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Abstract

Example-based learning (i.e., studying examples to learn a problem—solution procedure,
often alternated with solving practice problems) leads to better learning outcomes than
solving practice problems only, and video examples are increasingly being used in online
and blended learning environments. Recent findings show that the presentation order of
examples and problems affects learning: Example—problem pairs have been found to be
more effective than problem—example pairs. We investigated a motivational explanation
for this difference, which states that starting with a practice problem might be too diffi-
cult, causing learners to lose confidence and motivation to study. We investigated this by
presenting gifted (n=61) and nongifted primary school students (n=65) with two prob-
lem—example or example—problem pairs. We hypothesized that gifted students, who gen-
erally report higher perceived competence and autonomy and higher need for cognition,
would be less affected by the difficulty of starting with a problem. As expected, gifted
students indeed reported higher motivation and confidence than nongifted students, and
gifted students were more efficient learners. In contrast to our expectations, however, there
was no difference between gifted and nongifted students in the effect of the different task
sequences on test performance. Studying example—problem pairs was more efficient than
studying problem—example pairs, both for gifted and nongifted students.

Keywords Example-based learning - Gifted children - Instructional design - Motivation -
Primary school students

Introduction

Decades of research have shown that for novices, example-based learning leads to better learn-
ing outcomes, often achieved with less time and/or mental effort investment, than only solving
practice problems (Atkinson et al. 2000; Renkl 2014; Sweller et al. 2011; Van Gog and Rum-
mel 2010; Van Gog et al. 2019). Example-based learning entails studying examples in which
the solution procedure is demonstrated, and example study is often (though not necessarily)
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alternated with solving isomorphic practice problems. Many online and blended learning
environments contain a mix of video examples and problem solving exercises (see e.g., Www.
khanacademy.org). It has been suggested, however, that the benefits of example-based learning
can depend on the order in which examples and practice problems are alternated. In a study
by Van Gog et al. (2011) students who learned how to troubleshoot faulty electrical circuits
by means of written example—problem pairs invested less effort during the learning phase and
showed better performance on a subsequent problem-solving test than students who received
problem—example pairs (this replicated findings by Reisslein et al. 2006, for novice learners,
and the finding that starting with example study was more effective than starting with problem
solving was later replicated in other studies: Kant et al. 2017; Leppink et al. 2014).

It is still an open question why example—problem pairs would result in better learn-
ing outcomes with less perceived effort investment during the learning phase than prob-
lem—example pairs. After all, both approaches provide learners with a similar amount
of instruction; only the order in which the instruction is provided differs. Van Gog et al.
(2011) speculated on potential cognitive or motivational explanations.

Cognitive and motivational explanations for effects of example—problem
sequences

First, starting with an example to study provides learners with the opportunity to acquire
knowledge of how the problem should be solved, and they can then apply this knowledge
during subsequent practice problem solving. As such, learners might be more successful at
(and thereby reap more benefit from) attempting to solve the practice problems than learn-
ers who start with a practice problem. Second, learners might be more motivated to engage
with a practice problem once they have a clue on how to solve it (cf. Sweller and Cooper
1985). Starting with a practice problem without knowing how to handle it is very difficult
(forcing learners to engage in inefficient yet effortful search processes such as trial-and-error
or means—ends analysis; see Sweller 1988; Sweller and Levine 1982), which may be frustrat-
ing for them. Consequently, learners might lose the confidence in their own abilities and the
motivation needed for studying the example and other tasks that follow (Van Gog et al. 2011).

Tentative support that this second, ‘motivational explanation’ may be more likely than
the first, ‘cognitive explanation’, comes from a study by Van Gog (2011), in which no dif-
ferences between an example—problem pairs and problem—example pairs condition were
found. Crucially, the task in this study consisted of learning how to solve a puzzle prob-
lem. Engaging in puzzle tasks is presumably more intrinsically motivating than engaging
in troubleshooting faulty electrical circuits such as in the study of Van Gog et al. (2011).
Starting with (and failing at) solving a puzzle problem is unlikely to lower learners’ confi-
dence in their own ability (i.e., it does not threaten a learner’s academic self-concept) and
instead of frustration it may even spark curiosity about the correct solution. As such, for
students learning how to solve a puzzle task, starting with a practice problem might not
have a negative effect on their confidence and motivation. By contrast, the traditional ‘cog-
nitive’ explanation of the worked example effect would predict better performance in the
example—problem than the problem—example condition: starting with an example allows
participants to learn about the problem before attempting to solve it, which should be more
effective, regardless of whether the task is a motivating puzzle task. However, the motiva-
tional explanation proposed by Van Gog et al. (2011) has not yet been tested.

Self-regulated learning research suggests that students prefer to start with a problem instead
of an example, however. Foster et al. (2018) showed that when given the choice, the majority
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of learners selected a problem as their first task. However, prior to their decision to study a
problem instead of an example, participants had received an instructional text, which would
have allowed them to acquire some knowledge of the tasks and may have given them the confi-
dence to select a problem instead of an example. Moreover, the selection of learning materials
by a learner does not necessarily reflect confidence and motivation. Furthermore, in research
on productive failure (e.g., Kapur 2008), failure to solve an initial problem is under certain cir-
cumstances found to be helpful for learning (although this applies mainly to the acquisition of
conceptual knowledge, whereas the main goal in research on example-based learning is typi-
cally the acquisition of procedural knowledge; see the review by Loibl et al. 2017).

Moreover, it is likely that individual differences might play a role in the effects that the
order of examples and problems has on learning outcomes. For instance, need for cognition
(NFC), which refers to “the tendency for an individual to engage in and enjoy thinking”
(Cacioppo and Petty 1982, p. 116), might affect how students respond to the challenge
posed by starting with a practice problem to solve. There is, however, very little research
that has investigated the role of individual differences (other than prior knowledge) in
example-based learning (for an exception, see Schwaighofer et al. 2016).

The present study

The main purpose of the present study was to examine whether presenting novice learners
with example—problem pairs or problem—example pairs has differential effects on their per-
formance, effort investment, as well as motivational outcomes (Van Gog et al. 2011). We
investigate this question both in gifted and nongifted primary school students, because how
children deal with a failed problem-solving attempt may also depend on their cognitive abili-
ties. Compared to students with typical cognitive ability (henceforth denoted as nongifted
students), students with high cognitive ability (henceforth denoted as gifted students) have
been found to show a higher NFC (Meier et al. 2014). Because individuals with a high NFC
tend to enjoy engaging in effortful cognitive activities more than students with lower NFC
(Cacioppo et al. 1996), it may be that it is not giftedness or the task sequence that affects per-
formance and other (motivational) outcomes, but that the effects depend on students’ NFC.
Therefore, we explored the comparison of gifted/nongifted students concerning the effects of
problem—example and example—problem pairs while controlling for students’ NFC.

Presenting students with problem—example versus example—problem pairs in problem
solving tasks might also affect motivational outcomes. Specifically, gifted students have been
shown to report higher competence beliefs, such as self-efficacy, than nongifted students in
many contexts (Pajares 1996; Pajares and Graham 1999), also when faced with complex and
difficult tasks. Thus, when letting gifted students solve tasks with problem—example pairs
they should feel greater competence than non-gifted students presented with the same task
sequence. Moreover, gifted students are known to be particularly motivated for tasks that
allow them to have autonomy (i.e., the feeling of having the option to choose, e.g., Assor
2012) over the problem—solution approach (Clinkenbeard 2012). Presenting a problem first
(instead of the worked-out solution steps) could give gifted students a stronger feeling of
autonomy over the approach to take, and could enhance their enjoyment when performing
the task. Thus, whereas problem—example pairs compared to example—problem pairs might
impose higher cognitive load, and decrease confidence, motivation, and learning outcomes
for nongifted students, problem—example pairs might not have this negative effect for gifted
students, who could perceive even higher autonomy and competence when first working
with a problem and then with an example than vice versa.
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The main effects of giftedness and task sequence were tested in the present study via a 2
(gifted/nongifted) X 2 (problem—example/example—problem pairs) ANOVA. Gifted and non-
gifted primary education students learned how to solve a math problem by means of two
example—problem pairs or two problem—example pairs and were subsequently presented with
a posttest consisting of isomorphic problems (i.e., different numbers but same underlying
problem-solving procedure as the tasks used in the learning phase) and near transfer prob-
lems (i.e., different numbers and a slightly different underlying problem-solving procedure).
We chose a complex math task to ensure that both gifted and nongifted students would not
have the level of prior knowledge needed to be able to solve the first practice problem (with-
out studying an example first). Note that we chose a sample of primary education students
because the effect of example—problem sequences has not yet been tested in this age group
and because questions concerning (differential) instructional strategies for gifted students are
important in primary education (Morisano and Shore 2010). We measured perceived com-
petence, perceived autonomy, and learning enjoyment as indicators of motivational aspects
of learning, in order to verify the expected motivational differences between gifted and non-
gifted students. Furthermore, we measured NFC, performance, and self-reported mental
effort investment (i.e., an indicator of experienced cognitive load; Paas 1992) in the learning
phase. The combination of performance and effort investment ratings provides more insight
than performance scores alone, as it can be seen as an indicator of cognitive efficiency: the
same performance achieved with less effort can be considered more efficient (Van Gog and
Paas 2008). To get more insight into learning progress, we measured and analyzed perfor-
mance and effort on the two practice problems separately as well as together.

The traditional, ‘cognitive’ explanation of worked example effects would not predict
a difference in the effect of the order of worked examples and problems between gifted
and nongifted students (i.e., also gifted students’ practice problem performance would
be expected to benefit from the opportunity to build a schema through worked exam-
ple study before attempting to solve a practice problem). However, if the motivational
explanation proposed by Van Gog et al. (2011) would hold true, then we would expect
a different pattern of results for gifted students than for nongifted students. Specifi-
cally, we would expect to replicate their finding that receiving example—problem pairs
would result in higher test performance (Hypothesis 1a) and require less investment of
mental effort (Hypothesis 1b) than receiving problem—example pairs when learning a
difficult math task in nongifted students, but not in gifted students.

In addition, we expected gifted students to report higher autonomy (Hypothesis 2a),
competence (Hypothesis 2b), and enjoyment (Hypothesis 2c) on the posttest than nongifted
students, especially after starting with a practice problem. Finally, we expected that gifted
students would show a higher NFC than nongifted students. Because we assumed that NFC
would buffer against the complexity of problem—example pairs, we also explored whether
the effect of giftedness and task sequence on performance and perceived mental effort
could be found when controlling for students’ NFC with an ANCOVA.

Method
Participants and design

Assuming a medium effect size of f=.25, a total of 128 participants were needed to reach a
power of .80. Participants were 134 Dutch primary school students: 66 nongifted students
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from a regular Dutch primary school and 68 gifted students from a primary school for
gifted students. A requirement for admission to the school for gifted students was an 1Q
of 130 or higher. The regular school had no IQ requirement, so the average IQ of their
students was presumably around the population average of 100. Six students (three gifted
and three nongifted) did not complete the experiment and were removed from the sample.
In addition, two nongifted students for whom pre-test data were unavailable due to experi-
menter error were removed from the sample. This resulted in a final sample of 126 stu-
dents, consisting of 61 nongifted students (34 boys; M,,.=10.46, SD=0.98) and 65 gifted
students (35 boys; M,,.=10.65, SD=0.74). Nongifted and gifted students were quasi-ran-
domly assigned to either the example—problem pairs condition (EPEP) or problem—exam-
ple pairs condition (PEPE); that is, they were matched for gender and scores on a standard-
ized math test that is part of the regular curriculum (e.g., for each gifted girl assigned to the
EPEP condition, another gifted girl with a very similar if not identical score on the math
test was assigned to the PEPE condition).

Materials
Pretest

Because using the same task for the pretest and the main experiment would provide all par-
ticipants with an additional problem (i.e., make the EPEP condition a PEPEP condition),
the pretest consisted of a different task that had a similar problem-solving procedure to the
procedure needed to solve the water jug problems in the main experiment: a paper-based
Tower of Hanoi problem (see Appendix 1). In this task we asked students to ‘move’ three
disks between three pegs of a different size from the initial state (all disks on the first peg,
the largest disk on the bottom, and the smallest one on top) to the goal state (the same stack
of disks, but on the third peg), under instructions to only move one disk at a time and to
never place a larger disk on top of a smaller disk. The Tower of Hanoi task could be com-
pleted in seven steps.

Learning tasks: water jug problems and examples

The learning tasks were presented through Qualtrics (i.e., a web-based survey program;
www.qualtrics.com) and consisted of water jug problems (Luchins 1942). Snapshots of the
first example are shown in Fig. 1. In the water jug problems, there were four water jugs (A,
B, C, and the goal jug) of which the sizes were given. The task was to fill the goal jug with
the required amount of water, using the other jugs, in as few steps as possible. Each jug
could at any point be filled to the top or emptied completely. Pouring water from jugs A,
B, or C into another jug was also allowed, but only until the jug that the water was poured
from was empty or the receiving jug was full. The rules of the task were explained using
a rules sheet at the beginning of the learning phase (see Appendix 2). The problems in the
learning phase could be solved in six steps.

The learning phase consisted of two video modeling examples and two practice prob-
lems (with presentation order depending on assigned condition). Two video modeling
examples were created (consisting of PowerPoint slides with a female voice-over) in which
it was explained and demonstrated how to solve water jug task problems. First the starting
situation was presented, then the problem was solved in six steps, and at the end of the
video modeling example an overview of all steps was shown. Both video examples were
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Fig.1 Snapshots of the start-state, six problem-solving steps, and the end-state of the first video modeling
example

4 min (240 s) long. The problems in the two video modeling examples and the two practice
problems were isomorphic (i.e., the underlying problem structure was the same, but the
values differed).

Test tasks

The posttest consisted of three problems that were isomorphic to the learning phase prob-
lems (i.e., could be solved in six steps, using the procedure demonstrated in the examples),
and three near transfer problems, which required seven or eight steps to solve. Cronbach’s
o for the isomorphic posttest tasks was a=.81 and .62 for the near transfer tasks.

Mental effort

To measure experienced cognitive load, students were asked to rate how much effort they
had invested in studying each video modeling example, solving each practice problem, and
solving each posttest problem, on a scale of 1 (very, very low effort) to 9 (very, very high
effort) (Paas 1992).

Perceived autonomy and perceived competence
Perceived autonomy and perceived competence questionnaires were administered before
and after the learning phase using a translated version of a questionnaire developed by

Flunger et al. (2013). We adapted the wording of the first part of the items to measure
autonomy and competence during math tasks for the pretest and to measure autonomy and
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competence during the water jug tasks for the posttest (see Table 1). Both questionnaires
consisted of four items rated on a scale from 1 (does not describe me at all) to 4 (describes
me perfectly). The items were averaged per questionnaire to obtain the overall perceived
competence and perceived autonomy scores. Cronbach’s o for the perceived autonomy
questionnaire was o=.64 on the pretest and a=.68 on the posttest. For the perceived com-
petence questionnaire, Cronbach’s o was «=.80 on the pretest and a=.76 on the posttest.

Learning enjoyment

After the learning phase, students rated how much they enjoyed learning from the video
modeling examples and problems on a scale from 1 (not at all enjoyable) to 9 (very much
enjoyable) (Hoogerheide et al. 2014).

Need for cognition

Students completed a Dutch translation of the shortened version of the NFC questionnaire
(Cacioppo et al. 1984), consisting of 18 items they rated on a scale from 1 (completely
disagree) to 6 (completely agree). Cronbach’s o for the NFC questionnaire was o=.84.

Procedure

Potential participants and their parents were informed of the experiment through the school
newsletter which was distributed 4 weeks before the first session. In the letter, the study
was described and parents could contact the researcher for any questions or if they did
not want their child to participate. At the start of the experiment, participants were again
informed of the nature of the experiment and signed a consent form. The study consisted of
two sessions. The first session lasted around 20 min and took place in the participants’ reg-
ular classroom. The experimenter first provided some general information about the nature
of the study, after which students provided informed consent. Afterwards, participants
were first provided with the pretest, for which they received 4 min, and then completed the
(paper-based) perceived autonomy, perceived competence, and NFC questionnaires.

The second session took place 1 week later and lasted approximately 50 min. Before students
arrived, an experimenter created 25 individual ‘work stations’ in a regular classroom, each con-
sisting of a table, a laptop, a headset, a calculator, a pen, a piece of scrap paper, and a piece of
paper containing the name of a student and a link to the Qualtrics questionnaire. Upon arrival,
participants were instructed to find their work station and to log into the Qualtrics environ-
ment. The Qualtrics questionnaire provided participants with three ‘blocks’ of questions. The
first block presented a short demographic data questionnaire, asking participants for their name,
age, and educational year. At the start of the second block, participants were provided with
the rules sheet, which they were instructed to study for 2 min. Afterwards, participants were
presented with the two video modeling examples and the two practice problems, either in an
example—problem—example—problem sequence (EPEP condition) or a problem—example—prob-
lem—example sequence (PEPE condition), depending on their assigned condition. They were
instructed to study each example once. Note that participants in both conditions were provided
with the exact same examples and problems, but in a different order. Participants received four
min for each task, were allowed to use the rules sheet and a calculator while working on the
practice problems, and completed the mental effort rating scale after each task. At the end of
the second block, participants completed the learning enjoyment, perceived autonomy, and
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perceived competence questionnaires. Lastly, the third block contained the posttest, in which
participants received 4 min per problem to solve six problems. Participants could use the rules
sheet and a calculator while working on the test tasks, and rated how much mental effort they
invested after each task.

Scoring of measures and inter-rater reliability

Performance on the Tower of Hanoi pretest was scored based on the model (i.e., ideal)
solution, which consisted of seven steps. Two raters (first and third author) independently
scored whether all steps had been performed correctly, and a high degree of inter-rater reli-
ability was found. The average measure intra-class correlation (ICC) was .98 and Cohen’s
Kappa was .97. The scores of the first rater (third author) were used for the analyses.
Performance on the water jug tasks was also scored based on model (i.e., ideal) solutions.
A correct solution using the fastest method was awarded 2 points. A correct solution using
a less efficient method or a correct solution in which the final step was missing received
1 point. An incorrect or missing solution received O points. To measure the reliability of
the ratings, two raters (first and third author) independently scored 38% of the water jug
tasks. Because the inter-rater reliability was high (the average measure ICC was .99 and
Cohen’s Kappa was .95), the first rater (third author) continued to score all data and we used
her scores in the analyses. The maximum performance score was 4 points on the learning
tasks, 6 points on the isomorphic posttest problems, and 6 points on the near transfer post-
test problems. Average perceived mental effort scores were computed for the learning tasks,
the isomorphic posttest problems, and the near transfer posttest problems separately. Nega-
tively worded items of the scales for perceived autonomy, perceived competence, and NFC
questionnaires were reversed and scores were then averaged per questionnaire.

Results

To test our main research question, 2 (giftedness: nongifted vs. gifted) X 2 (task sequence:
EPEP vs. PEPE) ANOVAs were conducted on the performance, effort, and motivation outcome
variables. Any significant interaction effects were followed up by independent-samples t-tests.
Descriptive statistics are presented in Table 2.

Before addressing our hypotheses, we first checked whether students’ pretest performance
was low and did not differ among the task sequence conditions. Students indeed performed
poorly on the Tower of Hanoi task: 23.5% of students completed the task successfully. Of
the gifted students, 27.5% completed the task successfully, versus 19.6% of the nongifted
students. A y? test showed no difference in scores on the Tower of Hanoi task between gifted
and nongifted students: ¥*(1)=0.54, p=.462. Of the students in the EPEP condition, 16.7%
were successful at completing the Tower of Hanoi task, versus 31.3% in the PEPE condition.
This difference was also not significant: y*(1)=1.85, p=.173. We explored whether perfor-
mance on the pretest would be a useful covariate. Performance on the pretest was not associ-
ated with performance during the learning phase or the posttest, nor did it explain any addi-
tional variance above and beyond giftedness and task sequence. Therefore we decided not to
include pretest performance as a covariate.

We checked whether there were differences between the groups in NFC. In line with
our expectations, gifted students reported a higher NFC (M =4.12, SD=0.65) than non-
gifted students (M =3.35, SD=0.60), F(1, 122)=48.87, p<.001, ;1,% =.29. None of the
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Table 2 Means (SD) of the dependent variables per condition

Nongifted students Gifted students

EPEP (n=30) PEPE (n=31) EPEP (n=33) PEPE (n=32)

Learning phase performance problem I 0.40 (0.77) 0.00 (0.00) 1.36 (0.86) 0.06 (0.35)
(range 0-2)

Learning phase performance problem II ~ 0.57 (0.90) 0.68 (0.95) 0.97 (1.02) 1.13 (0.94)
(range 0-2)

Posttest performance isomorphic (range 2.33 (2.52) 3.19 (2.55) 5.06 (1.41) 5.41 (1.04)
0-6)

Posttest performance near transfer (range  0.40 (0.97) 0.84 (1.32) 2.76 (2.00) 2.28 (1.80)
0-6)

Learning phase effort (range 1-9) 3.98 (1.46) 4.22 (1.52) 3.05 (1.03) 3.86 (0.77)
Posttest effort isomorphic (range 1-9) 4.10 (2.27) 3.18 (2.41) 2.67 (1.29) 2.60 (1.39)
Posttest effort near transfer (range 1-9) 6.64 (2.16) 5.62 (2.20) 5.31(1.65) 4.90 (1.78)
Pretest perceived autonomy (range 1-4) 2.67 (0.52) 2.59 (0.49) 2.77 (0.55) 2.78 (0.45)
Pretest perceived competence (range 1-4) 2.69 (0.64) 2.83(0.54) 2.99 (0.62) 2.89 (0.59)
Posttest perceived autonomy (range 1-4)  2.66 (0.63) 2.47 (0.54) 2.79 (0.45) 2.79 (0.48)

Posttest perceived competence (range 2.80 (0.64) 2.62 (0.57) 3.13 (0.49) 2.78 (0.40)
1-4)

Learning enjoyment (range 1-9) 6.70 (2.22) 6.97 (1.76) 7.42 (1.46) 6.56 (2.08)
Need for cognition (range 1-6) 3.25 (0.56) 3.44 (0.64) 4.24 (0.61) 4.00 (0.66)

other effects were significant [task sequence: F(1, 122) 0.05, p=.818, 11 < .01; Gifted-
ness * Task Sequence: F(1, 122)=3.90, p=.050, r] = .03; note that the last result may
seem significant at first glance, in which case accordlng to the data in Table 2 it would
seem to suggest that gifted students in the EPEP condition reported a higher NFC than
gifted students in the PEPE condition, whereas nongifted students in the EPEP condition
reported a lower NFC than nongifted students in the PEPE condition. However, the effect
is strictly speaking not significant: p=.050435> .05, so one has to take care not to over-
interpret these data].

Do giftedness and task sequence affect performance (Hypothesis 1a)?

For completeness, we added NFC as a covariate to the 2 X 2 ANOVAs on performance on
the learning tasks and the isomorphic and transfer test to explore whether NFC could pre-
dict any variance of students’ test performance above and beyond the variance explained by
giftedness and task sequence.!

Performance during the learning phase
Levene’s test indicated that equal variances in the population could not be assumed for the

total performance during the learning phase, and for the first practice problem [total: F(3,
122)=3.03, p=.032; first practice problem: F(3, 122)=38.27, p<.001; second practice

! We originally analyzed the data with ANOVAs first, in order to clearly separate the exploratory analysis
from the confirmatory analyses. However, because the ANCOVAs are more complete and did not change
the results, we followed a reviewer’s suggestion and report only the ANCOVAs.
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problem: F(3, 122)=2.24, p=.087]. However, the statistical tests were not affected by
this heterogeneity of variance, because the groups were approximately equal in size (Field
2013). Therefore, the initially planned 2 X 2 ANCOVAs were carried out.

There was a main effect of giftedness on total performance during the learning phase,
F(1,121)=10.77, p=.001, r] = .08, and a main effect of task sequence, F(1, 121)_ 10.96,
p=.001, 77 = .08. NFC was nota51gn1ﬁcant predictor, F(1, 121)=0.54, p= .464, r] < .01.
As expected gifted students performed significantly better (M=1.77, SD=1. 31) than
nongifted students (M =0.82, SD=1.23) and students in the EPEP conditions performed
significantly better (M =1.68, SD=1.57) than students in the PEPE conditions (M =0.94,
SD=0.97). Note that these means and standard deviations reflect the sum of students’ per-
formance on both practice problems. There was no significant interaction between gifted-
ness and task sequence, F(1, 121)=3.33, p=.070, r[ﬁ =.03.

There was a main effect of giftedness on performance on the first practice problem, F(1,
121)= 13 59, p<.001, ;7 = .10, and a main effect of task sequence, F(l 121)=61.55, p<
.001, n = .34, but no effect of NFC, F(1, 121)=0.36, p= .550, ;7 < .01. As expected,
gifted students performed significantly better on the first practice problem than nongifted
students and students in the EPEP conditions performed significantly better than students
in the PEPE conditions. There was a significant interaction between giftedness and task
sequence, F(1, 121)=15.94, p< .001, 11; = .12. Follow-up independent-samples #-tests
with a Bonferroni-correction (x set to 0.25) showed that performance on the first prob-
lem was better for those in the EPEP condition than those in the PEPE condition, both
for gifted students, #(63)=7.94, p <.001, d=2.07, and for nongifted students, #(59)=2.89,
p=.005, d=1.06.

On the second practice problem, there was no main effect of giftedness F(1,
121)=3.29, p=.072, ’7,, .03, task sequence, F(1, 121)=0.63, p=.43, ;1 < .01, or NFC,
F(1, 121)=0.30, p=.583, ’7,, < .01, and no interaction effect between glftedness and task
sequence, F(1, 121)=0.05, p=.822, ’7,, < .01.

Performance on the final test

On both measures, there was no NFC * Task Sequence interaction [isomorphic: F(1,
118)=0.34, p=.563, 11; < .01; transfer: F(1, 118)=1.14, p=.289, 7> =.01] and no
NFC * Giftedness interaction [isomorphic: F(1, 118)=1.37, p=.245, r]% = .01; transfer:
F(, 118)=1.73, p=.191, 11P2 = .01], which indicates that the assumption of homogeneity
of regression slopes was met. NFC was not a significant predictor for either isomorphic
test performance [giftedness: F(1, 121)=28.05, p<.001, ’7,, .19; task sequence F(,
121)=3.02, p=.085, Giftedness * Task Sequence: F(1, 121)=0.26, p=.610, r/ < .01,
NFC: F(1, 121)=1.40, p=.239, n = .01] or transfer test performance [glftedness F(1,
121)=25.84, p<.001, n =.18; task sequence: F(l 121)<0.01, p=.965, n < .01; Gifted-
ness*Task Sequence: F(l 121)=1.95, p=.165, n = .02, NFC: F(1, 121)—1 22, p=.272,
=.01].

Role of perceived competence and perceived autonomy
We explored whether perceived competence and perceived autonomy concerning the water
jug tasks had an effect on (1) performance on the final test and (2) the effect of task sequence,

by conducting ANCOVAs with task sequence (EPEP vs. PEPE) as the independent vari-
able and perceived autonomy and perceived competence as covariates. On performance on

@ Springer



290 L. C. Coppens et al.

the isomorphic posttest problems, there was a main effect of perceived competence [F(1,
120)=5.70, p=.018, n; = .05], indicating that participants who rated their competence
higher performed better on the isomorphic posttest problems There were no other main or
interaction effects [condmon F(1,120)=0.66, p=.419, ;1 < .01; perceived autonomy: F(1,
120) 2.82, p=.095, 11 = .02; Condition * Perceived Autonomy F(1, 120) 0.08, p=.781,
11 < .01; Condition * Percelved Competence: F(1, 120)<0.01, p=.929, ;1 < .01].

On performance on the transfer posttest problems, there was a main effect of perceived
autonomy [F(1, 120)=5.58, p=.020, ;1[% = .04], indicating that participants who rated
their autonomy higher performed better on the transfer posttest problems There were no
other main or interaction effects [condltlon F(1, 120)=0.41, p=.525, 11 < .01; perceived
competence: F(1, 120)=0.81, p=.371, n < .01; Condition * Percelved Autonomy: F(1,
120)=0. 27 p=.607, ;1 <.01; Condmon * Perceived Competence: F(1, 120)=0.02,
p=.904, n < .01].

Do giftedness and task sequence affect mental effort (Hypothesis 1b)?

We first checked for differences among conditions in the average mental effort invest-
ment reported during the learning phase. Results showed that gifted students (M=3.45,
SD=1.00) reported significantly lower effort investment than nongifted students (M 4.10,
SD =1.48), as indicated by a main effect of giftedness, F(1, 122)=8.79, p= 004 n =.07.
There was also a main effect of task sequence, F(1, 122)=5.93, p= .016, n 05 with
students in the EPEP conditions (M =3.49, SD=1.33) reporting lower levels of effort
investment than students in the PEPE conditions (M =4.04, SD =1.20). There was no sig-
nificant interaction, F(1, 122)=1.66, p=.200, 11[3 =.01.

Regarding the isomorphic problems, there was a significant main effect of gifted-
ness, F(1, 122)=5.07, p= .026, ;7; = .04. Gifted students reported having invested less
effort (M=2.64, SD=1.33) than nongifted students (M=3.63, SD=2. 37) None of the
other effects were significant [task sequence: F(1, 122) 2.11, p=.149, r] = .02; Gifted-
ness * Task Sequence: F(1, 122)=1.60, p=.208, '7 =.01].

Concerning the near transfer posttest problems, results showed a main effect of gifted-
ness, F(1, 122)=8.75, p=.004, 113 = .07. Gifted students reported significantly lower levels
of effort investment (M =5.11, SD=1.71) than nongifted students (M =6.13, SD=2.22).
The main effect of task sequence was also significant, F(1, 122)=4.27, p=.041, 17; = .03,
as students in the EPEP conditions (M =5.95, SD=2.01) reported having invested signifi-
cantly more effort in solving the near transfer posttest problems than students in the PEPE
conditions (M =5.25, SD=2.01). There was no interaction between giftedness and task
sequence, F(1, 122)=.75, p=.388, n; < .01.

Do giftedness and task sequence affect aspects of student motivation
(Hypothesis 2)?

We firstly checked whether there were pre-existing differences among conditions in terms
of perceived autonomy and perceived competence regarding math tasks in general. There
were no significant differences among conditions on perceived autonomy [giftedness F({,
122)=2.62, p=.108, n = .02; task sequence: F(1, 122) 0.12, p=.732, n < .01; Gift-
edness * Task Sequence F(1, 122)=0.27, p=.602, 11 < .01] or percelved competence
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[glftedness F{, 122)=2.79, p=.097, r] = .02; task sequence: F(l 122)=0.03, p=.860,
n < .01; Giftedness * Task Sequence: F(l 122)=1.39, p=.241, n = .01].

Regarding students’ perceived autonomy after the learning phase (Hypothesis 2a),
results showed a main effect of giftedness, F(1, 122)=5.75, p= .018, ;75 = .05. Gifted stu-
dents reported higher levels of perceived autonomy (M=2.79, SD=0.46) than nongifted
students (M =2.56, SD=0.59). None of the other effects were significant [task sequence:
F(1, 122)=1.01, p=.316, 111% < .01; Giftedness * Task Sequence: F(1, 122)=1.04,
p=.310, r]; =.01].

As for students’ perceived competence after the learning phase (Hypothesis 2b), results
showed a main effect of giftedness, F(1, 122)=6.65, p=.011, ;113 = .05. Consistent with
students’ performance on the posttest, gifted students indicated higher levels of perceived
competence (M=2.96, SD=0.48) than nongifted students (M=2.71, SD=0.61). There
was also a main effect of task sequence, F(1, 122)=7.71, p= .006, 113 = .06. Students in
the EPEP condition (M =2.97, SD=0.59) reported greater levels of perceived competence
than students in the PEPE condition (M =2.70, SD=0.49). There was no interaction effect
between giftedness and task sequence, F(1, 122)=0.79, p=.376, nﬁ < .01.

There were no differences among conditions on learning enjoyment (Hypothesis 2c;
glftedness F(1, 122)=0.22, p=.637, 11 < .01; task sequence: F(l 122)=0.77, p=.381,
11 < .01; Giftedness * Task Sequence: F(] 122)=2.80, p=.097, 11 =.02].

Discussion

The main purpose of this experiment was to yield more evidence on why in previous
research, novice students were often found to benefit more from example—problem pairs
than problem—example pairs (i.e., attain better learning outcomes with less perceived effort
investment during the learning phase; Kant et al. 2017; Reisslein et al. 2006; Van Gog et al.
2011). We examined the motivational hypothesis proposed by Van Gog et al. (2011) with
a sample of nongifted and gifted primary school students, who learned a difficult math
task from example—problem or problem—example pairs. The motivational hypothesis would
predict that nongifted students benefit more from example—problem pairs than from prob-
lem—example pairs, because a failed problem-solving attempt would be demotivating for
them, resulting for instance in a loss of confidence in own abilities and motivation needed
to work on the remaining tasks. Gifted students should not be negatively affected by a
failed problem-solving attempt, because the task complexity and open task structure should
stimulate their perceptions of autonomy (e.g., in terms of trying out distinct problem solv-
ing approaches) and the challenge should directly boost their perceived competence. There-
fore, the motivational hypothesis would predict that gifted students would particularly ben-
efit from problem—example pairs.

Our gifted and nongifted student samples indeed showed individual differences in
terms of NFC, confidence, and motivation (Hypotheses 2a and 2b). That is, gifted students
reported higher levels of NFC prior to the experiment, as well as higher levels of perceived
competence and perceived autonomy than nongifted students after the learning phase. As
expected, gifted students also attained better test performance with less effort investment
during both the learning and test phase. We did not find the expected difference in learning
enjoyment between gifted and nongifted students, however (Hypothesis 2c). In contrast to
Hypothesis 1a, the effects of example—problem and problem—example pairs did not depend
on giftedness (i.e., there were no significant interaction effects between task sequence and
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giftedness on any of the outcome variables in the test phase). There was no difference in
the effect of the different task sequences between gifted and nongifted students on test per-
formance. Task sequence did have a different effect on gifted students than on nongifted
students in the learning phase: both gifted and nongifted students performed better on the
first problem in the learning phase when they started with a problem, but for nongifted stu-
dents the effect of the order of problems and examples on first problem performance was
smaller.

Furthermore, although we did find that it was more efficient to study example—prob-
lem pairs, because the example—problem conditions attained that similar level of test per-
formance with less effort investment during the learning phase than the problem—example
conditions (for an elaboration on the concept of cognitive efficiency, see Van Gog and Paas
2008), this higher efficiency was—contrary to Hypothesis 1b—present for both gifted and
nongifted students. Example—problem pairs also led to higher levels of perceived compe-
tence than problem—example pairs, but there were no differences in perceived autonomy or
learning enjoyment between example—problem and problem—example pairs.

A possible explanation for our findings might be that both gifted and nongifted stu-
dents scored above a certain motivational threshold and that these relatively high levels
of motivation shielded them from becoming demotivated after starting the learning phase
with a failed practice problem-solving attempt. Primary school students are known to have
relatively high levels of (intrinsic) math motivation compared to, for instance, second-
ary education students (Gottfried et al. 2001; Jacobs et al. 2002). Furthermore, students
might have perceived the water-jug task, although it is a complex mathematical task, as
a puzzle problem. Hence, starting with a failed practice problem-solving attempt might
have sparked curiosity and interest rather than a feeling of lack of control over the task
and demotivation. Van Gog (2011) made a similar argument after finding no differences
between an example—problem pairs and problem—example pairs condition for university
students learning how to solve a puzzle task. Evidence for this explanation comes from the
finding that despite the fact that being provided with example—problem pairs resulted in
higher perceived competence than problem—example pairs, learning enjoyment levels were
similar across the task sequence conditions. Moreover, both gifted and nongifted students
reported remarkably high levels of learning enjoyment, much higher levels than reported
in prior video modeling example research in which students learned how to troubleshoot
electrical circuits (e.g., Hoogerheide et al. 2014: 39% enjoyment; Hoogerheide et al. 2018:
31% enjoyment).

Strengths of our study were that we extended research on learning from examples to
younger students and gifted students. Most research has focused on nongifted adult or ado-
lescent students. As such, not much is known about the conditions under which example
study is most effective for children, and whether gifted students would benefit from exam-
ple study at all. Our findings suggest that example study can also be an effective instruc-
tional strategy for gifted students.

In the current study, we compared gifted and nongifted students. Based on the literature,
we expected these two groups of students to differ in a number of aspects. We measured
several motivational aspects before the experiment, and the gifted students in our sample
reported higher levels of NFC, perceived competence, and perceived autonomy than the
nongifted students. However, a limitation is that our sample of gifted and nongifted stu-
dents likely differed on other aspects than just the motivational aspects of learning that we
measured, such as their use of learning strategies and/or metacognitive abilities (Greene
et al. 2008; Snyder et al. 2011). One could expect these additional differences between
our gifted and nongifted participants to have an effect on how the students study and deal
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with examples and practice problems in general, even though it did not differentially affect
learning from the sequences studied here.

Another limitation of the current experiment is that we only collected motivational
measures before and after the learning phase. The second practice problem (on which we
found no performance difference between the two task sequence conditions) may have had
a larger impact on motivation than the first practice problem, on which participants scored
higher when they started with an example. We decided against measuring students’ confi-
dence and motivation during the learning phase in order to limit the length of the experi-
ment. However, asking students for their confidence and motivation after each task in the
learning phase would have allowed for a more fine-grained test of the motivational hypoth-
esis. Nevertheless, had there been an effect on motivation, our data suggests that this most
likely would have been temporary as the overall measures showed no effect of sequence
(and this would be in line with the analysis of the performance on the practice problems
during the learning phase, which showed that students recovered quickly from starting with
a practice problem). This explanation could be further examined in a replication with sin-
gle problem—example pairs, which would allow measuring the motivation after the first
practice problem and would limit the length of the experiment.

An interesting avenue for future research would be to compare a task like the water-jug
task that students seem to find enjoyable, with a task that they would find less enjoyable,
to be able to tease apart the motivational effects of the type of task and the order in which
examples and problems are presented. Another interesting suggestion for future research
would be to further examine how gifted students, who reported higher autonomy than non-
gifted students, would respond to other sequences of example study and/or problem solv-
ing, such as example study only versus example—problem pairs versus problem—example
pairs versus problem solving only (cf. Van Gog et al. 2011). Recent findings suggest that
example study only is as effective as and perhaps even more efficient than example—prob-
lem pairs, even on delayed posttests (Leahy et al. 2015; Van Gog and Kester 2012; Van
Gog et al. 2015). This effect might be different for gifted students, who typically prefer to
have more autonomy over their learning.

Our findings also have relevance for the design of online learning environments. It
seems solid advice to start the learning phase with an example and not a practice problem.
Although example—problem and problem—example pairs might not always have differential
effects on test performance, example—problem pairs seem to be more efficient and more
beneficial for perceived competence for gifted and nongifted students.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.

Appendix 1

Goal of the puzzle: make sure the tower is built in the same way (from broad to narrow),
but on the right peg. You are only allowed to move one disc at a time. The puzzle can be
solved in seven steps, but you can use all the pegs below to draw, if you want. Draw your
final solution on the back of this sheet. You have 4 min to solve the puzzle. Good luck!

@ Springer


http://creativecommons.org/licenses/by/4.0/

294 L. C. Coppens et al.

s 1 1

STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:

STEP 7:
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The water jug task

| '.' III
| I
jug A jugB jug C GOAL JUG

You will get a task, in which you will see four different water jugs. These are the
work jugs and one goal jug. Under each jug will be a number, indicating how many lit-
ers of water fit into the jug. Using the work jugs, you have to fill the goal jug in a clever
way. The size of the goal jug is also indicated under the jug, and you have to fill the goal
jug with exactly enough water, using the work jugs. You have to fill the work jugs, pour
the water into other jugs and try to fill the goal jug with the right amount of water in as

little steps as possible. Of course, there are rules you will have to follow. Study the rules
below:

Rules:

You can fill the work jugs you want to use with water.

A work jug is always filled completely, until it contains the maximum amount of liters

You can pour water from a work jug into other work jugs and into the goal jug.
You can also empty the work jugs and use them again.

The goal jug can only be filled using the work jugs.

R N

If you pour water from a work jug into the goal jug, you have to completely empty the
work jug.

You cannot pour water from the goal jug back into the work jugs.
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