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ARTICLE INFO ABSTRACT

Handling Editor: Matthieu Guitton Retrieval practice is an effective but effortful learning strategy during which learners bring information from
memory to mind (e.g., when self-testing with flashcard software). Because it is effortful, learners often find it
hard to maintain during self-study. We therefore investigated if gamified feedback could make retrieval practice
more attractive to learners, while maintaining or increasing its benefits for learning. In an online experiment, 166
adult participants studied foreign vocabulary (i.e., practiced retrieval of the word meaning) with an adaptive fact
learning system. Each participant practiced once in a control condition, and once in a gamified condition: either a
points condition which showed a score that increased for every correct answer, or a points-and-progress condition,
that additionally displayed on two progress bars how the score increased. Compared to the control condition, the
gamified conditions enhanced self-reported feelings of competence, enjoyment, and task value as well as
experienced goal setting and the desire to perform well. Differences between points and points-and-progress
condition were only found for goal-setting (which was higher for points-and-progress). Gamified feedback did
not affect learning behaviors during practice, nor recall on a delayed posttest. However, the response speed, score
achieved, number of practiced words, and number of trials completed with gamified feedback were lower when
participants first practiced with gamified feedback and then without, compared to when they first completed the
control condition and then received gamified feedback. Taken together, results suggest that gamified feedback
may be a useful addition to enhance motivation for learning with retrieval practice software.
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1. Introduction easier items less frequently. In this way, it is ensured that learners need
relatively high retrieval effort during practice but have a high chance to
retrieve the correct answer successfully, which are characteristics of

effective retrieval exercises (Pyc & Rawson, 2009; Rowland, 2014).

Retrieval practice is a well-investigated, effective learning strategy
during which learners recall information from memory, for example,

through self-testing with flashcard software. Compared to other study
strategies such as rereading materials, retrieval practice has robust
benefits for retention that have been replicated in different groups of
learners, with different materials, and in different settings (overviews,
for example, in Adesope et al., 2017; Karpicke, 2017; Roediger & Butler,
2011; Roediger & Karpicke, 2006; Rowland, 2014). Adaptive technol-
ogy can further enhance the benefits of retrieval practice by adjusting
practice to individual learners’ performance level and to the difficulty of
materials (e.g., Pavlik & Anderson, 2008; Sense et al., 2016; van der
Velde, Sense, Borst, & van Rijn, 2021). Such technology can, for
instance, ensure that difficult items are repeated more frequently and
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Although computerized retrieval exercises are well-suited for self-
study, they are at present under-used by many students (Carpenter
et al., 2020; Rivers, 2020; but see Weissgerber & Rummer, 2023). A
possible reason for this is lack of insight into the benefits of retrieval
practice: Students and teachers tend to regard self-testing or retrieval
practice as an instrument to monitor rather than enhance learning (for a
review, see Rivers, 2020), and learners may misinterpret the higher
cognitive effort during retrieval practice compared to other study stra-
tegies (e.g., van den Broek et al., 2016) as an indication of unsuccessful
learning (Kirk-Johnson et al., 2019; see also Bjork, 2018; de Bruin et al.,
2020). In addition, there are mental costs to maintaining cognitively
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demanding tasks over time, which may make the (comparably effortful)
retrieval practice unattractive for learners (e.g., Chevalier, 2018; Feldon
et al., 2019; Inzlicht & Schmeichel, 2012; Kurzban et al., 2013). The
question therefore arises if and how retrieval exercises can be made
more appealing to learners and easier to maintain over time, while
preserving the learning benefits. Such more appealing retrieval exercises
could improve the learning experience and motivate learners to practice
more, allowing them to benefit more from retrieval practice.

The present study tests if retrieval practice can be made more
appealing by adding gamification elements. Gamification refers to the
“process of applying game elements in a non-game context in order to
motivate learner behavior” (Bai et al., 2020, p. 2). The purpose of
gamification in education is typically to increase persistence (e.g.,
duration of learner-controlled practice sessions) or invested effort (e.g.,
attention during exercises) in order to improve learning outcomes
(Bernecker & Ninaus, 2021). Given the enormous popularity of recrea-
tional games (e.g., Boyle et al., 2012), it is intuitively appealing to use
game design to make intrinsically less appealing tasks, such as effortful
learning exercises, more attractive. And indeed, recent overview studies
suggest that there may be positive effects of gamification on learning
(meta-analyses: Bai et al., 2020; Sailer & Homner, 2020; qualitative
reviews: Koivisto & Hamari, 2019; Zainuddin et al., 2020; Seaborn &
Fels, 2015; see Krath et al., 2021 for a meta-review). However, many
prior gamification studies lacked in scientific rigor, which limits strong
conclusions (Dichev & Dicheva, 2017; Sailer & Homner, 2020). Sailer
and Homner (2020), for instance, summarized gamification effects on
cognitive learning outcomes (e.g., posttest score), motivational out-
comes (e.g., self-reports), and behavioral outcomes (e.g., accuracy dur-
ing practice). When analyses were restricted to studies with high
methodological rigor (i.e., randomized experiments), the authors found
small, significant benefits of gamification on cognitive learning out-
comes (g = 0.42, k = 9), but effects on motivational (g = 0.22, k = 7) and
behavioral measures (g = 0.27, k = 5) were not significant, possibly due
to the small number of eligible studies.

In addition to issues with methodological rigor, there is at present
also insufficient information regarding the effect of specific gamification
elements, because most studies manipulate multiple elements at once
(Bai et al., 2020; Koivisto & Hamari, 2019). Manipulating multiple
gamification elements fits a systemic design approach that considers
learners’ experiences to result from the interplay of the various com-
ponents of a system (Deterding, 2015). It allows researchers to explore
emergent experiences and behavior, which may be difficult to predict
from studying individual elements in isolation. However, when multiple
elements are manipulated simultaneously, it is challenging to determine
the specific component responsible for any observed effects (e.g., Ber-
necker & Ninaus, 2021). Value-added research (see Mayer, 2020a) to
isolate the effect of specific game elements, is needed but still scarce.
Keeping track of progress by assigning points, for example, is typically
used in combination with badges and leaderboards (Bai et al., 2020),
whereas the unique effect on learning (if existent) is unclear. With the
aim of advancing insight into the unique effects of individual gamifi-
cation elements on retrieval practice, the present study investigated
effects of points only and points plus progress bars that visualize the
points. Both points and progress bars are widely used gamification ele-
ments. We investigated effects of these gamification elements on
self-reported motivation, behavior during practice (e.g., response speed
and accuracy), as well as performance on a delayed posttest.

1.1. Earlier research on gamified feedback: what is known about points
and progress bars

1.1.1. Theoretical arguments

Providing a score or points is one of the most common forms of
gamification (e.g., Bai et al., 2020; Koivisto & Hamari, 2019). It builds
on the idea that points make progress measurable and visible, and
thereby provide immediate feedback on learner performance. Such

Computers in Human Behavior 177 (2026) 108862

feedback allows learners to strive towards reaching a particular score,
which could encourage effort and persistence. Indeed, a combination of
feedback and clear, challenging goals is mentioned in most taxonomies
of game elements both in the literature on gamification (e.g., Landers,
2014; Seaborn & Fels, 2015; Wilson et al., 2009) and serious games (i.e.,
full games designed for learning, e.g., Garris et al., 2002; Wouters et al.,
2013). To provide goals, points are typically combined with additional
features, such as badges (e.g., Higashi & Schunn, 2020), leaderboards (e.
g., Landers et al., 2017; Nebel et al., 2016, 2017), or progress bars (e.g.,
Mekler et al., 2017). These translate points into something that (sup-
posedly) has more inherent meaning or value. For example, a certain
number of points might allow users to add a visually appealing icon to
their online profile (badge) or rank them higher than classmates on the
list of top scorers (leaderboard). The present study focuses on a com-
bination of points with a simple progress bar, which visualizes perfor-
mance milestones that learners can reach by engaging in the task
(similar to the levels visualized by Mekler et al., 2017).

Positive effects of gamified feedback on motivation and/or learning
have been explained with reference to different motivational concepts,
in particular learners’ need for competence as described in self-
determination theory (Ryan & Deci, 2000), and principles of
goal-setting theory (Locke & Latham, 2002; see Krath et al., 2021, for a
meta-review of theoretical concepts in gamification research).
Self-determination theory focuses on the role of three basic needs in
human motivation: the need for competence (a sense of efficacy), au-
tonomy (being able to make choices), and relatedness or social
connectedness (Ryan & Deci, 2000). It is frequently argued that game
elements like points, levels, or badges, appeal to learners’ need for
competence, and may stimulate their internal motivation by indicating
progress or good performance (Krath et al., 2021).

Goal-setting is a second theoretical concept that has been used to
predict positive effects of feedback mechanisms in gamification and
game-based learning (Krath et al., 2021; Tondello et al., 2018).
Goal-setting theory is based on the premise that specific, relevant, and
difficult yet attainable goals motivate behavior (Locke & Latham, 2002).
Within this theory, goals are defined as “object or aim of an action, for
example, to attain a specific standard of proficiency, usually within a
specified time limit” (Locke & Latham, 2002, p. 705). According to the
theory, goals direct attention and effort toward goal-relevant behaviors,
increase persistence, and make it more likely that people activate and
use relevant knowledge and skills. Gamified feedback like progress bars,
can show learners how they progress toward interim-goals and thereby
introduce achievements that learners can strive for (e.g., reaching a
certain number of points). This might motivate learners in a similar way
as explicit goal-setting (or even more effectively, Groening & Binnewies,
2019) and could enhance performance (e.g., the number of responses
generated, Landers et al., 2017) and learning.

1.1.2. Empirical studies on the effect of points and progress bars on learning

Although there is anecdotal evidence for possible motivational ef-
fects of points during retrieval practice in children (Metcalfe et al.,
2009), we did not find any empirical studies on the effect of adding
points (or other gamification elements) to retrieval practice on learning
outcomes on a posttest. However, there are a few experimental studies
on the effect of points on behavioral and motivational outcomes in other
tasks. In the context of assessment tests (which involve test questions
like retrieval-practice), two experiments showed that adult participants
and middle schoolers responded faster yet not more accurately on the
test when they received points that rewarded speed of correct answers,
compared to a baseline condition without points (Attali & Arieli-Attali,
2015). Middle schoolers also reported higher likability of the test with
points. Moreover, adult participants in an online experiment reported
being more motivated and feeling more competent, selected more
difficult test items, and achieved a higher total score when points were
presented (compared to a baseline version of the test, Arieli-Attali,
2016). This was only the case, however, if the point-structure was easy
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to understand (rather than complex), did not decrease with incorrect
answers, and rewarded test takers for attempting difficult items
(Arieli-Attali, 2016). In another study, a combination of points and timer
led to significant knowledge gains in a life-support training compared to
a baseline condition without points, in which knowledge gains were not
significant (Kelle et al., 2013). Presenting only points or only a timer did
not have an effect. Finally, providing points per answer increased the
quantity but not quality of performance in a repetitive image annotation
task, while not affecting self-reported intrinsic motivation and feelings
of competence (Mekler et al., 2017). To summarize, the limited prior
research on the isolated effect of points supports the idea that points
might motivate learners to maintain effort during prolonged tasks.
However, more direct empirical evidence is needed regarding effects in
the context of retrieval practice, especially regarding the triad of learner
motivation, behaviors during practice, and learning outcomes over time.

Although combinations of points with other feedback mechanisms
are common in gamification manipulations, we found only two studies
that disentangled the effects of different feedback elements experi-
mentally, and no studies with simple visualizations like the progress bars
that we used. Mekler et al. (2017) showed that a combination of points
with either levels (conceptually these were similar to the progress bars
in the present study) or a leaderboard led to a stronger increase in the
number of images that participants annotated than points only
(compared to the baseline condition without gamification elements).
The authors suggested that while points form a connection between user
actions and their performance, levels and leaderboards set performance
targets for users to aspire to, which drives effects on motivation. In line
with this, Chan et al. (2018) found that adding a point system to a
mathematics module for adaptive online learning did not have an effect
on intrinsic motivation, but a combination of a point system with a
leaderboard enhanced motivation. However, there was selective
dropout in the different conditions in this study, which prevents strong
conclusions. Overall, there are theoretical reasons to predict a positive
effect of combining points with additional feedback elements that pro-
vide learners with sub-goals that they can strive to reach, but the evi-
dence base is small. Therefore, the present study includes both a simple
points condition and a condition that combines points with a bar that
visualizes progress.

2. Possible disadvantages of gamified feedback

Whereas the focus in gamification applications is often on positive
effects, gamified feedback could also possibly affect learners in an un-
desired way because the additional elements on the screen may induce
extraneous processing (i.e., processing that does not directly support the
instructional goal, such as when the learner is distracted by game ele-
ments, Mayer, 2020a). Major learning theories like cognitive load theory
(Sweller et al., 2011, 2019) and the cognitive theory of multimedia
learning (Mayer, 2020b) are based on the premise that human working
memory can process only a limited amount of information at once.
Therefore, devoting working memory resources to the processing of
information that is not directly relevant for learning - such as
game-elements on the screen - is thought to limit learners’ ability to
mentally represent and make sense of the learning materials (Mayer,
2020a, p. 89). While such extraneous processing may be most critical
when learners process extensive or complex information (Sweller et al.,
2011, 2019), it could also influence retrieval practice: attending to
gamification elements could possibly prevent learners from retrieving
information from memory, elaborating on materials that were recalled,
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or from processing feedback presented after failed retrieval attempts (e.
g., when they mixed up different items). This, in turn, is likely to hamper
learning (see, for example, Hinze & Rapp, 2014, who found that per-
formance pressure — which likely also reduces the available working
memory resources — reduced benefits of retrieval practice).

Overall, it is thus not a given that gamified feedback would enhance
learning outcomes, as it might also distract learners from the core task."
Moreover, distracting effects of gamification manipulations might also
interact with adaptive learning systems. For instance, an adaptive
learning program that uses reaction times to estimate learners’ ability,
might need to be re-calibrated to account for slower reaction times
caused by learners being distracted by the gamification elements on the
screen. Therefore, it is important to measure effects of gamification
manipulations on learners’ behaviors during practice as well as posttest
learning outcomes.

3. The present study

In the present study, we experimentally tested the effects of awarding
points for correct answers and visualizing the achieved points with
progress bars during retrieval practice of French vocabulary (see Fig. 1).
Based on the studies reviewed here before (notably meta-analyses
showing positive effects of gamification, Bai et al., 2020; Sailer &
Homner, 2020), we predicted that both points and points combined with
progress bars would enhance self-reported motivation to engage in
(further) practice (Hypothesis 1a), learning behaviors during retrieval
practice (Hypothesis 2a), and learning outcomes on a posttest (Hy-
pothesis 3a), in comparison to a control condition with correct-answer
feedback and without gamification elements. Moreover, we predicted
that the combination of points with progress bars would have a stronger
effect than points alone, on motivation (Hypothesis 1b), learning be-
haviors (Hypothesis 2b), and learning outcomes (Hypothesis 3b),
because the progress bars might lend more meaning to the points that
learners collect, and provide them with possible (sub-) goals to strive for.
Please see Table 1 for an overview of the specific aspects of motivation,
learning behaviors, and posttest performance that were measured.

4. Method

4.1. Participants and sample size

Participation in the study was anonymous and voluntary. A link to
the experiment was posted on social media and shared by the re-
searchers, inviting native Dutch speakers without knowledge of French
to participate. Participants could start the experiment after providing
active informed consent. The experiment was started 203 times; 166
participants (Mage = 27.2 [sd = 11.4], 74.6 % female, 25.3 % male, 0 %
non-binary; 87/79 in points group/points-and-progress group)
completed Session 1 with valid data, and of these, 152 also completed
the delayed posttest (82/70 in points group/points-and-progress group;
see Appendix I for information on dropout moments and exclusion
criteria). The majority of participants in the final sample were students
in higher education (57 %) and professionals (27.8 %). The education
level was generally high, with 57 % studying towards or holding a
university degree, and 31 % studying towards or holding a university of
applied sciences degree. Participants were not paid; those who
completed both parts of the experiment could enter a raffle to win a gift
voucher of 25 euro.

The study was approved by the Ethics Committee of (anonymized),

! Note that such a negative effect on learning may be acceptable in situations
where positive effects of the distracting game-elements on motivation are
important (Mayer, 2020a). For example, in applications that are mostly used
during self-study, it may be more important to entice students to practice at all,
than to develop the most effective exercises by leaving out all game elements.
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Fig. 1. Gamified Feedback in the Points-and-Progress Condition. Note: The figure shows the progress bars during an encoding trial at a score of 0, and during retrieval
trials at scores 564 and 1502. The box in the top right displayed a timer counting down from 12 min (present in all conditions), and the current score (gamified
conditions only). Additionally, the points-and-progress condition included a colored vertical bar on the right of the screen, which filled incrementally per 100 points
achieved; and a horizontal bar that changed with every response and indicated progress towards the next step on the vertical bar (i.e., indicating progress between

0 and 100).

file number 20-695. Given the lack of prior comparable studies, the
minimum sample size was determined based on the number of obser-
vations required to detect a medium effect size of Cohen’s d = 0.5 with a
power of 0.80, in a between-subject comparison of the two gamified
conditions with a t-test. This setup requires a sample of at least 51
participants per group, which was reached.

4.2. Design

This study has a 2x2 mixed design, with gamification (control con-
dition versus gamified condition) as within-subject factor and the type of
gamification as between-subjects factor (points versus points-and-
progress). Assignment of participants to the type of gamification was
random. Within participants, the order of conditions was counter-
balanced (control first or gamified first), and the assignment of stimuli to
conditions was counterbalanced (i.e., there were two matched lists of
stimuli; half of the participants studied List A in the control condition
and List B in the gamified condition, and vice versa for the other
participants).

4.3. Materials

Two lists of each 39 French nouns with Dutch translation were used,
such as “nuage = wolk” (English: cloud) and “poignet = pols” (English:
wrist). Words were selected from a schoolbook for 15-year old pupils in
pre-university education, to make it likely that they would be unknown
to learners with limited prior knowledge of French. The two lists con-
tained the same number of words with five, six, seven, eight, or nine
characters (M = 6.6, sd = 1.07). There was variation in orthography in
each list (i.e., at least three characters had to be different between all
words). All words were checked by a native French speaker with
advanced knowledge of Dutch. All stimuli are available at https://edu.
nl/bjcbx (OSF repository ).

4.3.1. Retrieval practice

In the practice session, every participant completed two blocks of
retrieval practice (once in a gamified condition, once in the control
condition), followed by questionnaires. We used the jsPsych JavaScript
library (de Leeuw, 2015) to implement the retrieval practice session and
the Gorilla Experiment Builder (Anwyl-Irvine et al., 2020) to implement
the questionnaires.

Retrieval practice took 12 min per condition. In all three conditions,
practice consisted of encoding and retrieval trials with correct-answer
feedback. Items that a participant had not seen before were intro-
duced in an encoding trial, in which the translation was shown below the
French vocabulary and participants copied the translation. In subse-
quent retrieval trials, the French vocabulary was presented on its own
and participants were asked to type in the translation from memory,
followed by correct-answer feedback that highlighted correct answers in

green, and incorrect responses in red while also showing the correct
answer. The scheduling of item repetitions and the introduction of new
items was determined with an adaptive learning system. This system
uses the number and timing of item presentations and the accuracy and
speed of learners’ responses to distribute the repetition of items during
studying, in such a way that items that a learner knows well are repeated
less frequently than items that a learner is yet to master (for a detailed
description, see Sense & van Rijn, 2022; Sense et al., 2016; van Rijn
et al.,, 2009). Since the system adapts to learners’ performance, the
number of distinct words encountered during retrieval practice differed
between participants (min = 8, max = 39). Accuracy during practice was
on average 81 % (sd = 8.8 %), which is typical for this scheduling al-
gorithm that is set up to make retrieval effortful but mostly successful
(compare, for example, Sense & van Rijn, 2022; van der Velde, Sense,
Spijkers, et al., 2021).

4.3.1.1. Descriptors of learning behaviors during retrieval practice. Par-
ticipants’ behavior during retrieval practice was analyzed with respect
to the following measures: the accuracy of responses (at trial level,
including as correct also responses with minor spelling errors, defined as
Damerau-Levenshtein edit distance of 1), reaction times (the onset la-
tency of the first key press after display of the vocabulary prompt), the
score achieved at the end of practice (which was visible to learners in the
gamified conditions but not visible in the control condition, see next
section), the number of words practiced, and the number of trials
completed.

4.3.2. Gamification manipulation during retrieval practice: control, points,
progress bar

During retrieval practice in the control condition, a timer was shown
in the top right corner of the screen, which counted downwards from
12:00min. During retrieval practice in the two gamified conditions,
additional gamified progress feedback was shown: In the points condi-
tion, a numerical score was shown above the timer. Starting at 0, the
score increased by 10 with every correct response, and reduced by 1 for
every incorrect response. This was done to discourage users from skip-
ping difficult items, yet making it likely that the score would increase for
the most part, as this was found to be beneficial for motivation in prior
research (Arieli-Attali, 2016).

In the points-and-progress condition, 2 bars were shown in addition to
the timer/score, which visualized the score (see Fig. 1). The maximum
score on the progress bar was 1200 points. This score was chosen to offer
an achievable but difficult target, based on performance data from an
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Table 1
Overview of findings.
Dependent Outcome Results
Variable Measures Gamified Progress bar Other
> Control > Points findings
Motivation Feelings of Yes No -
competence®
Enjoyment® Yes No Indirect
effects: C
lower for PP
and B2
Task value? Yes No Indirect
effects: C
lower for PP
and B2
Goal setting? Yes Yes Indirect
effects: C
lower for B2
Trying to Yes Inconclusive Indirect
perform well? (No) effects: C
lower for B2
Perceived Yes No No stronger
relevance® preference for
G. with PB
than P
Learning Accuracy of No Inconclusive -
behaviors responses® (No)
during Reactiontimes  Inconclusive Inconclusive Int. G x CBO:
practice of correct (Yes) (No) G faster in B2
responses® than B1
Total score No Inconclusive Int. G x CBO:
achieved® (No) G higher in B2
than B1
Number of No Inconclusive Int. G x CBO:
trials (No) G higher in B2
completed® than B1
Number of No Inconclusive Int. G x CBO:
words (No) G higher in B2
practiced® than B1
Learning Accuracy of No No
outcomes responses®
on posttest Reactiontimes  No Inconclusive Int. G x CBO:
of correct (No) G faster for
responsesb items from B2

than B1

Note: This table lists whether evidence for (Yes: BFyo > 3) or against (No: BFy; >
3) effects was found on the different outcome variables for the comparison of
gamified and control condition, and for the comparison of points condition and
points-and-progress condition. In cases where evidence is inconclusive
(1 < BFyp < 3 or 1 < BFy; < 3) the table indicates the direction in which the
anecdotal evidence points. The letters in superscript indicate at which level the
outcome was measured. *at participant level, per condition. Pat item level. ‘at
trial level. Evidence for or against interactions is mentioned in the third column.
A visual summary of evidence strength is provided in Appendix III. Abbrevia-
tions: BI = first practice block; B2 = second practice block; C = control condi-
tion, P = points condition, PP = points-and-progress condition, G = gamified
condition (P or PB); CBO = counterbalancing order, Int. = Interaction effect of,
RT = reaction time.

earlier, unpublished experiment.” To avoid that fast learners would fill
the bar before the end of the practice time and then have no further
incentive to keep practicing, up to three stars were added at the top of

2 We analyzed unpublished data from an experiment in which secondary
education students (grade 8/9 of high school tracks preparing for higher edu-
cation) practiced the stimuli of this experiment in the control condition for 12
min. More than 75 percent of the participants in the prior study would have
achieved a score that filled at least half of the level bar, but less than 25 %
would have reached the full score (25th/50th/75th percentile in prior experi-
ment: 641/790/939).
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the progress bar when someone reached a score of 1300, 1400 or 1500
points. These stars were not visible while the score was below 1300, and
learners were not informed beforehand that the stars would appear,
though they did see that the horizontal progress bar continued to fill.
There was no further visual feedback when participants reached a score
of 1600 or higher; this occurred for 5 out of the 77 participants (6.5 %)
in the points-and-progress condition.

4.3.3. Questionnaires to measure motivational outcomes
All items described below were answered on a 7-point Likert-scale,
ranging from (1) not true to (7) true.

4.3.3.1. Intrinsic motivation (enjoyment), feelings of competence, and task
value. Eleven items from the Intrinsic Motivation Inventory (IMI, Center
for Selfdetermination Theory, n.d.) were used to measure participants’
subjective experience of practice in terms of enjoyment (five items of the
“intrinsic motivation” scale, e.g. “I enjoyed this exercise.”), feelings of
competence (four items, e.g., “I am satisfied with my performance
during this exercise”), and task value (two items, e.g., “I think that this
exercise helps me learn new words”).® For statistical analyses, the
average response was calculated per subscale, resulting in values
ranging from 1 to 7. The subscales all had high internal consistency (all
scales o > 0.85).

4.3.3.2. Goal setting and performance goals. We adapted items regarding
goal use and performance goals from previous research on goal setting
(Kwan & Lee, 2013) to measure to what extent (i) participants felt like
they were working towards a goal during practice (goal setting), and (ii)
aimed to perform well.

4.3.3.3. Stress and distraction. To measure possible negative outcomes
of practice, participants rated to what extent they found practice
stressful (another item from Kwan & Lee, 2013) and experienced the
gamified feedback as distracting (“During practice I was distracted by the
score/by the score and progress bars.”).

4.3.3.4. Perceived relevance and task preference. Participants rated three
items concerning the perceived relevance of the gamified feedback
(based on Higashi & Schunn, 2020). These items concerned the clarity of
the feedback, the value of adding the feedback to practice, and the
extent to which participants tried to achieve a high score. Crombach’s
alpha for the composite scale was 0.79 (95 % CI = [0.76-0.83]). In
addition, participants were asked at the end of the practice session
which of the two retrieval tasks they would use to learn words on a
different occasion as a direct measure of task preference.

4.3.3.5. Judgments of learning. Participants also rated on a continuous
scale (0-100 %) which percentage of the practiced translations they
thought they would still know in two days. This item was added as part
of a student project. As we did not have hypotheses regarding this
outcome measure, we report it in the online data repository (see
https://edu.nl/bjcbx).

4.3.4. Delayed posttest to measure learning outcomes

A posttest was administered 2-3 days (M = 2.19, sd = 0.57) after the
practice session to measure learning outcomes. On the posttest, partic-
ipants were presented with the French words one by one and had to type
in the Dutch translation. Spelling mistakes were counted as correct if no
more than two editing operations were needed to correct the answer (e.

»

3 The IMI subscales “experienced control”, “effort” and “experienced pres-
sure” were not used in the present study. The IMI provides reliable measures
also when only subscales are selected (Center for Selfdetermination Theory, n.
d.).
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g., suces or succse instead of succes). We used the stringdist function in R
(stringdist_0.9.5.5, method “lv”, van der Loo, 2014) to calculate edit
distances automatically.

Due to a technical error, the posttest contained only 70 of the 78
words that were practiced (3 words were missing from List 1, and 5 were
missing from List 2). Therefore, we measured learning outcomes as the
proportion of words that were recalled correctly on the posttest relative
to the number of practiced words that were tested (e.g., if someone
practiced 19 words in a condition, but only 18 of these words were
tested, and the participant translated 9 of these words correctly on the
test, then the posttest score was 9/18 = 0.5).

4.3.4.1. Prior knowledge. To obtain an estimate of prior knowledge, we
calculated the proportion of unpracticed words that were recalled
correctly on the posttest (i.e., those words out of the total number of 70
tested stimuli that had not been included in practice but that were
recalled correctly on the test). For example, a participant who practiced
20 words in the control condition, and 30 words in the gamified con-
dition, was tested on 20 + 30 = 50 practiced and 70-50 = 20 unpracticed
words. If the participant translated one of these unpracticed words
correctly, s/he would have a proportion correct of 1/20 = 0.05 for
unpracticed items. Between participants, the number of unpracticed
words varied between 2 and 52; for 12 participants who managed to
practice all words, no measure of prior knowledge was available. On
average, the remaining participants translated 4.3 % of the unpracticed
words on the posttest (sd = 8.7 %), suggesting low prior knowledge.
Four participants had comparably high prior knowledge (above M+3sd
= 31.7 %). One of them was removed because s/he admitted cheating;
the other three were retained in the dataset because some variation in
prior knowledge is to be expected in a learner population.

4.4. Procedure

The study consisted of two sessions, in which participants worked
online at a desktop computer or laptop (settings prevented users from
accessing the experiment via mobile phones or tablets). Session 1 took
about 30 min and comprised consent forms and the two practice blocks;
Session 2 comprised the posttest and written debriefing and took about
15 min. The link to Session 2 was shared via e-mail after 2 days, and
remained available until the end of the next day (Mgelay = 2.19 days, sd
= 0.57).

4.5. Transparency and openness

We report how we determined our sample size, all data exclusions (if
any), all manipulations, and all measures in the study. The data, analysis
code, code for visualizations, and the stimuli are available at https://edu
.nl/bjcbx (OSF repository, anonymized for review purposes). Access to
the experimental task is available by emailing the corresponding author.

4.6. Analyses

We used mixed-effects regression models (Baayen et al., 2008) to
assess the effect of gamified feedback on different measures of (i) par-
ticipants’ self-reported motivation and goal setting behaviors, (ii)
learning behaviors during practice, and (iii) learning outcomes on the
posttest, while accounting for possible differences between blocks and
experimental groups. Each model contained the same set of predictors
(see also Appendix II): To determine whether gamification in general
affected outcomes, all models included a main effect of gamification
(gamified versus control condition). Differences between the two types of
gamified feedback were assessed through an interaction term for gami-
fication and experimental group (points or points-and-progress). In addition,
to control for a possible impact of the counterbalancing order, the
models included an interaction term for the within-subjects factor
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gamification (gamification vs. control) and order (gamified-first or con-
trol-first). Since this order effect may differ between the two types of
gamified feedback, the models also included a three-way interaction
between gamification, order, and between-subjects factor type of gamifi-
cation. To be able to evaluate these different effects separately, we
mean-centered the categorical predictors order, and type of gamification
This approach allowed us to draw a general conclusion about the effect
of gamification while quantifying differences between specific orders
and/or gamification types. The models included a random intercept for
participants and, wherever possible, a random intercept for facts.

All dependent variables are listed in Table 1. Response accuracy (a
binary outcome) was modelled using a logistic mixed-effects regression
model. All other measures were modelled using linear mixed-effects
regression. Response times were log-transformed before modelling to
improve the normality of the residuals. We used Bayesian methods for
the reported analyses, to be able to quantify evidence in favour of the
null hypothesis in the absence of an effect (Gallistel, 2009). Regression
models were fitted using the brms package (version 2.21.0; Biirkner,
2017) for R (version 4.3.1; R Core Team, 2021). We used weakly
informative priors for fixed effects that were scaled according to the
expected magnitude of coefficients: a Normal(0, 0.1) prior for
log-transformed response times, a Normal(0,1) prior for the 7-point
motivational outcomes and response accuracy, a Normal(0, 3) prior
for the number of words practiced, a Normal(0, 10) prior for the number
of trials completed, and a Normal(0, 100) prior for total score achieved.
We then evaluated effects through Savage-Dickey density ratio tests on
the posterior distributions of each fitted model coefficient p
(Wagenmakers et al., 2010). This test quantifies the shift in evidence in
favour of or against the null hypothesis (no effect; § = 0) after having
observed the data, by dividing the posterior density at # = 0 by the prior
density at that point. The resulting value is a Bayes factor, BFy;, for each
predictor in the model. When BFy; > 1, the data provide evidence in
favour of the null hypothesis and against the alternative hypothesis (an
effect; p # 0). Conversely, when BFy; < 1, the data provide evidence
against the null hypothesis and in favour of the alternative hypothesis. In
this case, we report the inverse Bayes factor to quantify evidence for the
effect: BFyp = 1%0]. When BF;y = 10, for example, the data are 10 times

more likely under the alternative hypothesis that there is a difference
between the conditions, than under the null hypothesis that no such
difference exists. While Bayes factors express evidence on a continuum,
we follow commonly used conventions in interpreting evidence strength
(Jeffreys, 1961; Kass & Raftery, 1995; Lee & Wagenmakers, 2014) to
describe evidence as “anecdotal” (1 < BF < 3), “moderate” (3 < BF <
10), “strong” (10 < BF < 30), or “decisive” (BF > 30). In addition, we
used the BayesFactor package for R (Morey et al., 2024) for a Bayesian
test of association, with default settings.

5. Results

5.1. RQI: Does gamified feedback change learners’ motivation for
retrieval practice?

We analyzed effects of the gamification manipulation on several
components of learners’ motivation (see Table 1 and Appendix III). The
complete output of all regression models reported hereafter can be
accessed at https://osf.io/tzrxf.

5.1.1. Feelings of competence

We found decisive evidence that self-reported feelings of competence
were higher in the two gamified conditions (M5t = 4.40 on the seven-
point scale) than in the control condition (Mest = 3.96, see Fig. 2), b
= 0.45, BF;p = 827.23, but moderate evidence against a difference in
feelings of competence between points condition and points-and-
progress condition, b = 0.12, BFy; = 3.91. Effects on feelings of
competence did not depend on the order in which the conditions were
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Fig. 2. Self-reported Feelings of Competence, Enjoyment, and Value of Practice for Learning per Condition per Practice Block. Note: Self-reports of task motivation
were collected after each block of retrieval practice. The plot displays outcomes averaged across participants (+- SE), per condition, split by counterbalancing order.
Each line represents one group of participants. Data points were horizontally jittered for visualization.

presented (i.e., there was anecdotal to moderate evidence in favour of
the null hypothesis for all other interaction terms in the model).

5.1.2. Enjoyment

There was also decisive evidence for enjoyment being higher in the
gamified conditions (Mest = 5.03) than in the control condition (Mg =
4.49), b = 0.54, BFjp = 9.87*10'8, and moderate evidence against a
difference between points condition and points-and-progress condition,
b = 0.16, BFy; = 3.97. In addition, there was decisive evidence for an
indirect effect of gamification in that the control condition was enjoyed
less if it was presented after the gamified condition (Mgt = 4.21) rather
than before the gamified condition (Mest = 4.82), b = —0.61, BFjy =
125.31, and there was moderate evidence that this effect was more
pronounced for the points-and-progress condition (M5t = 3.87 versus
Mest = 4.86) than for the points condition (Mest = 4.50 versus Mest =
4.77), b = - 0.71, BF;, = 3.40.

5.1.3. Task value

The data provide decisive evidence that participants rated the value
of retrieval practice for learning higher in the gamified conditions (Mgt
= 5.77) than in the control condition (Mest = 5.44), b = 0.33, BFg =
1.29%107, but moderate evidence against a difference in task value
between the points condition and points-and-progress condition, b =
—0.12, BFp; = 4.72. In addition, there was strong evidence that the
value of the control condition was rated lower if it was presented after
the gamified condition (Mest = 5.20) rather than before the gamified
condition (Mest = 5.72), b = —0.51, BFjy = 14.02, and more so by
learners in the points-and-progress group than by learners in the points
group (i.e., there was moderate evidence for an interaction indicating
that the control condition was rated lower by the learners in the points-
and-progress group, b = —0.42, BF;, = 3.35, and very strong evidence
for a (to be expected) three-way-interaction indicating that this effect
was stronger when the gamified condition was presented first, b =
—1.04, BF1p = 46.33).

5.1.4. Experienced goal setting

We found decisive evidence that, after practice in the gamified
conditions, learners reported more that they felt like they were working
towards a goal during practice (Mest = 5.25) compared to the control
condition (Mest = 4.35), b = 0.90, BF;o = 1.49*10'8, with moderate
evidence for a difference between the points-and-progress condition
(Mgt = 5.59) and the points condition (Megy = 4.96), b = 0.61, BFyy =
5.01. In addition, there was very strong evidence that learners reported
less goal setting in the control condition when the control condition was
presented after gamified practice (Mgt = 3.99) than before gamified
practice (Meg; = 4.79), b = —0.81, BF;y = 34.85, and anecdotal evidence
for less goal setting in the control condition within the points-and-
progress group (Mest = 4.05) than in the points group (Megt = 4.60), b

= —0.54, BFp = 2.69.

5.1.5. Trying to perform well

We found decisive evidence that learners reported that they tried to
perform well more during practice in the gamified conditions (Mest =
5.75) than in the control condition (Mg = 6.24), b = 0.50, BF1g =
6.47*10'7. There was anecdotal evidence against a difference between
the points and points-and-progress condition, b = 0.24, BFy; = 2.04.
However, there was again an effect of the manipulation on the control
condition: we found decisive evidence that learners tried harder to
perform well in the control condition when they started in the control
condition (Mes; = 6.06) than when they first practiced in the gamified
condition (Megst = 5.48), b = —0.59, BF o = 242.42, and anecdotal evi-
dence that they tried harder to perform well in the control condition
when in the points group (Mest = 5.92) than in the points-and-progress
group (Mest = 5.56), b = - 0.36, BF1o = 2.17.

5.1.6. Which type of feedback do learners prefer?

There was moderate evidence that participants rated the relevance of
the gamified feedback as higher in the points-and-progress condition
(Mest = 5.36) than in the points condition (Mgt = 4.76), b = 0.62, BF1g =
8.70. However, a Bayesian test of association found moderate evidence
that participants in the points-and-progress group did not show a
stronger preference for the gamified condition over the control condi-
tion than participants in the points group, BFy; = 6.41: After practice
with points and progress bars, 70.1 % of participants preferred gamified
practice over the control condition, while 20.8 % preferred the control
condition and 9.1 % had no preference. After practice with only points,
58.6 % preferred the gamified condition, 25.3 % preferred the control
condition, and 16.1 % had no preference.

5.1.7. Summary RQ1

Self-reports of task motivation showed both a direct effect of the
gamification manipulation - with higher ratings for the gamified con-
ditions than the control condition with regard to feelings of competence,
enjoyment, task value, experienced goal setting, and efforts to perform
well - and an order effect where most ratings of the control condition
were lower when it was presented in Block 2 (after a block of gamified
practice), compared to when the control condition was presented in
Block 1. This effect was more pronounced in the points-and-progress
group for enjoyment and task value ratings. Besides this, we found
only one difference between the two gamification conditions, with
moderate evidence that learners felt more like they were working to-
wards a goal in the points-and-progress condition than in the points
condition. For all other measures of motivation, we found anecdotal to
moderate support for the null hypothesis that the two gamification
conditions did not differ.
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5.2. RQ2: Does gamified feedback change learning behaviors during
adaptive retrieval practice?

We analyzed effects of the gamification manipulation on learning
behaviors both at trial level (accuracy and speed of practice responses)
and at the level of participants (analyzing the total score achieved, the
number of trials completed, and the number of words practiced), see
Table 1 and Appendix III. Fig. 3 shows an overview of the five learning
behaviors per condition, split by counterbalancing order.

5.2.1. Accuracy during practice

We found very strong evidence that response accuracy during prac-
tice did not differ between the gamified conditions and the control
condition (b = - 0.01, BFy; = 37.52), as well as anecdotal evidence
against a difference between the two gamification conditions (points
versus points-and-progress, b = - 0.16, BFy; = 2.70), and anecdotal to
moderate evidence against indirect or order effects.

5.2.2. Response times

We only found anecdotal evidence for an overall difference in
response times for correct answers between the gamified conditions and
the control condition (b = 0.02, BF;9 = 2.41), and anecdotal evidence
against a difference between the two gamification conditions (b = 0.04,
BFy = 1.33), which means that the data are largely inconclusive with
respect to a main effect of gamification on response speed. There was
moderate evidence for an effect of block order on the difference in
response times between the gamified conditions and the control condi-
tion (b = 0.07, BF;y = 4.36): predicted reaction times in Block 1 were
Mgamified = 1703mS, Mcontro = 1621 ms, while predicted reaction times in
Block 2 were Mgamified = 1589ms, Mconmrol = 1614ms. There was moderate
evidence against an indirect effect of the type of gamification on reac-
tion times in the control condition (b = 0.01, BFy; = 3.49).

5.2.3. Total score, words practiced, trials completed

The Bayesian regression analysis produced moderate evidence
against an overall effect of the gamification manipulation on the total
score achieved during practice (see Fig. 4), the number of words prac-
ticed, or the number of trials completed. That is, the gamified conditions
and the control condition did not differ on these measures (total score: b
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= —4.70, BFy; = 5.41; number of words practiced: b = 0.003, BFy; =
6.73; number of trials completed: b = —0.81, BFy; = 6.05). The data
were fairly inconclusive about the two types of gamification being
different from each other, with only slight anecdotal evidence against an
effect of gamification type (total score: b = —51.82, BFy; = 1.07;
number of words practiced: b = - 1.29, BFy; = 1.39; number of trials
completed: b = —3.62, BFy; = 1.67). However, practice was more effi-
cient when the gamified feedback condition was presented after the
control condition than when it was presented first: learners achieved on
average about 103 more points (b = —103.71, BF;, = 9.60), practiced
about 3 more words (b = —2.57, BF;y = 4.00), and completed about 10
more trials (b = —10.34, BFyo = 17.47), during gamified practice when
it happened in the second block rather than the first block (moderate to
strong evidence).

5.3. RQ3: Does gamified feedback change learning outcomes on a delayed
posttest?

Posttest data (recall accuracy and reaction times for correct answers)
are shown in Fig. 5. We found strong evidence against an effect of
Gamification on recall accuracy on the posttest (gamified vs. control, b
= 0.01, BFy; = 18.99), suggesting that recall did not differ between the
gamified conditions and the control condition. There was moderate
evidence against an effect of Type of Gamification (points vs. points-and-
progress, b = —0.17, BFy; = 3.54), suggesting that recall did not differ
between the two gamification conditions.

We also found moderate evidence against a main effect of Gamifi-
cation on reaction times for correct answers on the posttest (gamified vs.
control, b = 0.01, BFy; = 5.62) and anecdotal evidence against an effect
of Type of Gamification on reaction times (points vs. points-and-
progress, b = 0.03, BFy; = 1.66). There was moderate evidence for an
effect of order: Reaction times for correct responses were about half a
second faster on the posttest when words had been presented in the
gamified condition in the second practice block (Mes; = 4165ms) rather
than the first practice block (Mest = 4561ms), b = 0.09, BFyy = 3.69.
There was only anecdotal evidence for a difference between the two
types of gamification with respect to the effect of order, b = 0.09, BF;y =
1.59.
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Fig. 3. Learning Behaviors during Adaptive Retrieval Practice with and without Gamified Feedback. Note: Plot displays outcomes averaged across participants (+-
SE), split by counterbalancing order. Data points were jittered for visualization. For response times, the median was first calculated per participant before aggregating

across participants.
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Fig. 4. Distribution of Total Scores that Participants Achieved at the End of Practice, per Condition. Note: The score was visible during practice in the points
condition and the points-and-progress condition, but not in the control condition. The dotted vertical lines indicate scores of 1200 and 1500. In the points-and-
progress condition, the vertical progress bar was completely filled at 1200 points. At 1500 points, all three bonus stars on top of the bar were filled and no
further visualization of progress was added afterwards. There was no difference between the total scores achieved in the control condition and the gamified con-

ditions, nor between the two gamified conditions.
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Fig. 5. Recall Accuracy and Response Times on the Delayed Posttest, per Condition, Split by Counterbalancing Order. Note: Plots display outcomes averaged across
participants (+- SE), split by counterbalancing order. Data points were jittered for visualization. For response times, the median was first calculated per participant

before aggregating across participants.

5.4. Exploratory analyses

5.4.1. Does gamified feedback induce stress or distraction?

To explore possible negative outcomes of gamification during
retrieval practice, we analyzed participants’ rating of the extent to
which they found practice stressful and experienced the gamified feed-
back as distracting. The data suggest that participants experienced
gamified practice (Mest = 3.96) as more stressful than the control con-
dition (Mest = 3.59), b = 0.36, BF;p = 12.47 (strong evidence), but not
more distracting than the timer in the control condition, b = 0.01,
BFy; = 7.00 (moderate evidence). Moreover, participants experienced
the points-and-progress condition (Mgt = 4.26) as more stressful than
the points condition (Mg = 3.66), b = 0.58, BFjy = 5.16 (moderate
evidence), and experienced the points-and-progress condition as more
distracting, b = 0.54, BF;o = 3.08 (moderate evidence), although both
conditions were on average rated relatively low on the 7-point distrac-
tion scale (Mest = 3.23 and Mg = 2.69, respectively). There was also
strong to decisive evidence for an interaction effect with order, indi-
cating that gamified feedback was perceived as more distracting when it
was presented after first engaging in the control condition than when

gamified feedback was presented first, b = —0.86, BFjp = 123.01,
whereas the timer in the control condition was rated as less distracting
when participants engaged in the control condition after an initial round
of practice with gamified feedback, b = —0.66, BF;; = 11.94.

6. Discussion

We investigated the effects of two types of gamified feedback within
adaptive retrieval practice, awarding points based on accuracy and
visualizing the achieved points with progress bars, in order to test the
effect of gamified feedback on learners’ task motivation and goal setting,
learning behaviors, and learning outcomes on a posttest, in comparison
to a control condition without feedback.

6.1. Learners were motivated by gamified feedback (RQ1)

The gamification manipulation enhanced all aspects of self-reported
motivation and goal setting behavior. Task motivation (feelings of
competence, enjoyment of practice, and task value) as well as goal
setting behaviors (feeling like working towards a goal and trying to
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perform well) were all rated higher in the gamified conditions than in
the control condition. This was in line with Hypothesis 1a. In contrast to
Hypothesis 1b, however, none of the measures except for the feeling of
working towards a goal differed between the points condition and the
points-and-progress condition, with moderate evidence for the null
hypothesis.

Different explanations are given in the literature regarding how
gamified feedback influences motivation (Krath et al., 2021). For one,
feedback is thought to appeal to learners’ need for competence by
indicating progress or good performance, improving learners’ experi-
ence of practice, and thereby internal motivation. In another line of
reasoning, gamified feedback is said to stimulate goal setting behavior.
Our data seem to support both accounts with regard to the overall
comparison of gamified and non-gamified practice. For the comparison
of the two gamification conditions, the points-and-progress condition
only led to more experienced goal setting than the point condition — we
assume because the visual bars translated the numerical score into
(interim) goals that learners could strive to reach — but did not lead to
higher intrinsic motivation than the points condition.

Interestingly, we also found indirect effects where learners found the
control condition less motivating when it was presented after practice
with gamified feedback than when it was presented in the first practice
block. This might reflect a comparison effect, where participants were
less motivated to engage in the control condition when they knew that
there were also more elaborate, gamified versions of practice. Moreover,
the control condition was evaluated less positively in the points-and-
progress group than in the points group (in terms of enjoyment and
task value). Thus, while the points-and-progress condition itself was not
evaluated more positively than the points condition, removing points
and visualizations seems to have affected learners’ experience of the
basic control condition more negatively than removing only the points.

6.2. Gamified feedback in the first round of practice reduced response
speed (RQ2)

In the analyses of learning behaviors, we found strong evidence for
similar response accuracy in the gamified conditions compared to the
control condition. There was no clear gamification effect on reaction
times, but reaction times were longer during practice with gamified
feedback when the feedback was presented in the first round of practice
(whereas after a round of practice in the control condition, this was not
the case). In line with these longer reaction times, learners engaging in
the gamified condition first also achieved a lower total score, practiced a
smaller number of words, and completed a lower number of trials in the
gamified conditions, than those who engaged in the gamified condition
last. This suggests that the combination of getting acquainted with a new
learning task in the first practice block combined with receiving gami-
fied feedback, may have overwhelmed learners and negatively influ-
enced learning behaviors. In contrast, when learners had first gained
experience with the task in the control condition, there were no (nega-
tive) effects of the gamification manipulation on the learning behaviors.

These findings regarding learning behaviors contradict our predic-
tion (Hypotheses 2a and 2b) that gamified feedback, and in particular
the points-and-progress condition, would lead learners to try harder
during practice in order to achieve a higher score or reach the next step
on the progress bar (e.g., Bai et al., 2020; Koivisto & Hamari, 2019). On
the one hand, these results are in line with the idea that gamified
feedback, at least when presented from the start, might induce extra-
neous processing (i.e., processing that does not directly support the
instructional goal, Mayer, 2020a) comparable to a kind of seductive
detail (Rey, 2012; Sundararajan & Adesope, 2020) that causes learners
to devote attention away from the core task. On the other hand, no
differences were found between the points and points-and-progress
condition, even though the latter included additional, more visually
complex information on the screen (and distracted learners more than
the simple score according to their self-reports, see results section). More
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importantly, if there was indeed extraneous processing, it does not seem
to have hampered learning outcomes in the present study.

6.3. Few effects of gamified feedback on posttest performance (RQ3)

Contrary to our initial predictions (Hypothesis 3a/b), learning out-
comes (i.e., recall performance) on the delayed posttest did not differ
between the gamified conditions and the control condition nor between
the two types of gamified feedback. That is, based on the present find-
ings, the amount of information that was recalled successfully on a test
two to three days after practice was comparable in all three conditions.

However, the gamification manipulation did have some effect on the
response speed on the posttest: Words that were translated correctly on
the posttest, were translated slower when they had been practiced in the
gamified condition in the first practice block rather than the second
practice block. This parallels the pattern of results that we found for
learning behaviors during practice, suggesting that a negative effect of
encountering gamified feedback in an unfamiliar task, may not only
influence performance during practice but also translate into later recall
speed. Possibly, being able to complete more practice trials allowed
learners to also become faster at later recall. However, the size of this
effect is relatively small, and results should be replicated in future
research before stronger conclusions are drawn.

One possible explanation for the lack of gamification effects on
learning outcomes is that the higher motivation with gamified feedback
(see Section 4.1) did not lead students to do the retrieval task differently
and in consequence did not enhance learning. An alternative explana-
tion is that there was a trade-off between positive effects of gamified
feedback on motivation — which may have caused students to try harder,
for example — and negative effects such as distraction, which may have
reduced learning. Based on the present data, we cannot distinguish be-
tween these explanations. However, we can conclude that adding
gamified feedback to retrieval practice did not significantly change
recall performance on the delayed posttest.

6.4. Limitations and questions for further research

A number of characteristics and limitations of this study should be
discussed. For one, the adaptive retrieval practice system that we used
may have created a relatively strong (i.e., motivating and effective)
control condition because the difficulty of practice was adapted to user
performance, in such a way that each trial was (predicted to be) chal-
lenging yet achievable for learners (Sense & van Rijn, 2022; van Rijn
et al., 2009). The balance between learner ability and task difficulty is
itself a popular topic in literature on game design (e.g., Garris et al.,
2002), often in relation to the concept of flow (Nakamura & Csikszent-
mihalyi, 2014): Flow — a rewarding, emotional state that arises when an
individual is absorbed in a task (Boyle et al., 2012, p. 772) — is thought to
be more likely when the amount of challenge of a task closely matches a
person’s skills (Keller et al., 2011). Thus, exposing learners to chal-
lenging but attainable retrieval tasks, may already have created a
rewarding and effective learning task, which perhaps left less room for a
positive impact of gamified feedback compared to a learning task that
feels more tedious or repetitive (e.g., Mekler et al., 2017). Therefore,
effects of gamification might be larger in future studies with
non-adaptive retrieval practice.

The points-and-progress condition raised a number of follow-up
questions. For instance, we had to choose a certain maximum level of
points for the progress bar, taking into account that we did not want to
frustrate learners who did not manage to fill the bar but also did not
want fast learners to stop practicing early. An interesting question is
whether adjustments in the progress bar could motivate learners
differently. For instance, we assumed that people aim to fill the whole
bar but could have also specified explicitly what constitutes good per-
formance (e.g., 5 steps = good, 6 steps = very good, etc.), adjusted the
target score based on participants’ prior performance, or allowed
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participants to set their own goals. Although we found no prior research
making systematic comparisons of such manipulations in the gamifica-
tion literature, recent research on feedback in learning analytics dash-
boards could provide a theoretical framework for such follow-up
research, as it defines different types of reference frames (e.g., progress:
comparing learners current performance to earlier results; social: com-
parisons to other learners) (e.g., Gallagher et al., 2024). In further
exploring effects of gamified feedback, it will also be relevant to measure
learner motivation not only through self-reports but to include, for
instance, measures of persistence or the willingness to engage in further
practice (i.e., actual, voluntary practice time).

For practical applications, an important question is what the impact
is of gamified feedback in learners in an educational context and on the
long-term. Regarding the context, this study involved adult volunteers
whose reasons to participate are unknown but likely involved curiosity
about word learning tasks, the hope to win a gift cheque, and the wish to
contribute to this study. Adult learners in language classes or students in
secondary education have different reasons to engage in vocabulary
practice, such as language learning goals or the wish to obtain good
grades. These might influence their response to gamified feedback (e.g.,
positive feedback on progress may be more meaningful). Therefore,
replication of this study in an educational context would be desirable,
and such individual differences between learners could then be studied
as possible moderators of gamification effects.

We also conducted an intervention in a single practice session with
one delayed posttest. The delayed posttest is a strength of this study as
there is a lack of information about how enduring effects of gamification
manipulations are (e.g., the overview study by Sailer and Homner
(2020) identified only one study with a delayed posttest). However,
game-based learning research indicates that effects of games (compared
to non-game control conditions) are larger when players engage in
multiple sessions over longer periods of time (Wouters et al., 2013). This
might be because initially familiarizing oneself with the learning envi-
ronment takes time and mental resources away from the core learning
task (cf. our findings regarding effects of gamification-first on learning
behavior), but pays off when learners continue to play (Wouters et al.,
2013). More closely related to the present study, it has been argued that
understanding and adapting to a gamified feedback system might take
time, such that the full potential of such a system might develop with
time (Groening & Binnewies, 2019). Although the feedback used in the
present study was simple, it would be relevant to see if its effects on
learning outcomes change if applied over a longer period of time.
Indeed, beneficial effects of gamification are most relevant in the long
run when persistence in practice usually lapses (Bernecker & Ninaus,
2021). Yet, durable effects of gamification are not a given. For instance,
Sanchez et al. (2020) found positive effects of adding a progress bar
together with other gamification options and encouraging messages to
digital quizzes, which university students could take voluntarily to
prepare for tests. However, this effect was found only for the first of
three quizzes offered, making the authors suggest a possible novelty
effect where the motivational influence of gamification declined over
time.

As a final note, the gamified feedback in this study was quite discreet.
Digital games often provide elaborate feedback in the form of sounds,
visuals and animations, which might create a more captivating or more
enjoyable experience than what was employed here, and could possibly
further increase feelings of competence (Juul 2012; in Mekler, 2016).
However, while research has shown positive effects of design choices
such as pleasant colors, round shapes, and anthropomorphism of
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materials on motivation and learning (for an overview of emotional
design effects, see Brom et al., 2018), the effects of esthetics of game
elements on learning are still poorly understood (Javora et al., 2019).
Tentatively, more prominent feedback in this study might enhance both
the positive effects on task motivation and the potential for distracting
users from the core learning task.

6.5. Conclusion

Retrieval practice is an effective learning strategy to promote the
long-term retention of factual information (Agarwal et al., 2021; Kar-
picke, 2017; Rowland, 2014), in particular when practice is repeated
over time and adjusted to a learner’s level of knowledge (van der Velde,
Sense, Borst, & van Rijn, 2021). In the present study, gamified feedback
enhanced learners’ self-reported motivation for this effective but
effortful learning task, both when a simple score was used that increased
for correct answers, and when the score was combined with a colorful
visualization on a progress bar. Findings for learning behaviors suggest
that it is important to consider the potential impact of gamified feedback
on learners’ experienced load when presenting it in unfamiliar tasks, but
there were no effects on learning outcomes on the posttest. Overall,
gamified feedback is a potentially useful addition to make retrieval
practice more appealing.
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Appendix I. Drop-out and Exclusion Criteria

This section summarizes the dropout over the course of practice. Of the 203 times that users provided consent to start the experiment, 21 times, the
entry was subsequently abandoned before starting the retrieval task; 10 entries were removed because participants had completed only one round of
retrieval practice or because they started the experiment multiple times. One participant was removed because s/he completed only 30 trials (which is
less than M-3*sd = 64.4 trials); five participants were excluded because they reported cheating during practice (by writing information down or
looking up information online). The remaining 166 entries for Session 1 were analyzed, although due to technical problems, the survey data of four
participants was not complete. Moreover, 14 participants did not return for Session 2, leaving 152 entries with posttest data.

# before Description # after
203 started the experiment 4 people abandoned before entering ID 182
17 abandoned before start of retrieval practice
182 7 people did the session too many/few times (5% +2 + 3 = 10 entries) 172
172 1 person completed too few practice trials. 171
171 5 participants admitted cheating 166 in Practice data (survey data incomplete for four)
166 14 people did not do the test 152 in Test data

* Four learners dropped out during the control condition and one learner dropped out during the points + progress condition.

Appendix II. Predictors Used in Regression Models

Regression coefficient Interpretation of effect

Intercept The model’s intercept estimates the average outcome in the Control condition, across both experimental groups and both block orders.
GamifiedTRUE Effect of Gamification (Gamified - Control)

gamifiedTRUE:exp_group_c Effect of Type of gamification (Point-and-progress - Points)

gamifiedFALSE:exp_group_c Effect of Type of gamification on Control (Point-and-progress - Points)

gamifiedTRUE:gamified_first_c Effect of Block on Gamified Condition (Block 1 - Block 2)

gamifiedFALSE:gamified_first ¢ Effect of Block on Control Condition (Block 2 - Block 1)

gamifiedFALSE:exp_group_c: Effect of Type of gamification on Control; block difference (Block 2 - Block 1)

gamified first_c
gamifiedTRUE:exp_group_c:gamified first ¢ Effect of Type of gamification; block difference (Block 2 - Block 1)

Appendix III. Visual Summary of Evidence Strength across Outcomes

Evidence per outcome for each regression model coefficient being different from zero.
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Note: Plot displays evidence in favour of an effect (BF;) for each coefficient () of the Bayesian regression models reported in the text. Each subplot
corresponds to an outcome variable. Labels along the vertical axis describe coefficients; values along the horizontal axis denote the strength of ev-
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idence on a logarithmic scale. Values of BFjy > 1 (in blue) indicate that the data are more likely under the alternative hypothesis (f # 0); values of
BFjo < 1 (in red) indicate that the data are more likely under the null hypothesis (§ = 0). Longer lines represent stronger evidence.

Data availability

The manuscript contains a link to a repository containing the data
and analysis code.
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