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Summary

Intelligence is widely regarded as essential predictor for success in educational and organizational
contexts. Correspondingly, test-takers often rely on approaches such as practice or coaching in order
to maximize their intelligence test scores. However, test scores elevated by such approaches are not
considered to reflect increases in dispositional cognitive ability. Accordingly, meaningful
consequences can result when these elevated scores are used in selection and admission decisions.
As particularly accessible and potentially very effective and efficient approach, test-takers might rely
on watching video tutorials in order to prepare for an upcoming assessment. Nevertheless, the effects
of watching video tutorials on intelligence test scores remain largely unknown. In this dissertation
project, it was aimed to gain insight into the effects of watching video tutorials on intelligence test
scores by conducting four empirical studies.

In Study 1, the effects of a video tutorials on test scores were examined using figural matrices
as popular and widely used figural reasoning task type. As primary goal, we investigated the figural
matrices test scores of an experimental group watching a short figural matrices video tutorial focusing
on teaching the rules compared to a control group watching an irrelevant video. As secondary goal,
we investigated validity aspects by examining the correlations between the figural matrices scores
and the scores in an intelligence test. The results of Study 1 indicated substantially higher figural
matrices test scores in the experimental group than in the control group. Moreover, the correlations
revealed to be comparable and of substantial magnitude in both groups. Noteworthy, however, these
correlations revealed to be higher in the separate groups than in the entire sample.

Study 2 was conducted to strengthen the evidence obtained in Study 1. Accordingly, the
results were aimed to be replicated in a substantially larger and more diverse sample. Administering
another version of the figural matrices task but the identical videos used in Study 1, the same result
pattern emerged, revealing substantially higher test scores in the experimental group than in the
control group, comparable validity coefficients in the expected magnitude in both groups, and higher
validity coefficients in the separate groups than in the entire sample.

Expanding the evidence to other reasoning tasks, the effects of video tutorials were further

examined in Study 3 on the basis of number series as another popular and widely used numerical task
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type. In addition to an experimental group watching a number series video tutorial based on an
illustration model illustrating the commonalities of number series items as well as the typical
processes and a control group watching a task-irrelevant video tutorial, a second control group
inspecting and working on number series item examples was included to represent another approach
test-takers might use when preparing for an assessment. Moreover, and besides the scores in another
intelligence test, we included grades as an additional variable for investigating validity aspects. The
results revealed to be in line with Study 1 & Study 2, as the experimental group watching the number
series video tutorial demonstrated higher number series test scores compared to the control groups.
Furthermore, and related to validity aspects, the correlations between the number series test scores
and the intelligence test scores as well as the correlations between the number series test scores and
grades revealed to be comparable and substantially high in all three groups.

Shifting the focus towards the effects on test-taking behavior, we conducted Study 4 to
investigate whether watching a number series video tutorial also stimulates test-takers to take more
notes, and whether using such notes can be assumed underlying the demonstrated test score
increases. Correspondingly, we compared the number of items with notes (i.e., the notated relations
between numbers) of the experimental group in Study 3 watching the number series video tutorial
with the number of items with notes in the control group watching the irrelevant video tutorial.
Furthermore, we inspected the correlation coefficients between the number of items with notes and
the number series test scores in both groups and examined whether the number of items with notes
mediated the effect of increased test scores after watching the number series video tutorial. Besides
revealing the expected higher number of notes in the experimental group compared to the control
group as well as substantial correlations between these notes and the number series test scores in
both groups, the mediation analysis indicated that the effect of the number series video tutorial on
number series tests scores was mediated by such a note-taking behavior.

To conclude, the results obtained in this dissertation project confirmed watching video
tutorials as an effective and efficient approach to increase test scores. By demonstrating substantial
test score increases using two widely used reasoning task-types and additionally gathering insight into
validity aspects and changes in test-taking behavior, the relevance of watching video tutorials as an

influence likely to be involved in a plethora of testing situations was emphasized.
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Zusammenfassung

Intelligenz gilt weithin als einer der bedeutsamsten Pradiktoren fiir die Vorhersage von Erfolg in
bildungs- und arbeitsbezogenen Kontexten. Entsprechend nutzen Testteilnehmende oft Ansatze wie
Ubung oder Coaching, um ihre Testwerte zu maximieren. Da derart gesteigerte Testwerte jedoch
keine Zuwachse der intellektuellen Fahigkeiten kennzeichnen, kénnen bei Verwendung solcher
gesteigerten Testwerte in Auswahlkontexten bedeutsame Konsequenzen resultieren. Als besonders
zuganglicher als auch zugleich potenziell sehr effektiver und effizienter Ansatz zur Testvorbereitung
kénnten Teilnehmende auf Video-Tutorials zurlickgreifen. Dennoch sind die Auswirkungen der
Nutzung eines solchen Ansatzes bislang weitgehend unbekannt. In dieser Dissertation wurde der
Einfluss von Video-Tutorials auf Intelligenztestwerte anhand von vier empirischen Studien untersucht.

In Studie 1 wurden die Effekte von Video-Tutorials anhand figuraler Matrizen als weit
verbreitete figurale Aufgabenart untersucht. Als primares Ziel wurden die Testwerte in figuralen
Matrizenaufgaben einer Experimentalgruppe, die vor Bearbeitung ein kurzes Video-Tutorial Gber die
Regeln in figuralen Matrizen sah, mit den Testwerten einer Kontrollgruppe verglichen, der zuvor ein
irrelevantes Video prasentiert wurde. Darliberhinaus wurden Validitatsaspekte anhand der
Korrelationen zwischen den Testwerten in figuralen Matrizenaufgaben und den Testwerten in einem
Intelligenztest als externe Variable betrachtet. Die Ergebnisse von Studie 1 zeigten erheblich héhere
Testwerte in figuralen Matrizenaufgaben in der Experimentalgruppe als in der Kontrollgruppe.
Zusatzlich zeigten sich vergleichbar hohe Korrelationen in beiden Gruppen. Beachtenswerterweise
waren diese Korrelationen in den getrennten Gruppen numerisch hoéher als in der gesamten
Stichprobe.

Studie 2 wurde durchgefiihrt, um die in Studie 1 gewonnenen Erkenntnisse zu starken.
Entsprechend wurden die Ergebnisse in einer substanziell groReren und heterogeneren Stichprobe
repliziert. Mittels einer anderen Version der Matrizenaufgaben aus Studie 1 und den identischen
Videos zeigte sich das gleiche Befundmuster von erheblich héheren Testwerten in der
Experimentalgruppe als in der Kontrollgruppe, vergleichbaren Korrelationen in beiden Gruppen und

hoheren Korrelationen in den getrennten Gruppen als in der Gesamtstichprobe.
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Um den Fokus der Effekte von Video-Tutorials weiter auszuweiten, wurden in Studie 3
Zahlenreihen als weit verbreitete numerische Aufgabenart untersucht. Zuséatzlich zu einer
Experimentalgruppe, die ein Video-Tutorial Gber die Gemeinsamkeiten von Zahlenreihen-Aufgaben
und den typischen Prozessen basierend auf einem Modells zur Aufgabenbearbeitung sah, und einer
Kontrollgruppe, der ein aufgaben-irrelevantes Video-Tutorial prasentiert wurde, wurde eine zweite
Kontrollgruppe einbezogen, die als alternativen Ansatz der Testvorbereitung Zahlenreihen-Beispiele
eigenstandig inspizierte und bearbeitete. Fir die Betrachtung von Validitatsaspekten wurden neben
den Testwerten in einem anderen Intelligenztest auch die Abiturnoten einbezogen. Die Ergebnisse in
Studie 3 zeigten analoge Befundmuster zu Studie 1 und Studie 2: In der Experimentalgruppe zeigten
sich hohere Zahlenreihen-Testwerte als in den beiden Vergleichsgruppen; zusatzlich waren sowohl
die Korrelationen zwischen den Zahlenreihen-Testwerten und den Testwerten im Intelligenztest als
auch die Korrelationen zwischen den Zahlenreihen-Testwerten und den Abiturnoten in allen Gruppen
vergleichbar hoch.

In Studie 4 wurde der Einfluss von Video-Tutorials auf das Testbearbeitungs-Verhalten
fokussiert. Es wurde untersucht, ob nach Prasentation eines Zahlenreihen-Video-Tutorials die
Teilnehmenden zu einer erhéhten Nutzung von Notizen angeregt wurden und ob ein derartiges
Notizenverhalten als Mediator fir die Testwertsteigerungen angenommen werden kann.
Entsprechend wurde die Anzahl der Zahlenreihen-Aufgaben mit Notizen (d.h. notierte Beziehungen
zwischen den Zahlen) der Experimentalgruppe aus Studie 3, die vor Aufgabenbearbeitung ein
Zahlenreihen-Video-Tutorial sah, mit der Anzahl der Zahlenreihen-Aufgaben mit Notizen der
Kontrollgruppe verglichen, der zuvor ein irrelevantes Video-Tutorial prasentiert wurde. Zusatzlich
wurden die Korrelationen zwischen der Anzahl der Aufgaben mit Notizen und den Zahlenreihen-
Testwerten untersucht und Uberprift, ob der Effekt des Zahlenreihen-Video-Tutorials auf die
Testwerte durch die Anzahl der Aufgaben mit Notizen mediiert wurde. Die Ergebnisse zeigten eine
héhere Anzahl an Aufgaben mit Notizen in der Experimentalgruppe und substanziell hohe
Korrelationen zwischen der Anzahl an Aufgaben mit Notizen und den Zahlenreihen-Testwerten in
beiden Gruppen. Dariliberhinaus zeigte die Mediationsanalyse, dass die Testwertsteigerungen in
Zahlenreihen-Aufgaben nach Prasentation eines Zahlenreihen-Video-Tutorials durch das untersuchte
Notizenverhalten vermittelt wurden.

Zusammenfassend kann festgehalten werden, dass die Nutzung von Video-Tutorials als

effektiver und effizienter Ansatz zur Steigerung von Testwerten angesehen werden kann. Die Relevanz
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eines solchen Ansatzes als Einfluss, der moglicherweise in vielen Testsituationen bereits eine Rolle
spielt, wurde in dieser Dissertation anhand von substanziell hohen Testwertsteigerungen, Evidenzen

zu Validitatsaspekten und Einfluss auf Testbearbeitungsverhalten naher verdeutlicht.
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1. Introduction

Intelligence has been widely recognized as one of the most important predictors for success.
Accordingly, a large body of evidence demonstrates substantial predictive validity for a variety of
important outcomes in education (e.g., Deary et al., 2007; Rost, 2013; Roth et al., 2015) and work
(e.g., Hilsheger et al., 2007; Schmidt & Hunter, 1998, 2004). Ideally, using the test scores underlying
such predictions in selection or admission decisions will result in a good fit between a selected test-
taker’s cognitive ability and the cognitive demands for the position of interest. As key prerequisite, all
participants are required to be tested under the same premise (e.g., no individual additional exposure
to test material beyond what is intended in a test’s manual), as violating this premise might otherwise
endanger the validity of the assessment.

At the same time, there is a large body of research indicating that individuals can increase
their intelligence test scores through sources such as retaking a test, practice, or coaching (e.g.,
Hausknecht et al., 2007; Kulik, Bangert-Drowns, & Kulik, 1984; Kulik, Kulik, & Bangert, 1984; Scharfen
etal., 2018). Typically, however, the correspondingly elevated test scores are not considered to reflect
genuine increases of a person’s underlying cognitive ability (e.g., Estrada et al., 2015; Haier, 2014;
Jensen, 1998; te Nijenhuis et al., 2007). With larger differences between elevated test scores and
intellectual ability, the consequences stemming from such a disparity become increasingly relevant.
Ultimately, test-takers might end up in positions where the cognitive demands of the environment
exceed their cognitive ability, potentially leading to adverse consequences not only for the test-taker
(e.g., being overburdened by the cognitive demands), but also for the institution (e.g., a candidate not
performing as expected, wasted resources) — in addition to the consequences imposed on suitable
applicants that were not selected due to a limited number of vacant positions.

With the rapid development of technological advances, opportunities to access elements
useful for increasing test scores have increased tremendously. In contrast to decades ago, insight into
these elements can now be gained as easily as by clicking a button to start searching the internet. For

example, using the keywords “Practice Intelligence Test” on popular search engines yields over
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500.000.000 results?, providing interested users with a broad selection of information including
strategies, explanations, material, and item examples. These and more aspects relevant for practice
and coaching can be approached simultaneously by watching video tutorials. Specifically searching
for these video tutorials (e.g., “Intelligence Test Video Tutorial”) yields over 60.000.000 results?,
emphasizing the popularity of such an approach. However, little is known about the effects of
watching such a video tutorial on intelligence test scores. Potentially, however, watching video
tutorials before an assessment can serve as particularly valuable and attractive approach for
individuals to increase their test scores. For example, different elements relevant for practice and
coaching (e.g., providing explanations, showing item examples) can be combined and further enriched
by various means (e.g., using illustrations). Furthermore, the information is typically presented in a
compact and engaging time-frame, signifiying not only an effective, but also efficient approach of
increasing test scores. Moreover, video tutorials can be accessed (and saved) according to individual
preferences, thus allowing key elements to be watched (and re-watched) shortly before an
assessment when it’s most critical. Finally, as many video tutorials can be retrieved free of charge,
traditional obstacles such as the necessity to invest resources can be overcome. In summary, watching
video tutorials to prepare for an upcoming assessment might be a substantially meaningful approach
to increase test scores, although little is known about the related effects.

In the presented thesis, the effects of watching such video tutorials were investigated in four
studies. Besides experimentally examining the increases in intelligence test scores on the basis of
different popular rule-based intelligence task types as primary goal, we also explored validity aspects
and examined effects on test-taking behavior.

In the first study, we evidenced the effects of video tutorials by using figural matrices as a
popular rule-based task type. Using a video tutorial explaining six widely used rules found in figural
matrices, we conducted an experiment comparing the figural matrices test scores of an experimental
group watching this video tutorial prior to the assessment with the figural matrices test scores of a
control group watching a video about nutrition. Additionally, to investigate validity aspects, we
examined the correlation coefficients between the figural matrices test scores and the scores of
another intelligence test in both groups as well as in the entire sample and compared these correlation

coefficients.

! Accessed January 8™ 2022 using www.google.com
2 Accessed March 21 2022 using www.google.com
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In the second study of the dissertation project, we conducted another experiment aiming for
a more heterogeneous sample related to ability as well as a highly increased sample size to replicate
and thus strengthen the results obtained in Study 1. Similar to Study 1 and using the same videos, we
compared the figural matrices test scores of an experimental group watching a figural matrices video
tutorial with the figural matrices test scores of a control group watching a video about nutrition and
examined the correlation coefficients with another intelligence test.

In the third study, we expanded on the effects of video tutorials by focusing on number series
as another popular rule-based intelligence task type. As basis for the number series video tutorial, we
developed a number series illustration model derived from inductive-deductive iteration loops of
inspecting in total 287 number series items found in various published tests (e.g., Heller & Perleth,
2000; Jager et al.,, 1997; Kersting et al.,, 2008; Liepmann et al., 2007; Weil3, 2006) and further
considered important theoretical aspects such as the processes typically involved in solving number
series items (e.g., Holzman et al., 1983; Kotovsky & Simon, 1973, Loe et al., 2018; Verguts et al., 2002).
Using this video tutorial, we conducted an experiment comparing the number series test scores of the
experimental group watching the number seres tutorial prior to the assessment with the number
series test scores of 1.) a control group watching an irrelevant video tutorial (figural matrices) and 2.)
a control group working on item examples instead, thereby also examining the effects of a video
tutorial in comparison with another approach test-takers might use when preparing for an upcoming
assessment. Additionally, and to investigate validity aspects, we inspected the correlation coefficients
between the number series test scores and the scores of another intelligence test as well as the
correlations with grade point average (GPA).

In the fourth study, we shifted our focus towards changes in test-taking behavior after
watching a number series video tutorial. Using the data of the third study, we investigated whether
the experimental group watching the number series video tutorial and the control group watching the
irrelevant tutorial differed in the number of notes that were taken after watching the tutorials.
Furthermore, we investigated whether taking these notes represents a generally effective test-taking
behavior, and whether such note-taking behavior can be interpreted underlying the corresponding
test score increases after watching a number series video tutorial.

In conclusion, we pursued the aim in this dissertation project to investigate test score
increases after watching video tutorials by inspecting two different and widely used rule-based tasks

highly relevant for assessing intelligence. Besides evidencing test score increases after watching video
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tutorials as primary goal of this dissertation project, we indicated the replicability of such effects,
provided insight into aspects related to validity, compared the approach of watching a video tutorial
with another approach test-takers might use when preparing for an assessment, and investigated
changes in test-taking behavior assumed to underly the evidenced test score increases after watching

a video tutorial.



Chapter 2: Theoretical Framework 5

2. Theoretical Framework

In the following chapter, a brief overview is provided regarding the theoretical framework the
dissertation project is based on. First, the construct of intelligence as well as the relevance of
intelligence in work and education are introduced. Second, the possibility of increasing intelligence is
discussed and differentiated from methods to specifically increase intelligence test scores. Finally, the
section is concluded by highlighting the relevance of video tutorials and elaborating on specifically

increasing test scores by watching a video tutorial before an assessment.

2.1 Intelligence

Intelligence is widely regarded as one of the most important predictors for educational and vocational
accomplishments. Besides introducing the underlying construct of intelligence, the following section
describes important aspects of assessing intelligence and elaborates on the relevance of intelligence

in the context of work and education.

2.1.1 The Construct of Intelligence

Over the course of the last century, psychometric research has provided a well-founded insight into
intelligence as “a very general mental capability that, among other things, involves the ability to
reason, plan, solve problems, think abstractly, comprehend complex ideas, learn quickly and learn
from experience. It is not merely book learning, a narrow academic skill, or test-taking smarts”
(Gottfredson, 1994, p. 13). These characteristics are empirically reflected in well-documented
hierarchical models of intelligence (e.g., Carroll, 1993: analyzing over 450 sets of data including over
130.000 participants), typically revealing a structure with a general intelligence factor g at the top
(also referred to as general mental ability) and more specific ability factors arrayed below (Neisser et
al., 1996; see also Rost, 2013). This “g — based factor hierarchy is the most widely accepted current

view of the structure of abilities” (Neisser et al., 1996, p. 81). Essentially, the key element related to
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g is often represented by problem solving or reasoning, while more specific facets (especially facets
related to test-taking or the specific test; see Jensen, 1980) are differentiated from intelligence. Such
a distinction is typically shared in many models of intelligence, although the exact structure in regard
to the dimensionality and facets vary.

One model focusing reasoning while also emphasizing dimensional aspects is the integrative,
faceted, and hierarchical Berlin Intelligence Structure Model (BIS; Jager, 1982, 1984; Jager et al. 1997,

see Figure 1).

General Intelligence ,,g“

A

S  Speed

Figural F M Memory

Numerical N C Creativity

Verbal V R  Reasoning

Figure 1: Berlin Intelligence Structure Model (Jager, 1982, 1984; Jager et al., 1997).

In this model based on empirically comparing and integrating different models of intelligence
structure, general intelligence g is assumed at the top level as integral part of all ability components.
Below, at the second level, seven higher order abilities are divided into two facets. The facet contents
distinguishes abilities according to the applied material (F: Figural; N: Numerical; V: Verbal). The facet
operations distinguishes abilities according to the involved cognitive processes (S: Perceptual Speed;
M: Memory; C: Creativity; R: Reasoning). At the third level, intellectual performance is indicated by
cross-classifying the content facet with the operations facet, resulting in 12 distinct cells. Each cell
designates an intellectual performance according to the abilities involved in the corresponding cross-
classification of the two facets. Thus, the BIS-model not only falls in line with the aforementioned

understanding about intelligence, but also provides a classification scheme for cognitive tasks (e.g., a
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figural reasoning task results from combining the cognitive operation reasoning with figural content).
As such, the model is also suitable as starting point for more systematic (or even experimental)
investigations related to intelligence and intelligence tasks, for example by keeping an operation facet
such as reasoning constant and exploring different content facets for this operation. In short, and
although a uniform exact definition of intelligence has not been established so far (see Rost, 2013), a
general consensus about the construct of intelligence has been achieved — in particular by assuming
reasoning as its essence (see Neisser et al., 1996).

Assessing intelligence in the broad sense of g typically involves administering a complete
intelligence test consisting of all corresponding subtests. As test economy can play a critical role
regarding the feasibility of intelligence testing, short (or screening) versions comprising the most
relevant subtests are often available as alternative (e.g., the IST-Screening [Liepmann et al., 2012] as
short version of the IST 2000R [Liepmann et al., 2007], comprising three subtests focusing on
verbal/numerical/figural reasoning). Depending on evidenced high proximity to g, single tasks can also
be used as one-shot — method for assessing intelligence. As popular task type for such one-shot
assessments, figural matrices such as Raven’s Progressive Matrices repeatedly show the assumed high
correlations with g: “When the Progressive Matrices test is factor analyzed with a variety of other
tests, it is typically among the two or three tests having the highest g loadings” (Jensen, 1998, p. 38.).
Thus, they are also considered “marker” tests for g (Jensen, 1998, p. 38). Importantly, all test-takers
are required to work under the same conditions when intelligence tests are administered. When this
premise is violated, meaningful conclusions based on comparing an individual’s test score with a
criterion, the test scores of other test-takers, or with the norms reported in a test manual are
compromised. However, when this premise is considered, intelligence test scores allow for
meaningful prediction of many different criteria highly relevant in contexts such as work and

education.

2.1.2 The Relevance of Intelligence in Work and Education

Intelligence is considered the “most important trait or construct in all of psychology” (Schmidt, 2009,
p. 4). As such, intelligence plays a crucial role for success in both work and education (Kuncel et al.,
2004).

In the contexts of work, this role is illustrated by a variety of important aspects: First, general

mental ability predicts job performance and training performance (e.g., Hiilsheger et al., 2007; Hunter
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& Hunter, 1984; Schmidt, 2009; Schmidt & Hunter, 2004). Averaging the unweighted validity
coefficients of 12 meta analyses, the validity estimates revealed to be substantially large for predicting
both job performance (r = .55) and for predicting training performance (r = .63; Schmidt & Hunter,
2004). Second, general mental ability predicts attained occupational level (e.g., Jensen, 1998; Schmidt
& Hunter, 2004). The associated correlations were shown to reach substantially large magnitudes (up
to r=.72), and revealed correlations of similar scale (r = .70) even when g was measured in childhood
and linked to the occupational level in adulthood (see Jensen, 1998, p. 293). Third, the validity of
general mental ability to predict job performance increases with higher job complexity (e.g., Hunter
& Hunter, 1984; Hunter, 1986; Schmidt, 2009). Moreover, while the mean scores within an occupation
increase in higher levels of occupation, the range of these mean scores becomes smaller. At the same
time, while high scores are found in almost every occupation, the lowest scores rise with the level of
the occupation, suggesting that g serves a threshold for different occupations (Jensen, 1998; see also
Schmidt & Hunter, 2004, p. 164). Together, these results indicate that intelligence becomes
increasingly relevant in more demanding positions, and that it is difficult for individuals with low
general mental ability test scores to enter higher levels of occupation (Schmidt & Hunter, 2004).
Fourth, general mental ability exerts stronger effects on both job performance and occupational level
than other traits and variables such as, for example, specific aptitudes, personality traits, and job
experience (Schmidt & Hunter, 2004). Regarding the relevance of g in the context of occupational
level and level of performance within occupations, Jensen (1998, p. 294) concluded: “(...) None of
these other factors is so potent as to completely override the threshold aspect of g in predicting an
individual’s probable success in a particular occupation”. Such a conclusion regading the relevance of
intelligence is further corroborated by Schmidt (2009, p. 14): “Higher intelligence leads to better job
performance on all jobs, and the increases in job performance resulting from hiring on GMA have high
economic value for organizations”. In summary, intelligence plays a central role in the context of work
and occupation, and intelligence test scores are thus often used for personnel selection and human
resource development.

In the context of education, the role of intelligence is regarded similarly relevant. First, and as
essential criterion for scholastic achievement, intelligence predicts school grades (e.g., Jensen, 1998;
Gygi et al., 2017; Neisser et al.,, 1996; Sternberg et al., 2001; Valerius & Sparfeldt, 2015). The
coefficients reported are typically substantially large, as evidenced in a recent meta-analysis including

230 samples with more than 100.000 participants (Roth et al., 2015; p = .54). In some studies, the
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coefficients revealed to be of even higher magnitude. For example, in a study investigating a large
sample of over 70.000 children (Deary et al., 2007), the latent correlation between performance in
cognitive ability tests assessed at age 11 and performance in national school examinations taken at
age 16 was reported to be as high as r = .81; correlations of similar magnitude and with comparably
large sample sizes were also reported in further studies (e.g., Calvin et al., 2010; see also Kaufman et
al., 2012). Second, intelligence is often shown to predict academic achievement better than any other
measurable variable (Jensen, 1998). Correspondingly, intelligence is widely considered as the single
best predictor for educational success, although other variables should not be neglected (e.g.,
motivation: Kriegbaum et al., 2018; prior academic achievement: Soares et al., 2015). Third, numerous
studies revealed a substantial predictive validity of intelligence for a wide range of different criteria
relevant for school and education, including oral reading (r = .62), reading comprehension (r = .68),
rank in high school graduating class (r = .62), grades in college (r = .44), and highest level of education
attained by age 40 (.50 < r £.58; Jensen, 1981, p. 31; see also Rost, 2013, pp. 319-320, for a more
extensive overview). Regarding the relevance of g in the context of education, Jensen (1998)
concluded: “If there is any unquestioned fact in applied psychometrics, it is that 1Q tests have a high
degree of predictive validity for many educational criteria” (p. 277). To summarize, intelligence also
plays a central role in the context of education, and intelligence test scores are hence used for
admission and selection purposes in educational contexts such as schools, universities and scholarship
programs (e.g., the selection of medical students at the Austrian public universities of Vienna,
Innsbruck, Graz, and Linz3; selecting candidates for the Studienstiftung des Deutschen Volkes as largest
and oldest German sponsorship organization for the academically gifted on the basis of an admission
test representing an alternate method of entrance®).

In conclusion, intelligence is highly relevant in both work and education. Ideally, using
corresponding test scores leads to an optimal fit between a person’s intellectual capabilities and the
challenges issued by the environment. If these challenges exceed a person’s ability, meaningful
consequences can result. In the context of education, for example, it was shown that lower
intelligence test scores significantly increased the risk of school dropout (Pagani et al., 2017). In the

context of work, it was shown that individuals were more likely to move to a job of lower complexity

3 See the official website: https://www.medizinstudieren.at/; see also Arendasy et al., 2016
4 See the official website (also including openly available item examples):
https://www.studienstiftung.de/infos-fuer-studierende/bewerbung-und-auswahl/selbstbewerbung/
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when a job’s complexity level exceeded that individual’s general mental ability (Wilk & Sackett, 1996).
Thus, predictions should rely on intelligence test scores genuinely reflecting a person’s true cognitive
ability to avoid overestimating an individual’s capabilities. However, intelligence test scores can be
increased — potentially facilitating such adverse consequences, as these increases do not necessarily

reflect increases related to the underlying trait.

2.2 Increasing Intelligence Test Scores

In the last decades, a plethora of evidence has been reported on increased intelligence test scores.
The following section first discourses on the possibility of increasing test scores by raising intelligence

before elaborating on approaches specifically aimed at improving test performance.

2.2.1 Increasing Test Scores by Raising Intelligence?

Over the years, lots of debate has been revolving around the question whether and how intelligence
can be raised. Accordingly, various influences have been investigated, ranging from attempts
specifically aimed at increasing cognitive functioning (e.g., cognitive training) to influences
characterized by engaging with a cognitively stimulating, complex environment over longer periods
of time (e.g., attending school).

Regarding attempts specifically aimed at increasing cognitive functioning, “the central
guestion is not whether performance on cognitive tests can be improved by training, but rather,
whether those benefits transfer to other untrained tasks or lead to any general improvement in the
level of cognitive functioning” (Owen et al., 2010, p. 775). Such an understanding is based on the
premise that g is reflected by all forms of cognitive activity to some extent. Thus, the treatment effect
of cognitive training should be reflected in a wide variety of tasks to demonstrate something more
than specific score gains (see Jensen, 1998, pp. 333—334). As a result, to consider cognitive training
successful, performance increases particularly in distantly related tasks are required: “Any true
increase in the level of g connotes more than just narrow (or near) transfer of training; it necessarily
implies far transfer” (Jensen, 1998, p. 334). The aspects of performance increases after cognitive
training and transfer to other tasks were addressed in a recently published comprehensive review

(Simons et al., 2016). In summary, although an extensive body of research indeed evidenced the
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expected performance increases in the trained task, the authors conclude that there is less evidence
for also enhancing performance in closely related tasks, and even less evidence for also enhancing
performance in distantly related tasks or improving everyday cognitive performance. Such a
conclusion is further corroborated by a recent meta-analytic review concluding no performance
improvements on measures of intelligence or other measures of far transfer when training working
memory (Melby-Lervag et al., 2016). In short, as evidence often fails to support the required transfer
effects in untrained tasks (see also Owen et al., 2010), the benefits from cognitive training seem to be
task-specific and most likely do not transfer to increases in intelligence.

Regarding influences based on engaging with a stimulating and complex environment over
longer periods of time, attending school was reviewed to be substantially relevant (Ceci, 1991). As
such, it was argued that intelligence is not only an important predictor for academic achievement, but
that schooling also nurtures the corresponding cognitive processes. Accordingly, the evidence on
schooling indeed points towards a causal factor from schooling (i.e., duration of attending school) on
intelligence (e.g., Cahan & Cohen, 1989; Ceci, 1991; Stelzl et al., 1995). For example, Stelzl et al. (1995)
tested 578 children as closely as possible to their 10" birthday, thereby keeping chronological age
constant and school age varying with month of the birthday. The effect of 1 year of schooling on
several measures of intelligence revealed to be substantial (CFT 20: 7 1Q points; HAWIK Vocabulary
Test: 6 1Q points; KFT [progressively estimated®]: 12 IQ points). These results were in line with prior
assumptions pointing towards an estimated loss of about five 1Q points per year for delayed onset of
school (Ceci et al., 1991), leading to the conclusion that “school fosters the development of general
intelligence as it keeps children cognitive challenged” (Stelzl et al., 1995, p. 293). This notion of
engaging in challenging and stimulating environments as necessary elements to raise intelligence is
further illustrated by early educational intervention programs. Although such programs are typically
multifaceted (and embedded in different approaches such as, for example, home visits or parent
training) and thus the particular causal mechanisms are difficult to be discerned, the common
denominator lies in enriching the environment in order to increase a child’s intelligence (besides
nurturing self-regulation and social skills; see Protzko et al., 2013). Correspondingly, meta-analytic

evidence (Protzko et al., 2013) supports positive effects on intelligence for infants of lower socio-

5 As some items were omitted for a part of the sample and the estimates were calculated based on
considering these items solved, the resulting effects regarding the KFT are expected to be slightly
overestimated (see Stelzl et al., 1995, p. 289).
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economic status enrolled in such a program (corresponding with an average IQ gain of 4 points, with
greater gains in more complex interventions). Furthermore, the evidence also supports positive
effects on a young child’s intelligence when parents increase cognitive stimulation by engaging in
interactive reading (e.g., encouraging to ask open-ended questions; corresponding with an average
IQ gain of 6 points), as well as sending their child to preschool (corresponding with an average IQ gain
of 4 points). In short, the results emphasize “the likelihood that environmental complexity is the prime
mechanism underlying gains in 1Q; however, which specific aspects of that complexity are most
effective or beneficial remain unknown” (Protzko et al., 2013, p. 29).

Importantly, two aspects should be kept in mind when interpreting increases in intelligence
test scores. First, it can be difficult to interpret whether the increases indicated by rising intelligence
test scores also represent a genuine improvement in the underlying trait. For example, intelligence
scores consistently have been reported rising over time for decades (Flynn, 1987; often referred to as
the Flynn effect). Although some authors (e.g., Lynn, 2013) surmise the nature of the effect to indicate
real increases in cognitive ability, other authors (e.g., te Nijenhuis et al., 2014) posit the alternate
explanation that the effect has little to nothing to do with g. Re-examining all published studies on
how strongly the Flynn effect truly correlates with the g-factor, a recent meta-analysis (te Nijenhuis
& van der Flier, 2013) points toward the direction that score gains over time could indeed be “hollow”
in respect to g (i.e. these gains relate to the non-g-variance; see also Flynn et al., 2014; Woodley et
al., 2014). Thus, and in short, increased test scores do not necessarily reflect genuine improvements
concerning the underlying cognitive processes. Generally, gains in intelligence test scores indeed
often fail to show such underlying improvements, pointing towards rather test-specific aspects
instead (see Jensen, 1998). Second, it is important to note that even when successful interventions
demonstrate an increase in test scores, the gains diminish (or even fade out) over time. This fadeout
effect was substantiated in a recent meta-analysis (Protzko, 2015) and can be observed “for almost
every intervention when researchers followed their participants” (Protzko, 2015, p. 202). As such, the
fadeout effect can be found even for well-funded and intense early educational intervention programs
(e.g., changes in intelligence and academic achievement fading out three or four years after the end
of the preschool intervention in several Headstart-programs; Brody, 1997). Finally, a recent study
showed that an early intervention can indeed promote increases attributed to the g factor (rather

than attributed to test-specific elements, as mentioned before). However, the effect was shown to
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fade out nonetheless — implicating that even when g is raised successfully, the gains will most likely
not be permanent (Protzko, 2016).

In conclusion, increasing intelligence test scores can be achieved, but raising dispositional
intelligence tends to be rather difficult and might at least require the long-term and active exposure
to enriched and stimulating environments that most targeted programs or (short-term) approaches
typically fail to provide. As a result, increased test scores typically reflect short-term increases that
diminish after a while or test-specific improvements. Regardless, test-takers might specifically seek
out opportunities to increase their test scores for an upcoming assessment in order to reach a desired
position or for entering a desired school or university — potentially focusing on approaches specifically

aimed at increasing test scores such as retaking a test, practice, or coaching.

2.2.2 Practice and Coaching

Different methods to increase test scores in an intelligence test encompass simple approaches such
as practicing a test as well as more complex approaches such as relying on coaching.

Concerning simple approaches, a basic approach “involves taking the same or similar tests at
least two times at various intervals, without any implication of special instructions or specific coaching
in test taking” (Jensen, 1980, p. 590). Often, this is also referred to as practice effect (e.g., Hausknecht
et al., 2007; Jensen, 1980), retest effect (e.g., Lievens et al., 2005; Lievens et al., 2007; Scharfen et al.,
2018), or retest bias (e.g., Villado et al., 2016). Correspondingly, “practicing a test” often refers to the
pheonomenon of simply retaking a test, although sometimes the term is used more heterogeneously.
Re-examining 174 samples in a recent meta-analysis (Scharfen et al., 2018), the average effect size
between the first and second test administration for such an approach revealed to be SMCR = 0.37
(corrected for bias Standardized Mean Change with Raw score standardization; interpretation similar
to Cohen’s d) for identical test forms and SMCR = 0.23 for alternate test forms. These effects also fall
in line with previous meta-analytic evidence regarding practice effects (e.g., [identical/alternate
forms]: d = 0.40/0.22, Hausknecht et al., 2007; d = 0.42/0.23, Kulik, Kulik, & Bangert, 1984). Thus,
intelligence test scores can effectively be increased simply by retaking the same (or a similar) test.

Concerning more complex approaches, the related methods are often summarized as
coaching and cover a “wide diversity of training interventions varying in duration, content,
procedures, and objectives” (Anastasi, 1981, p. 1086). As implicated by the description, coaching is

less unambiguous than the previously elaborated practice. In consequence, “coaching” is often
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referred to as “training” — even when transfer as requirement for successful training is neglected (see
chapter 2.2.1). Jensen (1980) emphasized coaching as teaching test-taking strategies, including “how
to analyze test questions and problems, instructions and demonstrations in working through typical
test problems, distributing one’s time most efficiently, and doing many typical practice problems with
a tutor or manual providing immediate informative feedback” (p. 591). The effect of coaching revealed
to be slightly larger than for retaking a test in meta-analyses, averaging an effect size of d = 0.43 (Kulik,
Bangert-Drowns & Kulik, 1984) — with an even higher effect size of d = 0.64 when coaching was
accompanied by practice (Hausknecht et al., 2007). Thus, similarly to retaking a test, intelligence test
scores can effectively be increased by coaching.

Referring to the previous chapter, the evidence on score gains for practice and coaching aligns
with the previously described notion of test scores typically not going in hand with an increase in
dispositional intelligence. Jensen (1998, p. 307) summarized this for test score increases: “The practice
effect from taking a given g-loaded test, as indicated by the amount of test-retest gain in score,
appears to be unrelated to g. Test-retest gains probably reflect only the source of variance known as
the test’s specificity”. This conclusion is supported by a meta-analysis including over N = 26.000
participants from 64 test-retest studies using 1Q batteries (te Nijenhuis et al., 2007), revealing no g
saturation for such score gains (further supported by more recent studies; e.g., Estrada et al., 2015).
A similar conclusion can be drawn for coaching, as studies showed reduced g-loadings after different
types of coaching attempts (e.g., reading a book on test orientation covering characteristics of
different intelligence tests as well as strategies for solving items, or reading the same book followed
by a training program of three hours; te Nijenhuis et al., 2001). In conclusion, especially by focusing
on improving test performance through practice or coaching, intelligence test scores can be easily
increased — although these test score increases typically reflect the aforementioned short-term or
test specific improvements not related to genuine enhancements of intelligence (see Haier, 2014, for
a short review). Nevertheless, test-takers might specifically pursue such approaches in order to score
as high as possible in an upcoming assessment. However, relying on these rather traditional methods
can require heavy investment of resources (e.g., time, money). Potentially, modern approaches can
overcome these limitations while demonstrating effectivity and efficiency at the same time — for

example, watching a video tutorial prior to the assessment.
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2.2.3 Increasing Test Scores by Watching a Video Tutorial

Video tutorials have become an increasingly popular instrument to illustrate a wide variety of subjects
(Wolf, 2015). For test-takers preparing for an upcoming assessment, watching a video tutorial about
intelligence tests might represent a particularly attractive approach to increase their test scores for
various reasons.

First, different elements relevant for practice and coaching can be combined in a video
tutorial (e.g., item examples, strategies, task-related explanations, generally useful information).
Furthermore, these elements can be further exemplified by using didactically helpful elements (e.g.,
visual illustrations such as arcs and arrows). Thus, using such an approach may well be (at least)
similarly effective to the more traditional approaches for increasing test scores. Importantly, it should
further be considered that information in video tutorials is typically condensed into a compact and
engaging time-frame (e.g., 10-20 minutes; see, for example, DeVaney, 2009; He et al., 2012). Thereby,
the required time investment is much lower than when compared to working through a whole test as
practice or seeking more differentiated coaching programs. Regarding the design of video tutorials,
focusing on particularly relevant aspects might be specifically relevant. For example, focusing on
teaching the rules in reasoning tasks might provide test-takers with the essential tools to answer the
test-items correctly, potentially resulting in particularly large increases. First empirical insight into
such an assumption was gained in a study consisting of four experiments by Loesche et al. (2015)
investigating Raven’s Advanced Progressive Matrices (Raven et al., 1998). In each experiment, the
participants in the experimental group were presented a video (6:41 min.) in which five rules (based
on the taxonomy by Carpenter et al., 1990) were explained and illustrated with four items.
Afterwards, these four items were presented to practice on for five minutes. The participants in the
control group of each experiment were presented a video with instructions from the test manual (3:00
min.) and worked on 12 figural matrices afterwards (12 min.). Next, participants in both groups
worked on the 26 (of 36 in total) Raven’s Advanced Progressive Matrices items (Raven et al., 1998)
that followed the five rules explained in the video of the experimental group. In three of the four
experiments, participants in the experimental group solved significantly more figural matrices items
than participants in the control group, revealing medium to large effects (Experiment 1: N = 626 5"
to 8" —graders: d = 0.52; Experiment 3: N = 382 5" to 7" —graders: d = 0.56; Experiment 4: N = 47
undergraduate students: d = 0.81). Although some limitations have to be considered (e.g., partially

inconsistent results [i.e., no statistically significant differences in Experiment 2: N = 353 5™ to 8" —
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graders: d = 0.14]; differences between the experimental groups and the control groups related to
practice, time, and number of shown items; prior familiarization with figural matrices also in the
control group; exclusion of items from the later administered published test due to insufficient
alignment with the rules explained in the video), the study corroborates the previously mentioned
assumption that including particularly relevant aspects in a video tutorial might lead to substantial
score increases. In short, watching a video tutorial can provide test-takers with an elaboration of
important aspects shown to be effective as part of practice or coaching while also considering
efficiency.

Second, video tutorials are widely available. For example, using keywords such as “Intelligence
Test Video Tutorial” or “lIQ Test Video Tutorial” (or even keywords related to specific popular
intelligence test task types, e.g. “IQ Figural Matrices Video Tutorial” or “IQ Number Series Video
Tutorial”) in online search engines yields an abundant amount of results. Additionally, saving the video
tutorial (or the link for access) allows interested persons to re-watch passages or even the whole
tutorial at one’s own pace, thereby providing additional opportunities to internalize the relevant
content. Moreover, tutorials can be watched timely before an upcoming assessment. Thus, and in
contrast to retaking a test or relying on coaching programs, the information can be accessed or
recapitulated when it’s most critical (i.e., directly before the test) rather than much earlier before the
assessment. As repeated exposure to information and timing were shown to be associated with higher
increases related to retaking a test (e.g., larger effects on test scores for shorter test-retest intervals
as well as larger effects on test scores for a higher number of test administrations; Scharfen et al.,
2018), using video tutorials incorporates opportunities beyond what is offered by traditional
approaches.

Third, video tutorials are easily accessible. In contrast to decades ago when information about
intelligence tests was limited, accessing information nowadays requires as little as a smartphone with
a working internet connection. Additionally, depending on the search engine, the results on video
tutorials can often be filtered according to desired specific features (e.g., duration of the video,
country), thereby facilitating the accessibility of the desired content by only including the individually
most relevant attributes. Furthermore, and although there are online video tutorials locked behind
paywalls (e.g., by professional test preparation services), searching for online tutorials also reveals

plentiful free material. Thus, there are often little to no barriers involved, especially when compared
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to the logistics and resources necessary when relying on traditional approaches such as retaking a test
or coaching.

In summary, watching video tutorials before an upcoming assessment might be an attractive
approach for test-takers by overcoming traditional barriers while emphasizing aspects of effectivity
and efficiency. Accordingly, empirically investigating the effects of watching such tutorials is highly
relevant for intelligence testing. This relevance is especially emphasized when popular and widely
used tasks are focused in such tutorials, as test-takers are more likely to encounter these tasks in an
upcoming assessment. Furthermore, this relevance is further accentuated by particularly large
increases (signifying a greater disparity between elevated scores and dispositional intellectual ability),
as more severe consequences are to be expected when such elevated test scores are used in
admission and selection decisions. Moreover, and keeping the aforementioned aspects of wide
availability and easy accessibility in mind, increasing test scores by watching a video tutorial before
an assessment most likely impacts a plethora of testing situations. Nevertheless, and besides focusing
on test score increases as most essential research question, further questions should be considered
such as whether validity aspects are affected when test-takers rely on watching video tutorials, or if
using such an approach also stimulates test-takers to adapt their test-taking behavior. In this
dissertation project, we provide answers to these questions by experimentally investigating the
effects of video tutorials on intelligence test scores on the basis of two popular rule-based tasks.
Specifically, we focused on evidencing the effect on test scores as primary goal, while providing insight

into validity aspects and effects on test-taking behavior as secondary goals.

2.3 Research Aims of the Dissertation Project

Building on the theoretical framework and the empirical evidence presented in the previous chapters,
we conducted four studies published in three articles for this dissertation project to examine the
effects of video tutorials on intelligence test scores. In detail, the overarching research goals were
threefold:

As primary goal, we targeted investigating the test score increases in commonly administered
intelligence task types after watching corresponding video tutorials. As secondary research goal, we

aimed at gathering evidence on whether watching such video tutorials affects validity aspects of the
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subsequential test. The third and final research goal aim centered on examining whether watching a
video tutorial effects test-takers to adapt their test-taking behavior, and if such a behavior can be

assumed underlying the related test score increases.
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3. Empirical Studies

To carry out the aim of investigating the effects of video tutorials on intelligence test scores, we
conducted four empirical studies published in three peer-reviewed articles. In the following section,
the four studies are outlined by summarizing the respective theoretical background, hypotheses,
methods, results, and discussion. Supplementary analyses further clarifying relevant aspects but not
integrated in the corresponding publications are provided in chapter 3.4.5.

In Study 1 (Schneider et al., 2020 — Experiment 1), we experimentally investigated the effect
of video tutorials by focusing on figural matrices as popular and widely used figural reasoning task
type. Accordingly, we compared the figural matrices test scores of an experimental group watching a
figural matrices video tutorial with the test scores of a control group watching a video about nutrition.
Furthermore, we investigated validity aspects by examining the correlations between the figural
matrices test scores and the scores in an intelligence test in both groups.

In Study 2 (Schneider et al., 2020 — Experiment 2), we conducted another experiment to
replicate the effects obtained in Study 1, thereby strengthening the results. Additionally, we
streamlined specific aspects related to the methods used in Study 1 and increased the sample size.

Study 3 (Schneider & Sparfeldt, 2021a) was conducted to investigate the effects of video
tutorials by focusing on number series as another popular (but numerical) reasoning task type. Besides
comparing the number series test scores of an experimental group watching a number series video
tutorial with the number series test scores of A.) a control group watching a figural matrices tutorial
and B.) another control group inspecting item examples instead, we also inspected the correlation
coefficients between the number series test scores and the scores in an intelligence test as well as
between the number series test scores and GPA.

Shifting the focus towards the effects on test-taking behavior, we conducted Study 4 to
examine whether watching a number series video tutorial also stimulates test-takers to take more
notes, and whether using such notes can be assumed underlying the number series test score
increases demonstrated in Study 3. Accordingly, we compared the number of items with notes of
participants in the experimental group watching the number series video tutorial with the number of

items with notes of participants in the control group watching the figural matrices video tutorial.
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Additionally, we examined the correlations between the number of items with notes and the number
series test scores in both groups and analyzed whether these notes mediated the effect of the number

series video tutorial on number series test scores.

3.1 Study 1 - Schneider et al. (2020): Experiment 1

Schneider, B., Becker, N., Krieger, F., Spinath, F. M., & Sparfeldt, J. R. (2020). Teaching the underlying
rules of figural matrices in a short video increases test scores. Intelligence, 82, 101473.

https://doi.org/10.1016/j.intell.2020.101473

In Study 1, we aimed to investigate the effects of a video tutorial on the basis of figural matrices as a

commonly used task to assess (figural) intelligence.

3.1.1 Theoretical Background and Hypotheses

As outlined in the previous chapters, scores in intelligence tests are essential predictors and
correlates for outcomes such as job performance and educational success (e.g., Deary et al., 2007,
Hialsheger et al, 2007; Jensen, 1998; Roth et al., 2015; Schmidt & Hunter, 2004) and are thus
frequently used in selection and admission decisions. Although scores can be evelated by, for instance,
practice and/or coaching (Kulik, Bangert-Drowns, & Kulik, 1984; Kulik, Kulik, & Bangert, 1984; Scharfen
et al., 2018), they typically do not reflect an enhanced dispoitional intelligence (e.g., Estrada et al.,
2015; Haier, 2014; Hayes et al., 2015; see also Jensen, 1998, te Nijenhuis et al., 2007). As a result,
using increased test scores (rather than genuine scores) might overestimate a test-taker’s cognitive
ability, leading to adverse consequences that are further exacerbated by the magnitude of the
corresponding effects (e.g., a test-taker not performing as expected or being overburdened by the
requirements). However, test-takers might specifically seek opportunities to increase their test scores
in order to score as high as possible in an upcoming assessment. Watching a short video (as widely
realized in online video tutorials) portraying important elements for popular tasks such as figural
matrices might serve as particularly effective and efficient approach to achieve these higher test

scores. However, little is known about the effects of watching such a video tutorial.
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Figural Matrices represent popular rule-based tasks to assess figural reasoning and are hence
often essential parts of broader intelligence test batteries (e.g., WAIS-IV; Wechsler, 2008).
Furthermore, they show substantially high saturation in g (e.g., Carpenter, Just, & Shell, 1990; Carroll,
1993; Jensen, 1998; Johnson et al., 2004). Typically, in figural matrices items, matrices of fields
containing symbols are presented. These symbols are connected according to one ore more rules. In
order to solve an item correctly, test-takers are required to identify the rules underlying each item.
Thus, focusing on teaching the relevant rules in a short video tutorial might provide test-takers with
the vital information required to reach high test scores in a later administered figural matrices task. A
first insight into the effects of knowing the rules in figural matrices on test scores was provided
recently (Loesche et al., 2015). However, effects were shown to be inconsistent across four studies.
Additionally, the control group differed from the experimental group regarding factors such as time,
practice, and number of shown items. In summary, in Study 1, we wanted to investigate in an
experimental design how watching a figural matrices video tutorial focusing on teaching the
underlying rules in figural matrices influences 1.) mean values and 2.) correlation coefficients with

another intelligence test.

Hypothesis 1. We expected that watching a figural matrices video tutorial focusing on teaching the
rules leads to higher figural matrices mean scores than watching an irrelevant video.

Hypothesis 2a. We expected substantial correlation coefficients between the figural matrices scores
and the scores in another intelligence test in the experimental group.

Hypothesis 2b. We expected substantial correlation coefficients between the figural matrices scores
and the scores in another intelligence test in the control group.

Hypothesis 2c. We assumed comparable correlation coefficients in the experimental and the control

group.

3.1.2 Methods

Participants and Procedure. The sample in Study 1 comprised N = 112 psychology students recruited
in a first-semester course about personality theories at a medium sized German university (29 male,
83 female; mean age [based on 109 participants]: M = 21.09 years; SD = 2.87). In a first session at the
beginning of the semester (t1), participants completed an intelligence test administered by the same

experimenter (30 min.). In a second session (about 6-8 weeks later; t2), the students were randomly



Chapter 3: Empirical Studies 22

assigned to either the experimental group (n = 56) or the control group (n = 56). After working on
tasks irrelevant for this investigation on individual laptops, the participants were presented either a
figural matrices video tutorial (experimental group; representing test-takers with rule knowledge) or
a control video (control group; representing test-takers without rule knowledge). Afterwards, all
participants worked on figural matrices tasks. Up to the second session, neither “intelligence” nor

“intelligence assessment” were part of the curriculum.

Video Tutorials. The figural matrices video tutorial in the experimental group focused on explaining
in text form as well as orally the six rules relevant for the subsequential figural matrices tasks. The
explanation of each rule was illustrated by a structured step-by-step example how an item using the
specific underlying rule can be solved (see Figure 2 for a screenshot; for a more detailed depiction
exemplified using the rule “addition”, see Appendix B). After the six rules had been explained
individually, an example of an item containing two rules at once was presented. Finally, in the last
part of the video, a synopsis was provided recapitulating the most vital aspects. Item examples used
in the video were specifically constructed for the video and contained modified symbols not part of
the later administered figural matrices test. The video tutorial had a duration of 13:19 minutes and
was validated in a pilot investigation using N = 19 participants, indicating the explanations were
thorough and helpful to solve related items. The control video used in the control group was similar
regarding main aspects of the figural matrices video tutorial used in the experimental group (e.g.,
duration of 12:22 minutes, visual and auditory information, pictorial information and text) but
different in content. Specifically, the basics of nutrition were elaborated and supplemented by

information on how using a particular website can help reaching dieting goals.
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Figure 2: Original Screenshot of the Figural Matrices Video Tutorial used in Study 1.

Instruments. Figural matrices performance was assessed using two variants of the DESIGMA-
Advanced (Becker et al., 2016; Becker et al., 2014; Becker & Spinath, 2014). One variant used a
computerized construction response format, requiring the test-taker to construct the solution for an
item by selecting individual elements out of an array of all potentially relevant elements. The other
variant used a computerized distraction response format and required the test-taker to select the
correct solution out of nine choices for the solution. In total, the DESIGMA-Advanced contains 38
items (each with a time limit of 90 seconds), and for each item stem the two previously described
formats were available. To consider both response formats as well as all 38 item stems for each
participant, we created two parallel item-sets (each containing 19 items) based on item parameters
reported in the test manual as well as a comparable number and type of rules, yielding four test
versions: (1) item-set A in construction followed by item-set B in distraction, (2) item-set B in
construction followed by item-set A in distraction, (3) item-set A in distraction followed by item-set B
in construction, and (4) item-set B in distraction followed by item-set A in construction. In short, test
versions were balanced across all participants, and each participant worked on all 38 item stems by
first working on one response format and item set and afterwards working on the remaining item set
and response format not yet administered. To exclude practice of specific rules, the instructions were
modified and contained an item example portraying the same element in all fields of the 3x3 — matrix

except the solution field, besides providing basic information (e.g., how to operate the interface).
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Intelligence was assessed using four subtests of the Leistungspriifsystem 2 (LPS-2;
Kreuzpointner et al., 2013) that is aimed at measuring general intelligence g based on the three-
stratum intelligence model (Carroll, 1993, 2005). The subtests we used were general knowledge
(crystallized intelligence; participants had to mark the incorrect letter in words; 60 items, 3 minutes),
numerical sequences (fluid intelligence; participants had to mark the incorrect numbers in number
sequences; 30 items, 5 minutes), mental rotation (broad visual perception; participants had to mark
the mirror-inverted element in numbers or letters; 40 items, 2 minutes), and addition (broad cognitive
speediness; participants had to add numbers and mark the single digit of the numbers’ sum; 80 items,

6 minutes). As indicator for general intelligence, we used the sum score of correctly solved items.

Analyses. As preliminary analyses to examine whether the randomizing procedure was successful, we
calculated independent t-tests using group as independent variable and the LPS-2 sum score as well
as the subtest scores as dependent variables. Regarding our analyses related to Hypothesis 1, we
computed a 2 x 2 x 2 MANOVA with two dependent variables (1: sum score of correctly solved
construction figural matrices [item-set A: a = .95; item-set B: a =.92]; 2: sum score of correctly solved
distraction figural matrices [item-set A: a = .87; item-set B: a = .90]) and three independent variables
(item set; format order; group). Specifically, to test the hypothesis whether watching a figural
matrices video tutorial increased mean values, we inspected the main effect group as well as the
corresponding interaction terms. In case of statistically significant results, we calculated univariate
ANOVAs for both response formats (p < .05) and inspected the effect sizes (d, n?). Regarding our
analyses related to Hypotheses 2a —2¢c, we examined the correlations between figural matrices scores
and intelligence scores in (2a) the experimental group and (2b) the control group, and (2c) compared

these coefficients.

3.1.3 Results

Preliminary Analyses. Regarding the preliminary analyses, the results indicated no statistically
significant differences between the experimental group and the control group (LPS-2 sum score:
t(110) = 1.10, p = .27; general knowledge: t(110) = 0.79, p = .43; numerical sequences: t(110)=0.46, p
=.65; mental rotation: t(110) = 1.46, p = .15; addition: t(110) = 0.28; p = .78), suggesting no significant

a priori differences in intelligence (see Table 1 for descriptive statistics).
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Table 1: Descriptive Statistics for the Intelligence Test used in Study 1.

Entire Sample Experimental Group Control Group

M SD n M SD n M SD n

LPS-2 Sum score 92.58 18.76 112 90.63 17.22 56 94.54 20.16 56
LPS-2 General 3525 8.79 112 3459 7.86 56 3591 9.66 56
knowledge

LPS-2 Numerical 20.74 350 112 2059 3.65 56 20.89 337 56

sequences

LPS-2 Mental 2196 7.17 112 2098 6.69 56 22.95 7.54 56
rotation

LPS-2 Addition 14.63 597 112 1446 6.00 56 1479 598 56

Mean Differences. Descriptive statistics for the figural matrices tasks are depicted in Table 2. The
results for the 2 x 2 x 2 MANOVA as well as for the corresponding ANOVAS in each response format
are depicted in Table 3. Regarding the first hypothesis related to the effect of the video tutorial in
Study 1, the MANOVA revealed the expected statistically significant main effect group (p < .01, n? =
.31). Additionally, the MANOVA showed a statistically significant interaction effect format order x
group (p < .01, n?=.09), but no statistically significant interaction effect Item-set x group (p = .39) or
three-way interaction (p = .36). In univariate analyses, the corresponding effect format order x group
showed to be statistically significant neither for the construction format (p = .06), nor the distraction
format (.92). However, the figural matrices score differences between the experimental group and
the control group still revealed to be statistically significant for the construction format (p < .01, n?=
.30 corresponding with d = 1.31) as well as for the distraction format (p < .01, n? = .26 corresponding

with d = 1.19), supporting the results of the MANOVA and thus hypothesis 1.
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Table 2: Descriptive Statistics for the Figural Matrices Tasks used in Study 1.

Construction

Figural Matrices

Distraction

Figural Matrices

M SD n M SD n
Experimental Group
ltem set A
Construction matrices first 13.29 4,66 14 14.50 4,35 14
Distraction matrices first 14.21 4,61 14 13.71 4.05 14
Item set B
Construction matrices first 13.36 3.99 14 14.57 4.26 14
Distraction matrices first 13.50 431 14 13.86 3.72 14
Control Group
Item set A
Construction matrices first 4.71 4,78 14 8.29 4,29 14
Distraction matrices first 9.93 6.96 14 8.50 4,11 14
Item set B
Construction matrices first 5.57 4.40 14 10.43 6.12 14
Distraction matrices first 8.64 5.77 14 9.07 4.81 14
Table 3: Results for the Multivariate and Univariate Analyses in Study 1.
MANOVA ANOVA ANOVA
(Construction format) (Distraction format)
df F n> p df F n” p df F n p
Item-set 103 0.66 .01 .52 104 0.08 .00 .78 104 0.74 .01 .39
Format order 103 15,58 .23 <.01 104 6.09 .06 .02 104 0.60 .01 .44
Group 103 22.63 .31 <.01 104 45.20 .30 <.01 104 35.57 .26 .00
Item-set x format order 103 2.14 .04 .12 104 060 .01 .44 104 0.19 .00 .66
Item-set x group 103 096 .02 .39 104 .00 .00 .96 104 0.54 .01 .47
Format order x group 103 522 .09 <.01 104 362 .03 .06 104 0.01 .00 .92
Item-set x format order 103 1.02 .02 .36 104 0.13 .00 .72 104 0.23 .00 .63

X group

Correlations with the Intelligence Test. Regarding the correlations between the figural matrices test

scores and the LPS-2 sum scores related to Hypothesis 2a—2c, our analyses revealed substantially high
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correlations in the experimental group (construction: r = .53, p < .01; distraction: r = .58, p < .01;
supporting Hypothesis 2a) as well as in the control group (construction: r = .56, p < .01; distraction: r
=.53; supporting Hypothesis 2b). These correlation coefficients did not differ statistically significantly
between the groups — neither regarding the construction format (p = .82), nor regarding the
distraction format (p = .72), supporting Hypothesis 2c. When inspecting the correlations between the
figural matrices scores and the subtest scores, no statistically significant differences were found in

any comparison, as well (.20 < p <.81). For a full correlation matrix of all variables, see Table 4.

Table 4: Correlation Matrix for all Variables in Study 1.

Entire Sample (N = 112) Experimental Group (n = 56) Control Group (n = 56)

2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7
1 .83 40" 35" .33 .17 36" .82" 53" 42" 50" .19 46" 73" 56" .49" 37" .35 45"
2 A42° 30" .41 23" 36" 58" 42" 60" .22 51" 53" 38" 42" 44" 37
3 .80 .68 72" 717 75" 72" 67" .70" .83 65" 75" 72"
4 .39 36" 377 407 24 33" 39" 44" 41
5 36" 53" .39 50" .34 57"
6 317 .26 .36"
7

Note. " = p <.05. 1 = Construction Figural Matrices. 2 = Distraction Figural Matrices. 3 = LPS-2 Sum Score. 4 =
Subtest General Knowledge. 5 = Subtest Numerical Sequences. 6 = Subtest Mental Rotation. 7 = Subtest

Addition.

3.1.4 Discussion

The main findings of Study 1 were threefold. First, the results showed statistically significant mean
differences between the figural matrices test scores in the experimental group watching the figural
matrices video tutorial and the control group watching the control video about nutrition. The effects
revealed to be substantially large (construction: d = 1.31; distraction: d = 1.19), going considerably
beyond the magnitude of effects typically found regarding practice and coaching effects in meta-
analyses (Hausknecht et al., 2007; Kulik, Bangert-Drowns, & Kulik, 1984; Kulik, Kulik, & Bangert, 1984;
Scharfen et al., 2018) as well as beyond the effects reported for providing rule knowledge (Loesche et
al., 2015). Second, the correlation coefficients were substantially large in the experimental group as

well as in the control group (.53 < r < .58) and (at least) similar in magnitude to the correlation
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coefficients between figural matrices test scores and intelligence test scores reported in prior studies
(roesioma-advanced/ips = .39, Becker et al., 2014; rgomat/ies2 = .45, Kreuzpointner et al., 2013). Thus, the
results suggested that a relevant validity aspect is still retained when watching such a figural matrices
video tutorial. Third, when comparing the correlation coefficients between the experimental group
and the control group, no statisticially significant differences were revealed. Hence, the results
indicate that such an essential validity aspect is retained regardless whether test-takers watch a video
tutorial providing rule knowledge before an assessment or not. Noticeably, however, the correlation
coefficients between the figural matrices test scores and the intelligence sum scores were numerically
slightly lower when knowledgeable and un-knowledgeable test-takers are not separated as basis for
the correlations (as indicated by using the entire sample as basis for the correlations instead of
separate groups: r = .40 /r = .42, as shown in Table 4). Ideally, in the context of a real-life assessment,
test-takers are hence best kept homogeneous regarding their rule knowledge. In summary, Study 1
showed that watching a video tutorial on the basis of figural matrices increases figural matrices test
scores considerably, and that using the related test scores still retains essential validity aspects.
However, one has to keep in mind that the sample size was rather low to detect statistically
differences regarding the correlations, and that aspects not directly related to video tutorials were
also considered (i.e. format order, item set). Furthermore, we used psychology students for the
investigation, resulting in a rather homogeneous sample related to cognitive ability. Besides
investigating other tasks as basis for video tutorials, further research to replicate the effects obtained

in Study 1 can strengthen the conclusions drawn from watching a figural matrices video tutorial.

3.2 Study 2 - Schneider et al. (2020): Experiment 2

Schneider, B., Becker, N., Krieger, F., Spinath, F. M., & Sparfeldt, J. R. (2020). Teaching the underlying
rules of figural matrices in a short video increases test scores. Intelligence, 82, 101473.

https://doi.org/10.1016/j.intell.2020.101473

Study 2 was conducted to replicate the effects obtained in Study 1 and thus strengthen the results.
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3.2.1 Theoretical Background and Hypotheses

On the basis of figural matrices and by focusing on teaching the underlying rules as essential
element, Study 1 evidenced the effect of watching a video tutorial on intelligence test scores by
showing substantially large mean difference between an experimental group watching such a video
tutorial when compared to a standard control condition. Furthermore, Study 1 showed that validity
aspects in the sense of the correlations with another intelligence test remained comparable for test-
takers watching the video tutorial and for test-takers in a control condition.

Nevertheless, there were several aspects worth re-examining. For example, the sample used in
Study 1 consisted of psychology students and was therefore rather homogeneous. Furthermore,
additional influences such as response format or different item sets were considered that were not
directly related to investigating effects of video tutorials. Additionally, a bigger sample size can further
strengthen the results. Thus, Study 2 was conducted to replicate the main findings and address these
issues by removing additional influences not directly related to video tutorials, using a different and
more heterogeneous sample, as well as substantially increasing the sample size for the investigation.

Essentially, the related Hypotheses were identical to the Hypotheses evaluated in Study 1:

Hypothesis 1. We expected that watching a figural matrices video tutorial focusing on teaching the
rules leads to higher figural matrices mean scores than watching an irrelevant video.

Hypothesis 2a. We expected substantial correlation coefficients between the figural matrices scores
and the scores in another intelligence test in the experimental group.

Hypothesis 2b. We expected substantial correlation coefficients between the figural matrices scores
and the scores in another intelligence test in the control group.

Hypothesis 2c. We assumed comparable correlation coefficients in the experimental and the control

group.

3.2.2 Methods

Participants and Procedure. The sample used in Study 2 consisted of N = 229 teacher-education
students recruited in the lectures “educational assessment” and “basics of educational sciences” of a
medium sized German university (mean age: M = 21.98, SD = 4.49; gender based on on 228

participants: 29% male, 71% female). Similar to Study 1, neither intelligence nor intelligence
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assessment was part of the curriculum before the study commenced. All data were collected in one
testing session. Regarding the procedure, the participants were first randomly assigned to either the
experimental group (n = 114) or the control group (n = 115). Then, each group was accompanied to a
different lecture hall by a corresponding experimenter. Afterwards, the study continued according to
a standardized protocol. First, a questionnaire assessing demographics was administered. Next, the
participants worked on three of the LPS-2 subtests used in Study 1. Afterwards, the videos were
presented on a projector screen. Finally, after the respective video had concluded, the figural matrices

items were presented.

Video Tutorials. For Study 2, we used the identical videos we used in Study 1 (i.e., EG: figural matrices
video tutorial about six rules underlying figural matrices, 13:22 minutes; CG: video about nutrition,

12:22 minutes; see Study 1).

Instruments. Figural matrices performance was assessed using a newly developed paper-pencil
version of the DESIGMA-Advanced (Becker et al., 2014; Becker et al., 2016; Becker & Spinath, 2014).
The paper-pencil version included 28 items following the same six rules as the versions included in
Study 1, but depicted different elements. Similar to the construction response format in Study 1,
participants had to mark every necessary element required to construct the correct solution for an
item in a response area containing all 20 possible elements. Instructions were presented and read to
the participants by the respective experimenter of the group and included three item examples. Time
to complete the test was limited to 20 minutes.

Intelligence was assessed using three of the four LPS-2 scales used in Study 1 (general
knowledge: 60 items, 3 minutes; numerical sequences: 40 items, 5 minutes; mental rotation: 40 items,

2 minutes).

Analyses. As preliminary analyses, we again compared the intelligence test scores between the
experimental group and the control group using independent t-tests. Regarding our analyses related
to Hypothesis 1, we conducted an independent t-test with group as independent variable and the sum
score of correctly solved figural matrices items as dependent variable (p < .05). Additionally, we
inspected the effect size d according to Cohen (1988) in case of statistically significant results.

Regarding our analyses related to Hypotheses 2a—2c, we examined the correlations between figural
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matrices scores and intelligence scores in (2a) the experimental group and (2b) the control group, and

(2c) compared these coefficients.

3.2.3 Results

Preliminary Analyses. Similarly to Study 1, our analyses revealed no statistically significant a priori
differences between the groups (LPS-2 sum score: t(227) = — 0.33; p = .75; general knowledge: t(227)
=—0.28; p = .78; numerical sequences: t(227) = — 0.39; p = .69; mental rotation: t(227) =—-0.13; p =
.90).

Mean Differences. Descriptive statistics for the figural matrices task (as well as the intelligence test)
are depicted in Table 5. Regarding the first hypothesis related to the effect of the video tutorial in
Study 2, the independent t-test revealed significantly higher figural matrices scores in the
experimental group than in the control group (t(dfadjusteds = 218) = 9.17; p < .01) corresponding with an
effect size of d = 1.21. Thus, the effect of watching a figural matrices video tutorial in Study 2 was

similar to the effects revealed in Study 1.

Table 5: Descriptive Statistics for the Figural Matrices and Intelligence Scores in Study 2.

Experimental Group Control Group
M SD n M SD n
Figural Matrices 17.63 6.02 114 943 746 115
LPS-2 Sum score 79.87 15.79 114 79.22 1453 115
LPS-2 General knowledge 36.04 8.87 114 35.73 7.77 115
LPS-2 Numerical sequences 2157 410 114 21.37 3.77 115

LPS-2 Mental rotation 22.26 812 114 22.12 8.03 115
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Correlations with the Intelligence Test. Regarding the correlations between the figural matrices test

scores and the LPS-2 sum scores related to Hypothesis 2a—2c in Study 2, our analyses again revealed

substantially high correlations in the experimental group (r = .45, p < .01, supporting Hypothesis 2a)

as well as in the control group (r = .38, p < .01, supporting Hypothesis 2b). Similar to Study 1, there

was no statistically significant difference concerning these correlation coefficients (p = .52),

supporting Hypothesis 2c. When inspecting the correlations between the figural matrices scores and

the subtest scores, no statistically significant differences emerged related to any subtest, again falling

in line with the results of Study 1 (.25 < p <.87). For a full correlation matrix of Study 2, see Table 6.

Table 6: Correlation Matrix for all Variables in Study 2.

Entire Sample

Experimental Group

Control Group

(N =229) (n=114) (n =115)

2. 3. 4. 5. 2. 3. 4, 5. 2. 3. 4, 5.
1. Figural 36" 260 427 20 45" 377 50" 227 38" 23" 46" 247
Matrices
2. LPS-2 Sum 78" 62" 7T 80" 67" .73’ 76" 577 .81
Score
3. LPS-2 General 34 27 44T 247 220 .31
Knowledge
4, LPS-2 337 327 .35
Numerical
Sequences

5. LPS-2 Mental

Rotation

Note. * = p < .05.

3.2.4 Discussion

In Study 2, the main findings obtained in Study 1 were replicated. First, related to Hypothesis 1, the

differences between the experimental group watching the figural matrices video tutorial and the

control group watching the control video in Study 2 revealed to be comparably high (Study 2: d =1.21;

Study 1: d = 1.19 and d = 1.31), supporting the previously in Study 1 demonstrated effects of large
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magnitude (according to Cohen, 1988) on figural matrices test scores after watching a video tutorial
that go beyond the average effects typically found for practice and coaching in meta-analyses
(Hausknecht et al., 2007; Kulik, Bangert-Drowns, & Kulik, 1984; Kulik, Kulik, & Bangert, 1984; Scharfen
et al., 2018). Next, related to Hypotheses 2a—c, the correlations between the figural matrices scores
and the sum scores of the intelligence test again revealed to be of substantial and comparable
magnitude (Study 2: experimental group: r = .45, control group: r = .38; Study 1: .53 < r < .58), falling
in line with the previously mentioned earlier evidence on similar correlations (rpesisma-advanced/Lpes = .39,
Becker et al., 2014; rsomat/irs2 = .45, Kreuzpointner et al., 2013). When inspecting the correlation
coefficient between the figural matrices scores and the intelligence sum score in the entire sample
rather than in the separate groups, the coefficient once more revealed to be slightly lower (r = .36, as
shown in Table 6), indicating — at least numerically — again a benefit when keeping the influence of
rule knowledge in figural matrices test homogeneous.

Essentially, in Study 2 we replicated the results obtained in Study 1 in a more diverse sample
of larger size. Thereby, we strengthened the conclusion that watching a figural matrices video tutorial
focusing on teaching the underlying rules increases figural matrices test scores by a large margin and
that an important validity aspect is retained (even more so when rule knowledge is kept
homogeneous).

Taken together, in Study 1 and Study 2 the effects of video tutorials on intelligence test scores
were evidenced on the basis of figural matrices as a popular figural rule-based task and by comparing
a video tutorial condition with a standard control condition. However, open questions still remained
regarding the effects of video tutorials focusing other popular reasoning tasks (e.g., numerical tasks
such as number sequences). Furthermore, adding additional control conditions representing similar
approaches test-takers might use when preparing for an assessment might shed additional light
regarding the relevance of watching video tutorials. Thus, Study 3 was conducted to consider these

aspects.
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3.3 Study 3 - Schneider & Sparfeldt (2021a)

Schneider, B., & Sparfeldt, J. R. (2021a). How to solve number series items: Can watching video
tutorials increase test scores? Intelligence, 87, 101547.

https://doi.org/10.1016/j.intell.2021.101547

In Study 3, we aimed to investigate the effects of video tutorials on the basis of number series as a
popular task to assess (numerical) intelligence. Additionally, we expanded the experimental design by
including an additional control group representing another approach test-takers might use when

preparing for an assessment.

3.3.1 Theoretical Background and Hypotheses

Watching video tutorials might be an effective and efficient approach for test-takers to increase their
test scores in an upcoming assessment. In Study 1 and 2 of this dissertation project, we demonstrated
these assumed higher test scores in figural matrices tasks for test-takers in an experimental group
watching a video tutorial focusing on teaching the underlying rules of figural matrices compared to
test-takers in a standard control condition watching a video about nutrition. Additionally, validity
aspects in the sense of the correlations with another intelligence test remained comparable in the
experimental group and in the control group. However, an open question remained whether watching
a video tutorial focusing on another popular reasoning task such as number series also reveals test
score increases and comparable validity coefficients. Furthermore, an open question remained if
watching such a video tutorial leads to higher test scores than similar approaches test-takers might
use when preparing for an assessment such as relying on item examples instead.

Number series represent popular rule-based tasks to assess numerical reasoning and are thus
frequently part of broader intelligence test batteries (e.g., Heller & Perleth, 2000; Jager et al., 1997;
Kersting et al., 2008; Liepmann et al., 2007; Lohman, 2011; Sauerland et al., 2008; Schrank et al., 2014;
Weil}, 2006; Wonderlic, 1992). In number series tasks, test-takers are required to identify the rules
underlying sequences of numbers and then indicate the next number in the series according to these
rules (e.g., aseriesof 1-4-5-8-9—-12-13 - ?is solved by alternatingly adding 3 and adding 1 to
the numbers and then indicating ,, 16“ as the correct solution). Inspecting a large number of items

from several published tests revealed commonalities in the structure of such number series items that
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can be further illustrated by the processing phases involved when solving an item (e.g., Holzman et
al., 1983; Kotovsky & Simon, 1973; see also Holzman et al., 1982; LeFevre & Bisanz, 1986; Loe et al.,
2018; Verguts et al., 2002). Building on these item inspections of published tests as well as these
postulated processing phases, we focused on illustrating these commonalities related to the structure
of number series items and the typical processes in a number series video tutorial. In summary, as
main goals of Study 3, we aimed to investigate whether watching such a number series video tutorial
leads to 1.) higher test scores than watching an irrelevant (figural matrices) video tutorial and 2.)
higher test scores than inspecting and working on number series item examples instead. Additionally,
we gathered further evidence on validity aspects in the groups by inspecting the correlations of the
number series sum scores with the scores in another intelligence test as well as with high school grade

point average (GPA).

Hypothesis 1. We expected that watching a number series video tutorial leads to higher number series
mean scores than watching an irrelevant video tutorial about figural matrices.

Hypothesis 2. We expected that watching a number series video tutorial leads to higher number series
mean scores than inspecting and working on item examples.

Additional Analyses. Concerning the correlations between the number series sum scores and the sum
scores in another intelligence test as well as between the number series sum scores and GPA, we

assumed comparable correlation coefficients in the typical size and direction in all groups.

3.3.2 Methods

Participants and Procedure. The sample in Study 3 consisted of N = 192 teacher-education students
who attended a weekly third semester educational assessment lecture (mean age [based on N =173
participants]: M = 22.00; SD = 4.26; gender [based on N = 175 participants]: 31 % male, 69 % female;
one additional student did not strictly work according to instructions and was excluded from the
analyses). Similar to Study 1 and Study 2, neither intelligence nor intelligence assessment were part
of the curriculum before the study commenced. Regarding the procedure, the students were first
randomly assigned to one of three groups. Afterwards, each group was accompanied to a different
lecture hall by a corresponding trained experimenter. Next, participants in each group watched an
introduction sequence portraying the same person introducing the purpose of the investigation (i.e.,

information about a task would be presented to help performing better in future assessments). In the
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experimental group (EG; n = 63), this introduction sequence (33 seconds) was followed by the number
series video tutorial (see below; 14:25 minutes). In the figural matrices video tutorial control group
(CGwmatrices; N = 65), participants first watched the identical introduction sequence, but were presented
a figural matrices video tutorial afterwards (14:25 minutes). In the control group focusing on item
examples (CGexamples; N = 64), the participants first watched a similar introduction sequence of
comparable length (34 seconds) elucidating that they would have the chance to inspect and work on
item examples as well as to reflect about solving these items on their own. Afterwards, the
participants of this group were handed a sheet. On the first page of this sheet (and besides instructions
to familiarize with the items and to freely switch between pages), the same five number series item
examples that were included in the number series video tutorial of the experimental group were
presented (without solution). On the second page, the solved versions of these number series items
were depicted along with a dedicated space for additional notes. The available time was equal to the
duration of the video tutorials presented to the other groups (14:25 minutes). After the respective
video tutorial (or inspecting and working on the item examples) had concluded, the procedure
continued identically for all three groups with the presentation of number series items. Additional
data (intelligence test scores, GPA) were available from a data collection three months prior to the
investigation (intelligence — EG: n = 59; CGmatrices: N = 57; CGexamples: N = 59; GPA — EG: n = 59; CGwmatrices:
n = 56; CGexamples: N = 58) with comparably high participation rates (EG/CGmatrices/ CGexamples: intelligence
—94%/88%/92%; GPA —94%/86%/91%).

Video Tutorials. Concerning the number series video tutorial, we developed a number series
illustration model derived from inductive-deductive iteration loops of inspecting in total 287 number
series items found in various published tests (Heller & Perleth, 2000; Jager et al., 1997; Kersting et al.,
2008; Liepmann et al., 2007; Weil3, 2006) and further considering theoretical aspects such as the four
processing phases underlying number series items (e.g., Holzman et al., 1983; Kotovsky & Simon,
1973, Loe et al., 2018; Verguts et al., 2002). This illustration model (see Table 7) was used as a basis

to explain the commonalities of number series items in the video tutorial.
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Table 7: Number Series lllustration Model Developed for Study 3.

Component

Explanation

Item Example

Item Description

Model

Illustration

Period

Period

length

Period

Complexity

Parallel

Periods

The recurring pattern
within an item; start and
end of a period is

signified by brackets.

Length of the recurring
pattern (number of
recurring operations
within a period);
signified by the number
of operations in square

brackets.

Complexity of a period
(low or high); periods
with low complexity
remain consistent
throughout the item,
periods with high
complexity are
connected by an
additional operation in

between periods.

Interwoven periods not
related to each other
(e.g., relating to every
other number instead to

adjacent numbers).

24791214177

468101214167?

358131927367

5710131519207

Period Length: 2
Complexity: Low

One Period

Period Length: 1
Complexity: Low

One Period

Period Length: 2
Complexity: High

One Period

Period Length: 1
Complexity: Low

Two Periods

[+2 +3]

[+2]

[+2 +3]43

[+5] [+6]
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Besides explaining the components of the illustration model, the four processing phases were
introduced in detail to guide test-takers step by step through the solution process (1. relation
detection: finding relations between numbers; 2. discovery of periodicity: discovering recurring
patterns; 3. completion of pattern description: discovering a pattern over the whole sequence of
numbers; 4. extrapolation: using this pattern to indicate the solution). Additionally, we further
exemplified these processes (e.g., by using arcs to indicate related numbers) and portrayed five item
examples specifically constructed for the purpose of the video. At the end of the video, a summary
regarding the most important aspects was provided. An initial version of the video was improved after
a small pilot study in which students not participating in the investigation provided qualitative
feedback. The final number series video tutorial (see Figure 3; for a more detailed depiction, see

Appendix C) had a duration of 14:25 min.

Wie funktionieren Zahlenreihen? @]

[+2, +3]

[+2 +3] [+2 +3] [+2 +3]

2 4 7 9 12 14 17 ?

1. Beziehungen 2. Perioden 3. Losungsmuster 4. Anwendung

Figure 3. Original Screenshot of the Number Series Video Tutorial used in Study 3.

Regarding the figural matrices video tutorial, we used an updated version of the video
tutorial used in Study 1 and Study 2 that was further improved regarding aspects such as audio

quality, design, and individual explanations. Accordingly, the number series video tutorial and the



Chapter 3: Empirical Studies 39

figural matrices video tutorial resulted to be similar in structural and didactical aspects (e.g., guiding
step by step through the solution process, showing example items, illustrating explanations using
arrows, presenting a summary at the end). The updated figural matrices video tutorial used in Study
3 (see Figure 4) had a duration of 14:25, as well. Both video tutorials are openly available to the

scientific community (see Appendix A for the link).

Matrizen m

-~ 1. Vollstandigkeit:

= /

Q L_-> v" Symbole gehéren
zusammen und
bilden ein Set

v Die L6sung ist das
Q [1) fehlende Symbol des
Sets
=

Figure 4. Original Screenshot of the Updated Figural Matrices Video Tutorial used in Study 3.

Instruments. Number series performance was assessed using the sum score of 71 number series
items. Precisely, we presented the 20 number series items of the /-S-T 2000 R (10 minutes; Liepmann
et al., 2007), the 20 number series items of the WIT-2 (10 minutes; Kersting et al., 2008), as well as 31
newly constructed number series items (16 minutes; one further item was excluded due to a
typographical error).

Intelligence in the sense of g was assessed using the sum score of the IST-Screening (Liepmann
etal., 2012), comprising three subtests assessing verbal (verbal analogies; 20 items, 6 minutes), figural
(figural matrices; 20 items, 10 minutes) and numerical (number series; 20 items, 10 minutes)

reasoning. Grade point average (GPA) of the high school graduation certificate (“Abiturnote”; ranging
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from “4”, worst grade, to “1”, best grade) was used to indicate scholastic achievement. GPA was

reversely scored so that higher numbers corresponded with better achievement.

Analyses. As preliminary analyses to test whether the intelligence sum scores differed statistically
significantly between the experimental group and the control groups before the experiment took
place, we ran preliminary analyses using two independent t-tests (EG vs. CGmatrices; EG VS. CGexamples)-
Related to Hypothesis 1, we analyzed whether the participants of the experimental group watching
the number series video tutorial solved more number series items correctly than the participants of
the control group watching the figural matrices video tutorial. Hence, we conducted a directed linear
contrast (EG = 1, CGumatrices = — 1, CGexamples = 0; one-tailed; a = .05) and examined the effect size d
(Cohen, 1988). Additionally, we ran the analyses for each subtest. Related to Hypothesis 2, we
analyzed whether the participants of the experimental group watching the number series video
tutorial solved more number series items correctly than the participants inspecting and working on
item examples. Accordingly, we again conducted a directed linear contrast (EG = 1, CGmatrices = O,
CGexamples = — 1; one-tailed; a = .05) and examined the effect size d (Cohen 1988) in addition to running
these analyses for each subtest.

Related to the correlations between the number series scores and the intelligence scores as
well as the correlations between the number series scores and GPA, we calculated the Pearson
correlations coefficients in every group and tested whether the respective correlation differed from
zero (one-tailed). Furthermore, we statistically compared the correlation coefficients in the

experimental group with the respective correlation coefficients in each control group (two-tailed).

3.3.3 Results

Preliminary Analyses. Regarding the preliminary analyses, our results revealed no statistically
significant a priori mean differences in intelligence (EG vs. CGmatrices: t(dfagjustea= 104.22) = —0.44, p =
.66; EG vs. CGexamples: t(dfagjustea= 111.37) = —0.24, p = .80). Descriptive Statistics are depicted in Table
8.
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Table 8: Descriptive Statistics of the Intelligence Test in Study 3.

Whole Sample EG CGexamples CGwmatrices

(N=175) (n=59) (n=59) (n=57)
M SD M SD M SD M SD
IST-Screening sum 47.39 5.07 47.17 6.00 47.42 4.88 47.60 4.22
IST-Screening verbal 16.11 1.62 16.08 1.70 16.07 1.68 16.19 1.48
IST-Screening numerical  16.34 2.93 16.34 3.26 16.15 3.09 16.54 2.41
IST-Screening figural 14.94 2.22 14.75 2.74 15.20 2.04 14.86 1.78

Mean Differences. Related to Hypothesis 1, the participants in the experimental group watching the
number series video tutorial solved statistically significantly more number series items than the
participants in the control group watching the figural matrices video tutorial (t(189) = 2.46, p < .01, d
=0.44). These results were also demonstrated when comparing the subtest scores (I-S-T 2000 R: £(189)
=2.21,p=.02,d=0.41; WIT-2: t(189) = 2.41, p < .01, d = 0.43; newly constructed items: t(189) = 2.08,
p=.02,d=0.37). Thus, the results support the hypothesis that watching a number series video tutorial
increases number series test scores. Related to Hypothesis 2, the participants in the experimental
group watching the number series video tutorial solved statistically significantly more number series
items than the participants in the control group inspecting and working on item examples (t(189) =
1.68, p <.05, d = 0.30). When comparing the subtest scores individually, the results showed no
statistically significant differences (I-S-T 2000 R: t(189) = 1.47, p = .07; d = 0.26; WIT-2: t(189) = 1.62,
p = .05; d = 0.30; newly constructed items: t(189) = 1.48, p = .07, d = 0.25). Thus, the results support
the Hypothesis that watching a number series video tutorial leads to higher test scores than inspecting
item examples instead, although a higher number of items was required to demonstrate such an
effect statistically (as reflected in the statistically significant group differences regarding the sum score
consisting of all 71 items, which failed to reach statistical significance on the subtest level of 20/20/31

items [I-S-T 2000 R/WIT-2/newly constructed]). Descriptives are presented in Table 9.
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Table 9: Descriptive Statistics of the Number Series Scores in Study 3.

Whole Sample EG CGexamples CGwmatrices
(N=192) (n=63) (n=64) (n=65)

M SD M SD M SD M SD
Sum score 49.24 12.67 52.33 12.13 48.59 12.98 46.89 12.46
I-S-T 2000 R 15.77 4.22 16.68 3.64 15.59 4.55 15.05 4.30
WIT-2 14.02 4.05 14.98 3.57 13.83 4,12 13.28 4.29
newly 19.46 5.73 20.67 6.20 19.17 5.64 18.57 5.21
constructed

Correlations with Intelligence and Grades. Concerning the correlations between number series and

general intelligence, the results revealed statistically significant and substantially large correlations

between the number series sum scores and the intelligence sum scores in all groups (EG: r = .63, p <

.01; CGmatrices: r = .57, p <.01; CGexamples: I' = .56, p < .001). Furthermore, these correlations did not differ

statistically significantly between the experimental group and the control groups (EG vs. CGmatrices: P =

.62; EG vs. CGexamples: P = .58). Concerning the correlations between number series and GPA, the results

revealed statistically significant correlations in the typical range and direction in all groups (EG: r = .38,

p <.01; CGmatrices: r = .25, p =.03; CGexamples: r = .27, p = .02). These correlations did not differ statistically

significantly between the experimental group and the control groups, as well (EG vs. CGwmatrices: p = .44;

EG vs. CGexamples: p = .50). For the full correlation matrices between all variables, see Tables 10-13.
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Table 10: Correlations of All Variables in Study 3: Entire Sample.

1. 2. 3. 4, 5. 6. 7. 8.
1. IST-Screening verbal —
2. IST-Screening numerical 26° —
3. IST-Screening figural .28" 40" —
4. 1ST-Screening sum score 59° 84" 76" —
5. Number Series (IST 2000R) 22" 517 38 53" —
6. Number Series (WIT 2) 227 A7 .35° .50° 78" —
7. Number Series (newly 22" A7 40" 52" 61" 72" -
constructed)
8. Number Series (sum score)  .25" .54 43" .58" .87° 92" .90" —
9. GPA 18" 28" .30 35" 23" 32" 28" .31
Note. N = 173; * p < .05 (one tailed)
Table 11: Correlations of All Variables in Study 3: Control Group (Matrices).
1. 2. 3. 4, 5. 6. 7. 8.
1. IST-Screening verbal —
2. IST-Screening numerical .33 —
3. IST-Screening figural 31" .35" —
4. |1ST-Screening sum score .66 .83" 73" —
5. Number Series (IST 2000R) 17 49" 22 43" —
6. Number Series (WIT 2) 31 .55° 237 517 727 —
7. Number Series (newly .35° .57° 26" .56" .57° .69° —
constructed)
8. Number Series (sum score) .32 62" 27" 57" .85° .90° .88° —
9. GPA -.01 .18 17 17 13 .25 27 25"

Note. N = 56; * p < .05 (one tailed)
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Table 12: Correlations of All Variables in Study 3: Control Group (Examples).

1 2 3 4. 5 6
1. IST-Screening verbal —
2. IST-Screening numerical 14 —
3. IST-Screening figural 26" .33" —
4. 1ST-Screening sum score .54 .82" 72" —
5. Number Series (IST 2000R)  .26" 517 A7 617 —
6. Number Series (WIT 2) .19 37" .39" 46" .84" —
7. Number Series (newly 14 .32° A7" 45" .60" 72"
constructed)
8. Number Series (sum score) 21 44" .50" .56" .89" .93"
9. GPA 227 25" 27" 35" 21 28"

Note. N = 58; * p < .05 (one tailed)

Table 13: Correlations of All Variables in Study 3: Experimental Group.

1 2 3 4. 5 6
1. IST-Screening verbal -
2. IST-Screening numerical .32° —
3. IST-Screening figural .29° .50° —
4. 1ST-Screening sum score .59" 86" 81" —
5. Number Series (IST 2000R)  .23" 54" 47" 57" -
6. Number Series (WIT 2) 21 .54° 46" .56" .76" —
7. Number Series (newly 22" 56" 46" 57" .65 75"
constructed)
8. Number Series (sum score)  .24" .61° .51° .63" .86" 91"
9. GPA 29 38’ 46 50° 34 43"

Note. N = 59; * p < .05 (one tailed)
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3.3.4 Discussion

Study 3 revealed three main findings. First, the experimental group watching the number series video
tutorial solved more number series items than the control group watching the figural matrices video
tutorial (d = 0.44). Second, the experimental group watching the number series video tutorial also
solved more number series items than the control group inspecting and working on numer series item
examples (d = 0.30). Thereby, Study 3 not only demonstrated that number series test scores can be
increased by watching a number series tutorial before a corresponding assessment, but that using
such an approach is also indicated to be more effective than practicing by oneself using item
examples. Noteworthy, these increases fall in line with the effect sizes typically reported for practice
and coaching effects (e.g., practice: d = 0.40, Hausknecht et al., 2007; d = 0.42, Kulik, Kulik, & Bangert,
1984; SMCR = 0.37, Scharfen et al., 2018; coaching: d = 0.43, Kulik, Bangert-Drowns, & Kulik, 1984;
practice and coaching: d = 0.64, Hausknecht et al., 2007), but revealed to be smaller than the effects
evidenced for figural matrices in this dissertation project (see section 4.2.1 for a more detailed
elaboration on this issue). Third, inspecting the correlation coefficients between the number of solved
number series items and the intelligence sum scores as well as between the number of solved number
series items and grades revealed substantial and comparable correlations in the typical range and
direction in all groups (intelligence: EG: r = .63; CGmatrices: I = .57; CGexamples: I = .56; grades: EG: r = .38;
CGwmatrices: I = .25; CGexamples: ' = .27). These correlations (at least) fall in line with previously reported
evidence on correlations between number series and intelligence (e.g., number series of the I-S-T-
2000 R and the IST-Screening: r = .66, Liepmann et al., 2012; number series of the WIT-2 and the
Wonderlic intelligence-test: r =.56, Kersting et al., 2008) as well as between number series and grades
(e.g., number series and GPA: r = —.18/-.23, Kempf & Meder, 1993; number series and grades of
subjects German/English/Mathematics: r = —.10/-.12/-.24, Liepmann et al., 2012; higher negative
values indicate better achievement). Thus, like in Study 1 and Study 2, Study 3 suggests that important
validity aspects are retained.

In summary, Study 3 expanded on Study 1 and Study 2 by demonstrating increased test scores
after watching a video tutorial focusing on another popular (but numerical) reasoning task (and by
demonstrating higher test scores than using item examples). However, the mechanisms underlying
these test score increases still remained largely unknown. Furthermore, and besides effecting test
score increases, an open question remained whether watching a video tutorial influences other

aspects relevant when assessing intelligence. Potentially, watching a video tutorial stimulates test-
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takers to correspondingly adapt their test-taking behavior, for example, by notating essential
elements illustrated in the video tutorial. Thus, Study 4 was conducted to shed light on these

guestions by examining note-taking behavior after watching a number series video tutorial.

3.4 Study 4 - Schneider & Sparfeldt (2021b)

Schneider, B., & Sparfeldt, J. R. (2021b). How to get better: Taking notes mediates the effect of a video
tutorial on number series. Journal of Intelligence, 9, 55.

https://doi.org/10.3390/jintelligence9040055

In Study 4, shifting the focus towards the effects on test-taking behavior, we investigated whether
watching a number series video tutorial also stimulates test-takers to take more notes, and whether

using such notes mediates the demonstrated test score increases.

3.4.1 Theoretical Background and Hypotheses

In Study 1-3 of this dissertation project, increased test scores after watching video tutorials were
demonstrated. However, various elements relevant for increasing test scores were combined in these
video tutorials (e.g., teaching a step-by-step approach, providing relevant information about the tasks,
explicating rules or processes). Thus, the specific mechanisms underlying the demonstrated test score
increases still remain largely unknown. Potentially, watching a video tutorial also stimulates test-
takers to use more effective as well as efficient approaches to tackle a test. As one effective and
efficient method to approach number series tests, test-takers might notate relevant aspects shown in
a corresponding video tutorial to help solving number series items.

Particularly relevant notes that can be easily integrated into the solution process might
include elements of the number series processing phases (see, e.g., Holzman et al., 1982, 1983;
Kotovsky & Simon, 1973). Specifically, jotting down the numerical relation and the mathematical
operation between numbers allows test-takers to externalize essential elements related to the first
processing phase (relations detection). Thereby, important cognitive functions and goals such as
identifying and focusing relevant parts of an item and and enabling an easier transfer into working

memory are considered (Weinstein & Mayer, 1986). Furthermore, subsequent proccesses such as
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discovering periodicity or finding the solution pattern are facilitated, as well — ultimately allowing an
easier extrapolation of the pattern to the missing number in a series. Test-takers should display such
a behavior more frequently after watching a number series video tutorial exemplifying such notes,
and more items reflecting such a behavior should also be generally associated with higher scores in
number series tests. Finally, such notes might explain the corresponding test scores increases after
watching a number series video tutorial. In summary, in Study 4, we aimed to investigate the effects
of watching a number series video tutorial on note-taking behavior by comparing the notes of an
experimental group watching such a video tutorial with the notes of a control group watching an
irrelevant video tutorial, thereby clarifying a mechanism assumed to underlie the associated test score

increases in number series tasks.

Hypothesis 1. We expected that participants of the experimental group watching a number series
video tutorial took notes for more number series items than participants of the control group
watching an irrelevant video tutorial about figural matrices.

Hypothesis 2. We expected positive and substantial correlation coefficients between the amount of
number series items with notes and the number series sum scores in each group.

Hypothesis 3. We expected the effect on number series test scores after watching a number series

video tutorial to be mediated by the amount of number series items with notes.

3.4.2 Methods

Participants and Procedure. For Study 4, we relied on the data obtained in Study 3. Specifically, we
relied the participants of the experimental group watching the number series video tutorial (EG: n =
63) as well as on the participants of the control group watching the figural matrices video tutorial (CG:
n = 65), resulting in N = 128 teacher-education students attending a weekly second-year lecture on
educational assessment (age based on N = 115 participants: M = 22.11, SD = 4.18; sex based on N =
116 participants: 38 % male, 62 % female). The analyses were based on the N = 110 participants
indicating at least one note for at least one number series item in every subtest (86 % of the entire
sample: EG: n = 58, CG: n = 52). Thereby, we ensured the participants included in the analyses were

aware taking notes was allowed and motivated enough to show such a behavior.
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Video Tutorials. Participants watched the video tutorials previously described in Study 3 (i.e., EG:
number series video tutorial; CG: figural matrices video tutorial; duration of both tutorials: 14:25

minutes).

Instruments. Participants worked on the 71 number series items previously described in Study 3 (i.e.,
20 items of the I-S-T 2000 R, Liepmann et al., 2007; 20 items of the WIT-2, Kersting et al., 2008; 31
structurally similar items newly constructed by the authors). Performance was indicated by the sum
score of all correctly solved items (as well as the subtest sum scores). An item was considered to
indicate a note when the mathematical relation between two numbers (i.e., number as well as

operator; e.g., “+3”) was notated at least once.

Analyses. As preliminary analysis, we tested a priori intelligence differences between the
experimental group and the control group by conducting an independent t-test using the IST-
Screening sum scores obtained three months prior to the experiment. As basis for the hypothesis-
related analyses, we analyzed whether the students of the experimental group solved more number
series items than participants of the control group by conducting an independent t-test with the
number series sum score as dependent variable and group as independent variable (one-tailed; a =
.05) in addition to inspecting Cohen’s d (Cohen, 1988). Concerning Hypothesis 1, we analyzed whether
the students of the experimental group took notes for more items than the participants of the control
group by conducting an independent t-test with the number of number series items with notes as
dependent variable and group as independent variable (one-tailed; a = .05). Furthermore, we
inspected Cohen’s d, as well. Concerning Hypothesis 2, we inspected the Pearson correlations
between the number series sum scores and the number of items with notes in both groups and
analyzed whether the respective coefficients differed statistically significantly from zero (one-tailed;
a = .05). Concerning Hypothesis 3, we conducted a mediation analysis (using PROCESS 3.5; Hayes,
2018) with predictor x = group (EG = 1, CG = 0), mediator m = number of items with notes, and criterion
y = number series sum score. Specifically, we examined the 95 % - bootstrapping confidence intervals
of the indirect effect (as recommended by Hayes, 2018; number of samples = 10,000). Additionally,
we conducted the analyses for each subtest separately by using the number of items with notes in

the respective subtest as well as using the corresponding subtest score.
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3.4.3 Results

Preliminary Analyses. Using the sum scores of the IST-Screening (Liepmann et al., 2012) available for
N = 99 participants, the preliminary analysis revealed no statistically significantly mean differences
between the students of the experimental group and the students of the control group: t(dfagjusted =

93.39) =.42; p=.67.

Mean Differences. Regarding the differences in number series test scores as basis for the subsequent
analyses, the participants of the experimental group watching the number series video tutorial solved
statistically significantly more items than the participants of the control group watching the figural
matrices video tutorial (t(108) = 2.52, p < .01, d = 0.48). This result was also demonstrated when
inspecting each subtest seperately (I-S-T 2000 R: t(108) = 2.40, p < .01, d = 0.46; WIT-2: t(108) = 2.54,
p < .01, d = 0.48; newly constructed (t(dfagjustes = 105.56) = 1.98, p = .03, d = 0.37). Regarding the
analyses related to Hypothesis 1, the independent t-tests showed that the students in the
experimental group took notes for a higher number of items than participants in the control group
(t(dfadjusted = 92.67) = 2.09, p = .02, d = 0.41), supporting Hypothesis 1. When inspecting the subtests,
a similar pattern was demonstrated regarding the I-S-T 2000 R (t(dfadjusted = 92.09) =2.38, p=.01,d =
0.46) as well as the WIT-2 (£(108) = 2.34, p = .01, d = 0.45), but not regarding the newly constructed
items (£(108) = 1.06, p = .15, d = 0.20). Descriptive Statistics are depicted in Table 14.

Table 14: Descriptive Statistics for Study 4.

Experimental Group (n = 58) Control Group (n =52)
M SD M SD
Items with notes
Sum 57.50 9.48 52.92 12.95
I-S-T 2000 R 16.91 3.39 15.04 4.68
WIT-2 17.10 2.83 15.62 3.81
Newly constructed 23.48 5.41 22.27 6.60
Number series scores

Sum 51.53 12.06 45.77 11.90
I-S-T 2000 R 16.47 3.69 14.63 4.33
WIT-2 14.88 3.65 12.96 4.27

Newly constructed 20.19 6.03 18.17 4.63
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Correlations. Regarding the analyses related to Hypothesis 2, the number of solved number series
items and the number of items with notes correlated statistically significantly and substantially in the
experimental group (r = .66, p < .01) as well as in the control group (r = .75, p < .01), thus supporting
Hypothesis 2. Similar result were revealed for each subtest in the experimental group (I-S-T 2000 R: r
=.54, p<.01; WIT-2: r=.72, p <.01; newly constructed: r = .60, p <.01) as well as in the control group
(I-S-T 2000 R: r = .53, p <.01; WIT-2: r = .87, p <.01; newly constructed: r = .66, p <.01) Correlations

between all variables are depicted in Table 15.

Table 15: Correlations between all Variables in Study 4.

1 2 3 4 5 6 7 8
Experimental Group (n = 58)
1. Notes: Sum - .69 * .87 * .86 * .66 * .57 * .63 * .58 *
2. Notes: I-S-T 2000 R - .58 * .28 * 36 * .54 * 32 % .19
3. Notes: WIT-2 - .64 * .69 * 61 * 72 % .57 *
4. Notes: Newly constructed - .56 * 34* 52 * .60 *
5. Scores: Sum - .85 * 92 * 92 *
6. Scores: I-S-T 2000 R - T7* .63 *
7. Scores: WIT-2 - .76 *
8. Scores: Newly constructed -
Control Group (n =52)
1. Notes: Sum - .80 * .83 * 92 * 75 * T2 * .66 * .66 *
2. Notes: I-S-T 2000 R - 51 * .57 * A3 * .53 * .34 * 29 %
3. Notes: WIT-2 - .68 * .86 * T2 * .87 * T2 *
4. Notes: Newly constructed - .68 * 62 * .54 * .66 *
5. Scores: Sum - .88 * 92 * .90 *
6. Scores: I-S-T 2000 R - T4 * .65 *
7. Scores: WIT-2 - TI5*
8. Scores: Newly constructed -

Note. * p < .05 (two-tailed). Notes = Items with notes. Scores = Number series scores.

Mediation Analysis. Regarding the analyses related to Hypothesis 3, the mediation analysis revealed
an indirect effect of 3.41 (SE = 1.74), with bootstrapping intervals not including zero (95% ClI: 0.26,
7.06). Thus, the results indicate that the effect of watching the number series video tutorial on
number series test scores was mediated by the number of items with notes. Regarding each subtest,
the results revealed to be similar for the I-S-T 2000 R (indirect effect = 0.99, SE = 0.47; 95% Cl: 0.18,
2.00) and the WIT-2 (indirect effect = 1.43, SE = 0.63; 95% Cl: 0.25, 2.73), but not for the newly
constructed items (indirect effect = 0.67, SE = 0.65; 95%Cl: —0.56, 1.99). No direct effects of watching
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the number series video tutorial on number series test scores revealed to be statistically significant

(see Figure 5 for the mediation model).

Items with Notes

Video Tutorial Test Scores
2.35/.84/.49/1.35

Cl

Figure 5. Mediation Model in Study 4. Sum/I-S-T 2000 R/WIT-2/Newly Constructed. *p < .05.

3.4.4 Discussion

Study 4 revealed three main findings. First, test-takers watching a number series video tutorial took
notes for significantly more number series items than test-takers watching an irrelevant video tutorial
(d =0.41). Thus, the results suggest that watching such a video tutorial stimulates test-takers to adapt
their test-taking behavior by more frequently relying on the illustrated elements when solving number
series items. Second, the number of items with notes correlated substantially with the number series
sum scores in both the experimental group (r = .66) and the control group (r = .75). Accordingly,
notating the relations between numbers is suggested to be a generally effective behavior for solving
number series items. However, it should be noted that this conclusion is based on correlations,
precluding causality. Additional studies investigating this aspect more systematically and
experimentally (e.g., using an experimental group encouraged to take notes and a control group
prohibited to take notes; inspecting log files to consider when and how such notes are interwined into
the solution process) can help clarify this aspect further. Third, concerning the mediation analysis, the
bootstrapping intervals suggest the effect of watching a number series video tutorial on number series
test scores to be mediated by the number of items with notes. Hence, it is indicated that taking notes
serves as mechanism for the associated test score increases after watching a number series video

tutorial. As such, notating relations between numbers in a series externalizes important information
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into a scaffolding structure that can help free up cognitive capacity. Thereby, subsequent processes
such as discovering periods and finding the solution pattern are facilitated, ultimately helping with
solving number series items. Nevertheless, the results were revealed regarding the analyses for all
number series items and for the first two subtests, but not for the newly constructed items.
Potentially, motivation to use notes was reduced for this last subtest, as psychometric properties of
the item set still revealed to be adequate (e.g., Cronbach’s a =.85; correlations with the other subtest
scores of .63 < r<.76, thus similar in magnitude to the correlation of r =.73 reported in the WIT-2 test
manual regarding the correlation between the number series items of the |-S-T 2000 R and the
number series items of the WIT-2; Kersting et al., 2008, p. 127). For additional insight exploring such
a possibility, additional analyses were conducted to evaluate whether note-taking behavior decreased
across subtests. Accordingly, the demonstrated number of items with notes in each subtest was
calculated relatively to the theoretical maximum number of items with notes in that subtest (I-S-T
2000 R: 20; WIT-2: 20; newly constructed: 31). Dependent t-test analyses revealed statistically
significantly less number of items with notes regarding the newly constructed items in comparison to
the I-S-T 2000 R (t(109) = —3.14; p < .01) and regarding the newly constructed items in comparison to
the WIT-2 (t(109) = -5.63; p < .01), but not regarding the WIT-2 in comparison to the I-S-T 2000 R
(t(109) = 1.09; p = .14). Thus, and although note-taking behavior was nevertheless shown to be fairly
consistent across all three subtests (a = .76 using the sum of demonstrated items with notes in each
subtest), the assumption of reduced motivation to take notes specifically for the last set of items
seems possible.

In summary, Study 4 demonstrated taking specific notes to be an effective (and efficient)
behavior to increase number series test scores. Moreover, Study 4 showed that watching a number
series video tutorial stimulates such a behavior that was also shown to mediate the number series
test score increases. However, it still remains unknown whether such a behavior is also demonstrated

more frequently in other tasks (e.g., figural matrices) after watching a corresponding video tutorial.

3.4.5 Supplemental Analyses: Notes for Figural Matrices

As it was shown in Study 4 that watching a number series video tutorial stimulates test-takers to take
more notes in number series tasks, the question arises whether note-taking behavior is also
stimulated in figural matrices tasks after watching a figural matrices video tutorial. Similarly to number

series, test-takers might efficiently notate important elements shown in the video tutorial such as



Chapter 3: Empirical Studies 53

symbols to free up cognitive resources and facilitate finding the solution. As additional material and
data related to figural matrices were available from the data collection of Study 3 and Study 4,
supplemental analyses were conducted to provide first insight into such a possibility.

Specifically, after the participants had finished working on the number series items,
participants were presented 10 paper-pencil figural matrices items of the DESIGMA-Advanced in a
distraction format (Becker et al., 2016; Becker et al., 2014; Becker & Spinath, 2014). The items were
selected based on reported item difficulty in the test manual as well as balanced rules and number of
rules to closely represent a shorter version of the test. Regarding presentation order, the items were
arranged accordingly and with increasing difficulty (e.g., first, four items including one rule; then,
three items including two rules; next, two items including three rules; finally, one item including four
rules; available time to complete the items was 10 minutes). For the analyses, the n = 63 participants
watching the number series video tutorial and the n = 65 participants watching the figural matrices
video tutorial were inspected regarding the number of solved figural matrices items as well as the
number of items with notes. An item was considered to include a note when at least one symbol was
indicated in (or next to) the empty solution field of the 3x3 matrix.

Regarding the number of solved figural matrices items, the participants in the group watching
the figural matrices video tutorial (M =7.74, SD = 1.65) solved significantly more figural matrices items
than the participants in the group watching the number series video tutorial (M = 4.46, SD = 2.12;
t{dfagjustea = 117.23]1 =9.73, p < .01, d = 1.73). Thereby, the supplemental analyses further strengthened
the evidence on increased test scores after watching a figural matrices video tutorial reported in Study
1 and Study 2 of this dissertation project.

Regarding the number of figural matrices items with notes, an interesting pattern occurred
when inspecting the amount of participants taking such notes: Whereas in the group watching the
figural matrices video tutorial a substantial percentage of the participants indeed relied on using such
notes (38 of 65 participants, equaling 58.46 %), only a very small percentage indicated such a behavior
in the group watching the number series video tutorial (3 of 63 participants, equaling 4.76 %).
Accordingly, a more conservative approach was followed to examine statistically significant
differences in note-taking. Specifically, a Chi?>-test was conducted using a 2x2 cross table with the
variables group and note-taking behavior (group: figural matrices video tutorial or number series
video tutorial; note-taking behavior: one or more notes were taken or no notes were taken). No

expected cell frequencies were below 5. The results showed a statistically significant correlation
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between group and note-taking behavior (x*(1) =42.37, p < .01, ¢ = .58) large in effect size according
to Cohen (1988). When examining the (one-tailed) pearson correlation between the number of
correctly solved figural matrices items and the number of figural matrices items with notes for the n
= 38 participants taking at least one note in the group watching the figural matrices video tutorial, no
statistically significant result was revealed (r=.17, p = .15). As only n = 3 participants took one or more
notes in the group watching the number series video tutorial, results were not statistically
interpretable for this group.

Taken together, the supplemental analyses complemented the previously investigated effects
of video tutorials in several instances. First, the previously reported test score increases in figural
matrices tasks after watching a corresponding figural matrices video tutorial were demonstrated once
more (yielding an even larger effect size), further strengthening the most essential target of this
dissertation project. Second, and besides number series tasks, the supplemental analyses showed that
note-taking behavior is also demonstrated more frequently in figural matrices tasks after watching a
corresponding tutorial. However, unlike in number series tasks, the analyses indicated a large number
of participants not taking any notes for figural matrices items, particularly for participants not
watching the relevant tutorial. Potentially, explicating symbols in the solution field is less intuitive
than simply notating the relationship of two numbers in number series tasks, or requires further and
more explicit instruction. Furthermore, the correlation between the number of items with notes and
the number of solved figural matrices items failed to be statistically significant (a posteriori calculated
power: 1-B = 0.27). Nevertheless, one should keep in mind that several factors might be involved in
contributing to such a result (e.g., reduced/small sample size; relying on only 10 figural matrices items;
exhaustion effects after having worked on 71 number series items; broader and more ambiguous
possibilities of explicating notes). Considering these limitations, revealing at least a numerically small
correlation in the expected direction suggests that higher-powered further studies specifically
dedicated to clarifying this aspect seem promising — as taking notes more frequently after watching a
video tutorial as starting point for such investigations has already been demonstrated in these

supplemental analyses.
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4. General Discussion

The aim of this dissertation project was to investigate the effects of watching video tutorials on
intelligence test scores. This fourth and last overarching chapter first provides a summary of the main
findings of the dissertation project before elaborating on the theoretical and practical implications as
well as associated future research directions. Finally, the chapter reflects on critical

acknowledgements surrounding key aspects of the project.

4.1 Summary of Main Findings

Across the four studies conducted for this dissertation project, the relevance of video tutorials as
approach to increase test scores has been demonstrated. In Study 1, we evidenced this relevance by
showing substantially higher figural matrices test scores (d = 1.19) for participants in an experimental
group watching a short figural matrices video tutorial focusing on teaching the underlying rules
compared to a control group watching an irrelevant video about nutrition. Furthermore, correlation
coefficients between the figural matrices test scores and the test scores of an intelligence test
remained comparibly high in both groups (.53 < r<.58), indicating that an important validity aspect is
still retained. Noteworthy, these correlation coefficients were higher when inspecting the separate
groups rather than the entire sample consisting of both groups (r=.40 /r = .42). Taken together, Study
1 showed that test scores of a prominent and widely used figural reasoning task type can be increased
by a large margin when watching a video tutorial shortly before an assessment.

In Study 2, we illustrated the relevance of video tutorials further by evidencing the replicability of
the findings obtained in Study 1. In a more diverse sample of higher sample size, we again showed
higher figural matrices test scores in an experimental group watching a figural matrices video tutorial
compared to a control group watching a video about nutrition (d = 1.21). Furthermore, and regarding
validity aspects, results similar to Study 1 were also revealed when inspecting the correlations

between the figural matrices test scores and the test scores of an intelligence test (EG: r = .45, CG: r =
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.38; entire sample: r = .36). In short, in Study 2 we replicated and thus further strengthened the
evidence on increased intelligence test scores after watching a video tutorial obtained in Study 1.

In Study 3, we shifted our focus towards number series as another popular (but numerical)
reasoning task and designed the video tutorial focusing on commonalities instead of focusing specific
rules. Additionally, we expanded our study design by adding a control group inspecting item examples
instead of watching a video tutorial. The analyses revealed higher number series test scores in the
experimental group watching the number series video tutorial than in 1.) the control group watching
an irrelevant figural matrices video tutorial (d = 0.44) and 2.) the control group group inspecting item
examples (d = 0.30). Thus, Study 3 showed that watching a number series video tutorial increases
number series test scores by a medium margin when compared to a standard control group, and by a
small margin when compared to another relevant method test-takers might use. Regarding validity
aspects, the correlation coefficients between the number series test scores and the scores in another
intelligence test revealed to be comparably high in all groups (.56 < r < .63). Furthermore, the
correlation coefficients between the number series test scores and high school GPA were shown to
be comparably high and in the expected range in all groups, as well (.25 < r < .38), indicating that
important validity aspects are also retained regarding number series tasks. Taken together, in Study
3 we demonstrated that the effects of watching video tutorials do not pertain to only one specific
reasoning content domain (numerical in Study 3, figural in Study 1 & 2) or focus when designing a
corresponding video tutorial (focusing commonalities in Study 3, teaching specific rules in Study 1 &
2). Additionally, we further illustrated the practical relevance of watching video tutorials by
demonstrating higher test scores when using such an approach compared to another approach test-
takers might use during test preparation.

In Study 4, we investigated the effects of video tutorials on test-taking behavior. Specifically, and
by using the data of the experimental group watching the number series tutorial and the control group
watching the irrelevant figural matrices video tutorial of Study 3, we inspected the notes the
participants took when working on the number series items. The results revealed that participants in
the experimental group took notes for significantly more number series items than participants in the
control group (d=0.41). Furthermore, a higher number of items with notes was associated with higher
number series test scores in both groups (EG: r = .66/CG: r =.75), and the effect of watching a number
series video tutorial on number series test scores was mediated by the number of items with notes.

Essentially, in Study 4 we demonstrated that watching a video tutorial stimulates changes in test-
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taking behavior, and indicated such a behavior as mechanism for the underlying number series test
score increases after watching a number series video tutorial.

In summary, and by using two widely used reasoning tasks of different reasoning content
domains, we demonstrated in this dissertation project that watching a short video tutorial before an
intelligence assessment is sufficient to increase related test scores substantially. Moreover, we
verified the replicability of these effects. We furthermore showed that different approaches to
designing video tutorials are successful in revealing such increases, and also illustrated the relevance
of video tutorials by demonstrating higher test scores when watching such a tutorial compared to
inspecting item examples. Finally, we provided evidence indicating that important validity aspects are
still retained, and demonstrated that watching a video tutorial promotes changes in test-taking

behavior that can be assumed underlying the associated test score increases in number series tasks.

4.2 Implications and Future Research

In the following section, important implications that can be drawn from the evidence obtained in this
dissertation project are discoursed. Moreover, the associated opportunities for future research are

emphasized.

4.2.1 Effects on Test Scores

As most essential and primary goal of this dissertation project, we repeatedly demonstrated that test
scores can be increased substantially by watching a video tutorial prior to the assessment. According
to Cohen (1988), the revealed effects can be interpreted as large in size for the figural matrices video
tutorial (Study 1: d =1.19 and d = 1.31; Study 2: d = 1.21; Supplemental Analyses: d = 1.73) and small
to medium in size for the number series video tutorial (Study 3: EG vs. CGexamples: d = 0.30; EG vs.
CGwmatrices: d = 0.44). These effects sizes were at least in the range of the magnitude typically reported
in meta-analyses investigating practice and coaching effects, and concerning figural matrices even
exceeded the typically reported parameters by a substantial margin (e.g., practice: d = 0.40,
Hausknecht et al., 2007; d = 0.42, Kulik, Kulik, & Bangert, 1984; SMCR = 0.37, Scharfen et al., 2018;
coaching: d = 0.43, Kulik, Bangert-Drowns, & Kulik, 1984; practice and coaching: d = 0.64, Hausknecht
et al., 2007; see Chapter 2.2.2).
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Notably, the effects on number series test scores after watching the number series video
tutorial were shown to be smaller than for figural matrices test scores after watching the figural
matrices video tutorial. Concerning the nature of these differences, several factors might contribute.
First, the differences might be related to the nature of the tasks. As such, figural matrices can be
solved by scanning items following a basic dichotomy of “rule is present/rule is not present”. After
watching a figural matrices video tutorial teaching the rules, test-takers might follow a more
systematic scanning process related to this dichotomy. For number series, however, the dichotomy
might be trivialized by what counts as a “rule” (i.e., addition, subtraction, multiplication, and division
could be considered “rules” that participants are probably already aware of without watching a
tutorial). Furthermore, a quantitative element is introduced in number series tasks, going beyond the
previously mentioned simple dichotomy of “rule is present/rule is not present”. Second, the
differences in effect sizes might be related to the design of the video tutorials. For the figural matrices
video tutorial, we focused on teaching the specific rules relevant for the subsequent assessment.
Thus, the alighment between video tutorial and figural matrices task was quite high. For the number
series video tutorial, however, we followed a more general approach focused on number series
commonalities according to our illustration model as well as the shared processes typically involved
in number series tasks (e.g., Holzman et al., 1982; 1983). Thereby, the alignment between video
tutorial and later administered task was lower, potentially resulting in lower effect sizes. Third, the
differences might be related to the videos presented in the corresponding control groups. In Study 1
and Study 2 regarding figural matrices, participants in the experimental group watched the relevant
tutorial while participants in the control group watched a video about nutrition. In Study 3 regarding
number series, however, participants in the experimental group watched the relevant video tutorial
while participants in the control group watched the figural matrices video tutorial. Thus, as regarding
number series the video presented to the control group was specifically designed to differ only in
content from the video presented to the experimental group, the videos were much more similar.
Nevertheless, it should be noted that in supplemental analyses participants still reached substantially
higher figural matrices test scores (d = 1.73) after watching the figural matrices video tutorial than
after watching the number series video tutorial. Although several reasons might play a role for this
finding (see Chapter 3.4.5), it is indicated that the first and second suggested contributing factor
probably play a more paramount role as to the nature of the differences in effect sizes than the third

suggested contributing factor related to the videos presented to the control groups.
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Importantly, this dissertation project was specifically designed to closely represent real life
scenarios: in order to score as high as possible, test-takers might watch a video tutorial shortly before
an assessment and subsequently increase their test scores in the portrayed task. By using control
groups watching A.) a completely different video (as realized in Study 1 and Study 2) or B.) even a
different video tutorial (as realized in Study 3), we simulated real-life scenarios where test-takers
watch A.) either something completely irrelevant or B.) something very similar and potentially
relevant, but ultimately not helpful for the task presented during the subsequent assessment.
Furthermore, by adding the control group inspecting item examples in Study 3, we expanded on these
scenarios by considering test-takers seeking and reflecting on item examples on their own. Practically,
using such an approach might be particularly accessible for test-takers when preparing for an
assessment, as a quick internet search (e.g., “figural matrices item examples intelligence” or “number
series item examples intelligence) and sorting by “pictures” reveals plentiful material as basis for such
an approach. Additionally, one has to keep in mind that the duration of the video tutorials was kept
to less than 15 minutes. As simply watching a video tutorial using this time-frame is less time-
consuming than retaking a whole test (representing practice effects; e.g., Scharfen 2018) or
participating in test preparation programs (representing coaching effects; e.g., te Nijenhuis, 2001), it
is suggested that by watching video tutorials test scores can not only be increased effectively, but also
efficiently when compared to traditional approaches such as practice and/or coaching as well as
similar more modern approaches such as specifically seeking for available item examples. In short, by
demonstrating higher test scores after watching a video tutorial compared to control conditions
closely representing real-life scenarios, the practical relevance of the test score increases
demonstrated in this dissertation project is emphasized.

Taken together, the repeatedly demonstrated higher test scores after watching a task-
relevant video tutorial allow for a conclusion with high fidelity: watching a video tutorial works as
approach to increase test scores. It works with different design ideas in mind when constructing such
a tutorial (e.g., focusing on teaching specific rules and focusing on commonalities related to items and
processes), and for two widely used intelligence task types. As such, it seems plausible to assume that
watching video tutorials can increase test scores for various types of rule-based intelligence tasks.
Although future research might explore these possibilities more thoroughly (e.g., investigating tasks

such as verbal analogies task to explore the content-domain not yet investigated in the BIS-model;
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see chapter 2.1.1), different approaches for further investigations seem particularly critical (e.g.,
focusing on aspects related to practical relevance).

On a practically relevant note, test-takers typically do not know which test or task type to
expect in an assessment. For example, regarding figural matrices, a large pool of rules can be used to
construct figural matrices items (for an overview, see Preckel, 2003, pp. 64—71). Accordingly, the rules
taught in a video tutorial might differ from the rules included in the administered figural matrices test.
When the alignment between rules taught in a video tutorial and the rules included in the later
administered figural matrices items decreases, lesser test score increases are to be expected. When
the alignment is too low, test-takers might waste time unnecessarily looking for rules not included,
ultimately even jeopardizing their assessment. Although we focused on particularly prominent rules
in this dissertation project, we also focused on a perfect overlap between the rules taught in the video
tutorial and the rules included in the later administered task, as previously mentioned. Thus, the
effects of such a transfer to other tests is pending to be investigated empirically (e.g., by systematically
varying the degree of alignment between rules taught in the video and the rules taught in the
assessment; see Krautter et al., 2021, for first insight pointing toward the particular relevance of
difficult figural matrices rules). Regarding number series, because we focused on the aforementioned
commonalities on the basis of a large pool of items from published tests, the related impact should
be expected to be less crucial than for figural matrices. Finally, video tutorials could be constructed
focusing on critical information applicable to a wide variety of tasks (e.g., including elements related
to test wiseness such as making efficient use of time, encouraging guessing for difficult items, or
eliminating known incorrect options; see, for example, Millman et al., 1965; McPhail, 1981; Rogers &
Yang, 1996). Investigating the effects of such a widely task-independent video tutorial and evaluating
the effects on a wide variety of tasks seems interesting to extract a set of core elements that can
potentially be added to any task-specific video tutorial.

In summary, the repeatedly demonstrated higher test scores after watching video tutorial
allow for a conclusion with high fidelity: test-takers can increase their intelligence test scores
substantially by watching a video tutorial. For further insight, researchers are encouraged to see the

openly available video tutorials used in this dissertation project (see Appendix A).
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4.2.2 Evidence Related to Validity Aspects

Regarding effects on validity aspects as our secondary goal, we demonstrated comparably high
correlation coefficients between the figural matrices test scores and the intelligence sum scores in
the experimental group watching the figural matrices tutorial and in the control group watching the
video about nutrition in Study 1 (.53 < r <.58) as well as in Study 2 (r = .45/.38). These coefficients fall
in line with the correlations between matrices test scores and intelligence test scores reported in prior
studies (rpesisma-advanced/ips = .39, Becker et al., 2014; rgomaties2 = .45, Kreuzpointner et al., 2013).
Similarly, in Study 3 regarding number series, the correlation coefficients between the number series
test scores and the intelligence sum scores revealed to be comparably high (.56 < r £ .63), falling as
well in line with previously reported evidence (e.g., correlations between number series of the I-S-T-
2000 R and the IST-Screening: r = .66, Liepmann et al., 2012; number series of the WIT-2 and the
Wonderlic intelligence-test: r = .56, Kersting et al., 2008). Additionally, concerning grades as second
investigated validity aspect, correlation coefficients of comparable magnitude were also revealed
when inspecting the correlations between number series test scores and GPA (.25 < r < .38). Like the
forementioned correlations, these coefficients also fall in line with the correlations reported in earlier
studies (e.g., number series and GPA: r =—.18/-.23, Kempf & Meder, 1993; number series and grades
of subjects German/English/Mathematics: r = —.10/-.12/-.24, Liepmann et al., 2012).

Taken together, these repeatedly demonstrated comparable coefficients in the expected
magnitude indicate that test validity does not seem to be aversely affected by watching a video
tutorial. As the rank order of participants is suggested to be retained (and comparably high) in
different groups, it is implied that meaningful predictions can be made regardless of whether all
participants watch a relevant video tutorial, an irrelevant video, or inspect item examples. Such an
assumption is consistent with the scarce empirical evidence on whether practice or coaching impede
a test’s validity (e.g., comparable predictive validity and no evidenced prediction bias for two
randomly allocated groups coached/uncoached despite higher test scores in the coached group,
Allalouf & Ben-Shakhar, 1998; no significant difference between the first and second administration
of cognitive ability test scores when related to GPA, Lievens et al., 2005). Furthermore, this
assumption is also in line with the vastly different approaches of including aspects of practice and
coaching within the instructions included among published tests. For figural matrices, for example,
this can be conceptualized by providing very limited (e.g., presenting only three item examples in the

figural matrices subtest of the CFT 20-R without any explanation or further instruction besides
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selecting the choice that “fits best”; Weil3, 2006) or even very detailed information (e.g., administering
a practice booklet in the BOMAT-advanced including information about items and logical principles,
item examples illustrating these principles, practice items to work on that are explained afterwards;
Hossiep et al., 1999). Such a diversity is also found in published number series tests. For instance, the
number series subtest of the BIS-test (Jager et al., 1997) does not include any item example or practice
item and instead relies on the minimal instruction of “Which number replaces the question mark?
Write the number on the line at the end of the number series!”. At the other hand, in the number
series subtest of the CFT 20-R (WeiR, 2006), four item examples are included. Besides providing more
detailed information regarding the solution of one item example, further information about the test
and even additional help is provided (e.g., indicating that for some items multiplication and/or division
is required; encouraging to skip an item and come back later when an item seems too difficult;
opportunity of using the item-sheet for calculations).

Although different approaches are shown to be viable, they rely on the critical aspect that all
participants are tested under the same premise (i.e., equal exposure to test-relevant material and
information among all participants). Specifically regarding video tutorials in this dissertation project,
the violation of this aspect is empirically illustrated in Study 1 by the numerically lower correlation
coefficients between the figural matrices sum scores and the intelligence sum scores in the
heterogeneous entire sample (construction matrices: r = .40; distraction matrices: r = .42) when
compared to the correlation coefficients in the samples of the homogeneous groups (EG —
construction matrices: r = .53, EG — distraction matrices: r = .58; CG — construction matrices: : r = .56,
CG — distraction matrices: r = .53) and the similar (but less accentuated) result pattern revealed in
Study 2 (entire sample: r =.36; homogeneous samples — EG: r =.45; CG: r = .38). In Study 3, as depicted
in Tables 10—13 albeit not specifically part of the research questions, the correlation between the
number series sum score and the intelligence sum score in the entire sample (r = .58) revealed to be
almost identical to the coefficients revealed in the homogeneous control groups (CGmatrices: I = .57;
CGexamples: I = .56), but lower than the correlation in the homogeneous experimental group (EG: r =
.63). Correspondingly, the higher coefficients in the experimental groups indicate that watching a
video tutorial might even have a positive impact in an assessment when all test-takers are presented
such information.

Such an assumption is in line with the results obtained in a recently published study (Levacher

et al., 2021). Accordingly, the study revealed higher figural matrices test scores in an experimental
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group (n = 461) receiving one page of written information about the relevant figural matrices rules
before working on a figural matrices test in comparison to a control group (n = 421) receiving no such
information (d = 0.92; falling in line with the effects revealed when such information is presented in a
video tutorial, as demonstrated). Related to validity aspects, and further corroborating the results
obtained in this dissertation project, the correlations between the figural matrices test scores and the
scores in the Hamburg Natural Sciences Test (Meyer et al., 2019) revealed to be meaningful in both
groups (EG: r=.28; p <.01; CG: r = .24, p < .01), but did not differ significantly (p = .48). Importantly,
the item properties of the figural matrices test were further suggested not to be influenced when
receiving brief written information about the rules. Thus, the authors conclude that providing all test-
takers with such information might be a useful approach to reduce a priori differences related to rule
knowledge in figural matrices, at the very least increasing the fairness of the test. Correspondingly,
presenting a video tutorial to all test-takers before an assessment as integral part of a test could thus
also be a valuable asset to intelligence testing, as it seems exceedingly difficult to create a
homogeneous testing situation with no participant possessing additional information about a test —
especially keeping in mind the availability and accessibility of video tutorials elaborated on in section
2.2.3.

As the primary goal of this dissertation project was to examine mean effects on intelligence
test scores by watching a video tutorial, we targeted gathering additional evidence on validity aspects
as secondary goal. Accordingly, future research could build upon the gathered tentative (but mainly
consistent) evidence by focusing validity aspects more specifically. For example, we focused on the
scores in another intelligence test and grade point average as two substantially relevant variables.
Particularly related to practical implications, investigating the impact of watching video tutorials using
additional important criteria more closely related to a specific important outcome (e.g., scores in high
stakes exams in the context of education; job performance and training success in the context of work)
could further illustrate the related practical relevance. Relatedly, it seems especially relevant to keep
in mind that, as elaborated on in chapter 2, the test score increases from watching a video tutorial
are not assumed to reflect genuine enhancements in dispositional intellectual ability. Given the
demonstrated potentially very substantial differences in tests scores between those test-takers
watching a tutorial and those who do not, selecting a test-taker with lower dispositional cognitive
ability on the basis of such elevated scores might lead to a severe overestimation of that person’s

cognitive ability. Ultimately, and keeping the large effect sizes revealed in this dissertation project in
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mind, such a false positive selection could result in severe negative consequences for the test-taker
(e.g., being overburdened by the requirements) as well as the institution (e.g., underperforming
candidate, wasted resources) in addition to negative consequences for otherwise suitable applicants
that were ultimately not selected. As it was already shown that lower intelligence test scores
increased the risk of school dropout (Pagani et al., 2017) and that individuals were more likely to move
to a job of lower complexity when a job’s complexity level exceeded that individual’s general mental
ability (Wilk & Sackett, 1996), such adverse consequences seem probable. Gathering longitudinal data
for test-takers that are selected under different conditions and considering additional further
variables could thus reveal particularly valuable insight into the impact of overestimating someone’s
ability as related to practice and coaching as well as specifically related to watching a video tutorial.
Finallly, regarding validity aspects, future directions are best concluded by emphasizing the current
state on how retesting impacts validity: “Very little empirical research has examined how retesting
may alter validity inferences concerning important criteria such as job performance or success in
graduate school.” (Hausknecht et al., 2007, pp. 376—377). As there is still much to discover regarding
practice even though retesting has been subject of empirical investigations for decades, there is even

more to be discovered regarding video tutorials, specifically.

4.2.3 Effects on Test-Taking Behavior

As another secondary goal of this dissertation project, we investigated whether watching video
tutorials affects aspects of test-taking behavior. Specifically, we demonstrated in Study 3 that test-
takers took notes for more number series items after watching a number series video tutorial (d =
0.41), that these notes were related to the number series test scores (EG: r = .66; CG: r=.75), and that
taking such notes served as the intermediary link between watching a number series video tutorial
and the corresponding number series test score increases (indirect effect: 3.41, SE = 1.74; 95% Cl:
0.26, 7.06). Taken together, the results indicated that watching a number series video tutorial
stimulated test-takers to more frequently show manifest behavior that reflects the first of the
internally organized processes illustrated in the number series video tutorial (i.e., relations detection;
e.g., Holzman et al., 1983). As these results on test-taking behavior were shown for number series,
the question arises whether similar results could be expected for other tasks after watching
corresponding video tutorials. Approaching this question, the obtained results were in line with the

general rationale that by writing down important elements, an effective external structure is created
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that can be used to allocate cognitive resources for finding the correct solution more efficiently. As
such, the notated relations can be interpreted as manifest product of antecedent processes that
allows for easier processing of subsequent processes. Although we focused on a highly relevant
process-product for number series (i.e., notations concerning relations detection), the general
rationale and thus the usefulness of notes might be similar for a wide variety of tasks — important
information is externalized into an external storage, allowing for an easier solution of an item.
Regarding figural matrices, for example, such a usefulness can be exemplified on the basis of Figure 6
as a classic figural matrices item (taken from Becker et al., 2016). In the illustrated item, the two rules
addition and rotation are included, with the rule addition relating to the circles and the rule rotation
relating to the arrows. In order to solve the item, a test-taker is required to deduce that in the empty
field of the matrix, an arrow pointing to the left and four circles have to be complemented. If, for
instance, a test-taker has correctly deduced that an arrow to the left has to be complemented, the
arrow could be drawn into the solution field as a note. With the arrow notated (and thus one of the
two rules externalized and “stored” in the solution field), the test-taker can more easily concentrate
on the remaining rule referring to circles to finally induce alternative A as the correct solution to the
item. Thereby, cognitive functions such as identifying and focusing attention on relevant parts as well

as an easier transfer into working memory are considered (e.g., Weinstein & Mayer, 1986).
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Figure 6: Classic Figural Matrices Item (taken from Becker et al., 2016)
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When figural matrices items are presented in a distraction format, incorrect alternatives (such as B,
D, and E in the presented example after notating the arrow) can additionally be excluded more easily
after notating the rule-relevant elements, as well, ultimately further increasing the probability of
solving an item correctly.

With video tutorials not only explaining the rules, but also illustrating how to solve items
systematically, the benefits from using such an approach should become more apparent to the test-
taker. Accordingly, the supplemental analyses inspecting the number of items with notes for figural
matrices showed that significantly more test-takers took notes after watching the figural matrices
video tutorial, making such an assumption plausible.

Nevertheless, notes should be considered a product of antecedent processes. As such, taking
notes might make solving an item easier, but ultimately might not be the driving mechanism for the
test score increases after watching video tutorials itself. For example, when investigating figural
matrices in Study 1 and Study 2 of this dissertation project, the opportunity to take notes was not part
of the investigation (besides — as in Study 1 the items were presented on a computer, an efficient use
of such notes would not have been feasible). However, the large test score increases after watching
a video tutorial were shown nonetheless. At the same time, and although for number series the
mediation analysis showed the items with notes to mediate the effect on test scores after watching
the number series video video tutorial, it seems implausible to assume that watching the video
tutorial would not help with increasing test scores simply because participants cannot use notes.
Rather, as both video tutorials focused on systematically explaining important elements, a more
organized and systematical processing structure related to the tasks (e.g., scanning the items
systematically according to the explained rules, following the relevant processes more closely) might
generally play a substantial role that also manifests in increased note-taking behavior.

Future research could disentangle these possibilities more systematically. For example, video
tutorials for different tasks could be presented before administering all tasks to all participants in an
experimental setting where the use of notes is either prohibited or encouraged. When investigations
are conducted using computerized versions of the tasks and inspecting the log-files (possibly using
additional methods such as eye-tracking or thinking-aloud), additional valuable information related
to potential other changes in test-taking behavior besides taking notes could be gathered, as well

(e.g., time spent on items, focus of attention). Additionally, further conditions could be added to
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discern the effects of “rule knowledge” or “process knowledge” from the effects of systematic,
illustrated explanations of these rules or processes in a video tutorial (e.g., by presenting a sheet with
information instead of presenting a video tutorial). Thereby, the effects of watching video tutorials
specifically beyond the effects of instructional or informational value could be differentiated. Finally,
one should keep in mind that related to taking notes, no conclusions can be drawn from this
dissertation project concerning the question whether test administrators should allow test-takers the
use of notes. Future research could expand on this question by adding further variables to investigate

validity aspects in order to consider the resulting practical implications adequately.

4.3 Critical Acknowledgements

In the following chapter, a critical reflection on potential limitations of the conducted studies is

provided.

4.3.1 Design of the Project
In this subsection, limitations regarding the design of the dissertation project are addressed.
Specifically, the adequacy of the samples is discussed as well as the (between-subjects) design of the

studies.

Sample. This dissertation project was based on the samples of three data collections. In Study 1, the
sample comprised N = 112 psychology students (EG: n = 56; CG: n = 56). In Study 2, the sample
consinsted of N = 229 teacher-education students (EG: n = 114; CG: n = 115). In Study 3, the sample
comprised N = 192 teacher-education students (EG: n = 63; CGmatrices: N = 65; CGexamples: N = 64). Finally,
for Study 4, a subsample from Study 3 was used (i.e., N = 110 participants that took at least one note
in every number series subtest; EG: n = 58; CGuatrices: N = 52). All samples were selected with a priori
considerations related to the experimental design, the implemented number of groups, experiences
regarding participating students in former cohorts, aspects of accessibility, and estimated statistical
power regarding statistical tests (e.g., correlations of medium to large size; one-tailed mean
comparisons with about medium effect size). In consequence, the sample size of at least n = 50
participants in each study was a priori deemed sufficiently large for the main purposes of this

dissertation project (i.e., show mean differences between the experimental and the control groups
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related to the tasks portrayed in the video tutorials; correlations between the test scores and other
variables in each group). Accordingly, the sample sizes targeted in each study corresponded with, for
example, a test-power of 1- = .80 for one-tailed t-test comparisons with d = 0.5, a = .05, and a sample
size of ni1/n, = 50 (see G*Power; Faul et al., 2007; 2009). As result, and as repeatedly shown across all
studies, statistical power was sufficient to demonstrate the expected statistically significant mean
score differences as primary goal of this dissertation project (in addition to the correlations related to
validity aspects differing from zero within each group).

Nevertheless, the comparisons between the experimental group and the corresponding
control groups related to validity aspects were not shown to be statistically significantly different in
any study. Arguably, besides assuming comparable correlations for the groups, the sample sizes might
have not been sufficiently large to detect these differences. In consequence, it is difficult to conclude
whether there were indeed no differences between the correlations, or if there were smaller
differences that the studies failed to detect. Indeed, for the sample sizes realized in this dissertation
project, the range of the individual correlation coefficients as precise validity estimates was quite high
(e.g., for a correlation of r = .58 based on 56 participants, a 95 % Cl ranging from r = .38 to r = .73
would result). Thereby, such a conclusion seems principally possible. However, the same result
pattern was consistently demonstrated in several analyses across all samples (i.e., correlation
coefficients not differing statistically significantly; see results regarding the correlations for Studies 1
—3). Additionally, in Study 2 as a replication of Study 1, these analyses were based on a sample more
than double in size when compared to the sample used in Study 1. Moreover, comparable validity
coefficients fall in line with the scarce empirical evidence on validity aspects related to practice and
coaching, as mentioned (Allalouf & Ben-Shakhar, 1998; Lievens et al., 2005). Thus, comparable validity
coefficients seem plausible, nonetheless. Importantly, we targeted gathering data on the correlations
with other important variables as additional evidence that might provide a first insight on whether
watching a video tutorial affects validity aspects. Specifically focusing on statistically detecting such
differences would require large sample sizes heavily exceeding the targeted scope of our studies. For
example, keeping the correlations between the number series sum score and the intelligence test sum
score in mind (EG/ CGmatrices/ CGexamples: I = .63/.57/.56), to detect significant differences between two
independent correlation coefficients of r = .63 and r = .56 (two-tailed, a = 0.5, 1-B = .80), a sample
size of N = 2650 would have been necessary (i.e., n = 1325 in each group with two groups equal in

sample size; see G*Power, Faul et al., 2009). As detecting these differences was not the focus of this
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dissertation project (and we rather focused on gathering first evidence future studies might build
upon), future studies specifically targeting these research questions with adequate sample sizes
should elaborate on this topic more conclusively.

As second aspect related to the samples, it could be argued that psychology students used in
Study 1 were not the best sample as basis to inquire validity aspects for intelligence testing. Arguably,
an intelligence-related range restriction to the right could have resulted. Furthermore, the results
could have been impacted by some test-takers being already knowledgeable on intelligence testing,
both aspects ultimately limiting the interpretation of the obtained evidence. However, several
indications contradict such an assumption. First, the correlation-based coefficients in Study 1 revealed
to be high in all groups (.53 < r <.58) and were at least in the range reported in prior studies (see also
Becker et al., 2014). In case of severe variance reduction, substantially lower coefficients would have
resulted. Second, the results were replicated in Study 2 using teacher-education students. Although
slightly lower correlation coefficients resulted compared to Study 1 (r =.45/r = .38), these coefficients
were still in line with similar coefficients reported in prior studies (e.g., roesioma-advanced/ips = .39, Becker
et al., 2014; rgomatiies2 = .45, Kreuzpointner et al., 2013; besides, as we only used three of the four
subscales of the LPS-2 in Study 2, slightly lower correlations compared to Study 1 regarding the sum
score were to be expected). Third, when comparing the standard deviations of the LPS-2 subtests in
the experimental and control group in Study 1 and Study 2, no statistically significant differences are
indicated (Study 1: LPS-2 sum score — p = .25; general knowledge — p = .13; numerical sequences — p
= .56; mental rotation — p = .38; addition — p = .89. Study 2: LPS-2 sum score — p = .38; general
knowledge — p = .16; numerical sequences — p = .37; mental rotation — p = .91). Finally, the correlations
between the number series sum scores and the intelligence sum scores in Study 3 (r = .63/.57/.56)
when relying on teacher-education students and the correlations between the figural matrices sum
scores and the intelligence sum scores in Study 1 (.53 < r <.58) when relying on psychology students
revealed to be of similar magnitude. Related to the question whether some participants were already
knowledgeable in intelligence testing, the sample in Study 1 consisted of psychology students
attending a course for new students in the first weeks of the first semester. Correspondingly, neither
intelligence nor intelligence testing were part of the curriculum until the data collection of the study
ended (the same held true for the samples of Study 2-4). Therefore, it seems unlikely that specific
knowledge affected the results. Besides, as the participants were randomly assigned to the groups,

individual participants possessing specific knowledge were expected to be evenly distributed among
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the groups (see below). To conclude, neither range restriction nor specific knowledge is indicated to

severely limit the interpretation of the results.

Study Design. To investigate the effects of video tutorials, the studies in this dissertation project were
realized as between-subjects designs to compare experimental groups watching a task-relevant video
tutorial with control groups representing comparable conditions such as watching an irrelevant video
or video tutorial or inspecting item examples. Accordingly, we realized such a design to specifically
focus on internal validity while also considering similarities to real-life scenarios. However, as with
every between subjects-design, a correct interpretation of the results is dependent on a successful
randomizing procedure ensuring that the experimental group and the control groups were
comparable before the experimental manipulation took place. Correspondingly, we conducted
preliminary analyses to compare a priori group differences using the intelligence test data collected
prior to the experimental manipulation. As indicated by these preliminary analyses (see sections 3.1.3,
3.2.3, 3.3.3, and 3.4.3), no statistically significant mean differences were revealed, indicating a
successful randomizing procedure and thus comparable groups across all studies. Nevertheless,
additionally presenting the tasks portrayed in the relevant video before the videos were presented
could have allowed to draw additional conclusions as to who profits from watching such a video
tutorial (possibly revealing compensation or magnification effects; e.g., Wenzel & Reinhard, 2019).
First tentative analyses based on the data of Study 1 and Study 2 did not indicate such effects (e.g.,
creating a factor intelligence by selecting the participants with the 33 % highest and the 33 % lowest
LPS-2 scores and conducting an ANOVA with the number of solved figural matrices as dependent
variable and group/intelligence as independent variables revealed no significant interaction effects
[Study 1: construction format/distraction format: p =.22/p =.27; Study 2: p = .68]). To further explore
the possibility of compensation or magnification effects, and as number series were also included in
the intelligence battery administered three months prior to administering the number series tasks in
Study 3, we calculated the score differences between the first number series task presented after the
experimental manipulation and the number series task included in the intelligence battery
administered three months earlier. Afterwards, we calculated the Pearson correlations of these
difference scores and the intelligence battery sum scores (excluding the number series subtest) in
each group. The results were in line with the first tentative analyses based on Study 1 and Study 2: No

statistically significant correlations were revealed for the experimental group watching the number
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series video tutorial (r =.00; p >.99) or the control group watching the figural matrices video tutorial
(r=-.01, p =.96). However, a statistically significant correlation of moderate magnitude was revealed
in the control group inspecting item examples (r =.29, p =.02). Taken together, neither compensation
nor magnification effects were revealed concerning watching video tutorials, although further studies
might be able to clarify this research question more conclusively (particularly building on the revealed
correlation in the control group inspecting item examples). In summary, although future studies
realizing different study designs seem valuable to build on the obtained evidence, the study design

realized in this dissertation project seemed adequate to investigate our targeted research questions.

4.3.2 Instruments

In the following subsection, limitations regarding the instruments used in this dissertation project are

addressed.

Figural matrices. One potential limitation refers to the figural matrices tasks used in Study 1 and
Study 2. Specifically, instead of using Raven’s Advanced Progressive Matrices (e.g., Raven et al., 1998)
as hallmark and most widely known figural matrices test, we used the lesser known DESIGMA to
investigate figural matrices. Nevertheless, using the DESIGMA instead of Raven’s Matrices seemed
favourable for several reasons. First, a number of critical arguments regarding Raven’s Matrices can
be found in the literature regarding, for instance, dimensionality (e.g., Bors & Vigneau, 2003:
guestionable single-factor model fit; DeShon et al.,, 1995: item subsets dependent on different
processes; see also Gignac, 2015) and item context effects (Vigneau & Bors, 2005). Second, as Raven’s
Matrices are widely known, previously acquired specific test knowledge would have been more likely
to influence the results (e.g., by participants in the control group being already familiar with the rules,
thus reducing the differences between the experimental group and the control group effected by the
video tutorial). By using a lesser known test, we minimized such an impact. Third, first evidence on
rule-based training on the basis of Raven’s Advanced Progressive Matrices was previously shown
(Loesche et al., 2015). However, several aspects had to be critically considered when interpreting the
results (e.g., varying effects across the studies [.14 < d < .81]; experimental and control groups
differing regarding factors such as time, practice, and number of shown items; see chapter 2.2.3). By
focusing on internal validity in our corresponding design and using the DESIGMA-Advanced, we

considered these aspects while also showing that related effects are not limited to Raven’s Matrices.
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Finally, as some items were excluded in those previous studies and we used all items included in the
test, we furthermore emphasized the relevance of the effects in light of real-life scenarios. In
conclusion, the figural matrices of the DESIGMA-Advanced seemed adequate for the purpose of our
studies. However, future studies might include several different figural matrices tasks to further

investigate related aspects such as transfer (as mentioned).

Number Series. Similarly, concerning number series, it could be argued that using more popular and
empirically validated pre-existing measures would have been more suitable than using newly
constructed number items. Essentially, regarding our choice of number series tasks, we foremost
relied on two popular measures that had been validated in our country for our targeted age group
(i.e., I-S-T 2000R; WIT-2). As such, we established a meaningful and practically relevant basis for
corresponding investigations based on these two widely used tasks. As we inspected the
commonalities of in total 287 number series items found in various published tests (e.g., Heller &
Perleth, 2000; Jager et al., 1997; Kersting et al., 2008; Liepmann et al., 2007; Weil3, 2006) and further
considered important theoretical aspects (e.g., Holzman et al., 1983; Kotovsky & Simon, 1973, Loe et
al., 2018; Verguts et al., 2002) in order to establish our illustration model, we pursued the goal of
creating new items following these commonalities in order to focus on number series as a task type
(rather than an individual scale) and to enlarge our item-pool. Accordingly, the resulting 32 newly
constructed number series items were targeted to be structurally very similar to the validated number
series items of the I-S-T 2000 R and the WIT-2. Although an elaborate psychometric validation of the
newly constructed items is pending future studies, the correlations of the newly constructed items
with other variables (e.g., IST-verbal; IST-numerical; IST-figural; IST-sum score; |-S-T 2000R number
series) in comparable magnitude to the correlations of the validated tasks with these variables
indicate that our targeted approach was successful (e.g., regarding the entire sample of Study 3: WIT-
2/Newly Constructed: r=.22/.22; r=.47/.47; r= .35/.40; r= .50/.52; r = .78/.61; correlation with each
other: r = .72; see Tables 10-13). As such, insufficient psychometric properties are not indicated to
underly the statistically insignificant subtest analyses specifically related to the newly constructed
items in Study 4. In conclusion, although future studies might investigate the newly constructed
number series items more elaborately or investigate additional validated number series tasks, the

number series items chosen for the investigation seemed adequate for our targeted purpose.
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Intelligence Tests (LPS-2, IST-Screening). Related to investigating validity aspects, using a complete
intelligence test-battery (or a higher number of subtests) could have resulted in more precise validity
estimates. Nevertheless, we favoured feasibility aspects related to the data collection (e.g., available
time, group testing) in order to stay in accordance with focusing mean differences after watching
video tutorials as primary goal and gathering evidence on validity aspects as secondary goal. The
selected intelligence tests seemed particularly suitable considering not only these feasibility aspects,
but also aspects related to relevance (i.e., proximity to g, validated subtests) and usability (i.e., being
usable in the targeted sample of university students). Besides aligning well with elaborated models of
intelligence (e.g., IST-Screening: figural, numerical, and verbal reasoning, fitting particularly well to
the BIS-model [Jager, 1982, 1984; Jager et al. 1997]; LPS-2: different subtests reflecting important
second-stratum factors of Carroll’s three-stratum-model [Carroll, 1993, 2005]) and being
administerable in a short timeframe, the tests were usable for our targeted sample of university
students and have been sufficiently validated. For example, regarding the sum score of the IST-
Screening that was also used in this dissertation project, the test manual reports favourable reliability
coefficients (Cronbachs a = .87; Split-Half: r = .90; Test-Retest: r = .87; Parallel-Test: r = .88; see
Liepmann et al., 2012, p. 17) as well as validity coefficients (e.g., correlations with the matrices of the
CFT 20: r = .63; correlations with Raven matrices: r = .69; correlations with the knowledge dimension
of the HAWIE-R: r = .46; see Liepmann et al., 2012, p. 24). Regarding the subtests we used of the LPS-
2, the test manual similarly reports favorable reliability coefficients (general knowledge/numerical
sequences/mental rotation/addition: Cronbachs o = .89/.75/.93/.88; Split-Half: rcor=.91/.80/.96/.94;
see Kreuzpointner et al., 2013, p. 50; see also p. 32) in addition to diverse validity coefficients (e.g.,
correlations with working memory tasks such as operation span: r = .32/.21/.10/.21, see p. 62;
correlations with BOMAT-matrices of r=.20/.32/.32/.06, see p. 61; various correlations with six WIT-
2 subtests, see p. 63). Thus, although a higher number of subtests and a greater range of diverse
subtests would have been favourable to represent an indicator of a “good g” (Jensen & Weng, 1994;
Ree & Earles, 1991; see also Reeve & Blacksmith, 2009; Lotz et al., 2016), the selected instruments
were suitable as a proxy and in accordance with gathering evidence on validity aspects as secondary
goal. However, future studies might focus on such a good g more specifically in addition to a highly
increased sample size, opening further research possibilities such as investigating changes related to

the factor structure whe watching video tutorials.
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4.3.3 Methodological Aspects

In this subsection, limitations pertaining to methodological aspects are addressed.

Excluding Participants Inspecting Item Examples in Study 4. In Study 4 for investigating note-taking
behavior, we excluded the group inspecting item examples from the analyses. Such an exclusion was
based on the rationale that for Study 3, the control group inspecting item examples was specifically
included to represent a second control group reflecting another approach test-takers might use
before an assessment: dealing with number series on their own. In accordance with this rationale,
these test-takers were instructed to freely switch between a page on the testing booklet with the
number series items and another page depicting the solutions. Furthermore, test-takers in this group
were encouraged within the instructions to use notes that might help with solving the items, and were
also provided a dedicated space to write down such notes. As a result, these test-takers closely
represented the aspired real-life scenario aimed at for Study 3. However, specifically related to note-
taking for Study 4, several influences interacted in this group (e.g., dedicated space for notes,
encouragemenet within the instructions, freely switching between items and solutions), resulting in
substantial qualitative differences concerning note-taking and the related instructions in this group
compared to the other two groups. In order to interpret the results of Study 4 in light of maximized
similarity in every aspect but the relevant dimension (content: number series vs. figural matrices), we
thus only focused on the experimental group watching the number series video tutorial and the
control group watching the figural matrices video tutorial. However, future studies might disentangle

aspects specifically related to note-taking when inspecting and working on item examples.

Participants Taking Notes. As second methodological aspect related to participants in Study 4, we
only included participants that took at least one note in every number series subtest. Thereby, we
ensured that test-takers were at least aware about the opportunity to take notes and were motivated
enough to demonstrate such a behavior in a minimal amount. However, as taking notes was not
required within the instructions, the reasons for not taking notes could have been very diverse (e.g.,
not understanding or not being aware taking notes was allowed, lack of motivation, or lack of
necessity). As such, the results should be interpreted in light of these factors (e.g., when participants
are aware of the opportunity and motivated enough to show such a behavior). Although the included

number of participants was sufficiently high (86 % of the entire sample), future studies could replicate
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the results under different conditions to gain a deeper understanding into participants not taking any

notes (who were not numerous enough to draw meaningful evidence from in Study 4).

Printing Error. Finally, as mentioned in Study 3, one item of the newly constructed items had to be
excluded from the analyses due to a printing error (i.e., item 3: 2 15 28 41 54 67 70 ?). Thus, it could
be argued that test-takers could have been confused by such an occurrence, impacting the
performance on subsequential items. However, it should be considered that the corresponding
printing error was largely obvious (i.e., a simple “+13” rule was realized in the item). Thus, such an
impact is not likely to substantially affect the results. Besides, as the last subtest, the previously
administered two number series subtests would not have been impacted even if individual test-takers
were influenced by such an occurrence. Finally, such individual test-takers would have been evenly
distributed among the three groups by the randomizing procedure. Taken together, excluding the

item from the analyses seemed sufficient to address the corresponding consequences.

4.4 Final Conclusions

In this dissertation project, it was aimed to investigate the effects of watching video tutorials on
intelligence test scores.

In Study 1 and Study 2, on the basis of figural matrices as popular and widely used task type,
large effects on test scores were revealed after watching a relevant video tutorial focusing on teaching
the rules compared to watching an irrelevant video about nutrition. Additionally, the correlations with
an intelligence test revealed to be substantial in both groups. When inspected separately in each
condition, these correlations revealed to be higher than in the entire sample. In light of these findings,
it is indicated that watching a video tutorial serves as effective and efficient approach to increase
figural matrices test scores. Although it is suggested that important validity aspects are retained when
all test-takers share the same amount of task-related knowledge, a benefit for the assessment
procedure is indicated when test-takers can be kept homogenous in this regard.

Expanding beyond figural-matrices, the effects of watching video tutorials were further
illustrated on the basis of number series as another popular and widely used task type in Study 3.
Besides demonstrating higher number series test scores after watching a number series video tutorial

focusing on number series commonalities compared to watching an irrelevant video tutorial and
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compared to inspecting item examples, the correlations between the number series test scores and
and the scores in an intelligence test as well as the correlations between the number series test scores
and grades revealed to be substantial. In conclusion, Study 3 suggested that watching a number series
video tutorial is an effective and efficient approach to increase number series test scores, and more
effective than simply inspecting item examples. Further falling in line with Study 1 and Study 2, it is
indicated that the validity of number series tasks is not impeded — nevertheless, similarly to figural
matrices, the benefits of keeping test-takers homogeneous in an assessment should be considered.
Shifting our focus towards changes in test-taking behavior in Study 4, we revealed a higher
number of notes after watching a number series video tutorial compared to watching an irrelevant
video tutorial, as well as substantial correlations between these notes and the number series test
scores. Moreover, it was revealed that such a note-taking behavior mediated the associated number
series test score increases. Thereby, we expanded beyond test score increases and validity aspects,
providing insight from a different angle important for assessments as well as clarifying a mechanism
assumed to underly the associated test score increases after watching a number series video tutorial.
In sum, the results obtained in this dissertation project emphasized watching video tutorials
as an effective and efficient approach to increase test scores. By demonstrating up to large increases
using two widely used task-types, we illustrated the potential impact of such an influence on
intelligence testing. Correspondingly, we demonstrated that intelligence assessments benefit from
test-takers being homogeneous in their task-related prior knowledge in order to maximize validity
aspects. Taken together, by illustrating the subject matter from different angles, we provided
extensive empirical insight into a highly relevant influence for intelligence assessment that is likely to

be already involved in a plethora of testing situations.
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Appendix A: Link to the Video Tutorials

The figural matrices video tutorial (as used in Study 3 as updated version of the video used in Study

1) as well as the number series video tutorial are available at:

https://osf.io/vwq5k/


https://osf.io/vwq5k/
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Appendix B: Graphical Figural Matrices lllustrations
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Figure 7 (Appendix B): Graphical Illustrations in the Figural Matrices Video Tutorial.
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Appendix C: Graphical Number Series lllustrations
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Figure 8 (Appendix C): Graphical Illustrations in the Number Series Video Tutorial.



Appendices 90

Appendix D: Publications

Publication 1 (Study 1 & Study 2):

Schneider, B., Becker, N., Krieger, F., Spinath, F. M., & Sparfeldt, J. R. (2020). Teaching the underlying
rules of figural matrices in a short video increases test scores. Intelligence, 82, 101473.

https://doi.org/10.1016/].intell.2020.101473

Publication 2 (Study 3):

Schneider, B., & Sparfeldt, J. R. (2021a). How to solve number series items: Can watching video
tutorials increase test scores? Intelligence, 87, 101547.
https://doi.org/10.1016/j.intell.2021.101547

Publication 3 (Study 4):

Schneider, B., & Sparfeldt, J. R. (2021b). How to get better: Taking notes mediates the effect of a video

tutorial on number series. Journal of Intelligence, 9, 55.

https://doi.org/10.3390/jintelligence9040055


https://doi.org/10.1016/j.intell.2020.101473
https://doi.org/10.1016/j.intell.2021.101547
https://doi.org/10.3390/jintelligence9040055

