best matches your opinion.

Not at all effective Very effective
1 2 3 4 5 6 7

5. How beneficial do you believe the Do practice problems, self-tests, or flashcards strategy is
for your memory? Circle the number that best matches your opinion.

Not at all effective Very effective
1 2 383 4 5 6 7
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Study Strategy Survey, Version 2

Extra Credit: Study Strategy Survey (__ points)
The following survey is optional. Your responses will remain anonymous and will not be shared without your consent, which
you will be asked for in the coming days (and you may decline without losing credit). Please answer honestly.

1. Listed here are study strategies you might have used when preparing for this test. Think of the strategies that
you used to prepare for THIS TEST. Rank the top 5 in order of how often you used them. (Bubble in ONE PER ROW,
and DO NOT choose any strategy more than once)

Use
Do practice mnemonics Make
Rereading problems, Study with  (acronyms, outlines or  Highlight Think of
notes or self-tests, or Re-write  agroupof rhymes, review (in notes real life
textbook flashcards notes students etc.) sheets or book) examples
Most often used @ ® © [0)] ® ® ® ®
2" most often used ® © [©) ® ® ® ®
3 most often used @ © ® ® ® ® ®
4" most often used @ © [©) ® ® 6] ®
5" most often used ® © ® ® ® ® ®

2. Out of all the study strategies listed here, which do you think lead to the best learning outcomes for the AVERAGE
STUDENT? Rank the top 5 strategies. (Bubble in ONE PER ROW, and DO NOT choose any strategy more than once)

Use
Do practice mnemonics Make
Rereading problems, Study with  (acronyms, outlinesor Highlight ~ Think of
notes or self-tests, or Re-write  agroupof rhymes, review (in notes real life
' textbook flashcards notes students etc.) sheets or book) examples

Very best strategy ® © ® ® ® (€] )
2™ best strategy ® © © ® ® © ®
3“ best strategy ® © © ® ® © ®
4" best strategy ® © [0) ® ® © ®
5" best strategy @ © ® ® ® ® ®

3. Out of all the study strategies listed here, which do you think lead to the best learning outcomes for YOU?
Rank the top 5 strategies. (Bubble in ONE PER ROW, and DO NOT choose any strategy more than once)

Use
Do practice mnemonics Make
Rereading problems, Study with  (acronyms, outlines or Highlight ~ Think of
notes or self-tests, or Re-write agroup of rhymes, review (in notes real life
textbook flashcards notes students etc.) sheets or book) examples

Very best strategy ® © ® ® ® ® ®

2™ best strategy ® ® © ® ® ® ® ®

3% best strategy ® © © ® ® © ®

4* best strategy ® © ) ® ® ® ®

5" best strategy @ © @ ® ® @ ®

4. How beneficial do you believe the rereading notes or textbook Not at all effective Very effective
strategy is FOR YOUR memory? (On the following scale, bubble in the ® @ (©) ® ® ® o
ONE number that best matches your opinion)

5. How beneficial do you believe the do practice problems, self-tests, or Not at all effective Very effective
flashcards strategy is FOR YOUR memory? (On the following scale, @ @ €] O] ® ® @
bubble in the ONE number that best matches your opinion)

[T T 1 I | | [ | | Toeam credit, please BUBBLE in your EXACT Student ID number.
@ © @ © © ©® ©® © ©o
@ ¢ ®© © © © © ©® O
® @ ® @ @ ® ® ® O You will be asked to complete a similar extra credit survey on the next exam.
® @ @ @ @ @ 6 O 06
®@ ® ® ® ®@ ®@ ® ® ® A corresponding extra credit online assignment will also be announced in
® ® 6 ®@ ® 66 6 6 o the coming days.
® ® ® ® ® ® ©® ©® ©®
® © 0 @ @ © © O O
® ® ®@ ® O [ PLEASE COMPLETE, DETACH, AND TURN IN DURING THE EXAM PERIOD.
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