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The Effect of Computer-Based Feedback in Game-Like Fluid
Reasoning Tasks
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We focused on the effect of various types of feedback in a game-based fluid reasoning test called Triton
and the Hungry Ocean on elementary school students (ages 8-12; total N = 321). The feedback types were
four: no feedback (A), simple (correct/wrong feedback; B), elaborated (correct solution shown; C), and
learner-controlled feedback (student chooses between feedback types; D). We did not observe an effect
of any feedback type on performance (i.e., there were no between-group differences). However, within
group D, students overall tended to choose elaborated feedback more often as task difficulty increased
(r=.92), and those in group D who generally tended to choose elaborated feedback also tended to per-
form better even after controlling for intellect.
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them towards growth-oriented development

Introduction

Feedback is essential for learning. The con-
cept of feedback is used for a variety of pur-
poses in various disciplines, such as medicine,
management, or sports. However, it gained
significant research attention especially in
educational contexts. Researchers in this
field have been trying for almost a century to
understand how feedback can be optimized
to maximize value for students and lead

(Lipnevich et al., 2016).

Feedback is generally considered essential
to improve the acquisition of knowledge and
skills (e.g., Azevedo & Bernard, 1995; More-
no, 2004). For example, Hattie (1999), in
his review of 196 studies of feedback in the
classroom, described feedback as one of the
most influential factors in learning. Hattie and
Timperley (2007) define feedback as “infor-
mation provided by an agent (e.g., teacher,
peer, book, parent, self, experience) regarding
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aspects of one’s performance or understand-
ing” (p. 81). The most important function of
feedback is to provide students with informa-
tion about their learning or performance so
that they can successfully regulate it (Butler
& Winne, 1995; Hattie & Gan, 2011; Hattie &
Timperley, 2007).

Various meta-analyses and systematic re-
views have focused on the effects of feed-
back on learning. There are many variables
that play a role in determining its potential
to affect learning. However, the results of
large-scale meta-analytical studies on the
actual effectiveness of feedback lead to
conclusions that could be described as con-
tradictory or, at the very least, inconsistent.
The most comprehensive review, based on
131 studies and meta-analysis of the effects
of individual feedback on performance, was
conducted by Kluger and DeNisi (1996). Their
overall finding was that the average effect of
evaluative feedback on performance was d =
.41 — in other words, groups receiving feed-
back on average outperformed their respec-
tive control groups by roughly four tenths
of a standard deviation — the equivalent of
moving from the 50th to the 66th percentile
on a standardized test. However, more than
38 percent of the effect sizes from the ana-
lyzed studies were negative, that is, showed
that control groups outperformed feedback
groups. In the classroom context, Hattie
and Timperley (2007) and Hattie and Zierer
(2019) conducted meta-syntheses on the ef-
fects of feedback on student achievement.
These indicated a large effect (between d =
.70 and d = .79) of feedback on student
achievement in general. However, the au-
thors noted the considerable variance of
feedback effects on achievement. When con-
sidering 435 studies, a recent meta-analysis
(Wisniewski et al., 2020) revealed a medium
positive effect size of feedback (d =.48) on
student learning. According to this extensive

study, the impact of feedback is significantly
influenced by the information and content
being conveyed. Overall, we can say that it
is necessary to interpret different forms of
feedback independently.

Most of the research into the effects of
feedback is instructional. Its primary goal is
monitoring students’ learning in response to
instructions and asking students to confirm,
refine or clarify their misunderstandings.
There has also been a considerable number
of studies looking at the impact of perfor-
mance (evaluative) feedback, whose prima-
ry goal is to evaluate students’ performance
on assessment tasks (Kluger & DeNisi, 1996).
However, unfortunately, to the best of our
knowledge, no study has been published in
the last twenty years that has addressed in
detail the effect of different types of feed-
back in logic tasks. This study intends to fill
this gap. We sought to determine the effect
of evaluative feedback in fluid reasoning
tasks. Specifically, we focused on the effects
of four types of computer feedback on per-
formance in a video-game with fluid-rea-
soning tasks administered to elementary
school students. We were also interested
in whether and how, if given the chance,
would the students choose a preferred type
of feedback, and whether this choice is de-
pendent on task difficulty and student’s per-
formance.

Feedback Characteristics

Feedback can have different functions de-
pending on the learning environment in
which it is studied and the particular learning
paradigm under which it is viewed. It occurs
in different forms, has different purposes,
acts upon different levels of learning (Mory,
2004). In the following sections, we introduce
the most common criteria used to describe
various kinds of feedback.



Studia Psychologica, Vol. 64, No. 2, 2022, 155-172 157

Feedback and Degree of Complexity

With regards to the degree of feedback elab-
oration, one can distinguish between simple
feedback, consisting of a short response (yes/
no, right/wrong; Kulhavy & Stock, 1989; Mory,
2004), and elaborated (complex) feedback,
presenting the correct answer or solution.
The degree of elaboration strongly differs in
various studies, elaborated feedback is usu-
ally more effective than simple feedback and
is beneficial to both lower and higher order
learning outcomes (Attali & Van der Kleij,
2017).

Learning Outcomes

There are a number of hierarchical classifi-
cations with respect to learning outcomes.
However, the distinction is usually made be-
tween lower-order and higher-order learning
outcomes (Kulik & Kulik, 1988; Van der Kleij et
al., 2012; Van der Kleij et al., 2015). Lower-or-
der learning outcomes include recognition,
understanding and memorization (Van der
Kleij et al., 2012; Van der Kleij et al., 2015).
Higher-order learning outcomes include intel-
lectual skills such as analytic and procedural
skills, and require the learner to apply knowl-
edge and skills to new situations (Smith & Ra-
gan, 2005). It can be said that more complex
learning requires more complex, elaborated
feedback that goes beyond mere correction
(Attali & Van der Kleij, 2017; Smith & Ragan,
2005).

Feedback Target

Feedback can be provided during instruction
or serve as an evaluation tool. When provided
during instruction, its primary goal is monitor-
ing students’ learning in response to instruc-
tions and asking students to confirm, refine

or clarify their understanding. Conversely,
feedback provided to students regarding their
performance in an assessment is based on the
assumption that the feedback provides the
examinee with useful information about their
progress (Attali & van der Kleij, 2017; Kluger
& DeNisi, 1996; Panero & Aldon, 2016; Wang
etal., 2019).

The effect of feedback in both instruction-
al and evaluative contexts on performance is
quite variable. Under certain conditions, feed-
back improves performance, under others, no
impact on performance can be determined,
and under other conditions still, feedback can
degrade performance (Hattie & Timperley,
2007; Hattie & Zierer, 2019; Kluger & DeNisi,
1996; Wisniewski et al., 2020).

Effects of Assessment Feedback on Logical
Reasoning Test Achievement

A specific type of evaluative feedback pro-
vided in the context of higher-order learning
outcomes is simple feedback verifying the
correctness of the response during logical
reasoning assessment. Unfortunately, rela-
tively little is known about feedback effects in
psychometric assessment settings.

Because feedback in logical reasoning as-
sessment offers an opportunity to learn
during the test session, some studies view
feedback in this context as a piece of im-
portant information that can result in perfor-
mance improvement in a subset of tasks or
on the entire test (Guthke & Beckmann, 2003;
Guthke & Stein, 1996). These studies are con-
ducted most often within the context of dy-
namic testing, in which intra-individual differ-
ences in performance scores are attributed to
varying individual ability to process and learn
from received feedback. This testing method
has the added benefit of being able to recog-
nize not only already developed abilities but
also the learning potential of each participant
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to develop in the future (Grigorenko & Stern-
berg, 1998; Sternberg & Grigorenko, 2002;
Veerbeek et al., 2017).

The ability to integrate further information
from feedback while solving new problems
is, in some cases, considered an integral part
of fluid reasoning. For instance, the Concept
Formation and Analysis-Synthesis test of the
Woodcock-Johnson IV — Test of Cognitive Abil-
ities battery (WJ-IV; McGrew et al., 2014) uses
the ability to learn from immediate feedback as
a part of its measurement. Interestingly, other
tests of the same latent ability (fluid reason-
ing), such as those from the WISC 5 battery
(Wechsler, 2014), do not account for feedback
at all. Does that mean such tests are lacking in
content validity? Or is the ability to learn from
immediate feedback negligible from the per-
spective of the assessment situation? Naturally,
the question of feedback standardization is an
important one here —if one cannot ensure that
feedback given will be relatively stable across
administrations (i.e., available at all times and
in the same form), the validity and fairness of
tests utilizing feedback could be significant-
ly impacted. This could be one of the reasons
why feedback-giving is sought to be avoided in
common assessment situations, however, with
the ascent of computer-based assessment, it is
becoming less and less relevant.

In methodological studies on the other
hand, it is often hypothesized that feedback
might improve outcomes by other means
than by directly enhancing the measured abil-
ity, such as by removing anxiety or providing
reassurance (Rocklin et al., 1995). Beckmann,
Beckmann, and Elliott (2009) have found that
feedback on item performance during cogni-
tive ability testing on the whole did not affect
performance; however, feedback interacted
with self-confidence and goal orientation to
produce positive effects in adolescents low
in self-confidence and with high performance
goal orientation.

Regardless of these findings, the integration
of simple feedback mechanisms into standard-
ized cognitive tests is often seen as being in
direct contradiction to valid testing procedures
(Guthke & Beckmann, 2000; however see
above). It seems, however, that evaluating the
effect of feedback in cognitive tests could ac-
tually benefit assessment of cognitive skills in
many ways. To better reflect a person’s current
state and potential, it would be informative to
know the extent to which feedback is followed
by improvement in performance —i.e., to gauge
the ability to learn (Guthke & Beckmann, 2000;
Veerbeek et al., 2017). Furthermore, we con-
sider it key to be aware of the extent to which
it is indeed necessary to keep cognitive assess-
ment feedback-free, and how big is the risk of
test procedure bias when different types of
feedback are given (Fuchs & Fuchs, 1986; Reyn-
olds & Suzuki, 2012). Finally, we think the effect
of feedback (or the lack thereof) is ultimately
informative with respect to test validity.

Aims of the Present Study

To fill the gap in feedback research, we focus
on the effects of various types of feedback, as
categorized by Shute (2008), on fluid reason-
ing task performance. We developed a vid-
eo-game consisting of fluid-reasoning tasks
with four different feedback mechanisms
that are triggered after every response given
by the participant, making this an immediate
feedback in all cases. The feedback types are:

No feedback (condition A): Provides no in-
formation about the response.

Simple/verification feedback (condition B):
Informs whether the response is correct or
incorrect.

Elaborated/animated feedback (condition
C): Shows the entire procedure needed to
solve the task in an animated form.

Learner-controlled feedback (condition D):
Allows for the deliberate choice of feedback
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from any of the aforementioned alternatives
(A, B, C), as many times as is requested.

Thus, our aim is to investigate the effect of
the four types of feedback on learners’ per-
formance in the game. We formulate the fol-
lowing hypotheses and research questions.

Effects of Feedback on Game Performance

Current research is mostly in agreement that
simple/verification feedback is inefficient, es-
pecially in the context of higher-order learn-
ing outcomes (Van der Kleij et al., 2015). On
the other hand, elaborated feedback is ben-
eficial for both lower-order and higher-order
learning outcomes (Attali & Van der Kleij,
2017). For example, in their meta-analysis,
Van der Kleij et al. (2015) have found that
elaborated feedback (EF; analogous to our
condition C) produced larger effect sizes (d =
.49) than feedback regarding the correctness
of the answer (KR; analogous to our condition
B; d = .05). EF was particularly more effective
than KR for higher order learning outcomes.

Hence, it seems that in the evaluative con-
text (namely in performance tasks), revealing
to the learner the entire process of arriving
at the correct solution is essential for facili-
tating improvement. When given elaborat-
ed feedback, the students can monitor their
own thought process and confront it with
the correct solution. In accordance with the
meta-analysis findings, we expect the effect
of condition B to be too small to be detect-
able (d < 0.1), however for the elaborated
feedback (condition C) we do expect to find a
medium effect size (d = 0.4-0.5). Furthermore,
learner-controlled feedback does not seem to
directly lead to improved performance (Alev-
en et al., 2006; Timmers & Veldkamp, 2011;
see below for more details), hence we expect
small effect of condition D (d < 0.1).

H1: Feedback conditions have an effect on
game performance. Specifically, no effects of sim-

ple feedback condition (B) or learner-controlled
feedback condition (D) will be found, whereas the
elaborated feedback condition (C) will show an
effect over no feedback (A), simple feedback (B),
and learner-controlled feedback (D).

Learners’ Control over the Feedback Mes-
sage (condition D)

When assessing the efficiency of feedback it
is common to allow learners to choose their
preferred feedback type, however, as men-
tioned above, this itself does not directly lead
to improved performance and learning (Aleven
et al., 2006; Timmers & Veldkamp, 2011). Stu-
dents must be willing to invest the necessary
time and effort and possibly also possess cer-
tain metacognitive abilities to make the best
possible use of the feedback they receive (Tim-
mers & Veldkamp, 2011). This phenomenon is
closely related to the students’ interest in mon-
itoring their own learning process and improv-
ing themselves (Bangert-Drowns et al., 1991).
Hence, we hypothesize that students who more
often choose elaborated feedback when given
the chance (feedback C in condition D) use bet-
ter metacognitive strategies and thus will attain
better overall outcomes in the game compared
to those who choose this type of feedback less
often. Based on the findings of the meta-anal-
ysis cited above (Van der Kleij et al., 2015), we
expect a medium effect (d = 0.4-0.5).

H2: In learner-controlled feedback (condi-
tion D), children who choose elaborated feed-
back more frequently will show better perfor-
mance in the game than children who choose
it less frequently.

Exploring the Strategies in Learner-con-
trolled Feedback and How They Connect to
Task Complexity and Game Performance

An interesting question arises when the learn-
er is given control over the form of feedback
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they receive. What form of feedback will be
chosen under different circumstances? Will
there be any observable consistent strate-
gies? It has been shown that students choose
elaborated feedback most frequently after an
incorrect response to clarify errors and misun-
derstandings (Mory, 2004), and that the effect
of feedback is moderated by task complexity
(Bangert-Drowns et al., 1991; Kluger & DeNisi;
1996; Kulhavy & Stock, 1989; Mory, 2004). It
is reasonable to assume, therefore, that feed-
back choice will differ when an incorrect (ver-
sus correct) answer was given, and the choice
itself will be a function of the (perceived) task
difficulty. As there is little previous research
to draw any expectations from, we do not for-
mulate any hypothesis here and instead will
perform an exploratory analysis of our data.

Methods
CFT 20-R

The CFT 20-R (Fajmonova et al., 2015) is a Czech
adaptation of Cattell’s non-verbal test, used to
measure fluid intelligence in children aged 7.5 to
15. The test comprises four subtests and is divid-
ed into two parts for a total of 101 tasks. Accord-
ing to the test’s manual, its internal consistency
is a =.88. Please note again that this reliability is
reported from the test’s standardization.

Triton and the Hungry Ocean

The logical game Triton and the Hungry
Ocean? (referred to here as Triton) is based
on the “balance beam task” of Inhelder and
Piaget (1958), which was later adopted by
other authors and is, for example, referred to
as Figure Weights in the complex intelligence
test batteries WAIS-IV (Wechsler, 2008) and
WISC-V (Wechsler, 2014). The objective of

1 A technical manual of Triton is available for download on
the website www.invenio.muni.cz.

the task is to choose a set of weights for one
balance beam to counterbalance the weights
on another one. Triton practically re-uses this
principle, while bringing the task aesthetically
to a submarine setting. The game starts and
ends with a simple story (see Figure 1) and
uses cartoon-like graphics and simple sounds.
It also introduces additional game mechanics
not typically present in similar tasks (see the
supplemental material online) and does not
have a time limit for individual tasks.

A sample task is shown in Figure 2, in which
the individual features of the game are high-
lighted. The main part of the screen features
a long hook with a worm (see Feature 1). On
either side of this hook, there is a circle out-
lined by bubbles. On the left side, the circle
contains a certain number of animals (Feature
2), while on the right side, the circle is empty;
this we further refer to as a slot (Feature 3).
The player is supposed to fill this empty slot
by moving one of the five groups of animals
from the bottom part of the screen (Feature
4) to balance out the strength of the animal
group on the left side (Feature 2). The main
rule is that animals of the same color, shape,
and number have the same strength. In more
complex tasks, the strength of individual an-
imals is expressed via so-called conditions;
shorter hooks with both sides already occu-
pied and balanced (Feature 5). These condi-
tions imply the relative strength of specific
animal types.

Besides moving groups of animals from the
bottom part of the screen to the slots and
back, the player is allowed to reset the task
(i.e., return all the features into the original
state) by pushing the “reset” button (Feature
6). They can also proceed to the next task by
pushing the “play” button (Feature 7). Fur-
thermore, there are two more game buttons,
which are, however, not necessary to solve
the tasks — a sound on/off button (this affects
only accompanying sounds, the instructions
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iL. & v mofi zodola
dvotichove hladov

/I Pomdded mu? Snak se divodichy krmit tak

aby se vichni o jido spravedlivé rozdélili

Note. The translation is available online in the supplemental material.

Figure 1 The opening and closing stories of Triton.

remain audible; Feature 8) and a pause but-
ton to interrupt the game (Feature 9).

In order to solve the task, the player needs
to deduce the relative strength of individual
animals, applying primarily logical reasoning.
In general, the abilities applied here fall into

the category of fluid reasoning, which is de-
fined as logical reasoning intentionally and
purposefully aimed at solving novel “on-the-
spot” problems that cannot be solved using
previously learned habits, schemas, or scripts
(e.g., Schneider & McGrew, 2018).
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Figure 2 Sample task and individual game features of Triton.

The game consists of 32 tasks, the com-
plexity of which gradually increases, as does
the number of game mechanics involved. De-
scription of these mechanics is available on-
line in the supplemental material. Each new
game mechanic is introduced by a narrated
video demonstration, in which a task with
the new mechanic is solved. All participants
receive the same instructions on how to per-
form all tasks.

As mentioned previously, four feedback
conditions were implemented into the game
for the purposes of this study. Feedback was
given to the players after completing each
task upon pressing the “play” button. In Table
1, the form of the individual feedback condi-
tions is specified.

The following data were logged for each
participant: 1) Correctness/incorrectness of
response to every task. 2) The sequence of
choices of the individual feedback conditions
(A, B, C) in condition D.

Data Collection and Participants

The pilot version of Triton (with only simple/
verification type of feedback) was first admin-
istered at two schools to a total of 127 stu-
dents attending grades 3-5 in order to verify
whether the instructions were comprehensi-
ble and confirm that the game’s technical as-
pects function correctly. As no problems oc-
curred during data collection, the data were
further used to construct the model of mea-
surement.

Afterwards, five conveniently selected pub-
lic schools participated in the main stage of
the research. All students from participating
grades (grade 3 — grade 6) whose legal guard-
ians agreed with their participation (N = 321)
were first administered the CFT 20-R test by
pencil/paper in a group setting. Afterwards,
they were assigned to the four experimental
groups so that the distribution of CFT 20-R
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Table 1 Characteristics of the individual types of feedback in Triton

Feedback  Type of feedback Detailed characteristics of Visuals
condition feedback
A No feedback No information on the

correctness or incorrectness of
the response, only a text showing
“Thanks for your answer. Keep on

playing.”. . i
Diky 2a odpovéd.
Pokracuj dal.
B Simple/verification ~ Correct responses will trigger a
feedback text showing “Correct answer!”,

while the message “Incorrect
answer.” follows incorrect
responses.

Spatné Fedeni.

Table 1 continues
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Table 1 (continued)

Feedback Type of Detailed characteristics of feedback Visuals
condition feedback
C Elaborated/ Regardless of whether the response was
animated correct or incorrect, a text prompt
feedback showing “Show the correct solution.” is
displayed. After clicking the text, the > T
solution is presented and explained via a
simple animation. After the animation is -
over, the solved task can be viewed until b‘ .
the “play” button is clicked, after which ‘v
a new task starts. The button can also be . .

. . . o Animated sample is
clicked any time during the animation to . ]
fast forward to a new task available on the link:

' https://bit.ly/3g0i798
D Learner- Regardless of whether the response was
controlled correct or incorrect, any of the
feedback previously mentioned types of feedback

can be chosen (A, B, or C). If Ais chosen,
a new task starts. If B is chosen, the
verification message described in B is
shown. If C is chosen, the animation
described in Cis shown. The Band C

KAZAT, ZDA BYLO

-

. UKAZAT
@ AVNY
feedbacks can be selected repeatedly —a ?
new task is presented only after

choosing A.

» | UK
ME RESEN] SPRAVNE
NEBO SPATNE

would be balanced, secondary counterbal-
ancing was done with respect to gender and
school grade. Subsequently, each group was
administered Triton, with a different feedback
condition, otherwise identical to the pilot ver-
sion. All students worked on their own and at
their own pace on classroom desktop PCs. Stu-
dents controlled the game with a mouse and
were presented instructions into their head-
phones within the game environment. Note,
the sample thus collected was convenient and
its size was not driven by an a priori power

analysis. As such, the hypothesis tests per-
formed here might not have sufficient power.

Table 2 breaks down the sample by school
grade, gender, age, and individual feedback
conditions.

Results
Hypothesis 1

First, a Rasch model was fit using the mirt
package (Chalmers, 2012) in R using all avail-
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Table 2 Summary of the sample for each version of the game/type of feedback

Feedback Grade 3 Grade 4 Grade 5 Grade 6 Total Mean 1Q Mean  Mean
type (SD)* age Triton
(SD) perfor-
mance
(SD)**

Feedback A 25(48%) 20(30%) 17(47%) 23(48%) 85(44%) 109(15.8) 10.6  0.72
(1.24)  (0.17)

Feedback B 17(41%) 17(59%) 16(31%) 26(38%) 76(42%) 110(15.6) 10.6  0.71
(1.12)  (0.14)

Feedback C 21(43%) 19(32%) 19(47%) 22(48%) 81(42%) 108 (15.7) 10.5 0.71
(1.16)  (0.15)

Feedback D 19(42%) 21(24%) 15(67%) 24(42%) 79(42%) 110(14.3) 10.5 0.74
(1.13)  (0.16)

Note. The percentages in parentheses refer to the proportion of girls in that subgroup of
the sample. Within the pilot version, data on the gender of participating respondents were

not collected.

* CFT 20-R; ** Due to missing data, an average score was calculated for each student, and
the mean and SD of the average score was taken.

able data (i.e., also utilizing the data from
students who only participated in the pilot
study). This model serves the integral pur-
pose of modeling the game as a test where
the correctness of a child’s response to a test
item (i.e., a task in the game) is a function of
the child’s (unknown) latent ability level and
the task difficulty. Without a well-fitting mea-
surement model of this kind, many subse-
qguent analyses using the data could be called
into question. The model fits reasonably well,
M, (496) = 750.3, p < .01, RMSEA = 0.04 (95%
Cl: 0.03, 0.05), TLI = .94, SRMSR = 0.09, with
an empirical reliability of .85. It is important
to keep in mind that the fit of the model to
data is approximate and not perfect, as evi-
denced by the test of the M, statistic.
Subsequently, the model was refit as a gen-
eralized linear mixed model (with a logit link

function) using the Ime4 package (Bates et al.,
2014) in R, now only using data from students
who participated in the experimental condi-
tions. Then, another such model was fit which
was identical to the previous one except that
the feedback type (A, B, C, or D) was added
as a covariate to predict the probability that
a task will be answered correctly, making it
effectively a latent regression Rasch model.
A likelihood-ratio test, comparing the latent
regression model with the baseline measure-
ment model, was conducted to see whether
including the feedback type as predictor did,
in fact, improve the model fit significantly.
Based on the comparison (see Table 3), we
conclude that feedback type has no effect on
the probability of tasks being solved correctly,
the difference between the two models’ devi-
ances being 1.4 with df =3, p = .69.
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Table 3 Model comparison for Hypothesis 1

npar Deviance ADeviance Anpar p
Rasch model 33 7334.3 -
Latent regression 36 7332.9 1.4 3 .69
Table 4 Model comparison for Hypothesis 2

npar Deviance ADeviance Anpar p
Rasch model 33 1746.0 -
Latent regression 34 1739.8 6.23 1 <.05

Hypothesis 2

The same baseline measurement model was
used as in the previous hypothesis, but only
with students who were given tasks with feed-
back type D. With this type of feedback, after
solving any task participants were offered the
choice of no feedback, correct/incorrect feed-
back, or elaborated feedback showing the
correct solution. The students could select
any feedback as many times as they wished
until continuing with the game. The choice of
feedback was recorded. For each time a child
solved a task, they were assigned a score of
1 if they chose the elaborated feedback at
least once, and a score of 0 if they did not.
This dichotomization served the purpose to
eliminate the effect of extreme observations
for children who may have selected the elab-
orated feedback a large number of times for
no apparent benefit. For each child, we com-
puted the average of this score (in effect, the
average frequency with which an elaborated
feedback was chosen) across all tasks. The
distribution of this average was strongly left-
skewed and zero-inflated, with an average of
0.64 (SD = 0.33).

Afterwards, a latent regression Rasch mod-
el was fit using the calculated average as a
covariate. A likelihood-ratio test comparing

the latent regression model with the baseline
measurement model showed that including
the covariate improves model fit, ADeviance
=6.23 with df = 1, p < .05 (see Table 4). The
estimated latent regression coefficient was
6 = 1.24, while the estimated latent score
variance without and with the latent regres-
sion was s? = 2.09 and s? = 1.88, respectively.
Thus, the frequency of choosing the elaborat-
ed feedback explains roughly 10% of the vari-
ance in latent score estimates for students in
feedback condition D.

Exploring the Strategies in Learner-controlled
Feedback

Still using the sub-sample of students in feed-
back condition D, we then analyzed the choice
of feedback per task. For each task, we calcu-
lated the proportion of students who chose
either the correct/incorrect feedback, the
elaborated feedback, or both. As shown in
Figures 3 and 4, the frequency of a chosen
correct/incorrect feedback was linearly inde-
pendent of task difficulty (i.e., the proportion
of incorrect responses) with a correlation of
r=-.08, while the relationship was strongly lin-
ear for the elaborated feedback, r = .92.
Naturally, we expected that as tasks be-
came harder, increasing the likelihood of an
incorrect response, the use of elaborated
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Table 5 Relative frequency of feedback choice

Correctly answered

Incorrectly answered

tasks tasks
No feedback chosen 36 % 36 %
Only correct/incorrect 59 % 17 %
Only elaborated 3% 17 %
Correct/incorrect, then elaborated 1% 28 %
Elaborated, then correct/incorrect 0% 1%

feedback would be chosen more often, es-
pecially after learning from correct/incorrect
feedback that an incorrect response had been
given. Indeed, the proportions of feedback
use (Table 5) suggest this to be true.

Discussion

Our experimental study deals with the effect
of four types of computer feedback (no feed-
back, correct/incorrect feedback, animated
elaborated feedback, and learner-controlled
feedback) on performance in a game con-
sisting of fluid reasoning tasks, while taking
intelligence and age into account. Moreover,
we also analyzed strategies of feedback use
among students who were given a choice
over their preferred feedback type.

We assumed that always receiving elabo-
rated feedback will lead to improved overall
performance in the game, as is the case in in-
structional higher-order learning (Attali & Van
der Kleij, 2017). However, our study did not
reveal any relationship between performance
and elaborated feedback or any other feed-
back condition. We find this result surprising,
as higher learning outcomes involve intellec-
tual skills, such as analytical and procedural
skills, and require the learner to apply (i.e.,
transfer) knowledge and skills to new situa-
tions. Yet, at the same time, this conclusion
is in line with the few studies that exist on
the effect of feedback on performance in the

evaluative context. For example, Beckmann
and Beckmann (2005) and Delgado and Pri-
eto (2003) reported zero or negative effect
of feedback in performance tasks. The au-
thors of these studies most often argue that
elaborated feedback is perhaps only efficient
in typically learning contexts, i.e., repeated
practice of tasks in order to learn a general
rule or a set of principles that can be trans-
ferred to subsequent tasks and thus allow im-
provement. A similar conclusion was reached
in the area of mathematics by Attali and van
der Kleij (2017).

However, in the evaluative context (in per-
formance tasks), students do not and indeed
should not learn any underlying principles that
make the solving of subsequent tasks easier. In
fact, well-designed performance tests are de-
liberately constructed so that each test item
is different and thus the possibility of bridg-
ing the gap between old and new knowledge
(transfer of knowledge about underlying prin-
ciples between items) is negligible (Delgado &
Prieto, 2003). Moreover, studies such as Beck-
mann and Beckmann (2005) found that simple
feedback can, in the case of failure, increase
respondents’ fears, which can then negatively
interfere with the following-task-related infor-
mation processing.

Hence, it could be conjectured that in the
evaluative context (in performance tasks),
feedback predominantly affects meta-task
processes of the participants themselves.
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Although experimental group D (where stu-
dents could choose between different types
of feedback; none, simple, elaborated) did
not exhibit on average better performance
in the game, we were interested in the per-
formance of participants who actively chose/
used the elaborated feedback option, com-
pared to students who used it less often or
not at all. Based on the analysis of feedback
choices, we discovered that these students
have better performance in the entire game
set of tasks without simultaneously having a
higher average 1Q. Hence, it is evident that
their willingness to invest the effort in ap-
plying/using feedback is, as in other studies
(Bangert-Drowns et al., 1991), closely linked
to motivation and interest in effectively moni-
toring their process of learning. Students who
have interest, motivation and invest more ef-
fort in task solving may already have a larger
repertoire of metacognitive skills applicable
to various tasks in different domains, and at
the same time know how and when to seek
appropriate feedback to promote error-de-
tection and correction (Timmers & Veldkamp,
2011).

We introduced learner-controlled feedback
specifically to be able to examine respon-
dents’ strategies, i.e., describe the sequence
of choices among feedback types. We found
that elaborated feedback, as opposed to sim-
ple, was chosen more frequently as the dif-
ficulty of the tasks increased. This effect is
in accordance with a number of other stud-
ies (Kluger & DeNisi, 1996; Kulhavy & Stock,
1989; Mory, 2004) and highlights the fact that
this type of feedback supports conceptual
learning. Clearly, it is not related to evalua-
tive tasks alone but is a more general learning
phenomenon.

In line with other studies (Timmers & Veld-
kamp, 2011), our research has shown that
the choice of feedback itself fulfills a largely
corrective function, occurring more often

after an incorrect answer. Incorrect answers
thus provide an opportunity to improve po-
tentially poor understanding of the problem
(Mory, 2004). Moreover, by analyzing the se-
quences of feedback type choices, we identi-
fied the following most frequently occurring
order: First, choice B (verification correctly/
incorrectly), then, if the solution is incorrect,
choice C (elaborated feedback). We believe
that this finding underlines the corrective
aspect of elaborated feedback in particular
(Mory, 2004).

Limitations

The main limitation of this study is its (rela-
tively small) sample size. Although we did
expect relatively large effect sizes, this expec-
tation did not come to fruition and it might
be the case that small effects of feedback on
task performance remained undetected by
our study design. Replicating the study with
a substantially larger sample is, according to
us, key.

Secondly, one of our main assumptions
was that the ability to learn and improve
from feedback is primarily a function of fluid
intelligence. Thus, we have balanced the ex-
perimental groups according to the students’
intelligence as measured by the CFT 20-R. On
the other hand, it is safe to assume that the
ability to learn and improve from feedback is
affected by a variety of other variables we did
not control for, such as metacognitive abilities
or motivation. Although one could argue for
the possible counterbalancing effect of ran-
dom assignment to one of the experimental
conditions, this is never completely account-
ed for unless the potential intervening vari-
ables are directly controlled for.

Lastly, it is important to note the report-
ed reliability of the CFT 20-R is taken from
the test’s standardization manual and does
not reflect reliability calculated on our sam-
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ple. Unfortunately, we have not collected
item-level data for the CFT 20-R and, as such,
were unable to calculate reliability.

Conclusions, Implications,
and Further Research

The literature on feedback suggests that there
are complex relationships between feedback
intervention, task characteristics, learning
context, and characteristics of the learner,
which affect the magnitude of feedback ef-
fects (Shute, 2008). Based on the results re-
ported, we conclude that the provision of any
(even elaborated) feedback in performance
tasks (as opposed to intervention tasks) is
generally not effective, since solving previous
tasks does not provide information relevant to
solving following tasks. These findings specif-
ically concern the evaluative context of high-
er-order learning and as such differ from most
high-order learning outcome intervention
studies. These studies usually agree on the
positive effect of elaborated feedback (Van
der Kleij et al., 2015). To verify the generaliz-
ability of these effects, it would be desirable to
conduct a similar survey with different logical
tasks and populations (for example, with intel-
lectually gifted students).

Detailed tracing of learners’ behavior in
individual feedback conditions allowed us to
describe some mechanisms, perhaps more
generally valid, by which elaborated feedback
affects the learning process. These mecha-
nisms appear not to be highly dependent on
the evaluative context, and as such are more
inline with research on feedback in education-
al studies. However, future research should
concentrate also on specific traces of prog-
ress through the game (detailed tracing of in-
game activity) while simultaneously measur-
ing learners’ metacognitive, motivational, and
personality traits, which could provide addi-
tional valuable information on the regulatory,

metacognitive and motivational mechanisms
in learning (Azevedo & Aleven, 2013). These
traces might perhaps prove more valuable for
understanding the students’ learning process
under individual feedback conditions than
their overall performance in task solving.
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