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Foreword

The greatest difficulties lie where we are not looking for them.
Johann Wolfgang von Goethe (1821/2000, p. 484)

Far better an approximate answer to the right question, which is often vague, than an 
exact answer to the wrong question, which can always be made precise. 

John Wilder Tukey (1962, p. 13–14)

This book aims to address special problems in “educational interventions” which 
are “measures that attempt to solve problems in the field of education” embedded 
within training, instructing, coaching, or counseling (Astleitner, 2010, p. 48). Such 
interventions are “purposeful actions” which “operate at the individual, family, 
organizational (e.g., school), neighborhood, regional, national, or other level. In-
terventions may be comprised of a single action or a cluster of actions” (Fraser, 
Richman, Galinsky, & Day, 2009, p. 5). 

The selected problems in this book concern different areas of educational in-
tervention research and are related to theoretical foundations as well as research 
designs and measurements. We focus on problems which are often overlooked in 
recent intervention research or excluded from scientific discourse although prob-
lem-related solutions could, above all, reduce the theory-practice gap or build links 
between basic research, applied research, and educational practice (e.g., Astleitner, 
2003; Herber, 1998; Patry, 2001; Zumbach & Mandl, 2008). The given book should 
therefore be a supplement to existing standard approaches on educational interven-
tion research (e.g., McBride, 2016; Phyne, Robinson, & Levin, 2005; Riley-Tillman 
& Burns, 2009; Stylianides & Childs, 2019). 

Our problems and related studies were embedded in practical settings in the 
fields of higher education, teacher education, and teaching-learning-research. 

A first major problem on theories in educational intervention research lies in 
distinguishing and handling successfully different types of theories from basic re-
search, applied research, and educational practice. In particular, traditional theories 
suffer from their limited capacities in connecting different stages of human devel-
opment with adaptive support strategies, in optimizing context sensitivity during 
implementation, and in handling the dark side of educational experiences. We will 
show, in chapter 1, how development-support, implementation-, and dark-side-
theo ries could stimulate educational intervention research.

A second problem focuses on ineffective interventions in the field of teaching. 
Interventionistic researchers and practitioners need to know what kind of ineffec-
tive interventions and why ineffectiveness are given. Here, different types of teach-
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ing malfunctions are identified. The contribution in chapter 2 also aims at formulat-
ing a macro- and a micro-theory about why teaching malfunctions occur.

Also, an important third problem in exploring effects patterns of educational 
interventions is given when a control group is missing because of practical, ethical, 
or other constraints. Here, we will demonstrate within an empirical study, in chap-
ter 3, how a control group can be simulated and therefore have an impact on the 
conclusiveness of findings from quasi-experimental settings.

A fourth problem is about inconclusive or negative research findings. Even hav-
ing a sophisticated theory- and research-based foundation within an educational 
intervention study will not guarantee that findings are significant and confirming 
given hypotheses. Sometimes, educational interventions improve some goal areas, 
but worsen others at the same time. In chapter 4, we will show how to provide 
theoretical and statistical analyses as well as a focus on alternative approaches in 
research design in order to handle such problems.

A fifth problem in educational intervention research is about the invalidity of 
measurements, especially when they are multidimensional in nature. Sometimes, it 
is necessary in educational intervention research to use measurement instruments 
without having the possibility to pretest them. Low validity of the measurement 
instruments might be the consequence. In chapter 5, we will show how statistical 
procedures on analyzing construct validity like confirmatory factor analysis can be 
used in order to test and handle these problems.

A sixth problem concerns a situation in which the correlations of pretests from 
different measurements are different for the posttests. When the correlations are 
different, then one might conclude that also the reliabilities and validities of mea-
surements are different. When the reliability and validity of pretests are different 
from those on the posttests, then effect patterns in interventions (as differences be-
tween pre- and posttests) might be affected. In chapter 6, we will show and reflect a 
study in which such problems occurred. 

A seventh problem is on valid interpretations and uses of test scores. In chapter 
7, there is a focus on the question whether tests are appropriate or inappropriate to 
evaluate intended intervention goals. Here, the focus is on instructional sensitivity 
as a property of a test to capture effects of classroom interventions. The complex 
concept of instructional sensitivity appears to be very challenging for intervention 
research in educational practice and future research will show whether it can be 
beneficial.

Finally, an eight problem is on the question whether participants of an inter-
vention are willing to give their best in a test on intervention effects. In order to 
answer this question, in chapter 8, a comprehensive overview of the state-of-the-art 
on test-taking motivation is given. Also, practical suggestions are depicted, how 
problems on test-taking motivation should be handled in educational intervention 
studies. 

All problems are embedded in different types of research works, all of them can 
be found within the context of educational intervention research. There are concep-
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tual analyses, theory building approaches, quasi-experimental intervention studies, 
or measurement validity studies. In case of the empirical studies, some of the men-
tioned problems were identified after the study was done. So, some of the problems 
were not first or starting points, but were found during the research process. There-
fore, especially, within most of the empirical studies in this book, the orientation 
on the mentioned problems remains subdominant. This problem orientation is 
supplemented by innovative topics in the field of higher education resp. university 
teaching, teacher education and teaching-learning activities like alternative types 
of intervention theories, volitional competences, minimal guidance interventions, 
developmental measurement approaches, and so on.

Of course, these selected problems do not provide a complete list of problems in 
educational intervention research. We have focused on problems which are highly 
relevant for research activities in educational practice, but which are, at the same 
time, not prominently anchored especially in the field of teacher training or teach-
ing-learning activities. It is also clear, that our way of handling such problems de-
pends on our theoretical and methodological focus. This focus has multiple facets. 
These facets can be made explicit in the context of another important problem in 
educational intervention research concerning multiple testing. 

The Focus of This Book Exemplified by the Problem of Multiple 
Testing in Educational Intervention Research 
In educational intervention research, it is often important to know effects of an 
intervention on multiple dependent variables. This situation implies that multiple 
statistical tests are used in one study. However, when conducting multiple tests, the 
problem of overall Type I error inflation (i.e. of rejecting the null hypothesis when 
it is true) occurs. Therefore, Alpha-levels should be adjusted on a lower level than 
the conventional .05 level. For such adjustments, many different methods can be 
found within the literature, some of them in different advanced versions and with 
available statistical software (e.g., Bretz, Hothorn, & Westfall, 2011; Shaffer, 1995). 
The most prominent procedure is an easy-to-use Bonferroni method in which each 
hypothesis is tested at an adjusted significance level of Alpha/n, whereas n is the 
number of hypotheses. Ignoring such methods has a strong impact in the scientific 
community: It could lead to false discoveries and result in wrong decisions on the 
effectiveness of interventions. 

However, there are also critiques of such adjustment methods (Fink, McConnell, 
& Vollmer, 2014; O’Keefe, 2003): First, many correction methods dependent on the 
number of tests and therefore on the number of variables in a study. However, it is 
not always clear how many variables were in fact in the original study plan. Some-
times, researchers only report results of some pre-selected variables and not on all 
variables in a study. Second, there is some dispute on the question what counts as a 
distinct hypothesis. Some argue that all or many variables in a study are correlated, 
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and thus reflect only one single hypothesis. When there is only one hypothesis, then 
no adjustments of the Alpha-level are necessary. Third, reducing the Alpha-level 
leads to a problem concerning statistical power resp. Type II error. It reduces the 
chance of detecting a genuine (nonzero) effect. Forth, there is an inconsistent ap-
plication of adjustment methods in a way that some researchers are applying such 
methods and some researchers in the same area of research are not using such pro-
cedures. As a consequence, the same results are sometimes statistically significant 
and sometimes confusingly non-significant. 

Despite these problems, there is no doubt that Alpha-level adjustment is neces-
sary especially in basic research, in which researchers have to be very conservative 
about accepting new evidence from experiments. However, in applied research as 
in the field of intervention research in educational practice, the situation is different 
in a way that higher Alpha-levels (e.g., p > .05) are accepted under certain circum-
stances. For example, Lipsey (1990, p. 39) wrote:

A promising treatment might be investigated to determine if it has beneficial effects 
in some problem area. In such an applied research the implications of errors of in-
ference may be quite different from those in basic research. To ‘discover’ that an ap-
plied treatment is effective when, in fact, it is not, does indeed mislead practitioners 
just as the analogous case misleads theoreticians. Practitioners, however, are often 
in situations where they must act as effectively as they can irrespective of the state of 
their formal knowledge, and it is unusual for them to use treatments and techniques 
of plausible but unproven efficacy. Moreover, demonstrably effective treatments for 
many practical problems are not easy to come by and candidates should not be to 
easily dismissed. 

Educational intervention research is not only situated in the field of applied re-
search, but also has often an exploratory goal focus. Within educational interven-
tion research, this complex situation also leaded to the formulation of sophisticated 
guidelines for multiple testing. In such guidelines, it was suggested that “multiplicity 
adjustments are not required for exploratory analyses” (Schochet, 2008, p. 6), how-
ever that 

reports should explicitly state that exploratory analyses do not provide rigorous 
evidence of the intervention’s overall effectiveness. Results from post hoc analyses 
should be reported as providing preliminary information on relationships in the 
data that could be subject to more rigorous future examination. 

Others argued that in such exploratory analyses and related significance testing, 
p-values lose their meaning due to an unknown inflation of the Alpha-level and 
therefore research should focus on alternative criteria and methods instead of sig-
nificance testing (e.g., simple graphic techniques) (e.g., Harlow, Mulaik, & Steiger, 
1997). Recently, Rubin (2017, p. 272) stated that whether p-values lose their meaning 
depends on how we define the “family” of the error rate and argued that 
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it is not necessary to lower the nominal Alpha-level when undertaking single tests 
of several different hypotheses. Exploratory analyses often involve many tests of this 
type. Consequently, Alpha-level adjustments are less necessary in exploratory analy-
ses than would be the case if researchers adopted a multiple hypotheses approach to 
the familywise error rate. Again, it remains the case that the more hypotheses that a 
researcher tests, the greater probability that they will make a Type I error. However, 
this increased probability is distributed across the entire collection of hypotheses 
that are tested rather than localized to any one specific hypothesis. Consequently, 
it does not threaten the validity of any single test. If (a) researchers are interested 
in determining whether evidence supports or falsifies specific hypotheses rather 
than amorphous collections of hypotheses (i.e., universal null hypotheses), and (b) 
the probability that one hypothesis is true does not influence the probability that 
another hypothesis is true, then there is no need to adjust Alpha-levels for single 
tests of multiple hypotheses. 

Finally, Trafimow et al. (2018) argued that manipulating the Alpha-level cannot cure 
significance testing and that the relative importance of Type I and Type II errors 
might differ across fields of research, studies, and researchers. Factors contributing 
to such differences include, for example, the clarity of theory, auxiliary assumptions, 
practical or applied concerns, or experimental rigor.

In this book, we reacted with the following strategies on these discussions in the 
field of multiple testing and other related problems:

a) We are clear about that our empirical studies represent applied research and 
have a significant exploratory orientation. In our studies, we tested certain interven-
tions, or measurement approaches as well as related hypotheses for the first time. 
We will formulate and substantiate specific hypotheses, but most of them are in an 
early more or less exploratory state of theory development or scientific progress. 
Therefore, our findings are preliminary and have to be re-tested in future studies 
before they can be applied in educational practice.

b) As our empirical studies are situated in exploratory and applied settings, we 
will do no Alpha-level adjustments. We deliver exact p-values and therefore the 
possibility to evaluate their significance in case of simple Alpha-level adjustments. 
We assume that many of our findings will be non-significant if highly conservative 
Alpha-level adjustments would be made. 

c) In educational practice in general, there are many factors that would decrease 
statistical power like low treatment integrity, small sample sizes, or floor or ceiling 
effects (Lipsey, 1990, p. 171). In the empirical studies in this book, there are some of 
these factors given, especially small sample sizes, due to uncontrollable situations in 
educational practice. In view of this problem, we do not apply Alpha-level adjust-
ments because they would further decrease an already low power.

d) Of course, we are aware of the fact that multivariate testing would allow to 
give up Alpha-level adjustments resp. handle them effectively. However, we avoided 
multivariate testing due to methodological limitations of our studies. Multivariate 
testing, for example, with repeated measures multivariate analysis of variance would 
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need adequate sample size, no univariate or multivariate outliers, multivariate nor-
mality, no multicollinearity, and others. On the one hand, such criteria are often not 
reached in small group studies in educational practice. On the other hand, results 
of multivariate testing are not significantly different from univariate testing in many 
cases (e.g., Keselman, Algina, & Kowalchuk, 2001). For example, within this book, 
in the study from Astleitner, Katstaller, and Greiner, five univariate analysis of vari-
ance produced the following 15 p-values (for five variables and related group, time, 
and group x time effects): .996, .815, .024, .303, .164, .073, .074, .079, .474, .336, .029, 
.796, .840, .042, and .421. A repeated multivariate analysis of variance produced 
the following p-values for the same tests: .594, .984, .039, .167, .156, .036, .085, .089, 
.446, .087, .016, .560, .755, .013, and .231. Only in 1 of 15 tests, the decisions on the 
hypotheses would be different: 0.073 (as non-significant) and 0.036 (as significant). 
Overall, p-values in both tests correlated with r = .913 (p < .001). The differences are 
mainly due to the fact that in multivariate analysis, all variables are included into 
the tests, what – due to missing cases – changes means and standard deviations as 
well as the resulting F-Tests.

e) Finally, we have to admit that our studies in this book suffer from typical 
methodological problems (e.g., small sample sizes) in the field of intervention re-
search in educational practice. From a very strict experimental point of view, these 
shortcomings suggest to focus on descriptive results of our studies only. Therefore, 
in our studies, we do not only report and discuss statistical tests, but also descriptive 
statistics. An experimental psychologist in basic research might consider such de-
scriptive information only, however, an educational researcher in applied and prac-
tical settings, would also consider results on hypotheses testing. Overall, we have 
to stress that there are significant differences between basic and applied research 
settings and that our studies are situated in applied resp. practical settings (e.g., 
Astleitner, 2013). Astleitner (2018, p. 149) outlined such differences (see Table 1). For 
example, in basic research, there is a focus on scientific theories (as classical if-then-
statements). In applied research, we also focus on technological or program theories 

Tab. 1: Differences between Basic Research, Applied Research, and Practice  
(based on: Astleitner, 2018, p. 149)

Dimensions Basic Research Applied Research Practice

Theory Scientific theory Technological theory, 
program theory

Subjective, implicit 
theory

Intervention Experiment Quasi-experiment,
design-experiment Case study

Significance Statistical significance Practical significance Success

Validity Validity of measurement 
and design Usefulness Problem solving

Measurement Testing Checking Estimating
Explanation Causality Plausibility Trial-and-error
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(as if-do-statements). In practice, practitioners have subjective or implicit theories 
(as personal opinions).

Case-based Learning
Having such differences in view of other areas of research and facing such problems 
in educational intervention research, lead to the conclusion that our findings should 
not be interpreted as effectiveness tests, but rather as possibilities for case-based 
learning in educational intervention settings. Zumbach, Haider, and Mandl (2008, 
p. 1) argued that such a perspective allows that learners “acquire knowledge through 
authentic problems from multiple perspectives, combining both foundations and 
application”. To stimulate comprehensively and sustainably the acquisition of such 
a perspective should be an important goal of this book. This perspective lies in line 
with concepts of research like “transformative research” (e.g., Mertens, 2009) or 
“translational science” in which the major goal is to shorten and optimize the gap 
between knowledge production in science and application in practical contexts 
(e.g., Wehling, 2015). Therefore, the book is for researchers, instructors, designers, 
evaluators, or practitioners in many areas of education, especially on teacher edu-
cation and teaching-learning activities. The book could be used within innovative 
scenarios on transdisciplinary educational approaches in which basic researchers, 
applied researchers, and practitioners work together to solve problems in educa-
tional practice (e.g., Ciesielski, Aldrich, Marsit, Hiatt, & Williams, 2017). 

Multiple testing and related problems represent significant areas of concern in 
the field of educational intervention research. This book will show that there are 
many other problems to be found. However, despite all the difficulties and short-
comings in intervention research in educational practice, this book should be seen 
as an attempt to connect educational research and practice on a comprehensive and 
sophisticated basis.

Although we had a strong and farsighted scientific focus in our empirical stud-
ies, many of our results were non-significant or even negative. In our opinion, this 
is nothing unusual in highly complex and dynamic applied and exploratory settings, 
even if one can hardly find it in published work in professional journals. Results of 
this book stressed that educational activities, like, for example, teacher education 
might, at least partially, be ineffective and that this severe problem has to be taken 
seriously. In this book, we will present different explanations for such problems on 
a theoretical, design- as well as measurement-based orientation. Of course, all these 
explanations are preliminary and have to be tested in future research activities. Our 
book could represent a starting point for such attempts.

Of course, such an attempt needs the support of the scientific community. I 
would like to thank all the authors in this book for bringing their interest, creative 
ideas, and scientific skills to their contributions. For the different chapters in the 
book, the stated authors and co-authors were involved significantly in different stag-
es of the research process (like planning, conducting, data analysis, and writing as 
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well as reviewing). Reviewing was conducted in a way that all co-authors delivered 
feedback to the texts and contributions of the other co-authors. The whole research 
was orientated on guidelines for good scientific practice and data protection from 
the University of Salzburg (retrieved from https://www.uni-salzburg.at). All partici-
pants in our studies were informed about the study goals, participated in the studies 
voluntarily and were able to cancel their participation at any time. Women were 
over-represented in most studies, but the generalizability of the results is not given 
anyway. All data was properly saved and statistical analyses were double checked. 
We also have evidence, that, as assumed before the interventions, control groups 
did not suffer from ethically questionable disadvantages in comparison to the in-
tervention groups. 

We have to thank all the participants in the studies. Thankfully, Jackie and Jörg 
Sams supported us in editing some texts in relation to the English language. We also 
thank for support by the Department of Educational Science and the School-of-Ed-
ucation of the University of Salzburg. We are also grateful for the help of student 
assistants in data entry and data management. We also want to thank Jörg Zumbach 
(University of Salzburg) for his critical, but true and constructive comments, es-
pecially on the problem of multiple testing. Thanks also to Hans-Jörg Herber and 
Jean-Luc Patry (University of Salzburg) who had and have a strong influence on 
my theoretical and methodological thinking. I was inspired by the shared work and 
encouraged to look at problems from multiple different perspectives what made me 
open and curious about future challenges in the field of educational intervention 
research. May that also be true for the readers of this book! 

 Hermann Astleitner
 Salzburg, Spring 2020

References
Astleitner, H. (2003). Praktische Signifikanz. Journal für Lehrerinnen- und Lehrerbil-

dung, 3, 48–53. Retrieved from https://www.studienverlag.at/zeitschriften/jour-
nal-fuer-lehrerinnen-und-lehrerbildung/

Astleitner, H. (2010). Methodische Rahmenbedingungen zur Entdeckung der Wirk-
samkeit von pädagogischen Interventionen [Methodological conditions for identi-
fying the impact of educational interventions]. In T. Hascher & B. Schmitz (Eds.), 
Pädagogische Interventionsforschung. Theoretische Grundlagen und empirisches 
Handlungswissen (pp. 48–62). Weinheim: Juventa.

Astleitner, H. (2013, December). Ist die Schulforschung naiv? [Is school research naive?] 
Paper presented at the research colloquium of the School-of-Education, University 
Salzburg, Salzburg. Retrieved from https://www.uni-salzburg.at/fileadmin/multi-
media/Erziehungswissenschaft/SOE2013_8.pdf

Astleitner, H. (2018). Spezielle Verfahren sozialwissenschaftlicher Theorieentwicklung 
[Special methods of theory building in social research]. Weinheim: Beltz Juventa.

https://www.uni-salzburg.at
https://www.studienverlag.at/zeitschriften/journal-fuer-lehrerinnen-und-lehrerbildung/
https://www.studienverlag.at/zeitschriften/journal-fuer-lehrerinnen-und-lehrerbildung/
https://www.uni-salzburg.at/fileadmin/multimedia/Erziehungswissenschaft/SOE2013_8.pdf
https://www.uni-salzburg.at/fileadmin/multimedia/Erziehungswissenschaft/SOE2013_8.pdf


15Foreword 

Bretz, F., Hothorn, T., & Westfall, P. (2011). Multiple comparisons using R. Boca Raton: 
Chapman and Hall/CRC.

Ciesielski, T. H., Aldrich, M. C., Marsit, C. J., Hiatt, R. A., & Williams, S. M. (2017). 
Transdisciplinary approaches enhance the production of translational knowledge. 
Translational Research, 182, 123–134. doi: https://doi.org/10.1016/j.trsl.2016.11.002

Fink, G., McConnell, M., & Vollmer, S. (2014). Testing for heterogeneous treatment ef-
fects in experimental data: False discovery risks and correction procedures. Journal 
of Development Effectiveness, 6, 44–57. doi: https://doi.org/10.1080/19439342.2013.8
75054

Fraser, M. W., Richman, J. M., Galinsky, M. J., & Day, S. H. (2009). Intervention re-
search. Developing social programs. New York: Oxford University Press.

Goethe, v. J. W. (1821/2000). Werke (Band 8). München: Deutscher Taschenbuch Ver-
lag.

Harlow, L. L., Mulaik, S. A., & Steiger, J. H. (Eds.). (1997). What if there were no signifi-
cance tests? Mahwah: Erlbaum.

Herber, H. J. (1998). Theorien und Modelle der Pädagogik, Psychologie und päda-
gogischen Psychologie – Annäherungsmöglichkeiten an ein komplexes Bezie-
hungsproblem [Theories and models of pedagogy, psychology and pedagogical psy-
chology – Approaching a complex relationship problem]. Salzburger Beiträge zur 
Erziehungswissenschaft, 2, 41–101.

Keselman, H. J., Algina, J., & Kowalchuk, R. K. (2001). The analysis of repeated mea-
sures designs: A review. British Journal of Mathematical and Statistical Psychology, 
54, 1–20. doi: https://doi.org/10.1348/000711001159357

Lipsey, M. R. (1990). Design sensitivity. Statistical power for experimental research. New-
bury Park, CA: Sage.

McBride, N. (2016). Intervention research: A practical guide for developing evi-
dence-based school prevention programmes. Singapore: Springer. doi: https://doi.
org/10.1007/978-981-10-1011-8

Mertens, D. M. (2009). Transformative research and evaluation. New York: Guilford.
O’Keefe, D. J. (2003). Colloquy: Should familywise alpha be adjusted? Against family-

wise alpha adjustment. Human Communication Research, 29, 431–447. doi: https://
doi.org/10.1111/j.1468-2958.2003.tb00846.x

Patry, J. L. (2001). Situation specificity of behavior: Triple relevance for research and 
practice in social research. Salzburger Beiträge zur Erziehungswissenschaft, 5, 41–62. 
Retrieved from https://www.researchgate.net/profile/Jean_Luc_Patry

Phyne, G. D., Robinson, D. H., & Levin, J. (Eds.). (2005). Empirical methods for evaluat-
ing educational interventions. Burlington, MA: Elsevier Academic Press.

Riley-Tillman, T. C., & Burns, M. K. (2009). Evaluating educational interventions. Sin-
gle-case design for measuring responses to intervention. New York: Guildford.

Rubin, M. (2017). Do p values lose their meaning in exploratory analyses? It depends 
how you define the familywise error rate. Review of General Psychology, 21, 269–275. 
doi: https://doi.org/10.1037/gpr0000123

https://doi.org/10.1016/j.trsl.2016.11.002
https://doi.org/10.1080/19439342.2013.875054
https://doi.org/10.1080/19439342.2013.875054
https://doi.org/10.1348/000711001159357
https://doi.org/10.1111/j.1468-2958.2003.tb00846.x
https://doi.org/10.1111/j.1468-2958.2003.tb00846.x
https://www.researchgate.net/profile/Jean_Luc_Patry
https://doi.org/10.1037%2Fgpr0000123
https://doi.org/10.1007/978-981-10-1011-8


16  Foreword

Schochet, P. Z. (2008). Guidelines for multiple testing in impact evaluations of education-
al interventions (Final report). Princeton: Mathematica Policy Research Inc. Re-
trieved from https://files.eric.ed.gov/fulltext/ED502199.pdf

Shaffer, J. P. (1995). Multiple hypothesis testing. Annual Review of Psychology, 46, 561–
584. doi: https://doi.org/10.1146/annurev.ps.46.020195.003021

Stylianides, G. J., & Childs, A. (Eds.). (2019). Classroom-based interventions across sub-
ject areas. Research to understand what works in education. Abingdon, New York: 
Routledge. doi: https://doi.org/10.4324/9781315170077

Trafimow, D., Amrhein, V., Areshenkoff, C. N., Barrera-Causil, C. J., Beh, E. J., Bilgiç, 
Y., et al. (2018). Manipulating the Alpha-level cannot cure significance testing. Fron-
tiers in Psychology, 9, 699. doi: https://doi.org/10.3389/fpsyg.2018.00699

Tukey, J. W. (1962). The future of data analysis. The Annals of Mathematical Statistics, 33, 
1–67. doi: https://doi.org/10.1214/aoms/1177704711

Wehling, M. (Ed.). (2015). Principles of translational science in Medicine (2nd ed.). Am-
sterdam: Elsevier. https://doi.org/10.1016/B978-0-12-800687-0.00033-5

Zumbach, J., & Mandl, H. (Eds.). (2008). Pädagogische Psychologie in Theorie und Pra-
xis: Ein fallbasiertes Lehrbuch [Educational Psychology in theory and practice: A 
case-based textbook]. Göttingen: Hogrefe.

Zumbach, J., Haider, K., & Mandl, H. (2008). Fallbasiertes Lernen: Theoretischer Hin-
tergrund und praktische Anwendung [Case-based learning: Theoretical back-
ground and practical application]. In J. Zumbach & H. Mandl, H. (Eds.), Päda-
gogische Psychologie in Theorie und Praxis: Ein fallbasiertes Lehrbuch (pp.  1–11). 
Göttingen: Hogrefe.

https://files.eric.ed.gov/fulltext/ED502199.pdf
https://doi.org/10.1146/annurev.ps.46.020195.003021
https://doi.org/10.3389/fpsyg.2018.00699


PART 1. 
Theoretical Frameworks





1. Alternative Theoretical Frameworks for Educational 
Interventions1*)

Hermann Astleitner

Abstract: Educational intervention research is based on models of educational 
effectiveness. The goal of this contribution is to analyze the status of educational 
effectiveness models by focusing on theoretical concepts and criteria in basic 
and applied social sciences. This evaluation, which is based on a comprehen-
sive exploratory review of literature, leads to the formulation of three alterna-
tive theoretical frameworks: Development-support-, implementation-, and 
dark-side-theories. Development-support-theories link developmental stages or 
competence levels (e.g., taxonomies of motivation) with adaptive strategies for 
establishing attainment-based support mechanisms (e.g., motivational tactics). 
Implementation-theories are about how interventions have to be designed for 
optimizing sensitivity to different contexts (like low- or high-quality educational 
scenarios). Dark-side-theories describe and explain the negative, non-transpar-
ent, or faulty facets of interventions (like trust and distrust as co-existing social 
realities for educational improvement). Discussions reflect on how to stimulate 
and develop intervention activities by using these alternative theoretical frame-
works.

Educational interventions have the general goal to be effective in solving a given 
problem in educational contexts. Educational effectiveness is indispensable and de-
pends on certain well-established criteria like statistical and practical significance, 
but also on theories or models of effectiveness. 

Challenges for Educational Effectiveness Theories
Existing theories on educational effectiveness which are essential in intervention 
research have to face multiple challenges arising from current developments in the 
field (e.g., Astleitner, 2010). Such challenges were identified in this contribution by 
conducting a comprehensive review of literature on educational effectiveness re-
search and an evaluation of existing shortcomings. Such a review was not under-
taken to find effect sizes or other indicators of effectiveness (as in traditional me-
ta-analyses), but to get ideas for advancing theory building and research in the field. 

1 *) This chapter is based on an unpublished paper presentation by Astleitner (2019).



20  Hermann Astleitner

It represents an exploratory review for stimulating theory building (e.g., Manzano 
Vázquez, 2018).

The challenge of integrating multiple content areas, backgrounds, and ineffective-
ness. In field of research on educational interventions, there are many specific theo-
ries on educational effectiveness (e.g., Maag Merki, Emmerich, & Holmeier, 2017), 
improvement (e.g., Creemers & Kyriakides, 2012), leadership (e.g., Lynch, 2012), 
or counseling (e.g., Dollarhide & Lemberger-Truelove, 2019). In addition, there 
are many background theories related to educational theories (e.g., Irby, Brown, 
Lara-Alecio, & Jackson, 2013), theories of learning (e.g., Olson & Hergenhahn, 
2016), instructional design theories (e.g., Reigeluth, Beatty, & Myers, 2017), or theo-
ries from related disciplines like educational psychology (e.g., Furlong, Gilman, & 
Huebner, 2014). A closer look into these approaches revealed that educational effec-
tiveness theories are highly complex as they have to integrate multiple content areas. 
It was also discovered that they sometimes did not have consistent relationships to 
background theories. In addition, it can easily be seen that most approaches focused 
primarily on effectiveness and not on co-existing ineffectiveness (for example: de-
motivation (as an indicator of ineffectiveness) is not low motivation (as an indicator 
of effectiveness), it can exist simultaneously and independently from motivation 
(e.g., Addison & Brundrett, 2008). 

The challenge of different types and criteria of theories. Educational interventions 
concern basic research, but more often applied settings. Therefore, multiple types 
of theories and related criteria existed in the field. First, there are traditional sci-
entific or objective theories in basic research (as if-then-statements and related to 
criteria like accuracy, logical consistency, or testability) (Jaccard & Jacoby, 2010). 
Second, we dispose of prescriptive technological theories in applied research (as 
if-do-statements and criteria like usability, efficiency, or usefulness) (Swanson & 
Chermack, 2013). Third, there are practical or program theories in (interventionist) 
practice (as a model on how an intervention contributes to processes and outputs 
with criteria like chain of outcomes, or mechanisms for change) (Funnell & Rogers, 
2011). Finally, there are implicit, personal, or subjective theories in individuals (as 
naive assumptions and criteria like coherence, or richness) (e.g., Barger & Linnen-
brink-Garcia, 2017). It is obvious that these different types of theories and criteria 
are relevant for intervention research, but researchers are often not aware of the 
type of theory they are using or have difficulties in recognizing and handling their 
incompatibilities. 

The challenge of identifying vital variables. Within social research and therefore 
also within educational intervention research, theories must have a limited explan-
atory power or scope in order to be testable in an efficient manner. However, such 
a limitation should not lead to a situation in which vital variables are missing. Vital 
variables are ones which are related to many other variables and which have at the 
same time a strong impact. For example, within a capital theory of effectiveness, 
variables like the motivation (to invest capital), the resistance (to change profits), 
the management (of capital flow), or failures (due to crisis in capital systems) should 
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not be missing (see for comparison, for example, the approach from Hargreaves, 
2001). Or, within a cultural model for effectiveness, culturally anchored values, 
cultural sensitivity, conflict management, or cultural change resp. instability are vi-
tal, but often missing (see the approach from Rooney, 2018). Such examples show 
that even recent and comprehensive approaches on effectiveness sometimes fail to 
identify vital variables. Help for efficiently identifying vital variables could come 
from considering innovative meta-theoretical frameworks as heuristics like “living 
systems” (e.g., Pavé, 2012) or “simple and complex systems” (e.g., Proctor & Van 
Zandt, 2018). 

The challenge of coupled mechanisms of change. Often, educational intervention 
research cannot handle successfully complex problems which are situated on differ-
ent levels of reality like educational systems, schools, classrooms, and individuals. 
Interventions then have to be “multi-level” interventions (e.g., Erbacher, Singer, & 
Poland, 2015) in which problem-solving activities are coordinated and implemented 
on different levels simultaneously. Such interventions are, for example, also related 
to statistical multi-level analysis (e.g., Humphrey & LeBreton, 2019). Within such 
interventions, the outputs of a higher level (e.g., teaching quality in classrooms) 
often represent the antecedents on a lower level (e.g., individual learning process-
es) (Scheerens, 2015). From a theoretical perspective, the problem is to find links 
or coupled mechanisms of change which can conclusively connect different levels. 
There are, for example, effectiveness models on the school context (e.g., Fleener, 
2016), on the school level (e.g., Sammons, 1995), on the classroom level (e.g., Ast-
leitner, 2018a), or on the individual level (e.g., Mayer, 1999). Theoretical concepts 
which might deliver such links concern, for example, leadership, climate, or culture. 
However, most of these concepts do not distinguish between different levels. Only 
few approaches in educational effectiveness or intervention research can handle 
conclusively different levels. For example, within the path-goal theory, there is lead-
ership behavior, also subordinate behavior, and task characteristics which allow to 
establish coupled mechanisms of change between different levels (e.g., Phillips & 
Phillips, 2016).

The challenge of confounding methodological standards with standards on theo-
retical excellence. In general, there are areas in educational intervention research 
which could have a stronger theoretical foundation. For example, recently, it was 
criticized that especially school effectiveness and also educational intervention re-
search suffer from theoretical shortcomings (e.g., Anderson & Shattuck, 2012; Han-
berger, 2014). However, there are also existing and well-established theories like the 
dynamic model from Creemers and Kyriakides (2010) which was tested successfully 
with promising results (e.g., Reynolds et al., 2014). The problem here is that such 
and similar approaches were not evaluated based on theoretical standards. Such 
standards exist, but are not in the focus of intervention research. For example, Maag 
Merki, Emmerich, and Holmeier (2015) listed core elements of school-effectiveness 
theories like multi-level-structure, dynamic perspective, linear and non-linear resp. 
direct and indirect effects, differential effects, longitudinal perspective, and multidi-
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mensional output criteria. These authors also suggested strategies to advance educa-
tional effectiveness theories, like, for example, to include alternative models, extend 
methodology to analyze processes and mechanisms, analyze differential processes 
and instruments, carry out complex multivariate analyses, or combine theory and 
practice in real school situations. However, most of these core elements and strate-
gies for theories are about social research methods or methodological principles but 
not on sophisticated types and criteria for theories and theory building procedures 
like relevance, problem orientation, originality, elegance, or stimulation of research 
(e.g., Astleitner, 2018b). Of course, first, there should be a theoretical solution to a 
theoretical problem, and not a methodological one.

Multiple other special challenges for theory building on educational interventions. 
There are also other specific challenges for theory building on educational effective-
ness. First, simple models need to be integrated into more complex models, because 
complex models are more compatible with complex situations in interventions in 
educational practice (e.g., Creemers & Kyriakides, 2006). Second, it was criticized 
that theoretical models and related research were strongly focusing on distant fac-
tors in respect to learning. However, a higher distance from individual learning pro-
cesses reduces the effectiveness of educational interventions (Seidel & Shavelson, 
2007). Third, there is little functional creativity in the field in a way that most highly 
different models of, for example, educational leadership actually include many of 
the same practices (Leithwood & Sun, 2012). Fourth, overall progress in theory 
building is missing an encompassing, pro-active perspective together with a con-
sequent search for explanatory mechanisms. There is a clear need to make studies 
more theory-driven (Scheerens, 2013). Fifth, many educational interventions pro-
duced small to medium effects and there is still a significant necessity to find new 
effective factors within theory building processes (Goldberg et al., 2019).

Need for increasing importance and status of theories. Having all these and similar 
challenges for theories on educational effectiveness in mind, it is obvious that such 
theories have potentials for further developmental steps on the importance of theo-
ries and their theoretical status (e.g., Embretson & Gorin, 2001; Greenwald, 2012). 

The importance of theory concerns a weak up to a strong theoretical focus of 
a research approach. This focus ranges from (1) considering no theory at all, (2) to 
have a strong method which is assumed to solve also theoretical problems, (3) the 
rejection of given theories, (4) the acceptance of given theories, (5) a synthesis of 
given theories, (6) the development of a new theory, and (7) finally to the assump-
tion that also decisions on methods should be based on theoretical assumptions. 
The theoretical status is about the degree of evidence. It ranges from (1) naive ev-
eryday assumptions, (2) research-based working assumptions, (3) theories in a first 
version, (4) weakly tested theories, (5) strongly tested theories, (6) (nearly) proven 
theories, up to (7) calibrated and established theories (e.g., Astleitner, 2018b).

Given the challenges which were identified in a review of literature and consid-
ering the importance and status of theoretical approaches in the field of educational 
effectiveness research, one could have the reasoned assumption that the current 
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situation in educational intervention research can be described with what DiSessa 
and Cobb (2004, p. 79) said on the role of theory in design experiments: “Theories 
... seem to replace one another, rather than subsume, extend, or complement other 
theories. Although the state of the art constantly changes, it is often difficult to tell 
that progress is being made”. 

Perspectives for Educational Effectiveness Theories
Based on the challenges for theory development in educational effectiveness re-
search, three important research questions with related types of theories can be 
identified which should stimulate progress in the field of educational intervention 
research:

1. How can we calibrate support measures? Calibration means improving mecha-
nisms of change, especially in view of the diversity of participants in education-
al interventions. As an innovative theoretical perspective, so-called “develop-
ment-support-theories” are proposed. Such theories link developmental levels 
with adaptive level-based support strategies.

2. How can we improve context sensitivity? This question is based on a general 
dilemma which lies behind many of the mentioned challenges. In educational 
intervention research, we must have general theories, but we apply and imple-
ment them into specific contexts. General theories do not allow to handle spe-
cific practical problems at first sight. In order to reduce this problem, so-called 
“implementation-theories” are suggested. These theories are about how inter-
ventions have to designed in order to increase sensibility to different contexts. 

3. What goes wrong and why? This question is especially related to the challenge 
of ineffectiveness. As an innovative theoretical perspective, it is suggested to de-
velop so-called “dark-side-theories”. Such theories are about negative or faulty 
aspects of educational interventions (see also chapter 2 with a dark-side theory 
on teaching). 

Development-support-theories

Development-support-theories link developmental stages or competence levels 
with adaptive strategies for establishing attainment-based support mechanisms (see 
Figure  1). The essential assumption is that within each level (from, for example, 
A to E), there is a certain percentage of goal attainment. If goal attainment on a 
level reaches a high percentage, then the probability increases that the next level is 
reached. For each level, there are level-based support strategies (A- to E-strategies). 
Such theories combine scientific, objective theories (on developmental stages) with 
prescriptive strategies on what to do to change the situation. All parts of such a 
theory should be based on findings from empirical research.
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Within the literature, it is possible to find well-established theories on developmen-
tal stages or competence models (for an overview, see Astleitner, 2018a). There are 
also support strategies for different competence levels like strategies for gifted stu-
dents (e.g., Wood & Peterson, 2018) or for struggling students (e.g., Jackson & Lam-
bert, 2010). What cannot be found within research on educational effectiveness are 
models that combine both aspects. Astleitner as one of the few presented such an 
approach on student engagement (Astleitner, 2018a, see also chapter 5 in this book) 
and on fostering love as interpersonal competence (e.g., Astleitner & Baumgartner, 
2015; see Table 1). For example, the developmental-support theory on fostering love 
can be described as follows (Astleitner & Baumgartner, 2015, p. 5):

The developmental model consists of five developmental steps from awareness (i.e., 
the perception of somebody on the basis of a cognitive construction process), ac-
ceptance (i.e., the respect for somebody because of a positive evaluation), care (i.e., 
the support of somebody’s welfare), trust (i.e., the degree a person believes to can 
count on somebody), and love (i.e., a strong feeling based on intimacy, passion, 
and commitment; see the triangular theory of love by Sternberg, 1986). For each 
of these developmental steps, it is assumed that they can be stimulated by certain 
instructional strategies. Awareness can be affected by knowledge-based interactions 
(e.g., telling personal histories), acquiring emotional intelligence (e.g., expanding 
empathic behavior), or allowing positive bias (e.g., seeing the partner in a posi-
tive light). Expressing high meaning (e.g., by rewarding), searching for similarities 
or complementarities (e.g., by finding common goals in life), and promoting tol-
erance (e.g., by showing the interdependences of problems) should affect accep-
tance. Care can be realized by expanding others (e.g., putting aside self-interest), 
achieving compassionate goals (e.g., having a “boy scout”-perspective in life), and 

--- A-Strategies 

100 % 0 %

A

Levels

Goal attainment

--- B-Strategies B

--- C-Strategies C

--- D-Strategies D

--- E-Strategies E

Fig. 1: A hierarchically-organized developmental model.
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doing perspective taking (e.g., by role-play activities). The instructional strategies 
for trust concern being positive and open (e.g., by conducting “self-science”), ne-
gotiating identities (e.g., by finding solutions without harming others), or keeping 
balance (e.g., by coordinating personality developmental activities). Finally, real-
izing togetherness, passionate emotions, and defending might affect love (e.g., by 
increasing time spent together). It is also important to communicate love (e.g., by 
giving compliments) and to maintain novelty (e.g., by undertaking new intellectual 
or physical activities).

Why do we need such development-support-theories in educational intervention re-
search? There is a need for such theories, because researchers in the field of educa-
tional interventions have to consider the high diversity in human beings to a larger 
extent in their theories. There is evidence that educational institutions are becoming 
even more diversified (e.g., Theoharis & Scanlan, 2015). When people are highly dif-
ferent, then educational interventions have to be designed in a way that this diver-
sity is focused during the design and implementation process. This idea is not new. 
Within educational intervention research, there are traditional and well-established 
methodological approaches on “aptitude-treatment-interaction” (e.g., Astleitner, 
Kriegseisen, & Riffert, 2009) or on “design-based research” (e.g., Mintrop, 2016) in 
which differences between people are considered when designing different inter-
ventions for different participants. However, these approaches are method-driven 
and not accompanied by suitable complementary theoretical approaches. General 
theory-driven approaches in educational intervention contexts concern “differenti-
ation” (i.e., the adaptation of instructional methods on different needs of students; 
e.g., Cash, 2017), “instructional alignment” (i.e., the adaptation of different teach-
ing goals, instructional methods, and evaluation of learning; e.g., Carter, 2007), or 
“adaptive” and “personalized” learning environments (e.g., Kinshuk, 2016).

How to get from traditional scientific theories to development-support-theories? In 
general, Astleitner (2018b, p. 135) showed in detail how to build development-sup-
port-theories: The first step is defining a final goal of a development. The next step is 
to formulate a process with intermediate stages, which are related to this final goal. 
After the process is formulated in stages, influencing factors (support strategies) 
are determined which are different for different stages. In a final step, the resulting 
development model is constantly revised and checked for validity. Social science 
theories and corresponding empirical evidence come into play in all phases of this 
theory development process. 

Another possibility is to search for theoretical models which are hierarchically 
organized and then link them to other models which contain matching support 
strategies. An example for this way of theory building can be shown in the field 
of motivational interventions. Here, on the one hand, for example, Ryan and Deci 
(2000) delivered a hierarchically organized taxonomy of human motivation as a de-
velopmental model ranging from (low) amotivation, external regulation, introjec-
tion, identification, integration to (high) intrinsic motivation. On the other hand, 
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Keller (2010) provided with his ARCS-model many support strategies for stimulat-
ing motivational parameters like attention, relevance, confidence, and satisfaction. 
Now, the building of a development-support-theory can be realized when the stages 
of the developmental model are linked with certain support strategies. For example, 
it might be theoretically and empirically conclusive to link the support strategy of 
“extrinsic rewards” (from the ARCS-model) with the developmental level of “ex-
ternal regulation” (from the taxonomy of human motivation), or “intrinsic rein-
forcement” with “intrinsic motivation”, or “perceptual arousal” with “amotivation”. 
Overall, both models could profit from integrating them: The taxonomy of human 
motivation from Ryan and Deci (2000) develops from a descriptive psychological 
theory to a prescriptive educational theory. The ARCS-model from Keller (2010) 
could advance into an approach which can be used for individualized and compe-
tence-based instruction.

Implementation-theories

Implementation-theories are about how interventions have to be designed for op-
timizing sensitivity to different contexts. Sensitivity concerns important elements 
of an educational intervention like active ingredients (e.g., learning materials), 
dosage (e.g., strength, duration), passive ingredients (e.g., perceptual, communi-
cation, or acceptance design), (theoretical) sampling, or side effects (Astleitner, 
2013a; Lipsey, 1990). Sensitivity in intervention research was considered from a 
methodological perspective especially in implementation science (Kelly & Perkins, 

Tab. 1: A Human Developmental Model on Fostering Love  
(based on: Astleitner & Baumgartner, 2015)

Developmental 
Steps Support Strategies

Awareness
(1) Establishing knowledge-based interactions
(2) Acquiring emotional intelligence
(3) Allowing positive bias

Acceptance
(4) Expressing high meaning
(5) Searching for similarities and complementarities
(6) Promoting tolerance

Care
(7) Expanding others
(8) Achieving compassionate goals
(9) Doing perspective taking

Trust
(10) Being positive and open
(11) Negotiating identities
(12) Keeping balance

Love
(13) Realizing togetherness, passionate emotions, and defending
(14) Communicating love
(15) Maintaining novelty
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2012), design-based research (Bakker, 2019), and concerning response to interven-
tion approaches (Jimerson, Burns, & VanDerHeyden, 2016). Such methodological 
perspectives concern a) the likelihood that an effect of an intervention will be de-
tectable by research design, b) evidence-based strategies (e.g., data-based decisions) 
to enhance the effectiveness of interventions, c) iterative cycles of testing and im-
proving interventions, or d) designing measurements, trainings, and evaluations in 
order to optimize intervention effects in real-world-settings.

Why do we need implementation-theories? Within Figure 2, it is illustrated how 
scientific theories and implementation-theories are interlinked. Traditionally, inter-
vention researchers think that their independent variables (as intervention) produce 
effects on their dependent variables. The relationship from independent to depen-
dent variables and related mechanisms or processes are described and explained by 
scientific theories. However, this is only half of the truth: It is not the independent 
variable which produces an effect on the dependent variable, but the intervention 
in context. The intervention is strongly influenced by context characteristics. The 
relationship between independent variables, context characteristics, and the inter-
vention are in the focus of an implementation-theory. So, an educational interven-
tion is not only a test of the scientific theory, but also simultaneously of the imple-
mentation-theory. An effect of an intervention can be positive, because of a good 
scientific theory. An effect of the same intervention can be negative, because of a 
bad implementation-theory. For example, humor proved to have a positive effect on 
learning in teaching contexts. However, when somebody is not able to consider the 
context (e.g., women or men) of being humorous, then positive effects diminished 
(e.g., Wanzer, Frymier, & Irwin, 2010). Another example is given in Figure  2: If 
somebody wants to improve learning by increasing motivation, then as intervention 
the design of a motivating interaction (between students and teachers) is necessary. 
This motivating interaction is different, for example, for a fear of failure-context in 
comparison to a success-orientated context. In both cases, different implementa-
tion-theories might be used like approaches on the motivation crowding effect (e.g., 
Frey & Jegen, 2001), the success-failure-ratio (Gottman, Coan, Carrere, & Swanson, 
1998), or protection motivation (e.g., Floyd, Prentice-Dunn, & Rogers, 2000). In 
this case, for the same independent variables, different types of interventions will be 
designed and effective.

A theory on the dosage of an intervention. Another example of an implementa-
tion-theory can be based on the assumption that the same dosage (e.g., task diffi-
culty) of an intervention leads to different effects in different contexts (e.g., groups 
of learners) (e.g., Astleitner, 2008). The effect of the dosage depends on the relation-
ship between dosage and effect (Lipsey, 1990, p. 143). This dosage-effect-relationship 
can be classified into four theoretical types:
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a) A linear relationship (groups with increasing input needed): This means that an 
increase (decrease) of the dosage of an intervention will lead to an increase (de-
crease) in the effect of this intervention. For the group context, this assumption 
means that interventionists have to invest additional resources (in time, etc.) in 
order to get better results (e.g., achievements).

b) A step function (the saturated groups): Here, an increase of the dosage of an 
intervention does not produce any increase in effects for a long time. However, 
when a certain level of dosage is reached, then there are strong effects. For ex-
ample, it might be possible that an increase in teacher training will not change 
the quality of classroom instruction for a long time. However, it might be the 
case, that such efforts would lead after a certain amount of time to, for example, 
additional self-organized and highly motivated group building processes which 
could improve the quality of classroom instruction significantly.

c) A strengthened or weakened relationships (the all-is-possible groups): In this 
situation, the same dosage has sometimes a strengthened and sometimes a 
weakened effect. The effect depends not only on the dosage, but also on other 
factors which often cannot be controlled in educational interventions. In group 
contexts, the same well-designed teacher education program can, for example, 
be a large success in one school, and at the same time, be a disaster in another 
school.

d) A U- or inverted U-relationship (the not too much and not too little groups): 
Here, a maximum or minimum effect is given at an average dosage of an inter-
vention. For example, in school contexts, it might not be a good advice to change 
the classroom behaviors of teachers to a large extent when there are problems. 
It might be more effective, to change some elements, but also keep others. For 

Independent 
variables

Dependent 
variables

Scientific 
theory

Independent 
variables

Dependent 
variables

Context
characteristics

Intervention
in context

Implementation-
theory

Motivation LearningFear of 
failure-
context

Motivating 
Interaction
in context

Success-
failure-ratio

What we believe to test

What we test additionally

A simple example

Motivation
crowding

Protection
motivation

Fig. 2: Scientific theory and implementation-theory.



29  Alternative Theoretical Frameworks for Educational Interventions 

example, Chow, Davids, Button, and Renshaw (2015) described learning as a 
complex interacting system in which the individual practice task and a finely 
tuned dosage of intervention are essential. Also, McNaughton (2018) compared 
situations in which there is too much support for students with situations in 
which there is too little support.

Knowledge about such different types of dosage-effect-relationships is essential 
when designing interventions, because it allows to optimize intervention effects 
and to handle resources (in time, money, etc.) more efficiently. When, for example, 
teachers prefer an average dosage of intervention, then strong interventions should 
be avoided. In such cases, more in intervention will lead to less effect.

Dark-side-theories

Dark-side-theories describe and explain the negative, non-transparent, or faulty 
facets of educational interventions. Dark-side-theories are related to general social 
science approaches like the iceberg model of organizational cultures (Sackmann, 
1991), or parallel worlds (Astleitner, 2013b). An explicit dark-side perspective in in-
tervention research can be found, for example, in school reform (e.g., Brooks, 2005), 
educational leadership (e.g., Polka & Litchka, 2008), transformational leadership 
(e.g., Tourish, 2013), or organizational behavior (e.g., Griffin & O’Leary-Kelly, 2004). 

Why do we need dark-side-theories? The dark-side of educational intervention 
research was not in foreground of discussions due to some tendencies in current 
research like the fading out of “negative evidence” and resulting “publication bias” 
(e.g., Sala & Gobet, 2017). Dark-side-theories could help to find new effective factors 
in educational intervention research. Recent meta-analyses on the effectiveness of 
educational interventions often only found small to moderate effects. For example, 
Scammacca, Roberts, Vaughn, and Stuebing (2015) found a small mean effect size 
for standard measures of reading of 0.21 although reading in schools represented 
one of the most important issues in educational intervention research for the last 
decades.

In addition, there is some specific more or less anecdotal evidence on the dark 
side in educational fields which could be in the focus of educational intervention re-
search and related theory building. There are, for example, “hidden curriculums” in 
schools and classrooms (Gordon, Bridglall, & Meroe, 2005), confidential reports on 
problems in educational practice (Turner, 2017), confessions of ineffective teachers 
(Owens, 2013), lists of educational errors (Bebell, 2013), documentations of implicit 
bias in schools (Gullo, Capatosto, & Staats, 2019), or discussions about lies of school 
reform (Gorski & Zenkov, 2014). However, such soft evidence does not allow to 
have a profound basis for handling the dark-side of educational interventions, and 
it does not help to improve the educational profession. In other professional areas 
like medicine or psychotherapy, there are comprehensive theoretical and empirical 
approaches on cognitive errors, diagnostic mistakes, or on learning from failures 
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(Dryden & Neenan, 2011; Howard, 2018). In order that educational intervention re-
search can achieve what these comparable fields of research already accomplished, 
more dark-side-theories could be helpful.

An example of dark-side-theory on trust development. There is strong evidence 
that trust represents a core source for interventions in educational contexts (e.g., 
Bryk & Schneider, 2002). Saunders, Dietz, and Thornhill (2014) found that differ-
ing educational interventions are needed to reduce distrust in comparison to build 
trust. In order to handle such a situation, it would be necessary to have a theory 
which focuses at the same time on the bright side (trust) and on the dark side (dis-
trust). Exactly such a theory was presented by Lewicki, Tomlinson, and Gillespie 
(2006) on interpersonal trust development. In particular, within this model of trust 
development, a dark facet is given, when there is high distrust and low trust, and 
a bright facet is on high trust and low distrust. From an educational intervention 
perspective, it could be an important goal to develop people from the dark facet into 
the bright facet. Such theories which cover at the same time a positive and a negative 
aspect could be an important starting point for developing dark-side-theories. Such 
combinations of bright and dark facets concern cognitive processes (e.g., effective 
and ineffective problem solving), motivational processes (e.g., hope for success and 
fear of failure) as well as emotional processes (e.g., love and hate).

A Progressive Research Program for Educational Intervention 
Research
Development-support-, implementation-, and dark-side-theories represent more 
or less new types of theories in educational intervention research. In order to stim-
ulate research on such theories, a research program must be undertaken in the field 
educational intervention research. Such a research program should focus on a more 
intensified consideration of theory building methods and on research strategies 
which were outlined in this chapter. It consists of:

• concerning development-support-theories
 – the generation of hierarchically organized theories on human development 

together with a set of educational support strategies,
 – the use of research methods which test the interaction of individual devel-

opment and support strategies (based on aptitude-treatment-interaction- or 
complex trait-treatment-interaction studies (e.g., Leutner & Rammsayer, 
1995)),

• concerning implementation-theories
 – the exploration of unintended side effects, because they are not on the re-

search agenda of educational intervention research,
 – the optimization of passive ingredients of an intervention, because they are 

often the reason why well-designed intervention approaches fail, and
• concerning dark-side-theories
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 – the integration of existing models on bright and dark facets of a phenome-
non,

 – the use of insider research which allows to explore hidden problems,
 – the learning from dark case studies which address negative evidence, and
 – the deep analysis of failures or errors in basic research, applied research as 

well as practice.

Such a comprehensive and sophisticated research program needs time and innova-
tive research strategies for implementation. In order to save resources, a concept can 
be suggested which could allow to integrate multiple mentioned research strategies 
simultaneously. Such a strategy concerns amateur researchers and their theories.

Educational Amateur Theories in Intervention Research

Amateur researchers are people which do some kind of research activities in their 
everyday life. Such an idea is not new. There are concepts like “action research”, 
“field research”, “reflective practitioners”, or “teachers as researchers” which focus 
on research done by amateurs outside traditional research institutions. Amateur 
researchers can, for example, be found in the areas of genealogy, paranormal phe-
nomena, astrology, biology, archeology, volcanology, education in schools, or crim-
inology. From a theoretical perspective, amateur researchers have, especially at the 
beginning of their activities, “naive theories”, “implicit theories”, “subjective theo-
ries”, “practical theories”, or “personal theories” which are different from scientific 
theories as they concern individual everyday assumptions about given phenomena 
(e.g., Astleitner & Baumgartner, 2015). Based on this background and as an integra-
tive attempt, “educational amateur theories” are all kinds of non-expert assump-
tions about the characteristics and the relationships of everyday phenomena in the 
field of education, instruction, training, coaching, or counseling. 

An important approach in educational intervention research could be to trans-
form such amateur theories into scientific theories in individuals. An education-
al intervention would then be a theory transformation process in which a more 
sophisticated theory is acquired. A sophisticated theory should be true and allow 
to solve more effectively problems in educational practice. For example, Blackwell, 
Trzesniewski, and Dweck (2007) used the teaching of theory as an intervention to 
change implicit theories on intelligence. Or, Tolma, Stoner, Li, Kim, and Engelman 
(2014) presented an expanded model of the theory of planned behavior in which the 
following possible elements of amateur theories were included:

• beliefs about consequences of performing the behavior,
• beliefs about significant others’ expectations with respect to behavior,
• motivation to comply with significant others’ expectations,
• beliefs about anticipated difficulties of performing behavior,
• attitudes,
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• subjective norms,
• perceived behavioral control,
• cultural norms,
• perceived susceptibility,
• social modeling,
• intention,
• self-efficacy, or
• fatalism. 

The goal of an educational intervention then would be to have a coordinated and 
equal impact on all of these elements of amateur theories. 
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2.  A Theoretical Perspective on Ineffective 
Interventions: Malfunctions in Teaching
Hermann Astleitner

Abstract: An important problem in educational intervention research represents 
the fact that interventions are ineffective. Ineffectiveness means that intended 
goals are not reached. In educational intervention research, there is a strong ten-
dency to ignore ineffective interventions and related problems. This is also true 
for teaching. Although, there is ineffective teaching, little is known about dif-
ferent types of ineffectiveness or malfunctions in teaching. In this contribution, 
there are three main goals related to a dark-side theory. First, it is important to 
identify a systematic set of teaching malfunctions. Second, it aims at formulat-
ing comprehensive macro- and micro-theories about why malfunctions occur. 
Finally, implications and problems for future educational intervention research 
are briefly outlined.

Teaching is a highly complex interventionist activity which requires sophisticated 
professional teacher competences (e.g., Kunter et al., 2013). Successful teaching pre-
supposes to manage goals, contents, instructional methods, learning materials, and 
assessments more or less simultaneously. In order to establish successful teaching 
and to support teachers, educational and psychological research produced numer-
ous models and related evidence on effective teaching (e.g., Ko & Sammons, 2013; 
Kyriakides, Christoforou, & Charalambous, 2013; Schacter & Thum, 2004). Such 
positive models on teaching were implemented into teacher education and training 
with significant profits for teachers and their students (e.g., Blömeke, Suhl, & Kaiser, 
2011; Carr-Chellman, 2016). 

However, all the positive models of good and effective teaching cannot avoid 
problems and related malfunctions in teaching in our daily classrooms. Such mal-
functioning leads to a severe situation for teachers with consequences for their 
classroom performance and related student learning: They suffer, for example, from 
reality shock, dropout, stress, burnout, poor recovery, and related health problems 
(Gluschkoff et al., 2016; Stokking, Leenders, DeJong, & Van Tartwijk, 2003). Hand-
ling teaching malfunctions is difficult as teaching is an interventionist activity with 
uncertain conditions, processes, and outcomes. Teaching is full of complexity, 
dynamic processes, interactions, situational changes, pedagogical dilemmas, and 
unsolvable problems (e.g., Lampert, 1985). Therefore, teaching is based on a high 
probability of ineffectiveness, problems, malfunctions, failures, biases, or errors. 
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A similar situation might also be given for psychotherapy or medical treatment 
which are comparable to teaching as they represent interventionist activities in order 
to solve human problems. However, in interventionist disciplines like psychother-
apy or medicine, researchers have started to focus in great detail on ineffectiveness 
resp. malfunctions or errors in their field. For example, 2016, a whole special issue 
of the journal Psychotherapy has been focusing on “clinical errors” (Budge, 2016). 
Also, for example, Howard (2019) has classified a tremendous amount of diagnostic, 
treatment, preventive, or other types of “medical errors” which are essential for the 
health of patients. 

In past and current research on teaching, such a focus on ineffectiveness as well 
as problems and malfunctions has not played a significant role. There are several 
reasons for this situation.

First, it is difficult to find a proper definition of “teaching malfunctions” and syn-
onyms like “ineffective teaching”, “teaching problems”, “teaching errors”, “teaching 
mistakes”, “teaching failures”, or “bad teaching”. According to the Merriam-Webster 
Dictionary, “malfunction” is “a failure to operate or function in the normal or cor-
rect manner” and an “error” is “an unintentional departure from truth or accura-
cy”, “a breaking of a moral or legal code”, or “a false idea or belief ” (retrieved from 
https://www.merriam-webster.com). According to another definition, an “error” is 
a “failure to carry out a task in the way intended by the person performing it, in 
the way expected by other people or in a way that achieves the desired objective” 
(Kletz, 2001, p. V). Considering such definitions, “teaching malfunctions” can be 
defined as instructional activities which are not supportive or even obstructing 
in reaching desired educational goals and standards in the classroom. One might 
argue, that having no well-established definition of teaching malfunctions is not 
accidental, because there is no need to have a definition of teaching malfunctions 
and to focus on the dark side of teaching, because it is sufficient to concentrate 
on the positive side. The dark side is only the opposite, or a low level as well as 
an inefficient characteristic of the positive side. Here, for example, Jackson (2006) 
discovered that graduates reflecting on their education describe good teaching and 
bad teaching in significantly different registers without almost no overlap in the 
vocabulary with which they describe the two sides of teaching. Also, Raufelder et al. 
(2016) found that the qualities of bad teachers were not always opposed to those of 
good teachers. A particular focus on teaching malfunctions seems also to be neces-
sary, because there is a long tradition on special research on human errors in many 
different fields which were widely overseen in research on teaching (e.g., Strauch, 
2018). In addition, there is a more or less new trend in education to focus on the 
difficult to handle negative “dark side” (see also chapter 1 in this book). For exam-
ple, Bengtsen and Barnett (2017) used the term “dark” to “comprehend challenges, 
situations, reactions, aims and goals, which cannot easily be understood and solved 
by agendas of quality assurance and professionalisation”. There is also more or less 
anecdotal and subjective evidence about “bad teachers” which has to be confronted 
with more objective scientific methods and results (e.g., Owens, 2013). Finally, there 
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is the phenomenon of “reporting bias” or “publication bias” in research on teaching 
which leaded to the fading out of non-significant and negative results (e.g., Dawson 
& Dawson, 2018). Here, a focus on the negative side of teaching could compensate 
such bias and allow to gain a more complete and therefore more valid picture of the 
reality of teaching in our schools. 

A second line of arguing for the consideration of teaching malfunctions corre-
sponds with a long tradition in the field of education assuming that people and also 
teachers can learn from errors and mistakes (e.g., Bryant, 2003) or from unsolved 
problems in problem-based learning scenarios (e.g., Wedel, Müller, Pfetsch, & It-
tel, 2019). For example, Treiber (1984) demonstrated to connect specific behavior 
patterns showing ineffective teaching with research findings in order to improve 
teacher education. In a survey from Phelps (2000), teachers reported 43 different 
teaching mistakes indicating that teaching errors and related fallibility fulfill an im-
portant role in classrooms and teacher education. Learning from errors can also be 
identified within research on the relationship between novice and expert teachers 
(e.g., Walls, Nardi, von Minden, & Hoffman, 2002). For example, Barbetta, Norona, 
and Bicard (2005) identified about a dozen of common malfunctions in classroom 
behavior management. Based on these malfunctions, they have suggested strategies 
how to improve the situation resp. how to avoid related problems (e.g., “having clear 
expectations that are enforced and reinforced consistently”). Keith and Frese (2008) 
did a meta-analysis on the effectiveness of error management trainings (what in-
cludes to make errors during training and learn from them). They have found pos-
itive and significant effects on performance (d = 0.44). Le Maistre and Paré (2010) 
found that beginning teachers in daily classrooms have to develop survival strate-
gies (e.g., “satisficing” as having not an optimal but a suffice solution to a problem). 
Such strategies are erroneous at the beginning, but allow to find better realistic and 
individual solutions in a step-by-step procedure. A review on learning from errors 
by Metcalfe (2017) was not related to teaching errors, but delivered profound argu-
ments why also teachers could learn from teaching malfunctions. In analogy, teach-
ing malfunctions can, for example, serve as signposts to correct teaching behaviors, 
stimulate the remembering of risky contexts, help as dysfunctional response to 
reduce fear, make it necessary to accommodate to unexpected outcomes, or offset 
overconfidence. Negative emotional effects of focusing on teaching malfunctions in, 
for example, teacher education courses can be buffered with emotionally sensitive 
error management trainings. 

Overall, it seems appropriate to say that a focus on teaching malfunctions could 
a) deliver an expanded basis on how to constitute, measure, and evaluate phenom-
ena which reduce effectiveness in complex and dynamic scenarios like teaching, b) 
help in getting hidden or unknown knowledge on why things in our classrooms do 
not work as intended, c) allow to estimate whether successes and failures in teaching 
are polar opposites or co-existing, d) optimize learning from errors in teacher edu-
cation settings which should also allow to close the beginner-expert-gap in a more 
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realistic and individualized way, and e) stimulate deep learning experiences within 
an emotionally-sensitive scenario.

Is There any Integrative Research on Teaching Malfunctions yet?
Considering that teaching malfunctions represent a valuable field of research, one 
could ask for already given reviews, meta-analysis, or other research integrating 
studies on this issue. 

Veenman (1984) reviewed research on perceived problems of beginning teachers 
and identified about 24 problems concerning, for example, classroom discipline, 
motivating students, dealing with individual differences, and so on. This review 
identified important problems, but there was no link to teaching malfunctions and 
related processes. Huang (2002) did a narrative review on errors in English language 
teaching. This review was mainly focusing on errors of students in learning, but not 
on teaching. Only few and unorganized issues like the assessment, treatment, and 
grading errors by teachers concern teaching malfunctions. Kirschner, Sweller, and 
Clark (2006) reviewed evidence from empirical studies on unguided or minimal-
ly-guided learning in classrooms and found that it was less effective than guided 
learning. They covered however only one important teaching malfunction, name-
ly to realize classroom learning without direct and strong instructional guidance. 
Hiebert, Morris, Berk, and Jansen (2007) presented an integrative framework on 
how teachers learn from teaching by testing hypotheses about cause-effect relation-
ships between teaching and learning. Testing hypotheses is a trial-and-error-like 
approach. However, the authors did not elaborate in detail on errors or malfunc-
tions in teaching. Hattie (2008) analyzed hundreds of meta-analyses and classified 
methods of teaching from efficient to inefficient. For such classifications, it might be 
concluded that using teaching methods with low effect sizes resp. low impact might 
be considered as a teaching malfunction. However, one must be cautious on such 
analyses. For example, Hattie (2008) identified humor of having a very low average 
impact (d = 0.04) in student learning. One cannot conclude that using humor rep-
resents a teaching malfunction, because effects of using humor differ considerably 
in classroom situations. In addition, humor had also not only effects on learning, 
but also on other factors which are closely related to student achievements like emo-
tions of students (e.g., Bieg, Grassinger, & Dresel, 2017). Scheerens (2015) presented 
a detailed overview about theories on educational effectiveness and ineffectiveness 
and asked the question what models have to say about educational ineffective-
ness. He has concluded that there are many, but often overseen negative aspects 
in developing schools and related classroom teaching and that these aspects must 
be considered “by actively countering implementation failures and side effects, by 
fostering more realistic expectations on effects and effect sizes among practitioners 
and policy makers, and by considering alternatives levers for improvement” (p. 27).
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In general, such and similar findings make it difficult to identify a comprehen-
sive, conclusive, and integrative perspective on teaching malfunctions within recent 
research activities.

Objectives and Methods
From a more specific perspective, the mentioned research on teaching malfunc-
tions revealed that there are many deficits and shortcomings. A first objective of this 
contribution is to develop a systematic classification of different types of teaching 
malfunctions. Second, a macro and a micro model will be conceptualized which can 
describe and explain why teaching malfunctions occur. There are such approaches 
for errors in learning, but not for malfunctions in teaching (e.g., Petkova, 2009). 

In order to achieve these objectives, multiple research methods were used in 
combination. For all goals, it was necessary to conduct a review of literature with 
an exploratory focus. Due to the limited research status, it was not the orientation 
to realize a comprehensive and exhaustive review as it is usually done in the case of 
meta-analyses which focus on effectiveness. Rather, it was the goal to explore and 
integrate current theoretical and empirical research in order to develop basic con-
cepts and methods on teaching malfunctions (Cooper, 1989). Based on these objec-
tives, scholar.google was used to identify relevant research in scientific journals and 
books. We used the keywords of “malfunctions” (and related synonyms like “errors”, 
“mistakes”, “failures”, “shortcomings”, or “deficits”) and “teaching” (and “instruction” 
or “classroom behavior”). For specific purposes, we combined these keywords with 
“theory” (or “model”), “assessment” (or “measurement”, “questionnaire”, or “scale”), 
and “teacher education” (or “teacher training”). Overall, more than 60 studies were 
identified and used in the following sections. In order to support the goal of concept 
and theory building, theory construction methods based on “focusing concepts” 
and “causal models” from Jaccard and Jacoby (2010) were applied. 

A Taxonomy of Teaching Malfunctions
Within Table 1, a taxonomy of teaching malfunctions is depicted based on a com-
prehensive and integrative review of research findings. It combines different in-
structional events, types of teaching malfunctions, definitions, and examples.

The given taxonomy is based on principles of “direct instruction” which focuses 
on the interaction between teachers and students, the framing of learner perfor-
mance into goals and tasks, and teachers’ activities to support learner performance 
(Magliaro, Lockee, & Burton, 2005). Direct instruction is – based on Gagné (1985) 
– focusing on “instructional events” (as interventions or conditions for students 
learning in the classroom) ranging from gaining attention to enhancing retention 
and transfer of students, however, with a perspective on malfunctions. The concept 
of instructional events a) allowed to integrate different paradigm of teaching and 
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learning, b) was widely used and found to be effective in educational contexts, and 
c) was applied in research activities on teachers and their professional development 
(e.g., Cronjé, 2006; Krull, Oras, & Sisask, 2007; Martin, Klein, & Sullivan, 2004). 
These instructional events were used to organize the teaching malfunctions.

A first block of teaching malfunctions is about triggering inattentiveness in 
classrooms (Kofler, Rapport, & Matt Alderson, 2008). Inattentiveness is about off-
task behavior and can be related to the teaching malfunctions of bad disturbance 
handling, no perceptual arousal, no inquiry arousal, or monotony in instruction-
al activities (e.g., Keller, 1987). For example, such a malfunctioning is given when 
teachers cannot handle disruptive student behavior effectively what makes it diffi-
cult to gain attention for learning.

A second block of teaching malfunctions concerns establishing diffuse goal 
orientations (Kunst, van Woerkom, & Poell, 2018). It is about not informing stu-
dents about the goals of learning in a sufficient and compulsory way so that goal 
setting and goal commitment during learning are negatively affected (e.g., Moeller, 
Theiler, & Wu, 2012). Related teaching malfunctions include inadequate, unclear, 
or unbalanced goals as well as goal incoherence or goal slips. An example of such a 
malfunctioning is about teachers who focus on goals for learning which cannot be 
found within the given curriculum.

A third block of teaching malfunctions is about ignoring prerequisite learning 
of students (e.g., Lo & Hew, 2017). In this case, teaching malfunctions are given 
when there are no foci on past learning, no guiding overviews about new contents 
of learning, or no preparing tasks. For example, when teachers do not give or eval-
uate homework or similar preparing tasks, then they fail to stimulate prerequisite 
learning.

A fourth block of teaching malfunctions refers to a disorganized information 
management of learning materials within the classroom (Diekema & Olson, 2011). 
It is about interruptions in the flow of information during presenting, distributing, 
and storing on- and offline materials (e.g., Mayer, 1999). Here, teaching malfunc-
tions are given when students get no assistance in selecting information, when in-
formation is disorganized, when support for the integration of new information is 
missing, or when there is no focus on note-taking. For example, such a teaching 
malfunction occurs when teachers present information as it were all the same.

A fifth block of teaching malfunctions is on not solving learning problems or 
errors of students successfully (Tulis, 2013). It means not or not effectively providing 
learner guidance in case of learning problems (e.g., Jonassen, 1999). Malfunctions 
concern ineffective classroom management, and the missing of modeling, coaching, 
or scaffolding behavior. Such malfunctions are, for example, given when teachers 
do not establish rules (and consequences) about how to handle learning-related or 
social problems in classrooms.

A sixth block concerns the problem of preventing task-based activities by stu-
dents what means not effectively eliciting active student performance during teach-
ing. Related malfunctions are given when no task-based learning environments are 
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established and when there is no more or less autonomous task choice by students 
(e.g., Van Merriënboer & Kirschner, 2013). An example of such a malfunction is, for 
example, given when teachers and learners spend no or only little time on solving 
tasks.

A seventh block of teaching malfunctions refers to nonresponsive behavior, 
when there are problems in providing feedback to students. Malfunctions are given 
when feedback is not constructive or bad in timing (e.g., Havnes, Smith, Dysthe, 
& Ludvigsen, 2012). Given feedback without focusing on important teaching goals 
represents an example of this malfunction. 

An eighth block concerns assessment biases when judging capabilities and per-
formances of students (Atjonen, 2014). Malfunctions are given when there are a 
misalignment (between assessment, curriculum, and instruction) and no valida-
tion attempts on assessments and related grades (e.g., Zhang & Burry-Stock, 2003). 
Malfunctions in assessments are, for example, given when teachers use assessment 
practices which are entirely unknown to students.

A final ninth block is related to the inapplicability of knowledge when enhancing 
retention and transfer are restricted. Teaching malfunctions in class relate to the 
lack of application of knowledge and skills in different contexts and no stimulation 
to think about relationships or analogies in content (e.g., Gentner, Loewenstein, & 
Thompson, 2003). Such a malfunction is, for example, given when teachers do not 
embed contents in daily life experiences.

Overall, 28 different types of teaching malfunctions were depicted and classified. 
Of course, this taxonomy is not exhaustive or covering the full range of research. 
However, the given taxonomy represents a systematic starting point for further re-
search activities. Within a next step of research, it is important to clarify why such 
malfunctions in teaching occur. 

A Macro- and Micro-Theory about Why Malfunctions Occur
Teaching behavior and related malfunctions are affected by multiple factors which 
can be summarized within a macro model on teaching malfunctions (Figure  1). 
Such a macro model focuses on observable processes and products on the school-, 
classroom-, teacher-, and student-level. Such school/classroom-, and teacher-relat-
ed factors can be identified when combining more or less general approaches on hu-
man erroneous behavior and error management (e.g., Dekker, 2014; Dhillon, 2009; 
Reason, 1990) as well as research on school-related and instructional effectiveness 
(e.g., Creemers & Kyriakides, 2012; Stronge, Ward, & Grant, 2011).

First, there are challenges in the teaching profession which require a change of 
goals and behavior from teachers. These challenges result from changes in politics 
and corresponding visions, which occur at regular intervals in the educational sys-
tems. They are also linked to guidelines or instructions for actions from leadership 
activities by school principals or other decision makers. In many schools, there is a 
certain culture about how to deal with malfunctions in teaching. Sometimes such 
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malfunctioning is simply ignored, sometimes it is being actively processed. Teach-
ing is also acting under pressure. This pressure comes from time restrictions or 
requirements, the heterogeneity and scale of problems associated with students, and 
parental wishes and ideas. 

Second, whether challenges have a positive or negative effect on teachers, de-
pends on countermeasures which represent all educational and organizational mea-
sures to help teachers to avoid or reduce negative effects on their teaching. Such 
measures concern traditionally used procedures as evaluation resp. quality assur-
ance, training, supervision, and coaching as well as team-based problem-solving. 
Reorganization concerns restructuring or reforming attempts in school and class-
room contexts like workplace learning and systematic reflection in order to avoid 
teaching malfunctions to reoccur (e.g., Imants, 2002). 

Third, it is assumed that the personality of the teacher influences malfunction 
management, and related teaching malfunctions (e.g., Klassen & Tze, 2014). Per-
sonality concerns more or less stable personality traits about teaching and quali-
ty of teaching like beliefs, motivational orientations, as well as self-regulation and 
professional knowledge and skills. For example, beliefs on teaching concern capa-
bilities (skills for executing actions), or contexts (students, parents, other teachers, 
or administrators which influence the probability of producing certain results in 
teaching) (Lumpe, Haney, & Czerniak, 2000). 

Fourth, even teachers with the most sophisticated personality traits will not be 
able to avoid teaching malfunctions. When teachers experience malfunctions and 
related problems in teaching, then it is important that they manage solving such 
problems. Malfunction management refers to all activities that assist teachers in 
realizing improvement on problems in teaching (e.g., Lampert, 2001). Improvement 
is given, for example, when there is reduced rework, increased safety, or higher pro-
ductivity. Related activities on teaching malfunctions are about communicating 
problems, sharing knowledge, helping and assisting in difficult situations, diagnos-
ing (assessments on problems), and intervening (implementation of problem-solv-
ing attempts).

Fifth, all the mentioned blocks of variables are related directly or indirectly to 
teaching malfunctions ranging from triggering inattentiveness to producing inap-
plicability of knowledge. At the current state of theory building and research, it is 
not possible to relate specific conditions to specific teaching malfunctions. At the 
moment, it can be mentioned, as indicator of validity, that the process model on 
teaching malfunctions is comparable or has similarities to other models of teach-
ing effectiveness like the “model of selected organizational characteristics that con-
tribute to student achievement” (Sweetland & Hoy, 2000), or “multilevel dynamic 
education model of school, teacher, and teacher effectiveness on student learning” 
(Ding & Sherman, 2006).

Sixth, it is assumed that teaching malfunctions are affecting student develop-
ment. Student development has a cognitive facet concerning knowledge and skills, 
but also an affective one. Affective student engagement is about emotional (man-
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agement of feelings), moral (handling norms of behavior), social (building relation-
ships), spiritual (focusing on meaning in life), aesthetic (recognizing and creating 
beauty), and motivational development (cultivating interests) (Martin & Reigeluth, 
1999).

This process model represents, up to our best knowledge, a first organized col-
lection of assumptions on teaching malfunctions and its possible causes. The model 
can be considered as a theory in a very early stage. Of course, such a theory needs 
refinement and testing based on empirical research.

A first step in refinement is to consider a micro model on teaching malfunc-
tions (see Figure 2). Such a micro perspective focuses on components of actions 
and related cognitive processes which are involved in teaching malfunctions. The 
micro-model is based on research and related models from Frese and Keith (2015; 
on error prevention, management, and associated processes and outcomes), Petko-
va (2009; on entrepreneurial learning from performance errors), Rach, Ufer, and 
Heinze (2013; on a process model for learning in error situations), and Reinach and 
Viale (2006; on a human error framework).

Based on this model, it is assumed that during teaching, there is a high probabil-
ity that malfunctions occur. Teaching malfunctions lead to consequences for teach-
ing. Such consequences stimulate learning from teaching which influences teaching 
itself. Teaching consequences concern the effectiveness (ineffectiveness), efficien-
cy (inefficiency), robustness (instability), and (positive and negative) side effects 
of teaching and teaching malfunctions. Teaching malfunctions can be reduced by 
malfunction prevention and can be changed in their consequences by malfunction 
management. Teaching malfunctions are based on cognitive processes concerning 
attention failures, memory failures, misapplications, or violations. Malfunction pre-
vention is about articulating and distributing information on teaching malfunctions 
as well as related problem-solving. Malfunction management concerns the identi-
fication, analysis, and correction of teaching malfunctions. Malfunction manage-
ment affects learning for teaching as it produces revised and specialized knowledge 
on teaching as well as certain cognitive orientations like tolerance and sensibility to 
teaching malfunctions. 

Discussions
Based on these theoretical foundations, it has to be clarified, in future research activ-
ities, how and with what kind of assessments, it might be possible to measure teach-
ing malfunctions with high reliability and validity. Again, there are assessments for 
learning deficits and errors, but not for teaching malfunctions. In addition, research 
scenarios and designs have to be developed which allow to test for effects of teach-
ing malfunctions and their changes. Research on teaching malfunctions is not a 
simple task as teaching takes place in complex and dynamic contexts which need 
sophisticated research strategies. In recent approaches on research on learning and 
instruction, such a focus on teaching malfunctions and related research strategies is 
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still missing. Furthermore, it is clear that a focus on teaching malfunctions has to be 
handled in a sensible way in teacher education as people do not like to be confront-
ed with their own performance problems. An emotionally-sound instructional de-
sign for courses on teaching malfunctions in teacher education has to be developed. 
There are emotional design of instruction approaches for student learning, which 
could be used for teacher education (e.g., Astleitner, 2000). 

Having a list of teaching malfunctions and related process models represents a 
first starting point for doing empirical research. Such a research on teaching mal-
functions can use all traditional social research methods and designs. However, as 
teaching malfunctions represent an issue which is uncomfortable for those affected, 
special precautions must be taken. For example, a significant problem is social de-
sirability bias. Teaching malfunctions are socially undesirable and therefore cov-
ered up, especially in surveys or interviews of teachers and students. Classroom 
observations are less prone to such errors when there are implemented ethically, 
for example, in nonlaboratory settings (e.g., in real instructional situations), with 
unobtrusive (e.g., as time-on-task in classrooms), unexpected (e.g., without notice), 
or disguised measures (e.g., with a focus on students). Another, less problematic 
alternative might be to use ratings of malfunctions with a strong observational char-
acter like, for example, the “Framework for Teaching Evaluation Instrument” from 
Danielson (2013). This instrument has multiple domains which range from “distin-
guished” to “unsatisfactory” and was conceptualized not to evaluate or test teachers, 
but to help them learn. Within such ratings, teaching malfunctions are measured in 
concrete behaviors that should more or less been counted by the raters.

Finally, it has to be stressed again, that classifying teaching as effective or in-
effective, is difficult and remains an open question for research resp. intervention 
research in classrooms. Sometimes good teaching leads to bad results and vice versa 
(Schoenfeld, 1988). It is also true that is an advantage of a certain type of teaching 
for some students in learning may be a disadvantage for others (e.g., Shute, 2008). 
Sometimes, bad teaching can be compensated by media or textbooks (e.g., Van den 
Ham & Heinze, 2018). Sometimes, negative effects of teaching turn out to change 
over time into positive ones, and so on. Such a difficult situation should not lead to 
the conclusion that empirical intervention research is not very helpful in gaining 
valid knowledge on teaching and teaching malfunctions. On the contrary, it is much 
more important to do even more targeted research. Such a more targeted research 
has to deliver multiple evidence on teaching interventions and related malfunctions 
(e.g., Astleitner, Kriegseisen, & Riffert, 2009).
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3.  Missing Control Group: The Effect of a  
Self-Congruence Intervention on Teachers’ Volitional 
Competences and Motive Implementation Strategies
Franz Hofmann & Hermann Astleitner

Abstract: The current study tested the effectiveness of a self-congruence inter-
vention for secondary school teachers on volitional skills without having a 
control group. In a non-randomized pre-post-design, 26 teachers participated 
in a 42-hours training program over a one-and-a-half-year period. In order to 
have additional evidence and to simulate a control group, teachers were divid-
ed into two groups according to their goal orientations in daily instruction. In 
both groups, participants reported better volitional skills after the intervention. 
However, hypothesized positive effects occurred only on some volitional com-
petences (concentration, coping with failure, and self-sense) and motive imple-
mentation strategies (coping and passive avoidance). Within discussion, further 
theoretical and methodological developments of the intervention and its imple-
mentation are suggested. Especially, research strategies when having a missing 
control group are briefly outlined. 

Sometimes in educational intervention research, it is not possible to implement a 
control group although groups without having an intervention are indispensable for 
achieving internal validity. Despite their problems, such pre-experimental designs 
can often be found within evaluation research or field experiments (e.g., Marsden & 
Torgerson, 2012). Missing control groups are also given within research on teacher 
education (e.g., De Boer, Timmermans, & Van der Werf, 2018). In this study, we 
focused on certain widely overlooked motivational issues in teacher education. For 
gaining new and innovative knowledge on such issues, we accepted a missing con-
trol group. 

Motivational dispositions and processes play an important role in the teaching 
profession. Research indicated that motivation affected directly or indirectly, for 
example, reasons for choosing the teaching profession, commitment and respon-
sibility for the job, job satisfaction and well-being, active participation in train-
ings, implementation of innovations in schools, preparation for daily instruction, 
teaching effectiveness in the classroom, and the motivation as well as the learning 
of students (e.g., Klassen & Tze, 2014; Lam, Cheng, & Choy, 2010; Schiefele, 2017; 
Sinclair, 2008; Wang, Hall, & Rahimi, 2015; Wayne & Youngs, 2003). Considering 
such an impact, it does not surprise that numerous study programs, continuing 
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education approaches, or trainings were implemented to foster teacher’s motivation 
(see Karabenick, Richardson, & Watt, 2014 and Watt, Richardson, & Smith, 2017 for 
an overview). 

The basis for research-based activities on affecting teacher motivation is built 
on a wide range of strongly varying theoretical frameworks. For example, within 
the “personal investment theory” (Maehr & Braskamp, 1986), individuals’ personal 
incentives (for accomplishment, recognition, power, and affiliation), perceptions 
of a sense of the self (e.g., goal directedness, self-esteem, and self-reliance), and 
perceived options (e.g., opportunities for advancement) were assumed to be relat-
ed to purposeful actions of teachers. Neves de Jesus and Lens (2005) suggested an 
integrated “cognitive-motivational model” for teacher’s professional motivation in 
which professional engagement was related to results (successes or failures), (in-
ternal/external and stable/unstable) attributions, expectancies (on control, efficacy, 
and success), intrinsic motivation, and goal values. Gokce (2010) stressed the im-
portance to distinguish between motivation (for promotion, growth, achievement, 
interest in work, recognition, and responsibility) and related hygiene factors (like 
job security, pay, status, supervision, working conditions, organizational policy 
and management, as well as interpersonal relationships). According to Thoonen, 
Sleegers, Oort, Peetsma, and Geijsel (2011), teacher motivation consists of teacher 
self-efficacy, internalization of school goals, tolerance of uncertainty, and well-be-
ing. Within a factorial approach, Roness (2011) found teacher motivation to be in-
trinsically (e.g., to like the task of teaching), altruistically (e.g., to help students to 
achieve their goals), extrinsically (e.g., to get career benefits), and subject-matter 
(e.g., to have an interest in certain themes and issues) orientated.

A volitional perspective on teacher motivation. Although, many different vari-
ables on teacher motivation were identified in research, two main perspectives for 
development remain. Firstly, many of these models and related research activities 
are focusing on expectancy-value approaches which are covering mainly the selec-
tion of goals or intentions, but not the execution or implementation of actions. The 
later aspect is about “self-control”, “action-control”, or (most widely used) “volition” 
“during which the individual develops strategies and plans in order to ensure that 
their intention will be enacted” (Milne, Orbell, & Sheeran, 2002, p.  166). In the 
field of motivational instructional design, for example, Keller (2008) distinguished 
between motivational strategies (for curiosity, values, and expectancies), implemen-
tation strategies (for pre-action planning), and volitional strategies (for supporting 
self-regulatory actions). Secondly, many of these models do not have a develop-
mental perspective. In a developmental model, motivation is seen as a process that 
changes over time and that has to be developed step-by-step as a behavior-based 
competence (e.g., Hennecke & Freund, 2017). For example, Skinner and Beers 
(2016) presented a developmental model of teacher stress, coping, and everyday re-
silience with developmental volitional aspects as, for example, reducing impulsivity. 

Evidence from research in educational settings stressed the effectiveness of 
volition and a developmental view for procrastination, dropout, academic perfor-
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mance, training transfer, or conflict resolution (e.g., Deimann & Bastiaens, 2010; 
Duckworth et al., 2015; Seiberling & Kauffeld, 2017). However, although there is 
strong evidence for the effectiveness of volitional skills, surveys or interventions on 
teachers’ volitional processes only delivered findings with many different overlap-
ping concepts and inconclusive evidence. For example, Capa-Aydin, Sungur, and 
Uzuntiryaki (2009) identified volition-related skills (e.g., self-instruction or -reac-
tion) as essential components of teacher’s self-regulation. Perels, Merget-Kullmann, 
Wende, Schmitz, and Buchbinder (2009) considered volitional strategies within a 
training on self-regulation of kindergarten teachers. Erdogan and Senemoglu (2017) 
found positive effects of a problem-based-learning intervention on prospective 
teachers’ academic achievements, but not on volition-based self-regulation. Lee and 
Turner (2017) investigated some volitional skills of pre-service teachers, like, for 
example, goal commitment and effort regulation and found them related to endoge-
nous instrumentality (i.e., believing that a course content is related to a future goal).

Volitional competences, motive implementation strategies, and an intervention on 
self-congruence. A more systematic and conclusive theoretical approach in which 
volitional processes play a major role and which was repeatedly used in learning 
and education represents the personality systems interaction (PSI)-theory (Kuhl, 
2000; Kuhl, Kazén, & Koole, 2006). This theory was based on modern trends in 
behavior-based competence assessment and development (e.g., Leutner, Fleischer, 
Grünkorn, & Klieme, 2017; Ortner & van de Vijver, 2015) and was already applied 
in the field of teacher education (e.g., Wagner, Baumann, & Hank, 2016). In respect 
to volition, there are two main contributions from this theory which we considered 
as essential for fostering teacher motivation. One is about volitional competenc-
es and one about implementation strategies for satisfying motives (on affiliation, 
achievement, power, and freedom). “Volitional competences” (Forstmeier & Rüd-
del, 2008, p. 66) concern two basic modes of action control: Self-regulation (as a 
self-integrating mode of volition) and self-control (as a self-disciplining mode of 
volition). Self-control includes, for example, goal recollection, forgetfulness preven-
tion, or planning skills. Self-regulation comprises, for example, attentional focusing, 
self-motivation, or emotion regulation. Motive-related “implementation strategies” 
(Schüler, Brandstätter, Wegner, & Baumann, 2015, p.  843) concern approach or 
avoidance behaviors that are associated with the realization of motives like con-
text-sensitive switching, intuitive behavior control, constructive coping, or goal-ori-
entated acting (e.g., Baumann, Kazén, & Kuhl, 2010). 

Volitional competences and motive implementation strategies are compounded 
of numerous different interacting sub-skills what makes it difficult to affect them by 
educational measures. For educational purposes and training programs, an impor-
tant goal in fostering volitional competences and strategies is that individuals learn 
to make decisions about goals and related activities which are congruent with their 
motives (Rheinberg & Engeser, 2010). Kuhl and Quirin (2011, p. 76) assumed such 
a “self-congruence” as given, “when specific goals and other conscious thoughts are 
in line with global personal goals and values”. 
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Being self-congruent for teachers also means not to handle too many goals and 
values at the same time or to be capable of dealing with multiple goals (e.g., Parker, 
Martin, Colmar, & Liem, 2012). So, for our study, we assume that volitional pro-
cesses are related to teachers’ goal orientations (on single or multiple goals) and on 
handling them in a balanced way (e.g., Boekaerts, de Koning, & Vedder, 2006). We 
also used this assumption in our study for building and comparing two groups of 
teachers. So, there is a theoretical basis for the simulation of our missing control 
group.

An intervention on teacher’s self-congruence. Based on these assumptions, the 
first author of this study developed an intervention program on fostering volitional 
competences and motive implementation strategies related to self-congruence deci-
sion making. Within an 18-month period, four two-day training modules were held 
with an overall duration of about 42 hours. There were two trainers, one of them be-
ing the first author of this study1; both trainers were equally competent concerning 
the theoretical background; in phases of working in two groups participants were 
randomized. Six goals were in the center of the intervention: (a) Teachers should 
acquire basic psychological knowledge about volitional processes on the PSI-theory, 
especially on self-regulation and self-control. (b) They should relate basic educa-
tional concepts (e.g., empathy) to the PSI-theory and the own personality devel-
opment. (c) They should be able to evaluate their own skills for implementing the 
affiliation- and the power-motive into daily classroom instruction. (d) They should 
know strategies on how to act in a self-congruent way in stressful situations before 
they start interacting with other people (e.g., students or parents). (e) They should 
apply their knowledge on personality-related motivational mechanisms for diag-
nosing activities in educational practice. (f) They should be aware about their voli-
tional competences and motive implementation strategies and know which of them 
might have to be improved in order to handle stressful situations in the classroom. 

In the training modules, online and/or printed materials (tests, Powerpoint 
slides, and work sheets) covering research findings, practical problems, and self-as-
sessment tools were used. After the first, second, and third training modules, 
teachers were stimulated to transfer experiences from the modules into daily prob-
lem-solving activities in classrooms and other school contexts. Module 1 of the in-
tervention included preparation (with a recording of an instructional unit, a pretest 
on volitional competences, and a written interview on the professional self-image), 
and a unit on the basics of the PSI-theory (about motives, goals, personality char-
acteristics, power motives, personal developmental plans) together with a pretest 
on motive implementation strategies. Module 2 was on the diagnosis of volitional 
competences and implementation strategies. Teachers learned about the affiliation 
and the achievement motive, motive congruences, diagnosing the own person and 
others in a group-based scenario, and finally about giving feedback on diagnostic 
results. Module 3 focused on educational and instructional consequences. Teachers 

1 We thank Dr. Gabriele Salzgeber for her work as the second trainer.
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experienced what it means to be empathic (based on the PSI-theory), how to design 
educational activities on a process- and product-perspective, how to deal with class-
room management and self-regulation as well as how to consider interdisciplinary 
learning goals. Finally, in module 4, teachers learned about the freedom motive, 
practiced group-based evaluations, and experienced how to make innovations vis-
ible. 

Purpose and Hypotheses
Our objective was to explore the effect patterns of the self-congruence interven-
tion on teachers’ volitional competences and motive implementation strategies. We 
used a pre-posttest-design to examine this question in two (artificial or simulat-
ed) groups of teachers with single or multiple goal orientations. Our exploratory 
hypotheses were anchored within research on motive congruence and volitional 
processes (Sheldon, 2014; Thrash, Maruskin, & Martin, 2012).

We hypothesized that a self-congruence intervention should increase positive 
and decrease negative volitional competences. Positive volitional competences (e.g., 
self-determination and planning skills) are ones that increase action control and 
the successful implementation of intentions. Negative volitional competences (ap-
praisals about individual burden and threat) however decrease the enactment of 
intentions. Self-congruence should lead to a more positive view of being able to 
handle stressful situations because environmental demands are newly framed and 
therefore relativized by individual motives. Better self-access should reduce the ex-
perience of individual burden and threat. The self-congruence intervention should 
also increase active implementation strategies (e.g., coping) and decrease passive 
implementation strategies (e.g., passive avoidance): Self-congruence should have 
an activation effect, because it facilitates the realization of a series of goals – even 
they seem contradictory at a first glance – and therefore gain additional volitional 
resources.

We also hypothesized that both groups of teachers demonstrate increased vo-
litional competences and strategies as they both participated in the intervention. 
Stimulating self-congruence should help both groups of teachers to effectively 
handle their individual goal orientations and to acquire equally well volitional 
competences and motive implementation strategies. We assumed that a focus on 
self-congruence stimulates the balancing of goals for both groups of teachers. For 
teachers with single goal orientations, an intervention in self-congruence should 
expand their goal orientations and therefore activate volitional resources for achiev-
ing additional goals. For teachers with multiple goal orientations, a self-congruence 
intervention should increase the evaluation and balancing of different goal orienta-
tions what should allow them to gain volitional capacities. 
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Method

Participants

In the beginning, a total sample of 48 secondary school teachers from urban schools 
in Austria and Germany started in the intervention. However, during the interven-
tion period, 22 teachers dropped out, so that data from only 22 female and 4 male 
participants were included in this study. We have no data about the reasons for 
dropout. Research indicates that dropout in teacher trainings usually has multiple 
reasons (e.g., Basit et al., 2006). Therefore, we do not expect any systematic effect 
from dropout on the internal and external validity of this study (Mitchell & Jolley, 
2010). The ages of the remaining teachers ranged from 26 to 57 years (M = 47.35, 
SD = 7.2) and they had an average of 18.27 years of teaching experience (SD = 7.51). 
23.1% of teachers rated themselves as being “very satisfied” with their profession as a 
teacher. 15.4% of teachers indicated that they consider themselves as “very success-
ful” in the professional activities. 

Research Design

Pre-experimental design without control group. In order to get evidence about effect 
patterns of the self-congruence intervention, a quasi-experimental pre-posttest de-
sign was implemented. The pretest on teachers’ volitional competences was taken 
online four weeks before the beginning of the intervention, the posttest was taken 
8 to 10 weeks after the last intervention session. Motive implementation strategies 
were measured (as pretest) at the beginning of the first intervention session and 
(as posttest) at the beginning of the last session as a paper-pencil test. There was 
no control group, because it was not possible to establish such a group within the 
intervention settings. However, in order to get more evidence about the effect pat-
terns of the intervention and to simulate an additional impact assessment, an arti-
ficial control group was created. An artificial (or “simulated” or “post hoc”) control 
group allows to have some additional comparison tests where there is no control 
group available due to practical, ethical, medical, or other reasons (e.g., Lise, Seitz, 
& Smith, 2015). Before the intervention, teachers were asked about their goal orien-
tations in daily instruction in school. Teachers stated goals on acceptance of other 
people (e.g., respect or empathy) or on duties (e.g., discipline or punctuality). Then 
they were divided into two groups: 54% of teachers had one main goal orientation 
(acceptance or duty) (i.e., single goal orientation group) and 46% had both goal 
orientations (acceptance and duty) (i.e., multiple goal orientation group). 

Acceptance of intervention and measurements. An acceptability rating for teach-
ers served as an indicator for acceptance of the intervention and the measurements. 
At the end of the intervention, teachers were asked about how difficult it was for 
them to answer the questions on volitional skills and whether they profited from the 
contents of the intervention for their daily professional practice. 84.6% of teachers 
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indicated (mostly or definitely) that answering was easy and 92.3% (mostly or defi-
nitely) recognized professional profits from the intervention. 

Measures

Teachers’ volitional competences were measured with a short form of the Volitional 
Components Questionnaire (VCQ-S3; German version: Selbststeuerungs-Inventar: 
SSI-K3) (Kuhl & Fuhrmann, 2004). The questionnaire consisted of five constructs 
(self-regulation, self-control, volitional development, self-access, and life stress), 13 
dimensions, and 52 items. Each of the 13 dimensions was measured with four items 
using a four-point Likert scale (on agreement: 1 = “not at all” to 4 = “definitely”). The 
dimensions (each with an example item; translations by the authors of this study) 
concerned: Self-determination (“In almost everything what I do in everyday life, 
I feel that I do it voluntarily”), self-motivation (“When my endurance decreases, I 
usually know exactly how to strengthen my desire for it”), self-relaxation (“I can re-
duce nervousness very specifically”), planning skill (“When I have to handle many 
things, I make myself a schedule (i.e., I set what I do when)”), fearless goal orien-
tation (“In order to motivate myself, I often imagine what happens when I do not 
handle the matter in time”), initiating control (“When something needs to be done, 
then I start without hesitation”), intention enactment (“I often put off unpleasant 
things”), powers of concentration (“My thoughts often wander involuntarily from 
the matter which I am currently working on”), coping with failures (“After unpleas-
ant experiences, I often do not get out of pondering for a whole time”), self-sense 
(“When I am sad, I lose the sense of what I really want”), integration (“My behavior 
often seems contradictory, because again and again another side of me emerges”), 
burden (“Occupation resp. education are currently very stressful for me”), and threat 
(“A lot has changed in my life that I have to deal with”). Scores on the dimensions 
were computed by averaging responses across the relevant four items with higher 
scores indicating greater volitional competences. For competences related to bur-
den and threat, the opposite was true: Lower scores indicated greater competences. 

For measuring motive implementation strategies, the Operant Motive Test 
(OMT) was used (Kuhl, 2013). In the past, the OMT was confronted with numerous 
reliability and validity tests (e.g., Schüler, Brandstätter, Wegner, & Baumann, 2015). 
It was also administered in samples of teachers: For example, Baumann, Chatterjee, 
and Hank (2016) analyzed implementation strategies for the power motive of future 
teachers. The OMT includes pictures on situations that are representative for major 
motive themes like affiliation, achievement, power, and freedom. These pictures are 
accompanied with questions (e.g., “What is important for the person in this situa-
tion and what is the person doing?”). Questions address the presence of a motive, 
but also of five motive implementation strategies for each motive (resulting in a 4 
x 5 matrix). For each picture, the coder has to check whether one of four motives 
is present or not and which types of implementation strategies are present. These 
implementation strategies represent basic affective sets across all types of motives 
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and are consummatory (e.g., with activities that are positive, self-congruent, con-
flict-free, or with intrinsic flow), based on an active approach (e.g., stimulus-bound, 
but also spontaneous, and with intuitive action), on coping (e.g., active regulation 
and integration of negative affect), on active avoidance (e.g., strategic, goal orien-
tated, and planned action to avoid negative affect), and on passive avoidance (e.g., 
by procrastination, fantasizing help from others, or expecting a sudden turn for 
the better) (Alsleben & Kuhl, 2011). Scores on the dimensions were computed by 
averaging responses across the relevant four motives with higher scores indicating 
stronger motive implementation strategies.

Data Analysis

For testing our assumptions, data were analyzed using IBM SPSS 24 with the general 
linear model (GLM) on repeated measures representing an ANOVA on two-factors 
with repeated measures on one factor (Winer, Brown, & Michels, 1991, p. 509). Re-
peated measures analyses with factors time (pretest vs. posttest) and group (single 
goal vs. multiple goal) were employed to the expected increase of volitional com-
petences. The same procedure was used to test the hypothesized change in motive 
implementation strategies. For all statistical analysis, the Alpha-level was set at p < 
.05 and no adjustments were made. Partial eta square (η2p) served as indicator of 
small (≤ .01), medium (about .06), or large (≥ .14) effect sizes (Lipsey, 1990, p. 58). 

Results

Reliability and Validity

Descriptive information and correlations between study measures from the pretest 
can be seen in Table 1. Reliability coefficients range from .68 to .90 indicating good 
reliabilities. For all dimensions of volitional competences, Cronbach’s Alpha (α) was 
computed based on four items, for the measurement of planning skills only three 
items were used due to a negative item-total correlation. For the five motive imple-
mentation strategies, reliability coefficients concern interrater agreement between 
two ratings done by the first author of this study and a trained research assistant2. 
Interrater reliabilities (r2) represent the correlation between the first and second 
rating according to the affect level. Correlations between study measures deliver 
some validity information. In Table 1, correlations reveal that variables between 
positive volitional competences (from self-determination to integration), negative 
volitional competences (burden and threat), and motive implementation strategies 
have many significant relations. However, between these three blocks of variables, 
nearly all correlations are not significant indicating that they represent different and 
unique aspects of teachers’ volitional skills. Overall, high intra-block- and low in-

2 We thank Julia Maria Keller MA for her work concerning the ratings.
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Tab. 2: Descriptive Statistics and Repeated Measures Analysis of Variance Results for Voli-
tional Competences

Pretest Posttest Main effects Interaction

Group (G) Time (T) G x T

M (SD) M (SD) F p η2p F p η2p F p η2p

Self-determin. 0.64 .434 .03 3.26 .085 .13 6.25 .020 .22
 SG 1.71 0.30 2.13 0.48
 MG 2.09 0.45 2.02 0.64
Self-motivation 0.52 .480 .02 0.37 .547 .02 .83 .372 .04
 SG 1.77 0.35 1.89 0.38
 MG 1.98 0.63 1.96 0.65
Self-relaxation 3.25 .085 .13 3.08 .093 .12 .49 .491 .02
 SG 1.29 0.52 1.50 0.59
 MG 1.77 0.73 1.86 0.62
Planning skill 0.13 .727 .01 2.23 .150 .09 .37 .551 .02
 SG 2.03 0.59 2.13 0.76
 MG 1.88 0.34 2.12 0.60
Fearless goal ori. 0.24 .630 .01 0.00 .973 .00 0.17 .688 .01
 SG 2.54 0.39 2.58 0.45
 MG 2.50 0.59 2.46 0.46
Initiating control 0.18 .679 .01 1.10 .306 .05 0.34 .563 .02
 SG 1.83 0.63 1.79 0.56
 MG 1.98 0.76 1.84 0.53
Intention enact. 0.79 .384 .04 4.09 .055 .16 2.26 .147 .09
 SG 1.83 0.53 2.14 0.42
 MG 2.14 0.67 2.18 0.51
Powers of conc. 2.22 .151 .09 9.60 .005 .30 0.01 .910 .00
 SG 1.90 0.49 2.17 0.59
 MG 2.23 0.53 2.48 0.61
Coping with fail. 2.35 .140 .10 5.35 .030 .20 0.00 1.00 .00
 SG 1.73 0.57 1.98 0.56
 MG 2.09 0.67 2.34 0.73
Self-sense 4.21 .052 .16 5.29 .031 .19 1.35 .257 .06
 SG 1.69 0.65 2.04 0.58
 MG 2.34 0.78 2.46 0.71
Integration 0.16 .697 .01 1.50 .234 .06 1.50 .234 .06
 SG 2.77 0.33 2.62 0.53
 MG 2.61 0.56 2.61 0.61
Burden 1.24 .277 .05 0.13 .722 .01 0.13 .722 .01
 SG 0.46 0.49 0.37 0.36
 MG 0.64 0.62 0.64 0.83
Threat 0.56 .462 .03 0.85 .366 .04 0.32 .579 .01
 SG 0.48 0.57 0.44 0.42
 MG 0.68 0.58 0.52 0.53

Note. N = 24. SG = single goal group, MG = multiple goal group.
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ter-block-correlations indicated good (convergent and discriminant) validity of the 
measurements.

Intervention Effects on Volitional Competences

Pretest means, posttest means, standard deviations, and results of repeated measures 
analysis of variance on volitional competences are illustrated in Table 2. Overall and 
on a descriptive level, mean comparisons showed that the self-congruent interven-
tion increased most of the positive aspects and decreased the negative aspects of 
volitional competences. 

In detail and based on tests, ANOVAs revealed significant increase over time 
for all participants on the dimensions of powers of concentration (F(1, 22) = 9.60, p 
= .005, η2p = .30), coping with failures (F(1, 22) = 5.35, p = .030, η2p = .20), and self-
sense (F(1, 22) = 5.29, p = .031, η2p = .19). A nearly significant increase over time was 
found for the dimensions of intention enactment (F(1, 22) = 4.09, p = .055, η2p = .16), 
self-determination (F(1, 22) = 3.26, p = .085, η2p = .13), and self-relaxation (F(1, 22) 
= 3.08, p = .093, η2p = .12). For the dimension of self-determination, a significant 
interaction effect indicated that an increase was only given for the group of teachers 
with single goal orientations (F(1, 22) = 6.25, p = .020, η2p = .22). 

Analyses also revealed that teachers with multiple goal orientations had only 
higher self-sense (F(1, 22) = 4.21, p = .052, η2p = .16) and higher self-relaxation com-
petences (F(1, 22) = 3.25, p = .085, η2p = .13) in comparison to the group with single 
goal orientations. No other significant differences between the two groups of teach-
ers were found.

Intervention Effects on Motive Implementation Strategies

In Table 3, descriptive information and hypotheses tests for the motive implemen-
tation strategies are illustrated. Again, as in the case of volitional competences, the 
self-congruence-intervention increased most of active implementation strategies 
and decreased the passive strategy on an overall and descriptive level. ANOVA tests 
revealed that the motive implementation strategy of coping increased after the in-
tervention (F(1, 20) = 6.46, p = .019, η2p = .24). Also, the intervention decreased the 
implementation strategy of passive avoidance (F(1, 20) = 9.35, p = .006, η2p = .32). 
No other significant or nearly significant group or interaction effects were found.
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Discussion
In this study, we explored whether a participation in a self-congruence intervention 
would change teachers’ volitional skills. Indeed and on a descriptive level, nearly all 
skills changed positively in the desired direction and about one third of the mea-
sured volitional competences and motive implementation strategies were higher 
after the intervention. In addition and as expected, it was found that the interven-
tion produced nearly similar results for the two groups of teachers (with single or 
multiple goal orientations). These results indicate, for the first time, that a long-term 
intervention on self-congruence could positively affect teachers’ volitional skills. 
The learning opportunities included in the self-congruence intervention proved to 
be appropriate and partly successful. These findings were also supported by the pos-
itive acceptability ratings at the end of the intervention. 

From a theoretical perspective, it was hypothesized that a focus on self-con-
gruence should (a) affect the view of being able to handle stressful situations, (b) 
lead to an activation effect, and (c) stimulate the balancing of goals. However, on 
the one hand, we did not measure or test these mediating variables. On the other 
hand, it is not clear whether these assumed mediating variables fit consistently with 
the complex PSI-theory. In general, it has to be mentioned that this study was not 
a test of the PSI-theory within an educational context. Rather, it was an exploration 
and a preliminary evaluation of effect patterns of an educational intervention that 
was based on the PSI-theory. The PSI-theory comes from basic research in the field 
of personality and social psychology, the intervention represents an instructional 

Tab. 3: Descriptive Statistics and Repeated Measures Analysis of Variance Results for 
Motive Implementation Strategies 

Pretest Posttest Main effects Interaction
Group (G) Time (T) G x T

M (SD) M (SD) F p η2p F p η2p F p η2p

Consummatory 1.25 .278 .06 2.42 .136 .11 .53 .476 .03
 SG 1.36 1.36 2.36 1.91
 MG 1.27 1.01 1.64 0.81
Active approach 1.66 .212 .08 1.11 .304 .05 1.98 .175 .09
 SG 2.91 1.04 3.00 1.10
 MG 3.82 1.17 3.18 1.33
Coping .12 .733 .01 6.46 .019 .24 .04 .847 .00
 SG 1.55 1.21 2.64 1.91
 MG 1.27 1.27 2.55 2.02
Active avoidance .78 .388 .04 .13 .723 .01 .01 .943 .00
 SG 4.46 1.86 4.73 2.05
 MG 4.00 2.00 4.18 2.04
Passive avoidance .77 .391 .04 9.35 .006 .32 1.72 .205 .08
 SG 4.18 1.89 1.91 1.04
 MG 3.91 1.87 3.00 1.61

Note. N = 22. SG = single goal group, MG = multiple goal group.
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package and an applied approach that integrated multiple perspectives from not 
only psychological research, but also from other research on teacher motivation or 
on the instructional design approaches (for theory building in applied disciplines, 
see Funnell & Rogers, 2011; Swanson & Chermack, 2013). So, the effects of the train-
ing were not only attributable to the PSI-theory, but also to our assumptions on the 
mediating variables and on our intervention design theory. An intervention design 
theory does not focus on the hypotheses in the subject area (e.g., about volition-
al competences), but on the design of the intervention in order to be effective in 
specific implementation contexts (e.g., motivating teachers to improve volitional 
competences). 

Limitations. This study was limited in several ways in addition to the missing 
control group. First, the test of the self-congruence intervention was done, as far as 
we know, for the first time in the field of teacher education. So, additional evidence 
is necessary in order to have a more complete picture about the effect patterns of 
a self-congruence intervention for different teacher characteristics, or classroom 
settings. For example, Rupprecht, Paulus, and Walach (2017) tested successfully 
the influence of a mindfulness intervention on the self-regulation of teachers what 
comes close to our study conditions. Second, the small sample of teachers restricted 
the power and the accuracy of statistical tests. Although teachers had higher scores 
after the training, many of these effects were not statistically significant. Given the 
sample size of our study and an Alpha-level of .05, only very large effects (effect size 
> 1.0) could reach statistical significance (Lipsey, 1990, p. 143). One might interpret 
this constellation in a way that we performed a strong test on the self-congruence 
intervention. Such a strong test might not be appropriate for a first and exploratory 
test of an intervention, therefore we did not adapt our Alpha-level in order to in-
crease power (Lipsey, 1990, p. 171). Doing so, about 40 percent of our time-related 
tests reached significance. A more effective way to handle the power problem would 
be to compute and set optimal sample sizes before the experiment (e.g., Anderson, 
Kelley, & Maxwell, 2017). Third, our measurements were general in nature, but not 
context-specific or -sensitive to the teacher-, classroom-, or school-settings. For ex-
ample, in the field of self-efficacy measurement, there are instruments which mea-
sure a general self-efficacy, but also domain- or context-specific ones (e.g., Schwoer-
er, May, Hollensbe, & Mencl, 2005). In respect to measurements for volitional skills, 
for example, Wenhold, Elbe, and Beckmann (2009) developed a VCQ-sport for an 
elite sport context, or Elsborg, Wikman, Nielsen, Tolver, and Elbe (2017) developed 
a context-specific scale that can be used in exercise-based contexts (e.g., physical 
activities). Fourth, our study has not delivered evidence about whether volitional 
skills of teachers affected student learning. One might expect that improving teach-
ers’ volitional skills should have positive transfer effects on, for example, classroom 
management and as a consequence on student learning (e.g., Tessier, Sarrazin, & 
Ntoumanis, 2010). 
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Implications for Future Research
In summary, our exploratory and applied research study demonstrated that an in-
tervention on teachers’ volitional skills that was based on self-congruence might be 
promising for future research activities. Future theory building needs to explicate 
the relationship between self-congruence and volitional skills of teachers in more 
detail and has to transform more systematically assumptions from basic psycholog-
ical research into applied theoretical concepts of educational intervention research. 
Also, future research activities should produce information about transfer effects 
on students learning and replications of intervention effectiveness before a dissem-
ination of the intervention is advisable. Especially, evidence about effectiveness in 
time (during, at the end, and after the intervention on the long run), in contexts (in 
similar, nested, and real-life situations), and on different-intervention-functioning 
(considering side and interaction effects) has to be gathered in future research ac-
tivities (e.g., Astleitner, Kriegseisen, & Riffert, 2009). In order to avoid typical meth-
odological problems in teacher education field-research, a pre-calculation of sample 
sizes for optimal power, control groups or other alternatives, the development of a 
context-specific measurement of volitional skills, and the testing of transfer effects 
on the learning of students should be considered. 

Having more and better evidence for interventions on teachers’ volitional skills 
should lead in the long run to a more comprehensive integration of volitional aspects 
in all stages of teacher education. The focus on volition is important for beginners in 
the teaching profession as it helps to prevent cascade or domino-effects resulting in 
de-motivation, or dropout (e.g., Bembenutty, White, & Vélez, 2015). For more expe-
rienced teachers, volitional skills are important for dealing successfully with rapidly 
changing educational contexts and their complex demands especially in order to 
cope actively and not passively working stress (e.g., Aelterman, Vansteenkiste, Van 
Keer, & Haerens, 2016).

Alternative research designs when having problems with control groups. Finally, 
our study has low internal validity because no control group without an intervention 
was included. Therefore, in addition to the intervention, additional factors could 
contribute to the findings. Using our artificial control group reduces this problem, 
but did not solve it entirely. In the field of teacher education, it is often difficult to 
get participants in studies, especially for control groups with no beneficial interven-
tions. Of course, one alternative would be to have multiple intervention groups and 
to use one or some of them as control group for comparison. Another possibility 
would be to use sophisticated statistical procedures. For example, West et al. (2008) 
listed several complex statistical approaches for handling threats to internal valid-
ity like multilevel, instrumental variable, missing data, sensitivity, or propensity 
score analysis. Another practicable alternative would be to consider “nonequiva-
lent dependent variables” which are predicted not to change due to an intervention 
but to response on contextually given internal validity threats (Coryn & Hobson, 
2011, p. 33). Other probably less practicable alternatives concern conducting stan-
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dard-based “single-subject experimental designs” (e.g., Smith, 2012), “interrupted 
time series analysis” (e.g., Penfold & Zhang, 2013), or combinations of experimental 
designs with mixed methods approaches (Edmonds & Kennedy, 2013).

Overall, our study should show that, within educational intervention research, a 
missing control group is an essential problem. However, especially in practical con-
texts where it is often not possible to have a fully controlled situation, alternatives to 
missing control groups exist. Our study showed at least one of these alternatives to-
gether with hints on further possibilities which are not always in the consciousness 
of researchers and practitioners within applied educational settings. 
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4.  Negative Evidence: Fostering Pre-Service Teachers’ 
Competences in Social Research and Related 
Learning Skills – a Quasi-Experimental Study With 
Minimal Guidance Interventions
Hermann Astleitner, Michaela Katstaller & Ulrike Greiner

Abstract: The current study evaluated the effect patterns of an intervention within 
a course program for pre-service teachers in educational research and related 
learning skills for the first time. 89 pre-service teachers participated in a newly 
developed four-month course. Within this course, the intervention was imple-
mented during six sessions based on a quasi-experimental pre-post-design. In 
addition to the training sessions, about half of the participants (intervention 
group) got additional minimal guidance interventions by using learning sup-
porting maps and questions. All participants reported higher monitoring skills 
at the end of the intervention. Participants with minimal guidance interven-
tions had higher information and methodological literacies. However, course 
activities decreased critical thinking and mental modeling showing unintended 
negative evidence. Further analyses revealed that these negative effects might 
be related to pre-requisites in research and learning skills. Future research is 
needed to study the role of thinking and model building as well as related stan-
dardized measurements.

When planning an educational intervention, then considering that things go wrong, 
is well established in the head of researchers. Negative evidence is more probable 
in complex interventions than positive evidence (e.g., Ioannidis, 2005). Why are 
then scientific journals full of studies with mainly positive and significant findings 
and why is there a publication bias or a replication problem in experimental so-
cial science (e.g., Francis, 2012)? Anyway, within intervention research negative 
effects should be expected and handled, even when there is a standard-based and 
high-quality implementation concerning theoretical background, research ethics 
and design, or measurements. In addition, there is some kind of a revival to deal 
with negative effects (e.g., Rozental et al., 2018). Rychetnik, Frommer, Hawe, and 
Shiell (2002) listed numerous criteria for evaluating evidence on interventions and 
stressed that if an intervention is not successful, the evidence should help to find out 
whether concept or theory as well as the implementation of the intervention were 
faulty. Within the following study, we considered negative evidence to be mainly a 
problem of research design. We did everything up to our best knowledge to avoid 
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negative results. However, as our selected general issue of teaching is of highest 
complexity (e.g., Goldman & Kearns, 1995), we are prepared for having not only 
positive results.

Teaching is a complex activity which requires all available resources from in-
structors. Effective teaching also represents a skill, which is both sophisticated 
and difficult to develop, for teacher education activities. This situation becomes 
even more challenging when research skills are integrated into teacher education 
(Munthe & Rogne, 2015). Then, pre-service teachers not only have to acquire skills 
about teaching or instructional design, but also high-level knowledge and skills 
about literature review, theory building, research design, data collection, statistical 
analyses, or project management (Hall, 2009). This challenging task increases cog-
nitive and emotional pressure (due, for example, to “statistics anxiety” (Onwueg-
buzie & Wilson, 2003)) on pre-service teachers, which requires solid cognitive and 
emotional competences. However, considering cognitive competences, for example, 
Eide, Goldhaber, and Brewer (2004, p. 235) reported evidence that there is a “nega-
tive relationship between results of measurement of academic performance and the 
decision, among colleges graduates, to become a teacher”, however, with significant 
variations based on national and cultural conditions (Boeger, 2016). Concerning 
emotional competences, for example, Corcoran and Tormey (2012) found that 
pre-service teachers had levels of emotional competences below the norm. Also, for 
example, Decker and Rimm-Kaufman (2008, p. 58) found that pre-service teachers 
rated higher than national norms on neuroticism (which “reflects individuals who 
are nervous and concerned about their ability to succeed in relation to others”). 
Such evidence might not be representative, but can increase the sensibility for high 
diversity in pre-service teachers and the necessity for well-dosed support strategies.

So, it is not surprising that there are problems when fostering pre-service teach-
ers’ competences in social research. For example, Hiebert, Morris, Berk, and Jansen 
(2007) identified four research skills for teachers (i.e., specifying goals, conducting 
empirical observations, constructing hypotheses, and proposing improvements) 
and argued that it is difficult to implement such skills successfully into teacher ed-
ucation programs as relevant research findings are missing. Niemi (2008) stressed 
the necessity to establish highly complex multiple interacting factors (i.e., research 
competence, evidence-based practice, quality of evidence, delivery and access to 
evidence, an evaluation culture, and collaborative professional networking) for 
promoting research-based orientations and attitudes in pre-service teachers. She 
also pointed out that such orientations are related to different and often contra-
dictory paradigms of research (e.g., qualitative, quantitative, or action-research) 
that produced additional workload and insecurities for inexperienced pre-service 
teachers. Van der Linden, Bakx, Ros, Beijaard, and Vermeulen (2012, p. 415) found 
it difficult to describe and explain the development of pre-service teachers’ research 
competences as “they developed their knowledge and skills more in science-orien-
tated topics and less in research methods and research designs”. Van der Linden, 
Bakx, Ros, Beijaard, and van den Bergh (2015) found positive changes in pre-service 
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teachers’ knowledge about research during an introductory course. However, their 
self-efficacy regarding research was related to beliefs which were relatively difficult 
to develop about abilities to conduct and use research after the course. Haberfellner 
(2016) found that such beliefs about the usefulness of competences in educational 
research for pre-service teachers were based on demanding and arduous benefits 
for graduation work, for daily instruction in schools, for professional career, and 
for professionalism in the field of teacher education. Finally, Evans, Waring, and 
Christodoulou (2017) demonstrated that fostering early career teachers’ research 
competences requires the establishment of complex interacting conditions like, for 
example, research-based collaboration with schools, the use of research-based crit-
ical approaches to teaching, the supporting of social-emotional resilience, and the 
development of metacognitive and self-regulatory skills.

In our study, we responded to such a demanding situation when fostering 
pre-service teachers’ competences in educational research in three ways (see Fig-
ure 1). 

First, we chose a clear focus and defined such a competence as “ability to under-
stand and apply research-based knowledge” (Groß Ophoff, Schladitz, Lohrmann, 
& Wirtz, 2014, p. 251) with three essential sub-skills: (1) “Information literacy” as 
“capacity of people to recognize their information needs, locate and evaluate the 
quality of information, store and retrieve information, make effective and ethical 
use of information, and apply information to create and communicate knowledge” 
(Catts & Lau, 2008, p. 7); (2) “methodological literacy” as the ability to understand 
and analyze information from descriptive statistical data (Koch, 2011), and (3) “criti-
cal thinking” as skill to identify assumptions and to find explanations in theory- and 
evidence-based research results (Osana & Seymour, 2004). Second, we focused on 
the process of learning by linking competences to learning supporting strategies 
based on approaches about “developmental education” (Seel & Hanke, 2015, p. 339) 
and “constructive alignment” (Biggs, 2014). We considered “mental modeling” (i.e., 
the construction of cognitive representations on subject areas) and “monitoring” 

Fig. 1: Fostering competences in educational research.
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(i.e., the evaluation and regulation of progress in learning) as important learning 
skills. For example, Feldon (2010) stressed the important role of mental modeling 
for scientific problem-solving as it is related to the transfer of information between 
long-term and working memory, the accuracy of recall, or the encoding of informa-
tion. In respect to pre-service teachers, for example, Moseley, Desjean-Perrotta, and 
Utley (2010) analyzed such representations and found incomplete but educationally 
formable mental models. Monitoring has a long history in the field of teacher edu-
cation and is about observing one’s own performance, confronting it with standards, 
and deciding about how to improve performance (Rispoli et al., 2017). Monitoring 
was repeatedly found effective in introductory courses on research methods or on 
data literacy interventions for pre-service teachers (e.g., Lan, Bradley, & Parr, 1993; 
Reeves & Honig, 2015). Third, we were aware that fostering pre-service teachers’ 
competences in social research represents a complex and demanding task. As a rule, 
there is less work-load available in curricula for educational research methods in 
teacher education than in other fields of social research (e.g., educational science 
or psychology). Such a situation needs special instructional support for pre-service 
teachers without overloading or overstraining them. Therefore, we decided to use 
“minimal guidance interventions” “in form of process- or task-relevant informa-
tion that is available if learners decide to use it” (Kirschner, Sweller, & Clark, 2006, 
p. 76). As recent research showed that (sometimes weak) minimal guidance effects 
can be increased with high levels of practice, we established multiple assignments 
as core elements of instructional interactions (e.g., Brunstein, Betts, & Anderson, 
2009). In addition, we implemented – as experimental condition – learning sup-
porting maps (called “booster”) and questions (called “focuser”) as instructional 
support devices. Maps were found effective in learning and represent graphic or-
ganizers that deliver visual knowledge on relationships among concepts and pro-
cesses (Nesbit & Adesope, 2006). Such maps were, for example, successfully used 
in data-based field activities with pre-service teachers (Francis, 2015). Questions 
for supporting learning were, for example, an essential element in inquiry-orient-
ed interventions for pre-service teacher’s thinking on research (e.g., Gitlin, Barlow, 
Burbank, Kauchak, & Stevens, 1999) or when designing an experimental activity as 
inquiry (e.g., Cruz-Guzmán, García-Carmona, & Criado, 2017).

A Course for Pre-Service Teachers on Fostering Competences in 
Social Research
In order to support pre-services teachers’ competences in social research and re-
lated learning skills, a course entitled “Theories, concepts, and categories of Edu-
cational Science” was developed by the second and the third authors of the study 
for the first time. Due to high registration numbers, the same course was offered 
for four different groups of pre-service teachers, each course lasted over the en-
tire duration of the semester. The first course instructor held two courses and had 
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many years of experience in social research methods and related teaching as well 
as project work. The second course instructor held the other two courses and had 
more than two decades of teaching, research, and administration experience in the 
field of teacher education. The course was part of a study entrance and orientation 
phase within a bachelor teacher education curriculum at a School-of-Education 
and had an average work-load of about 50 hours. It lasted about four months and 
consisted of about 11 one and a half hour sessions. Major course learning outcomes 
concerned the acquisition and reflection of (1) fundamental concepts of Education-
al Science in teacher education, (2) declarative knowledge about basic requirements 
of the teaching profession and (3) basic methods of scientific research in teacher 
education. From an instructional design perspective, the course was based on a 
variety of instructional methods consisting of lecture/presentation, Socratic dia-
logue, demonstration/modeling, guided discussion/debate, and cooperative group 
learning. Students had to accomplish multiple assignments during or/and after each 
session. Assignments concerned questions, problem-solving tasks, self-reflections, 
or group activities. They were based on different educational goal levels ranging 
from retrieval, comprehension, analysis, knowledge utilization, meta-cognition to 
self-system thinking (Marzano & Kendall, 2008). For each assignment, students 
were prepared with theory- and research-based presentations or texts about im-
portant research findings. As major course achievement and in order to successfully 
complete the course, students had to write a research report on a self-chosen topic. 
Research reports were evaluated on multiple criteria (i.e., paper is free of errors in 
spelling and grammar; reference list and in-text citations follow citation guidelines; 
writing style is clear and uses scientific language; concepts are clearly defined; ar-
gumentation is based on research findings; statistical data is correctly interpreted; 
topic’s importance and research questions are established conclusively; sections in 
the paper follow a logical sequence; problems are viewed from multiple and critical 
perspectives).

Purpose and Hypotheses
Our first objective was to investigate the effect patterns of a course intervention 
on educational research competences in enhancing pre-service teachers’ research 
and related learning skills. The second objective was to gain insight into the ef-
fect patterns of learning supporting maps and questions on these skills. We used a 
quasi-experimental pre-post-design to examine these questions. In both interven-
tion and control groups, pre-service teachers were confronted with course contents 
and methods on educational research. In addition, within the intervention group, 
pre-service teachers received additional learning supporting maps and questions.

With regard to research skills, we first hypothesize that both groups will demon-
strate increased information literacy, methodological literacy, and critical thinking 
in a posttest (in comparison to a pretest). We also hypothesize that the use of learn-
ing supporting maps and questions should produce higher research skills within 
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the intervention group (in comparison to a non-use situation within the control 
group). We expect the same effects also with regard to learning skills, because with-
in the course many mental modeling supporting elements (e.g., diagrams, tables, 
or figures) and monitoring assisting activities (e.g., questioning research findings, 
comparison with criteria and standards, and giving correcting feedback) were es-
tablished. For both groups of dependent variables, we assume a general positive in-
structional effect of the course and a specific additional positive instructional effect 
of the minimal guidance interventions. 

The general instructional effect of the course should be achieved by a strong 
focus on results and methods of school- and teacher-education-research with a 
demonstrative effect: Pre-service teachers could learn from research papers how 
to do social research (e.g., Brill & Yarden, 2003). In addition, the focus on school- 
and teacher-education research had high relevance for pre-service teachers as it is 
always related to challenges of their professional future. A third effective factor was 
established by the highly varying instructional methods within the course. Both 
high relevance and high variation should stimulate motivation and volition for 
learning and deepen learning experiences. The specific instructional effect of mini-
mal guidance interventions should be achieved by delivering a processual guidance 
and an assistance in self-control activities (e.g., Astleitner, 2018a).

Positive and negative effects. Above all, we expect that both, the general and the 
specific instructional effects are positive in nature: They should have a positive resp. 
increasing effect on research and learning skills. However, we are not quite sure 
about the effect patterns, because our course was held for the first time and teach-
er education results were often inconclusive: Even courses for pre-service teachers 
which were based on a well-balanced instructional design could cause instable, in-
consistent, non-significant, or even negative effects (e.g., Cheong, 2010; Lederman, 
Schwartz, Abd‐El‐Khalick, & Bell, 2001; Schüle, Besa, Schriek, & Arnold, 2017). 

Method

Participants

A total of 89 pre-service teachers from four courses on research methods at a 
School-of-Education from an Austrian university volunteered to participate in 
the study. Two courses (one intervention and one control group) were held by the 
second author of this study, two courses (again one intervention and one control 
group) by the third author. Participants of these courses were randomly assigned 
to intervention and control groups: First, participants decided of their own on the 
participation in one of the groups. Second, the first author of the study decided 
without knowing the participants which groups were fixed as intervention and 
control groups. Of the 45 participants in the intervention group, 73% were female. 
Their ages ranged from 18 to 28 years (M = 21.29, SD = 1.87). Of the 44 pre-service 
teachers in the control group, 68% were female. These participants were between 18 
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and 30 years of age (M = 21.31, SD = 2.38). Students within the intervention group 
got a grade average at the end of the courses of 2.84 (SD = 1.09), students within the 
control group of 2.73 (SD = 1.30) showing, as assumed before the intervention, no 
ethically questionable disadvantages of the control group. Before the intervention, 
participants in both groups had to self-evaluate their depth of learning in order to 
explore relevant group differences. Two items were used: “In today’s course ses-
sion, I learned only superficially, without going into depth” and “In today’s course 
session, I acquired scientifically founded knowledge” on a four-point scale (from 
“often” (0) to “never” (3)). Both groups had low, but not significantly different values 
for the first (intervention group: M = 1.29, SD = 1.01; control group: M = 1.20, SD = 
0.99; t(61) = 0.34, p > .05) and the second evaluation item (intervention group: M 
= 1.96, SD = 1.00; control group: M = 1.89, SD = 0.93; t(61) = 0.32, p > .05). Overall, 
both groups were comparable with regard to sex, age, and depth of learning (before 
the intervention).

Design

We employed a quasi-experimental pre-post-design to study the effect patterns of 
the course and the minimal guidance interventions. The whole experiment was im-
plemented during 6 of the 11 weekly course sessions. It started in the third course 
session and ended in the eighth session with an overall duration of about five weeks. 
Within the first session, students in both groups were asked about their depth of 
learning. The second session started with a pretest for both groups and the first 
minimal guidance intervention in the intervention group. Within the second and 
third sessions, minimal guidance was implemented in the intervention group. In 
the fourth session, the intervention group had minimal guidance and both groups 
completed the posttest (at the end of the session). 

Intervention and control group sessions had the same instructor, the same goals, 
contents, assignments, time schedules, learning materials (texts on, for example, 
Hattie, 2009) and instructional methods. Within the intervention group, students 
had additional minimal guidance instruction. Within the control group, there was 
no such guidance.

Minimal guidance intervention. Within the intervention group, students re-
ceived minimal guidance instructions on two sheets of paper as a “booster” and as 
a “focuser” (see Figure 2). 

In the “booster”, students were informed on a map that an issue has several com-
ponents (e.g., concepts) related to arguments, reasons, and evidence. These three 
elements are depicted as affected by research conditions (e.g., theories, methods for 
data collection, and study results). Such research conditions are regarded as being 
influenced by a study of literature (with, for example, questions and related search 
terms). The booster represents a checklist or guidance that should support the com-
pletion of task assignments (e.g., presentations, discussions, or exam preparation) 
within the course. In the “focuser”, students were presented with 10 questions which 
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should support them in developing research questions in oral and written course as-
signments. The focuser consists of general descriptions (e.g., general topic), related 
questions (e.g., what is the topic or the topic area?), and examples (e.g., quality of in-
struction). At the beginning of the intervention, students were informed about the 
goals of these minimal guidance interventions and about how to use them in order 
to support their individual learning processes. During all intervention sessions, the 
instructor asked the students several times to use both, the booster and the focuser, 
to assist their learning.

BOOSTER 
Use this sheet as a checklist or as a guidance for designing presentations and task assignments, 
discussions/evaluations, argumentation/communication, questioning, preparing for examinations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FOCUSER 
10 steps for developing research questions in oral or written course assignments 
 

General topic 1. What is the topic or the topic area? (e.g., Quality of instruction) 
Adhoc questions 2. Which questions are connected with the topic? 

(e.g., Is quality of instruction related to student learning?) 
Subtopics 3. Is it possible to combine questions to subtopics? 

(e.g., effects on cognitive, motivational, and emotional aspects) 
Problems in subtopics 4. Which of these subtopics is worthy of investigation in more detail? 

(e.g., motivational aspects due to students’ attentional deficits) 
State of research 5. Which research reviews can be found for this subtopic? 

(e.g., Lazowski & Hulleman (2016) on motivation interventions) 
 6. Which scientific theories are essential within this subtopic? 

(e.g., Brophy (2010) on motivating students to learn) 
Selection of research 
questions 

7. Which research questions should be investigated when considering 
theories and evidence (from reviews)?  
(e.g., quality of instruction and motivational engagement) 

Evidence on 
research questions 

8. Which studies have already investigated the selected research 
questions? (e.g., Gettinger & Walter (2012) on engaged time) 

Deficit analyses 9. Which theoretical, methodological, or practical problems, 
shortcomings, gaps, or contradictions can be found in these studies that 
might be relevant for an own research question? 
(e.g., it is unclear whether motivational engagement develops stepwise?) 

Exact research questions 10. What is your own research question exactly? 
(e.g., How are characteristics of the quality of instruction and levels of 
motivational engagement of the students related to each other?) 
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Fig. 2: Minimal guidance interventions. 
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Manipulation check and controlling for bias. The training sessions in the inter-
vention and the control group had the same goals, contents, teaching methods and 
learning materials. For manipulation check, students were asked about their depth 
of learning and their experienced instructional support in all sessions. Participants 
had to evaluate in each session the item “In today’s course session, I learned how to 
design scientific questions” (with a four-point scale from “often” to “never”). An-
swers on this item were summed up for all four intervention sessions (that led to 
a reduced n due to missing data). Results from a t-test showed (nearly) significant 
higher values in the intervention in comparison to the control group (for the inter-
vention group: M = 6.94, SD = 3.15; for the control group: M = 5.28, SD = 2.85; t(33) = 
1.64, p = .06 (one-tailed)). Test results indicate a weak, but consistent manipulation 
which corresponds with our minimal intervention approach. 

As both course instructors instructed one intervention and one control group, 
experimenter bias (e.g., experimenter might be more supportive to participants who 
are getting the intervention) must be controlled resp. tested (Mitchell & Jolley, 2010, 
p. 166). For testing experimenter bias, all participants had to evaluate the item “In 
today’s course session, I was made aware of the different dimensions and aspects of 
the topics covered” (with a four-point scale from “often” to “never”). Again, answers 
on this item were summed up for all four intervention sessions. Results from a t-test 
showed no differences between intervention in comparison to the control group 
(for the intervention group: M = 8.77, SD = 2.81; for the control group: M = 9.33, SD 
= 1.65; t(33) = -.73, p = .24 (one-tailed)). Test results indicate no experimenter bias 
throughout the whole period of the intervention. 

Measures and Indicators for Reliability and Validity

Within Table 1, descriptive statistics, reliability information and correlations be-
tween study measures of the pretest are depicted.

Tab. 1: Descriptive Statistics, Reliability Information, and Correlation between Study Mea-
sures (Pretest, 56 < N < 81)

Variables M SD α 1 2 3 4 5
Research competences
1: Information literacy 9.61 2.08 - -
2: Methodological literacy 4.81 1.54 - .21* -
3: Critical thinking 6.60 1.75 - -.01 .03 -
Learning skills
4: Mental modeling 17.66 4.58 .81 -.02 -.03 .07 -
5: Monitoring 5.91 3.74 .76 -.09 -.07 -.18 .41** -

Note. α = Cronbach’s Alpha, M = mean, SD = standard deviation, *p < .05, **p < .001, one-
tailed.
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Information literacy was measured by summing up solutions from three curricu-
lum-based tasks. Within the first task, students had to evaluate six research ques-
tions whether they meet certain quality criteria (e.g., free of contradictions) or not. 
Correct answers on all six questions, for example, “Is there a relationship between 
the stress experiences of teachers and the quality of their instructional behavior in 
classrooms?” were summed up and ranged from zero to six points with an accept-
able difficulty level (with M = 3.91, SD = 1.19). As the second task, students had to 
rank five strategies for searching scientific literature (e.g., “Reduce hits by restrict-
ing, for example, the year of publication”) in an appropriate order (from first to last). 
Differences between students orders and the optimal order were calculated (M = 
3.46, SD = 1.40). In a third task, students had to decide on three research questions 
(e.g., “How can classroom videos foster analyzing skills of pre-service teachers?”) 
whether they combine search keywords by using Boolean operators such as “or”, 
“and” or “not” in order to deepen literature search results (M = 2.25, SD = 0.55). 
There were low positive correlations between the three tasks (0.07 < r < 0.19), indi-
cating that they represent common but also separate curriculum-based components 
of information literacy. 

Methodological literacy was measured in a similar way. In a first task, students 
were confronted with bar charts on three variables (educational level of students 
based on type of school and parent’s education). Based on these charts, students had 
to evaluate four statements (e.g., “The largest part of adolescents from low or middle 
educational levels are within apprenticeships”) whether they fit the chart informa-
tion or not (M = 3.00, SD = 0.73). The second task was similar to the first task but 
was on a different issue (distribution of students on type and level of schools) with 
six statements (e.g., “About 45% of students are attending a certain type of second-
ary school, called Hauptschule”). However, we did not use this task in our analysis, 
because difficulty levels were to low (M = 5.13, SD = 1.41) and correlation with other 
tasks was not positive (r = -.04). Within a third task, students had to read an inter-
view text from a qualitative study about conditions for a successful implementation 
of educational standards in schools (with a length of about 30 lines). Then, students 
had to evaluate five interpretations (e.g., “Creative things are not testable, and as 
German language courses are to a large extent based on creative processes, testing 
educational standards is not appropriate.”) whether they fit text passages or not (M 
= 1.84, SD = 1.20). Answers on the two selected tasks were correlated (r = .22) and 
summed up for further analysis.

The measurement of critical thinking was also based on three tasks. Within a 
first task, students had to read an abstract of an empirical study on social partici-
pation in inclusive instruction. The text consisted of about 50 lines and represented 
the basis for five critical statements about theoretical and methodological problems 
(e.g., “The two basic assumptions are formulated based on theories and related sci-
entific references.”). Students had to decide whether these statements are appropri-
ate or not. Correct answers on the five statements were summed up and resulted 
in acceptable difficulty (M = 4.47, SD = 0.86). As a second task, students had to 
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evaluate a short (about four-line) statement about the use of cooperative teaching 
methods in daily instruction on four dimensions (i.e., type of theory (scientific or 
everyday theory), precision of concepts (given or not given), empirical verification 
(personal or with scientific methods), and generalization (for many or few cases)). 
Again, answers were summed up, showed acceptable difficulty (M = 2.16, SD = 1.45), 
and correlated with the first task (r = .08). This was not true for an excluded third 
task on evaluating a text on portfolio-use in the field of teacher education (with five 
items) which correlated negatively with the second task (r = -.02). Again, answers 
on the two resulting tasks were summed up for further analysis.

Overall, the measurement of research competences was based on few, but com-
plex and curriculum-based tasks with difficulties at a medium level as an indica-
tor of good reliability. Computing internal consistencies as indicators of reliability 
was not suitable because of the small number of tasks. Correlations between mea-
surements of research competences were low which can be seen as an indicator 
of discriminating validity (see Table 1). Significant evidence for convergent validity 
is only given for information and methodological literacy (r = .21), but predictive 
validity indicating correlations between pre- and posttest measurements of all three 
research competences were significant (r for information literacy = .23, r for meth-
odological literacy = .36, and r for critical thinking = .26, all p < .05 (one-tailed)). A 
further test, which was administered two weeks after the posttest, confirmed signif-
icant correlations between the post- and the follow-up-tests and good (predictive) 
validity (for information literacy: r = .32, for methodological literacy: r = .41, for 
critical thinking: r = .51) (all p < .01 (one-tailed)).

For measuring mental modeling and monitoring, originally 20 items were used 
based on a five-point-scale (ranging from “never” to “(nearly) always”). Factor and 
reliability analyses and related criteria led to measurements of seven items for mental 
modeling and five items for monitoring. Eight items were excluded because of low 
or ambiguous factor loadings as well as low or negative discrimination indices. Fac-
tor analysis indicated good convergent validity based on a stable two-factor solution 
(mental modeling: R2 = .27, all factor loadings > .52; monitoring: R2 = .22, all factor 
loadings > .64) and on a significant medium high correlation (r = .41) between these 
two variables (see Table 1). In order to have further predictive validity indicators, the 
two instruments were administered again two weeks after the posttest. Correlations 
between the two tests are all high and statistically significant (for mental modeling: 
r = .87; for monitoring: r = .82). Reliability analyses of measurements showed good 
reliability (mental modeling: Cronbach’s Alpha = .81; monitoring: Cronbach’s Alpha 
= .76). Mental modeling was measured with items like, for example, “I have tried to 
integrate the learned with learning experiences from other courses”, “I have tried to 
establish links between different parts of the learning content”, or “I worked focused 
and intensively on the teaching content”. For measuring monitoring, items like, for 
example, “I have assessed myself whether I achieved progress in learning or not”, 
“I have critically evaluated contents by using scientific literature”, or “I have made 
summaries about teaching contents” were used. 
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Data Analysis

For exploring and testing effect patterns, we analyzed our data using the IBM SPSS 
24 General Linear Model (GLM) on a two-factors ANOVA with repeated measures 
on one factor. Repeated measures analyses were based on factors time (pre- vs. 
posttest) and group (intervention vs. control group) and their effects on research 
competences and learning skills. The Alpha-level was set at p < .05 and no adapta-
tions were made in order to take the exploratory character of the study into consid-
eration. Partial eta square (η2p) served as indicator of effect sizes. 

Results

Time and Intervention Effect Patterns 

Pre- and posttest means (M), standard deviations (SD), and results of repeated mea-
sures analysis of variance on research competences and learning skills are illustrated 
in Table 2. 

Overall and on a descriptive level, mean comparisons on posttests showed no 
fully consistent effect patterns: Means in the intervention group increased over time 
for information and methodological literacy, and monitoring, but not for critical 
thinking and mental modeling. Means in the control group only increased over 
time for monitoring, but not for all other measures. Means in the posttests were 
higher in the intervention group in comparison to the control group for informa-
tion and methodological literacy as well as critical thinking and mental modeling, 
but not for monitoring. 

In detail and based on statistical tests, ANOVAs revealed a significant increase 
over time for participants in both groups on monitoring (F = 4.28, p = .042, η2p = 
.06), a significant decrease on mental modeling (F = 4.96, p = .029, η2p = .07), and a 
nearly significant decrease on critical thinking (F = 3.20, p = .079, η2p = .05). Con-
cerning differences between control and intervention group, analyses revealed a sig-
nificant increase in information literacy in the intervention group, but a decrease in 
the control group (F = 5.32, p = .024, η2p = .08), the same is true for methodological 
literacy at a level close to significance (F = 3.32, p = .073, η2p = .05). There was also 
a nearly significant difference between control and intervention group on critical 
thinking (F = 3.29, p = .074, η2p = .05): The intervention produced higher values 
in the posttest, but higher values in the intervention group were also given at the 
pretest. 

Further Analyses on Negative Results

As results on critical thinking and on mental modeling did not meet hypothetical 
assumptions, we used variables from pretests in order to explore posttest results (see 
Table 3).
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Within models 1, all five variables from pretests were included in regression analy-
ses, within models 2 only variables with significant effects from models 1 remained 
in model testing. Posttest results on critical thinking were significantly affected by 
pretest results on critical thinking (B = .31, p = .01) and on mental modeling (B = .30, 
p = .01). Pretest results on mental modeling (B = .62, p = .00), monitoring (B = .24, 
p = .01), and methodological literacy (B = .19, p = .01) affected significantly posttest 
results on mental modeling.

Tab. 2: Descriptive Statistics and Repeated Measures Analysis of Variance Results for 
Research and Learning Skills (63 < N < 70)

Pretest Posttest Main effects Interaction

Group (G) Time (T) G x T

M (SD) M (SD) F p η2p F p η2p F p η2p

Information literacy 0.00 .996 .00 0.06 .815 .00 5.32 .024 .08

 CG 10.00 2.04 9.39 2.17

 IG 9.32 1.72 10.07 1.65

Methodological literacy 1.08 .303 .02 1.98 .164 .03 3.32 .073 .05

 CG 5.05 1.58 4.97 1.17

 IG 4.40 1.54 5.03 1.33

Critical thinking 3.29 .074 .05 3.20 .079 .05 0.52 .474 .01

 CG 6.62 1.75 5.97 1.95

 IG 7.03 1.38 6.76 1.53

Mental modeling 0.94 .336 .01 4.96 .029 .07 0.07 .796 .00

 CG 17.42 4.25 16.58 4.43

 IG 18.58 5.26 17.52 5.40

Monitoring 0.04 .840 .00 4.28 .042 .06 0.66 .421 .01

 CG 5.61 3.83 6.61 4.04

 IG 6.06 3.62 6.50 3.43

Note. CG = control group, IG = intervention group.

Tab. 3: Regression Analyses’ Results for Critical Thinking and Mental Modeling  
(59 < N < 70) 

Pretest variables Critical thinking
(Posttest)

Mental modeling
(Posttest)

Model 1 Model 2 Model 1 Model 2

B SE p B SE p B SE p B SE p

Information literacy .05 .13 .735 -.15 .23 .083

Methodological literacy -.04 .15 .758 .24 .27 .007 .19 .24 .016

Critical thinking .27 .15 .044 .31 .13 .011 .06 .24 .492

Mental modeling .30 .06 .045 .30 .05 .013 .65 .10 .000 .62 .10 .000

Monitoring -.00 .07 .991 .23 .13 .020 .24 .12 .010

Note. B = Beta, SE = Standard error, p = p-value.
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Discussions and Implications
In this study, we explored whether participation in a course on research issues and 
methods together with minimal instructional guidance would improve pre-service 
teachers’ research competences and related learning skills. Our results were mixed, 
but in line with research findings on limited learning on college campuses (e.g., 
Arum & Roska, 2011). In respect to information and methodological literacy, we 
found an increase of competences at the end of the intervention but only when stu-
dents had additional minimal guidance during the learning process. The interven-
tion also increased the monitoring skills of students (in both groups). However, crit-
ical thinking and mental modeling were decreased within the intervention. Deeper 
analyses of these negative results revealed that students’ pretest results or previous 
competences had a strong effect on both critical thinking and mental modeling. 
These findings show that both an instructionally well-designed introductory course 
and minimal guidance interventions can positively affect at least basic research and 
learning skills of pre-service teachers, like information and methodological literacy 
as well as monitoring. However, our course and minimal guidance interventions 
were not effective or even counterproductive in the case of more advanced skills like 
critical thinking and mental modeling.

Focusing on negative evidence. Fostering pre-service teachers’ skills in critical 
thinking seems to be a difficult task. For example, Temel (2014) did not find effects 
of traditional teaching methods and problem-based learning on critical thinking 
dispositions. On the other hand, for example, Kong (2001) found positive effects 
of a “thinking module” on pre-service teachers’ critical thinking dispositions. Also, 
Cartwright and Noone (2006) suggested establishing “critical imagination” as 
teaching strategy for fostering critical thinking of pre-service teachers. It engages 
students in thinking about how things are and how they may be. Such findings in 
research and our results from further analyses suggest establishing courses on (criti-
cal) thinking for pre-service teachers before they start courses on research methods. 
In addition, teacher educators should know more about the capabilities in (criti-
cal) thinking of ongoing pre-service teachers. Therefore, admission tests or other 
assessments for teacher education study programs should include measurements 
on critical thinking or, more general, on analytic or reflective thinking skills (e.g., 
Sternberg, 2017, 2018). However, measuring alone might not be sufficient. Courses 
on research methods might be designed as a “critical thinking approach” (Jackson, 
2015), integrate strategies for “teaching thinking” (Swartz & Perkins, 2016), or be 
part of whole study programs within an “integrated critical thinking framework” 
(Dwyer, Hogan, & Stewart, 2014). 

Fostering pre-service teachers’ skills in mental modeling seems to be equally 
difficult. For example, Ogan-Bekiroglu (2007) found it hard to change pre-service 
teachers’ flawed or incomplete mental models even with sophisticated methods 
of “model-based teaching”. Wheeldon (2012) found that pre-service teachers did 
not use models and modeling in their arguments when explaining scientific phe-
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nomena. However, fostering mental modeling can be successful when considering 
multiple conditions: For example, Oh and Oh (2011) listed important topics from 
research findings which have to be addressed in mental modeling like the mean-
ings of models, purposes of modelling, multiplicity and change of scientific models 
as well as the use of models in educational settings. Or, Hennissen, Beckers, and 
Moerkerke (2017) found evidence that pre-service teachers’ cognitive schemata had 
grown from a specific curriculum program in which a strong linkage between theo-
ry and practice with sufficient, useful and enforceable assignments and suggestions 
was realized. In fact, it seems that mental modeling is about theory building that 
prompts teachers to act as explorers and generators of hypotheses (e.g., Clement, 
2000; Cole, 1989). For stimulating pre-service teachers’ mental modeling and in 
order to improve the effectiveness of courses on research methods, theory building 
methods should be integrated (e.g., Astleitner, 2011, 2018b).

Further limitations. In addition, this study was limited in several ways. First, 
the relatively small sample size of pre-service teachers might have restrictions on 
the power of statistical tests, although we also considered larger Alpha-levels for 
significance testing. However, as in teacher education practice, sample sizes are of-
ten limited, other factors to increase design sensitivity and statistical power might 
additionally be used in future research activities. Such factors concern, for example, 
high dosage and integrity of treatment, measurement of more proximal effects rath-
er than more distal ones, or statistical variance control with ANCOVA and similar 
procedures (Lipsey, 1990, p. 171). Second, there were limitations on the design of the 
study. Internal validity could have been questioned due to missing randomization. 
We performed a manipulation check and tested experimenter bias and found no 
problematic differences on our pretests between the different groups. However, we 
had no tests on self-selection bias and resulting different levels of motivation or 
work-load between groups. In addition, our instructional manipulation check mea-
sured more or less general effects of the intervention, but not whether participants 
read or used our instructions sufficiently (Oppenheimer, Meyvis, & Davidenko, 
2009, p. 867). In future studies, alternatives to randomized controlled trials could be 
used to mitigate threats to internal validity, like, for example, switching replications 
(in which an intervention is introduced at different points of time), nonequivalent 
dependent variables, or multiple control groups (West et al., 2008). Third, more 
sensitive measurements could have been used. We focused and discussed in de-
tail the reliability and validity of measurements, but we had low correlations be-
tween research competences and their items for measuring them. We formulated 
our items based on a given curriculum, but in future research, such measurements 
should be expanded and validated by standardized tests. Such tests are available for 
all research competences in our study, so, for example, an information literacy test 
(Cameron, Wise, & Lottridge, 2007), a research methods skills assessment (Smith 
& Smith, 2018), and a critical thinking test for undergraduate students (Hyytinen, 
Nissinen, Ursin, Toom, & Lindblom-Ylänne, 2015). 
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In summary, our study represents preliminary evidence that a pre-service teach-
er course on research methods could succeed in improving basic research and re-
lated learning skills. In the study, we combined a focus on competences with relat-
ed learning skills as suggested in modern principles of competence development. 
However, we were not successful in relation to advanced or higher-order goal areas 
(like critical thinking and mental modeling). Further investigation is needed on 
our negative results and on how to achieve such goals by intensifying thinking and 
model building together with validation attempts on standardized measurement 
approaches.

Handling negative results in intervention research. Of course, there are multiple 
theoretical and methodological reasons why negative results could occur in inter-
vention research. The main reason is that given standards on generating hypotheses 
and theories, on measuring and manipulating variables, on experimental designs, 
or writing research proposals were not met (e.g., Mitchell & Jolley, 2010). It is also 
needless to say that scientific progress is fundamentally based on considering faults 
and related implications from former research activities. In this case, some kind of 
sequential testing in series of interventions has taken place. The next interventions 
should also use experiences from the earlier interventions. The former interven-
tions produce cumulative knowledge and modifications in theory, design, and mea-
surements on the subject in focus. However, these modifications are often more or 
less conclusive and consistent. Obviously, it is necessary to produce systematically a 
cumulative science of behavior change within a context of sequential interventions 
(e.g., Lanovaz et al., 2014).

An important problem in sequential testing concerns the type of theoretical 
approach. Within such an approach, there must be a sequentially organized devel-
opmental model in combination with support strategies for different developmental 
levels (see chapter 1 in this book). Such a model can then be tested within sequences 
of (quasi-)experimental tests together with replications and exploratory options. 
Having then multiple positive and negative evidence, the theoretical model can be 
adapted. Especially in respect to negative evidence, there is a need to focus research 
on a step-by-step exploration of reasons for such findings.

Generally, Barlow (2010) pointed out, that sometimes in psychological treat-
ments, people in the experimental group showed greater improvement, but also 
greater deterioration compared to the control group. Having such evidence, it is, in 
general, necessary to know more about what intervention is effective for what par-
ticipant under what contexts. In addition, there should be case study reports of neg-
ative effects or single-case experiments immediately after an intervention focusing 
on an idiographic and nomothetic balance in interpreting effects of interventions. 
Traditionally, such suggestions concern two lines of intervention research, one on 
aptitude-treatment-interaction (e.g., Preacher & Sterba, 2019) and one on mixed 
method research (Edmonds & Kennedy, 2013).

More specifically, Bystedt, Rozental, Andersson, Boettcher, and Carlbring (2014) 
stressed the necessity to analyze negative effects of interventions on three core 
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themes: Characteristics of negative effects, causal factors, and approaches on eval-
uating negative effects. Negative effects might concern short- or long-term effects, 
no treatment effects, deterioration, or side effects. Causal factors could be associated 
with inadequately applied methods, potentially harmful interventions, insufficient 
intervention alliance, failed ethical or professional conduct, discontinuity, or exter-
nal factors. Comprehensive approaches on evaluating negative effects (with criteria 
and methods) in social research are still missing. However, many of them might be 
related to traditional sources of invalidity (like selection, testing, or instrumenta-
tion; e.g., Mitchell & Jolley, 2010) and their handling with different experimental 
designs. Others concern typical standards for intervention research on efficacy, ef-
fectiveness, and dissemination (e.g., Flay et al., 2005).

Overall, it seems necessary to do more research on how scientists and all people 
learn from negative experiences or mistakes. A first helpful step might be to fo-
cus in future research activities on error management (see chapter 2 in this book). 
Frese and Keith (2015) presented a comprehensive approach on error prevention 
(e.g., zero error tolerance), error management (e.g., acceptance of human error), 
and related processes (e.g., routines to deal with errors). Within future research 
activities, such an approach could be applied on intervention research activities and 
establishing a long-term research perspective on bias in intervention research. Such 
a perspective could also bring more acceptance of negative findings and more trust 
into intervention research (e.g., Gorman, 2018).
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5.  Handling Validity Problems in Developmental 
Measurement Approaches – a Confirmatory Factor 
Analysis Approach on Student Engagement
Hermann Astleitner

Abstract: Effects patterns in intervention studies depend significantly on the qual-
ity of measurements. Important aspects of measurements concern the validity 
and related approaches on identifying construct validity of dependent variables 
in educational intervention settings. Problems with construct validity arises 
especially when multidimensional measurement approaches are used. In this 
study, confirmatory factor analysis was applied to explore the constructs and 
different aspects of reliability and validity of a multidimensional and develop-
mental cognitive, motivational, and social-emotional measurement on student 
engagement in learning. For data collection, 218 undergraduate and graduate 
students used a 15-item scale as self-assessment instrument. Confirmatory factor 
analysis showed that a reduced short scale best fitted the given data. Results were 
discussed in respect to innovative validation issues in educational intervention 
research like a level-based developmental theoretical perspective and the criteria 
of validity for change or responsiveness. 

Martin (2008) formulated as one essential standard when designing intervention 
studies, that such studies should use multidimensional instruments to assess di-
verse dimensions of educational constructs varying, for example, on cognitive and 
behavioral facets at the same time. A multidimensional perspective represents an 
important progress within scientific discourses as it allows to get a more complete 
and therefore more valid picture of a phenomenon. In addition, it stimulates to find, 
summarize, organize, and integrate scattered research findings into an organized set 
of relationships resp. a unified theory. It also represents a multi-perspective view on 
theoretical constructs and related research what is in line with general standards of 
social research like triangulation (as a combination of multiple research methods in 
the study of the same construct), or convergent or discriminant validation strategies 
(Mitchell & Jolley, 2010, p. 164). However, designing and using multidimensional 
measurement in educational intervention research is not a trivial task. It requires a 
sophisticated multidimensional theoretical model as well as advanced procedures 
for measurement development and validity testing. 

Theoretical foundation. A first major problem of multidimensional measurement 
concerns construct validation in general, that is “identifying a construct, defining 
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it, developing a theory about the structure of the construct (e.g., how many factors 
are present, how they are related), selecting a means of measuring the construct 
(e.g., Likert-type scales), and establishing that the measure appropriately represents 
the construct” (Flake, Pek, & Hehman, 2017, p. 370). In particular, problems in con-
struct validation are about

• the correspondence of theoretical assumptions on dimensions with measure-
ment results (are theoretical dimensions supported by empirical evidence?), 

• the uniqueness and independence of dimensions (are the dimensions different 
from each other?),

• the saturation of dimensions (are all relevant dimensions identified?), or
• the hierarchical status of dimensions (are there higher order dimensions (or 

factors)?). 

Within educational intervention contexts, such multidimensional measurements 
approaches can, for example, be found on cognition and learning with co-construc-
tion of meaning, exploration of different perspectives, error analysis, error com-
munication, reflection on processes and outcomes, feedback seeking behavior, and 
experimenting (Savelsbergh, van der Heijden, & Poell, 2009). In respect to motiva-
tion, multiple dimensions were considered like task motivation, effort, competition, 
social power, affiliation, social concern, praise, and token (McInerney & Ali, 2006). 
From an emotional perspective, there are, for example, multidimensional approach-
es on emotion processing with nonacceptance of emotional responses, difficulties in 
engaging in goal-directed behavior, impulse control difficulties, lack of emotional 
awareness, limited access to emotion regulation strategies, and lack of emotional 
clarity (Gratz & Roemer, 2004).

Developmental perspective. A second significant complication within multidi-
mensional measurements is given in case of a developmental perspective in which 
developmental steps are organized in a hierarchical order. On the one hand, devel-
opmental hierarchies can be found in taxonomies of cognition and learning (e.g., 
Marzano & Kendall, 2008), on changing motivation from extrinsic to intrinsic 
(e.g., Ryan & Deci, 2000), on social-emotional aspects like moral reasoning (e.g., 
Carpendale, 2000), or intercultural sensitivity (e.g., Hammer, Bennett, & Wiseman, 
2003). On the other hand, such hierarchically organized development processes 
were criticized on whether they really exist, how they can be measured, what fea-
tures define a developmental sequence or what processes underlie developmental 
change (Lourenço, 2016). Also, Astleitner (2018a, p. 125) identified open questions 
in existing developmental approaches concerning a) constituent factors of develop-
mental stages (accumulation, networking, deepening, integration, or conversion), 
b) support mechanisms (changes in reality, norms, information or data, research, 
training, or coaching) on stimulating developmental changes, c) degrees of accom-
plishment (fully vs. partially, single vs. combined) of developmental levels, and d) 
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types of (linear, step-based, delayed, u-related) relationships between developmen-
tal factors and stages. 

Length of measurement instrument. A third important problem within multidi-
mensional measurements is about how many items are used for measurement. Tra-
ditionally within classical test theory, designing measurement instruments is based 
on the assumption that the larger the number of items, the smaller the amount of 
error (Drost, 2011, p. 112). Within modern test theory approaches, it is possible to 
create scales with high precision irrespective of the number of items (e.g., Fraley, 
Waller, & Brennan, 2000). More or less irrespective of approaches on test theory, 
single- and multi-item measures were used for even highly complex multidimen-
sional constructs in the past. For example, Littman, White, Satia, Bowen, and Kristal 
(2006) concluded that two single-item measures for stress were reliable and with 
validity similar to longer questionnaires. Bergkvist and Rossiter (2007) found no 
difference in the predictive validity of multi-item in comparison to single-item mea-
sures. Postmes, Haslam, and Jans (2013) argued that even a complex construct like 
social identification can adequately be operationalized with a single item. Laborde, 
Allen, and Guillén (2016) found a short version of an emotional intelligence ques-
tionnaire as a viable alternative to the long version of this instrument.

Goals of the Study
Based on the background of these problems in multidimensional measurement, the 
general goal of the study is to develop and test a multidimensional measurement 
instrument in the context of construct validation and related confirmatory factor 
analysis (e.g., LaNasa, Cabrera, & Trangsrud, 2009). The development of the mea-
surement instrument was based on a theoretical approach on multidimensional and 
(hierarchically organized) developmental cognitive, motivational, and emotional 
engagement in learning (Astleitner, 2018b), whereas engagement is about an ac-
tive involvement and participation in learning activities. Within this approach, it 
was assumed that cognitive aspects of engagement range hierarchically organized 
as levels from knowledge, comprehension, convergent thinking, evaluation, to syn-
thesis. Motivational engagements concern hierarchical organized developmental 
levels like attention, relevance, interest, identification, and intrinsic motivation. So-
cial-emotional engagement is based on the levels of self-assertion, entertainment, 
belongingness, adaptiveness, and security. For each of these multidimensional lev-
els, there were also related instructional support strategies as developmental con-
ditions which were not considered, as the first important general goal of the study 
was to explore the validity of a multidimensional measurement instrument and re-
lated developmental levels (as dependent variables). Having such a valid instrument 
would make it possible to test in a next step the validity of developmental conditions 
(as independent variables).

A first aim of the study was to explore the underlying factors (i.e., theoretical 
constructs) of the given multidimensional measurements by using confirmatory 
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factor analysis. Confirmatory factor analysis represents a type of structural equation 
modeling with observed and latent variables. It is hypothesis-driven, and was used 
intensively in the psychometric evaluation of test instruments in the past (Brown, 
2006). For the three factors of cognitive, motivational, and emotional engagement, 
it can be assumed that they relate to each other in different ways. First, it can be sup-
posed that the three dimensions are not different from each other and represent one 
single factor of engagement. Engagement in learning is based on a complex cogni-
tive-affective activity which could reduce the cognitive capacities for distinguishing 
different multidimensional aspects in information processing. Engagement could 
therefore be seen as a holistic and integrated way of handling information pro-
cessing and learning. Such a one-dimensional perspective can be found in a long 
history of regarding engagement mainly under the focus of instructional time or 
on academic engaged time for improving student learning (e.g., Fisher & Berliner, 
1985). Second, it might be possible that there are two factors in student engagement, 
a cognitive and a non-cognitive resp. affective one (e.g., Reschly & Christenson, 
2012). The cognitive factor subsumes all aspects of student engagement which are 
related to knowledge and skill application and acquisition (e.g., problem-solving). 
The non-cognitive factor is about affective resp. motivational and emotional aspects 
(e.g., connectedness to other learners or issues). Third, it could be assumed that 
engagement in learning might be related to the assumed three theoretical dimen-
sions of cognitive, emotional, and motivational processes as all three areas represent 
unique or independent concepts and related research activities (e.g., Reeve & Tseng, 
2011).

A second aim of the study is to explore and test the reliability and validity of 
a short version of a multidimensional measurement on engagement in learning. 
There are numerous attempts in the literature on measuring cognitive, motivational, 
or emotional processes in which short versions of measurement instruments were 
developed. For example, Kroenke, Spitzer, and Williams (2003) evaluated success-
fully a two-item version of a Patient Health Questionnaire depression module in 
comparison to a nine-item version. Jackson, Martin, and Eklund (2008) found that 
a short (9 items) version of a multidimensional assessment of flow had similar mod-
el fits, reliabilities, and distributions in comparison to a long 36-item assessment. 
O’Brien, Cairns, and Hall (2018) developed out from a long version of an engage-
ment scale with 31 items a short version with 12 items in the field of human-com-
puter interaction.

Method

Participants

Participants were 218 undergraduate and graduate students enrolled in two courses 
at a Department of Educational Science at an Austrian University. The sample size 
lies within ranges of comparable studies using structural equation modelling and 
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confirmatory factor analysis: Kline (2015, p. 16) suggested to use a sample-size-to-pa-
rameter ratio between 10 to 20: 1 what means that in case of 15 parameters, a sam-
ple size between 150 to 300 participants would be optimal. The two courses were 
lectures on the issue of teaching and learning (53.2 percent of participants) and on 
the acquisition of complex emotions (46.8 percent) and held every week for about 
90 minutes throughout the semester term by the author of the study. Participants’ 
average age was 23.66 (SD = 7.08) years, the majority of participants were female 
(86.7 percent). 

Procedure

Participants were individually tested within a 35 minutes session within a regular 
lecture unit after about three weeks in the semester. The session was designed as a 
self-learning and -assessment unit as support for the preparation of the final exam-
inations. Students had to read a text which was adapted to the different contents of 
the lectures. For the lecture on teaching and learning, students had to read a text on 
the instructional design of lectures at universities. For the other lecture, there was a 
text on relationship scripts. Both texts were about 60 to 80 lines in length. In both 
lectures, about 50 percent of students also had to answer six open questions at the 
end of the text in order to support self-evaluation. There were no significant differ-
ences in overall (summed up) student engagement in groups of students with and 
without self-evaluation (t(204) = -0.03, p > .05). Students were instructed to read 
the texts within a time period of 25 minutes and save the contents of texts as good 
as possible. After reading the texts, students had about 10 minutes to answer the 
questions on engagement in learning (together with a knowledge test as preparation 
for the upcoming final examination).

Measures

For measuring engagement in learning, a 15-items scale by Astleitner (2018b) was 
used (see all items and descriptive statistics within Table 1) for the first time in re-
search activities. Participants were asked to report their experiences during learn-
ing. All items had to be answered on a five-point Likert scale ranging from “never” 
to “(nearly) always”. Cognitive engagement concerned the complexity of informa-
tion processes and products during learning. It ranged from simple (with the item: 
“can retrieve contents from memory”) to complex (item: “can develop new ideas, 
plan projects, or design products”). Motivational engagement was about the depth 
of stimulation for actively dealing with information processes and products during 
learning. It ranged from external (item: “efficaciously concentrates on contents”) to 
internal (item: “engages with contents for their own sake with high satisfaction”) 
sources of stimulation. Social-emotional engagement referred to the emotional at-
tachment with elements of learning. It ranged from distant (item: “experiences feel-
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ings of freedom or autonomy in learning”) to near (item: “feels secure or sheltered 
in learning”).

Data from Table 1 indicates that most of the items for measuring student en-
gagement have means which lie around the midpoint of the scale (i.e., “sometimes”, 
value: 3). Only the items on evaluation and on relevance showed some deviating 
tendencies. Also, nearly all standard deviations were around the value of 1, except 
for the item on knowledge and comprehension. Overall, these descriptive statis-
tics showed that there were acceptable levels of difficulties and amounts of variance 
within the items as sufficient basis for further analyses. 

Data Analysis

IBM SPSS Statistics 25 (e.g., George & Mallery, 2018) was applied for descriptive 
data analysis. For testing confirmatory factor analyses models, LISREL 8.8 (Jöre-
skog & Sörbom, 2006; Jöreskog, Olsson, & Wallentin, 2016) was used. A Kolmogor-
ov-Smirnov test was carried out and distributions of all variables were found to be 
significantly different from normal (p < .001). Thus, PRELIS was used to compute 
a polyserial correlation matrix and the corresponding asymptotic covariance ma-
trix. For model testing, the weighted least square solution (WLS) was used, because 
WLS can produce correct standard errors and model fits when non-normality of 
variables is given. In addition, the variances of the latent variables were set to one, 
what allows to freely estimate the factor loadings of the items. For evaluating the 
goodness of fit of the models, different indicators were used like the Chi-Square 
(χ2)-value, Non-Normed Fit Index (NNFI), Comparative Fit Index (CFI), and the 
Standardized Root Mean Square Error of Approximation (RMSEA). Results of χ2/
df (degrees of freedom) between 2 and 3, NNFI and CFI > .97, and RMSEA values ≤ 
.05 are considered as good fit (Schermelleh-Engel, Moosbrugger, & Müller, 2003).

Results
Results of the confirmatory factor analyses are depicted in Table 2. In a first step, a 
confirmatory factor analysis was conducted in which one single underlying factor 
of student engagement was assumed. In Table 2, fit statistics of the one-factor-model 
showed that such a model did not fit the given data and cannot be a plausible rep-
resentation (χ2/df = 5.44, NNFI and CFI < .93, RMSEA > .05). A deeper inspection 
of the one-factor model also showed a negative error variance (-.001) for item on 
intrinsic motivation and modification indices suggested to add 39 error covariances 
between items. Obviously, results of this first confirmatory factor analysis suggest 
that there are at least two dimensions within the data on student engagement. 

In a second step, a two-factor-solution was tested in which a cognitive dimension 
and an affective dimension as a combination of motivational and social-emotional 
engagement were assumed. Again, the model fit was not sufficient (χ2/df = 5.49, 
NNFI and CFI < .93, RMSEA > .05), the item on intrinsic motivation had a negative 
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error variance (-.001) and modifications indices suggested 47 error covariances. 
Such error covariances indicate that the items or observed variables are measuring 
something other than the hypothesized factor (Schumacker & Lomax, 2010, p. 165). 
In addition, there was a very high correlation between the two factors (r = .98). All 
of these indicators showed that student engagement as measured in this study did 
not have a cognitive and an affective dimension. 

In a third step, a three-factor solution with a higher-order factor was tested. 
Here, it was assumed that the cognitive, motivational, and social-emotional dimen-
sions belonged to the same common construct. A first model-test did not identify 
a converged solution (χ2/df = 5.56, NNFI and CFI < .93, RMSEA > .05). After not 
setting the variance of latent variables to one, a converted, but not acceptable model 
fit was found (χ2/df = 5.43, with 50 suggested error covariances). The results of this 

Tab. 1: Multidimensional Student Engagement Variables (Means (M) and Standard Devia-
tions (SD)) (212 < n < 219)

Items M SD
Cognitive Engagement

Knowledge: can retrieve contents from memory. 3.65 0.69
Comprehension: can summarize, explain, or classify contents. 3.75 0.73

Convergent thinking: can solve problems by the application of  
learned procedures. 3.00 0.95

Evaluation: can find mistakes, criticize, or defend contents 
based on standards. 2.10 0.96

Synthesis: can develop new ideas, plan projects,  
or design products. 2.75 1.06

Motivational Engagement
Attention: efficaciously concentrates on contents. 3.83 0.86
Relevance: regards contents as personally important. 4.01 0.89
Interest: reengages voluntarily and repeatedly with contents. 3.53 1.03
Identification: is committed to goals that are related to contents. 3.06 1.03

Intrinsic motivation: engages with contents for their own sake with high 
satisfaction. 3.22 0.96

Social-emotional Engagement

Self-assertion: experiences feelings of freedom or autonomy in 
learning. 3.17 1.15

Entertainment: finds joy, fun, or happiness in learning. 2.72 1.05
Belongingness: feels community or loyalty in learning. 3.22 1.06

Adaptiveness: is sensible or empathic in relation to elements of 
learning. 2.89 1.15

Security: feels secure or sheltered in learning. 2.81 1.13
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model test suggest that the three dimensions did not relate to a common higher-or-
der construct.

In a fourth step, a three-factor solution without a higher-order factor was tested 
assuming that the cognitive, motivational, and social-emotional dimensions were 
not held together by a parent construct. Again, the model fit was not acceptable (χ2/
df = 5.43, NNFI and CFI < .93, RMSEA > .05) and modification indices suggested to 
consider 50 error covariances. Especially, the many identified error covariances sug-
gested that the items were not independent indicators of the underlying constructs. 

Therefore, in a fifth step, error terms within but not between dimensions were 
allowed to correlate. In addition, items with inconsistent values (e.g., negative error 
variances) were excluded leading to four items per dimension and a significantly 
improved model fit (χ2/df = 2.55, NNFI and CFI > .94, RMSEA < .10), however, 
together with 9 suggested error covariances.

Based on these results, it was concluded to reduce the number of items per di-
mension and to assume all error terms to be uncorrelated. In addition, for identify-
ing a model with an acceptable fit, no anomalies in values, no suggestions by modi-
fication indices, and only statistically significant parameter estimations were used as 
standards for model evaluation. In addition, troubleshooting tips (e.g., eliminating 
the bad variables) by Schumacker and Lomax (2010, p. 50, p. 68) were applied to 
find a good solution. Applying these criteria and tips leaded to an acceptable model 
fit (χ2/df = 1, NNFI and CFI > .97, RMSEA < .05). Figure 1 illustrates the resulting 
reduced factor model of multidimensional student engagement with only 6 out of 
15 items. Cognitive engagement is based on knowledge and comprehension, moti-
vational engagement on attention and interest, and social-emotional engagement 
on self-assertion and entertainment. Correlations between the different dimensions 
were statistically significant and ranged from r = .36 to r = .88 (t > 4.35) (see right 
part of Figure 1). On the left part of Figure 1, R2 as a measure of the strength of the 
linear relationship is shown. It is usually interpreted as the reliability of the observed 
variables. For example, comprehension can be seen as the most reliable indicator of 
cognitive engagement (R2 = .85), attention of motivational engagement (R2 = .43), 
and entertainment of social-emotional engagement (R2 = .75). Overall, cognitive 
and social-emotional items showed good and higher reliability in comparison to 

Tab. 2: Fit Statistics for the CFA-Models on Student Engagement

Models χ2 df NNFI CFI RMSEA p Changes to  
fit statistics

∆χ2 ∆df ∆CFI
1. One factor 489.8 90 0.91 0.92 0.14 0.000 - - -
2. Two factors 488.5 89 0.91 0.92 0.14 0.000 1.3 1 0.00
3. Three factors – Higher order 484.0 87 0.91 0.92 0.15 0.000 4.5 2 0.00
4. Three factors 472.1 87 0.91 0.92 0.14 0.000 11.9 0 0.00
5. Three factors – Reduced with errors 107.1 42 0.95 0.97 0.09 0.000 365.0 45 0.04
6. Three factors –  

Strongly reduced without errors 6.0 6 1.00 1.00 0.00 0.424 101.1 36 0.05
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motivational engagement. In the center of Figure  1, standardized factor loadings 
are depicted. They represent validity coefficients, range from .58 to .92, and are all 
statistically significant (t > 8.72). Overall, the reduced factor model showed good 
model fit and good reliability and validity.

Discussions and Implications
The purpose of this study was to learn about problems and solutions in the mea-
surement of multidimensional constructs which are essential within modern ed-
ucational intervention research. Within such research, measurements concern 
hierarchically organized development processes. Such a focus allows to generate 
adapted educational interventions which are different for different developmental 
levels. Such an orientation corresponds with contemporary approaches on testing 
(like “adaptive testing”; Yigit, Sorrel, & de la Torre, 2019), on educational interven-
tions (like “optimized adaptive interventions”; Almirall, Kasari, McCaffrey, & Na-
hum-Shani, 2018), or on instructional systems design (like “adaptive instructional 
systems” or “intelligent tutoring systems”; Durlach & Lesgold, 2012).

In this study, a particular multidimensional measurement instrument (from 
Ast leitner, 2018b) on student engagement was tested and evaluated for the first time. 
Construct validation and related confirmatory factor analyses approaches were used 
for identifying a short scale with acceptable reliability and validity. Short scales with 
a low number of items have significant advantages for intervention research as they 
can be used more efficiently because they require less organizational and time-con-
suming effort. However, this construct validation brought to light also problems for 
test development which represent limitations of this study, but also stimulations for 
future research activities in educational intervention research. 

Limitations. The first problem is on representing resp. covering multiple fac-
tors. In this study, there was a focus on cognitive, but also motivational as well as 
social-emotional aspects of learning. The problem here is that, on the one hand, 
different aspects must be independent from each other. On the other hand, there 
are interactions between these aspects and related processes. In confirmatory factor 
analyses approaches, relationships between different factors are measured by cor-
relations between factors (see Figure 1). Recent approaches concern, for example, 
“bifactor exploratory structural equation modeling to test for a continuum struc-
ture” (Howard, Gagné, Morin, & Forest, 2018). However, approaches which are 
based on correlations do not allow to formulate causal developmental levels and 
processes, as it was the case in this study. In future studies, especially when they 
have an interventionist perspective, measurement models with a developmental 
perspective should be tested via path analysis. Within path analysis, relationships 
and interactions can be described as mediator and moderator effects. Moderator 
effects are given, when a variable alters (for example, via zero-order-correlation or 
interactions) the strength and/or direction between an independent and a depen-
dent variable. Mediator effects are given, when the relationship between indepen-
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dent and dependent variables is caused by a third mediating variable (Little, Card, 
Bovaird, Preacher, & Crandall, 2007). In general, moderator effects are integrated 
into structural equation modeling by latent interaction variables through multi-
plying the related latent variables (Schumacker & Lomex, 2010, p. 333). In specif-
ic terms, testing developmental models with structural equation modeling would 
need approaches based on, for example, “intraindividual variability with repeated 
measures data” (Hershberger & Moskowitz, 2002), or “growth curves” (Duncan, 
Duncan, & Strycker, 2006). All these and similar approaches were not used in this 
study.

The second problem is on the length of the measurement instrument. Within the 
literature, many different suggestions for the length of a measurement instrument 
can be found. Within intervention research, this could mean that effect patterns 
are different for single- and multiple-items measurement approaches. Here, for ex-
ample, Ang and Eisend (2018) found in their meta-analysis no differences in effect 
sizes when the dependent variables were measured with single or multiple items. 
However, Meier (2004) argued that, for intervention research, it is important to 
have scales which are able to detect a wide range of intervention effects. Such in-
tervention-sensitive measures can be realized by using “intervention item selection 
rules” like detecting the change of an item’s score after an intervention or exam-
ining relations between item scores and systematic error sources. Sensitiveness to 
change or responsiveness concern the ability of a questionnaire to detect relevant 
resp. important changes due to an intervention. It requires, for example, to identify 
participants of interventions as improving, worsening, or remaining stable based on 
external criteria. Then, results on the given measurements can be compared in these 
groups in order to evaluate responsiveness (Revicki, Hays, Cella, & Sloan, 2008). In 
this study, there was only a focus on the quantity of items, but not on the quality like 
sensitiveness to change.
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Fig. 1: Reduced factor model of multidimensional student engagement. 
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The third problem is on the hierarchical relationships within and between fac-
tors. Within developmental models, it is assumed that a higher level cannot be 
achieved without mastering a lower due to increasing difficulty (e.g., Astleitner, 
2008). However, this assumption and similar learning-hierarchy models were ques-
tioned in the past (see, for example, Astleitner, 2018a, p. 130; Bergan, 1980). People 
can reach higher levels of development without fully achieving lower levels. It might 
be possible that higher levels can be reached, when lower levels are only partially 
accomplished. It could also be the case that lower and higher levels are achieved 
more or less simultaneously. Another problem represents the type of relationship: 
It could be positive or negative linear, but also non-linear like, for example, u or in-
verted-u. Such complex situations need sophisticated statistical methods for analy-
ses like, for example, “hierarchical analysis” (De Jong, 1999), or “nonlinear model-
ing” (Dimitruk, Schermelleh-Engel, Kelava, & Moosbrugger, 2007). In this study, 
structural models were tested without considering the hierarchical status of within 
and between latent constructs, except the (non-significant) higher order model (see 
Table 2).

Implications. The first implication of this study is a theoretical one. It is about 
the type of theory which should guide the design and evaluation of educational 
interventions and related measurements. Traditionally, there are scientific theories, 
prescriptive (technological) theories, practical (program) theories, and personal 
(subjective) theories (Astleitner, 2018a). All of them are relevant for intervention re-
search. Within this study, another type of theory was focused: A multidimensional 
and level-based developmental theory (see Figure 2). Such a theory combines 

• multiple dimensions of a phenomenon (like cognitive, motivational, and so-
cial-emotional aspects of student engagement), 

• developmental levels within the dimensions (for example, from knowledge to 
synthesis), and 

• level-based intervention strategies for supporting development (for example, 
varying task-contexts for stimulating convergent thinking).

Such a theory has multiple advantages for intervention research. It allows to have a 
holistic view on problems, to distinguish and measure individual differences in de-
velopment, and to use different support strategies which can be adapted to individ-
ual differences. Future intervention research has to develop and test such theories 
in order to find evidence about their capabilities in improving the state-of-the art of 
educational intervention research. 

The second implication of this study concerns a validation of a short scale on 
student engagement which could be used in further research on multidimension-
al intervention effects. Of course, further validation attempts are necessary, also 
because there are many existing well-established measurement instruments on 
student engagement. For example, Fredricks and McColskey (2012) compared 11 
self-report measures on student engagement. The special feature of the measuring 
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instrument which was used in this study is that it is part of an educational develop-
mental or level-based instructional design approach (see Figure 2). Within such an 
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approach, different hierarchically organized developmental levels (e.g., knowledge 
and comprehension) are combined with level-based support strategies (e.g., stim-
ulating rehearsal and making thinking visible). Such support strategies represent 
independent variables when designing educational interventions. In this study, the 
different support strategies were measured, but not used within statistical analysis. 
Future research should also compare the scale in this study with other measure-
ments on student engagement.

The third implication might be that in intervention research standards concern-
ing the length of measurement scales should be re-evaluated. The number of items 
might be less important, instead responsiveness or intervention sensitivity of items 
should be considered and tested. Within intervention research, the change of a de-
pendent variable is in the focus. A measurement of a variable might be valid, but 
must not have “validity for change” which means “that a measure shows an observ-
able difference when there is, in fact, a change on the characteristic measured that is 
of sufficient magnitude to be interesting in the context of application” (Lipsey, 1990, 
p.  100). Responsiveness is about validity, however, whereas validity concerns the 
validity of a single score, responsiveness is about the validity of a change score (De 
Vet, Terwee, Mokkink, & Knol, 2011): It should be evaluated in a longitudinal study 
in which participants are known to change. Testing responsiveness can be done by 
comparing changes on the instrument with changes on an important standard or 
by testing expected mean differences between changes in groups of participants as 
well as expected correlations between the changes in the scores on the instrument 
and changes in other instruments. Traditional effect sizes or paired t-tests are not 
suitable for testing responsiveness, because they are testing the magnitude of the 
change scores, rather than the validity of the change scores. Future research should 
clarify the importance of responsiveness in educational intervention research. 
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6.  Pretest Bias: Supporting Undergraduate Learning 
Through Guided Self-Assessment and  
Reflective Writing 
Hermann Astleitner, Michaela Katstaller, Josef Eisner,  
Ulrike Greiner & Nomy Dickman

Abstract: Pretests play an important role in estimating the effect patterns of ed-
ucational interventions. The current study tested the effects of self-assessment 
and reflective writing activities for undergraduate learning. In a tradition-
al non-randomized pre-post-design, one group of students (the intervention 
group) had to evaluate their knowledge acquisition activities and to write about 
their self-image as a scientist and their scientific interests after course sessions. 
Results showed that participants in the intervention group reported better learn-
ing in comparison with the control group without such activities. Learning mea-
surements concerned knowledge acquisition, social research skills and the use 
of scientific tools, as well as motivational and emotional factors such as joyous 
exploration and emotional tension handling. However, correlations between 
variables in the pretests were different from posttests indicating pretest bias. 
Mediation analysis revealed that knowledge acquisition was related to the use 
of scientific tools, whereas social research skills were affected by joyous explora-
tion. Discussions focused on multidimensional support of learning, but also on 
pretest bias in intervention research. 

Traditionally, educational intervention research focuses on testing the effects of an 
intervention between different groups, but also between pre- and posttests. As a 
rule, participants of an intervention study do not have significant knowledge or 
skills in a pretest, but should have in a posttest. Kim and Willson (2010, p.  745) 
argued that pretests can produce bias as they 

may increase (or decrease, depending on the characteristic of the test) scores at 
posttest not only for the same or similar scales but also for dissimilar scales in which 
the constructs may be completely different. Whatever the usage of the pretest in 
research is, the presence of pretest can alter the nature of the intervention and con-
sequently cause problems in measuring the treatment effect per se.

From this situation, it might be concluded that variables and their relationships in 
the pretest are quite different in comparison to the posttest. When they are differ-
ent, then it might be probable that they vary in reliability and validity as well as in 
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correlations between variables. For example, Salgado (1995) and Moscoso (2003) 
found high variability in the validity coefficients even when measurement settings 
were held constant and even within settings. Also, Kieffer and MacDonald (2011) 
found varying reliability coefficients in confrontive coping and distancing as well 
as seeking social support, escape-avoidance, planful problem solving, and positive 
reappraisal scales.

Within this study, we explore effect patterns of self-assessment and writing activ-
ities within undergraduates learning. We will use pretests and assume that variables 
in the pretests will correlate differently than in comparison to the posttests. Having 
this assumption, we will use mediation analysis to explain possible differences. Me-
diation analysis (about the causal relationships between variables) is closely related 
to, for example, internal or construct validity and allows also to gain knowledge 
about problems or bias in validity (e.g., Stone-Romero & Rosopa, 2010). We assume 
such problems because undergraduate learning is associated with sophisticated ed-
ucational goals (e.g., Stenlund, 2010).

University undergraduate students should not only become subject matter ex-
perts, but should also acquire sophisticated research skills, the latter being anything 
but trivial. For example, Arum and Roksa (2011) used standardized tests and found 
that a significant proportion of undergraduate students demonstrated no improve-
ment at the end of their second year in a range of skills such as critical thinking, 
complex reasoning, or scientific writing. Also, Roohr, Liu, and Liu (2017) found in 
a longitudinal study that after being in college for one or two years, students did not 
demon strate significant learning gains in basic research-related skills. A study from 
Mathers, Finney, and Hathcoat (2018) revealed that students were making somewhat 
inexplicable gains in quantitative and scientific reasoning. These improvements how-
ever were not related significantly to course assignments. Also, others (see chapter 4 
in this book) found that undergraduate (teacher education) students had problems 
in acquiring higher-order skills like critical thinking or mental modeling although 
courses were consequently based on principles of effective instructional design. 

A clarification needs to be found to explain these findings as well as those re-
sulting from recent meta-analyses (e.g., Hattie, 2015; Schneider & Preckel, 2017) and 
from a widely established learner-centered paradigm of higher education (Reige luth, 
Myers, & Lee, 2017). The most important variable for explaining limited learning is 
that of self-regulated learning activities based on assessment. Such self-assessment 
activities have a long tradition in the field of higher education with significant ef-
fectiveness for undergraduate learning (e.g., Falchikov & Boud, 1989). For example, 
Thompson, Pilgrim, and Oliver (2005) found that even relatively simple and easy-
to-use self-assessment tools helped first-year students to plan and organize their 
thoughts and to become more independent and reflective. However, self-assess-
ment activities ranged in their effect patterns: Panadero, Jonsson, and Botella (2017) 
found only low to medium effects sizes (from 0.23 to 0.65) of self-assessment on 
different measures of learning. It was found that an important element for effectivity 
was that students should not only assess their performance, but also should be given 
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support in order to close the gap between current and desired performance (e.g., 
Nicol & Macfarlane-Dick, 2006). This support would be guidance (as guidelines, 
plans, advices, or hints) about what should be done in the future in order to in-
crease reflective processes and learning. To combine self-assessment with learning 
guidance might produce additional effectiveness in a student’s self-regulated learn-
ing. This combination was repeatedly found to improve learning significantly (e.g., 
Lazonder & Harmsen, 2016), whereas minimal guidance was found to be ineffective 
(e.g., Kirschner, Sweller, & Clark, 2006).

Another important source for improvement of self-assessment effects on learn-
ing, requires handling cognitive, motivational, and emotional consequences (e.g., on 
self-efficacy or anxiety) resulting from good or bad performance. An effective and 
easy-to-use way of handling such consequences comes from writing activities (e.g., 
Bazerman, 2007). Especially, “reflective writing” as activity which aims to “take us 
out of our own narrow range of experience and help us to perceive experiences form 
a range of viewpoints and potential scenarios” (Bolton, 2010, p. 10) provides com-
prehensive learning opportunities. Research results report that providing teacher 
students with opportunities to uncover one’s personal beliefs as well as motivational 
and emotional conditions experienced during their studies can be crucial for en-
hancing their learning. Reflective writing was found to be effective when teacher 
students were engaged in exploring their personal epistemology through guided re-
flection (by using written tasks) (Kyles & Olafson, 2008). It also represents a strong 
vehicle to help teacher students to become aware of their own self-perceptions 
and to explore new ways of self-expression, especially when identifying oneself as 
a research guided teacher (Lea & Stierer, 2011). Reflective writing was also found 
to be effective for triggering critical consciousness and self-reflection about ones’ 
goals and interests (Brown, 1998). In addition, research on writing in initial teacher 
education provided evidence about how reflective writing as an educational tool 
can address students’ personal processes of meaning-making (Wittek, Askeland, & 
Aamotsbakken, 2015). Overall, reflective writing can be seen as a powerful tool to 
increase personal motivation by uncovering undiscovered strengths and powerful 
wishes about one’s professional development (Cohen-Sayag & Fischl, 2012).

In our study, we responded to such evidence in fostering undergraduates learn-
ing in three ways. Firstly, we decided to combine guidance-based self-assessment 
with reflective writing in order to increase knowledge acquisition and to support 
positive motivational and emotional processes during learning. This was done in 
a way where cognitive overload and related negative effects on learning should be 
avoided (e.g., Mayer, Heiser, & Lonn, 2001). We designed our learning support in 
a way that it altered with time: In one lesson, students had to do self-assessments 
and in the next lesson, students applied reflective writing. Secondly, we focused on 
knowledge acquisition with a summative performance test, but also with formative 
process variables like the development of social research skills and the use of scien-
tific tools. Formative and summative assessment methods were integrated, not only 
for increasing explanatory power and validity, but also because there was strong 
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evidence that undergraduate learning profited from such an integration, even in 
large classes (e.g., Broadbent, Panadero, & Boud, 2018). Thirdly, we addressed not 
only cognitive, but also motivational and emotional aspects of learning by consid-
ering research findings on multidimensional engagement in learning (e.g., Astleit-
ner, 2018a). From a motivational perspective, we focused on curiosity (and related 
explorative behavior) as it was found to be essential for undergraduate students and 
their intrinsically-motivated learning (e.g., MacKinnon, 2017). From an emotional 
perspective, we considered the handling of emotional tension during learning as it 
was closely related to motivational-based curiosity and as it covered the negative 
emotional aspects of learning and related stress (i.e., frustration about not finding 
suitable solutions) (e.g., Dixon & Kurpius, 2008). 

Purpose and Hypotheses
The first objective of this study was to explore effect patterns of combined self-as-
sessment and reflective writing within student learning. The second objective was 
to learn more about the mechanisms which exist between cognitive and non-cog-
nitive factors and between formative and summative indications of student per-
formance. We used a quasi-experimental pre-posttest-follow up-design to examine 
these questions. In both intervention and control groups, undergraduate students 
were confronted with methods related to social research. In addition, within the 
intervention group, undergraduates were given alternating assignments for self-as-
sessment and reflective writing.

We first hypothesized that both groups would demonstrate increased knowledge 
acquisition, social research skills, and use of scientific tools (in post- and follow 
up-tests in comparison to a pretest). In both groups, effective principles of instruc-
tional design (from Merrill, 2002) were applied which should produce improved 
knowledge and skills: Students were engaged in real research problems. Their prior 
knowledge was activated, new knowledge was demonstrated to them, and they had 
to apply and integrate the acquired knowledge in order to solve task assignments 
successfully. These principles subsume important empirical research findings and 
were found to be effective in fostering undergraduate learning on research meth-
ods (Tu & Snyder, 2017) and on motivational aspects of learning (Lee & Koszalka, 
2016). We also expected that the implementation of these principles of instructional 
design should increase successes in learning as well as increasing pleasant learning 
experiences. This would in turn support emotional tension handling (e.g., Putwain, 
Sander, & Larkin, 2013). 

In addition, it was hypothesized that the use of self-assessment and reflective 
writing should show an increase in these measures within the intervention group 
(in comparison to a non-use situation within the control group). Self-assessment 
should deliver knowledge about the current level of understanding and the related 
guidance devices should allow a more individualized and therefore optimized learn-
ing support. Accurate self-assessments and the use of assessment results selectively 
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for the optimized selection of new learning activities should increase the knowledge 
acquisition gained from self-regulated learning as found in a study from Kostons, 
Van Gog, and Paas (2012). Reflective writing should have an additive effect and 
stimulate extra cognitive processing and related meaning making on course content 
and therefore enhance learning (Boals, 2012; Dickman, 2005). In addition, there is 
evidence that self-assessment (with guidance) and reflective writing had concurrent 
positive effects concurrently on a broad spectrum of motivational and emotional 
variables (e.g., Clark, 2012; Kirk, Schutte, & Hine, 2011). Therefore, we expected that 
improved learning from self-assessment and reflective writing should also increase 
joyous exploration and emotional tension handling due to an additional learning 
support. There should also be more success in selecting optimal tasks for learning, 
deeper and enthralling insights, and more pleasant experiences. 

Method

Participants

A total of 48 undergraduate students from five courses on research methods at a 
School-of-Education and at a Department of Educational Science from an Austrian 
university volunteered to participate in the study. One course A (with an interven-
tion and a control group) was held by the first author of this study and dealt with 
methods of single-case research (e.g., Morgan & Morgan, 2009). The other two 
courses, B and C (with one course as intervention and one course as control group) 
were held by the second and third authors. These were concerned with theories of 
educational research as well as on an introduction to scientific work (e.g., Boudah, 
2011). Participants within these courses were randomly assigned to intervention and 
control groups. They were between 19 and 37 years of age (M = 24.07, SD = 4.85); 64 
percent of them were female, 36 percent male. Intervention and control groups did 
not differ significantly concerning age (t(43) = .502, p > .05) and sex (t(43) = 1.203, 
p > .05). We also asked participants about their style of learning at the beginning of 
the course with the following items (based on a four-point Likert scale with “never” 
to “(nearly) always”): “I learn in rational way, structured and with plan”, “I need 
emotional experiences and social contacts in learning”, “I let my curiosity and in-
terests guide me”, “I give my best to achieve my goals consistently and disciplined”, 
“I build good feelings on the study material and relax before learning”, “I critical-
ly question what I should learn and test what I’m learning if it’s really correct”, “I 
repeat at regular intervals what I have learned so that I will not forget it”, “I have 
great confidence in my abilities” and “I’m satisfied and balanced in terms of my 
knowledge and skills”. Multiple t-tests revealed no significant differences on these 
items between the intervention and the control group (largest t(43) = 1.439, p > .05). 
Overall, both groups were comparable with regard to age, sex, and styles of learning 
before the intervention.
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Design

We employed a quasi-experimental pre-post-design to explore the effect patterns of 
our instructional interventions. The whole experiment was implemented within a 
10-weeks period in an intervention and a control group. At a first session, pretests 
were taken at the beginning of the course session. Within the next four sessions, 
the two interventions, which needed overall about 20 to 30 minutes in time, were 
implemented alternately in the intervention group. Immediately after the end of 
the intervention, the posttests and about two weeks later, the follow-up-tests were 
conducted within the course session. Intervention and control groups had the same 
instructors, goals, schedules, contents, assignments, learning materials and teaching 
methods. Within the intervention group, students had to perform self-assessments 
with guidance and reflective writing outside the course sessions. Within the control 
group, there were no such tasks.

Intervention. Within the intervention group, participants had to accomplish a 
self-assessment task after the second and fourth course sessions as well as doing 
reflective writing after the first and third sessions. Both intervention tasks had to be 
accomplished after the course sessions at home.

Self-assessment with guidance was stimulated by a short questionnaire with the 
following instructions: “Please assess the dimensions given here and determine for 
the current time to what extent (from 0 to 100%) your knowledge has been devel-
oped in this course. Select   in the right column all points that you intend to consider 
until the next session date for improving your knowledge acquisition. Information 
relates to books, parts of books, articles, etc., which you need to achieve your goals 
or accomplish the task in the course. Please work diligently and use about 15 min-
utes for it”. Within this questionnaire, participants had to assess 14 skill dimensions 
on whether they had a sufficient amount of information to solve a given problem, 
they could assess the desired information and dispose of information which was 
based on current international research and so on. For each dimension, three activ-
ities that support knowledge acquisition could be selected. Here is an example of a 
skill dimension and related support activities: Skill: “I dispose of information from 
a scientifically credible source”, activities: “check if authors are scientists”, “check if a 
scientific publication is given” and “check citation rate of the author”.

The intervention of reflective writing consisted of two sub tasks and was stim-
ulated with the following instructions: 1. “Please write, as soon as possible after the 
course, openly about how you see yourself as a researcher? What do you consider as 
your strengths or development potentials as a researcher? Which goals in research 
would you like to achieve during the course? Take at least 10 to 15 minutes for this. 
Deliver this sheet reliably at the next course session. You are also welcome to write 
on the additional sheets. Please write legibly”. 2. “Which topic of today’s course did 
you particularly care about? Which topic would you like to explore more deeply? 
What exactly do you want to know? How would you proceed from a methodologi-
cal perspective? Take at least 10 to 15 minutes for this”.
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Manipulation check and controlling for bias. Manipulation checks showed that 
participants within the intervention group reacted positively on the intervention 
manipulations: After the third and the fifth session, participants in the intervention 
group had to indicate (as part of the intervention) which learning support activities 
they would apply in the current situation. There were 42 activities from the self-as-
sessment like “searching with scholar.google and google”, “examining citations”, or 
“checking the impact of a researcher”. After the third session, the lowest indicat-
ed activities were “printing and filing important studies” and “identifying relevant 
group of researchers”. These two activities were chosen by about 39 percent of the 
intervention group members. After the fifth session, the lowest indicated activities 
concerned “checking whether study authors are scientists” and “depicting the re-
search history of an issue” with about 52 percent. 

In order to control experimenter bias, participants had to rate the courses after 
the third session by using a teaching effectiveness scale (each of the remaining 11 
(out of 14) items based on a seven-point Likert scale from “very low” to “very high”; 
α = .69). Items concerned research orientation within the course, degree of inno-
vation in teaching content, usability of course contents, matching of goals, contents 
as well as examinations, quality of learning coaching, promoting the autonomy of 
students, leadership skills of the instructor, teaching method variety and variation, 
contribution of the course to motivate for study program, and teaching of ethical 
and legal standards of research. Testing overall (summed up) teaching effectiveness 
on these items between the intervention and control group revealed no significant 
differences (t(41) = -.43, p > .05). We interpret this result as indication of no experi-
menter bias. In addition, these results indicate, as assumed before the intervention, 
also no ethically questionable disadvantages of the control group like a lower in-
structional quality. 

Measures and Indications of Reliability and Validity

All dependent variables were measured within the regular course time before the 
intervention, at the end of the intervention, and as follow-ups. Measurements with-
in the course A of the first author were taken offline (first author); measurements 
within courses B and C of (second and third authors respectively) were taken online. 
Table 1 presents reliability information and correlations between study measures of 
the pre- and posttests.

Knowledge acquisition was measured with self-designed curriculum-based 
tests. The test in course A had originally twelve (mostly single- or multiple-choice) 
questions on methods of intervention research. For example, “Internal validity is 
about a) whether results of an intervention can be generalized about persons, set-
tings, times and so on, b) whether a sample of participants is representative, or c) 
whether the intervention and nothing else was the cause of change”. Or, “Imagine 
the following research situation: A smoker classifies his smoking situations A, B and 
C into ’at work’, ’in the pub’, and ’at home’ and, as dependent variable, he estimates 
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the number of smoked cigars. Intervention X consists of paying one Euro for each 
smoked cigar. Please decide whether this is a) an ABA-design, b) a multiple-base-
line-design, c) an ABC-design, or d) no single-case design”. The tests in courses 
B and C consisted of nine tasks on social research methods like “Imagine, one of 
your classes (experimental group) receives a three-week training to promote critical 
thinking, the parallel class receives no training (control group). After three weeks, a 
standardized test measures the critical thinking ability of the students. In the exper-
imental group, the test will be conducted in the second lesson in the morning, and 
in the control group in the eighth lesson in the afternoon. Results show better per-
formance in the experimental group. How do you evaluate this quasi-experimental 
study? a) The external validity of this study results for similar school classes is high, 
b) There are confounded effects between the group variable and the critical thinking 
test performance, c) There are confounded effects between the group variable and 
the interfering variables, d) The result of this study can be interpreted conclusively 
due to its high internal validity”; or “A poor operationalization of a construct like 
classroom management is an indication that a) a valid test of the research hypoth-
eses is not feasible, b) the research hypotheses were not formulated correctly, c) the 
underlying theory is not appropriate, d) the construct is not empirically verifiable”. 
Reliability analyses on posttests (with the exclusion of one item from the test in 
course A) showed acceptable difficulty levels (ranging from .30 to .80 for the test in 
course A, and from .50 to .74 for tests in courses B and C) and good internal consis-

Tab. 1: Reliability Information and Correlation between Study Measures 
Pretest, 46 ≥ N ≥ 42

Variables α 1 2 3 4 5
1: Knowledge acquisition # -
2: Social research skills .70 .06 -
3: Use of scientific tools .67 .05 .27 -
4: Joyous exploration .80 .02 -.01 -.17 -
5: Emotional tension handling .91 -.43*** -.16 -.10 .44*** -

Note. α = Cronbach’s Alpha, ***p < .001, one-tailed; # = Negative average covariance.

Posttest, N = 40
Variables α 1 2 3 4 5
1: Knowledge acquisition .73/.82 -
2: Social research skills .87 .46*** -
3: Use of scientific tools .82 .68*** .62*** -
4: Joyous exploration .87 .61*** .74*** .68*** -
5: Emotional tension handling .92 .55*** .69*** .53*** .80*** -

Note. α = Cronbach’s Alpha, ***p < .001, one-tailed.
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tency for both knowledge acquisition tests (α for test in course A = .73, for tests in 
courses B and C = .82). 

The measurement of social research skills and the use of scientific tools was 
orientated on a research self-efficacy scale by Holden, Barker, Meenaghan and 
Rosenberg (1999). For measuring social research skills, participants had to rate 
how successful (from 0 to 100%) they were in solving research-based tasks. These 
tasks were described in five items (with good reliability in the posttest, α = .87) like 
“choose a research design that will allow to test hypotheses with high reliability and 
validity” or “select a sample in such a way that representativeness and/or as little as 
possible disturbing influences are given”. The use of scientific tools was measured 
with three items, the same rating scale and with good reliability (α = .82). Items 
were, for example, about to “find suitable literature for a specific research question 
in online databases” or “use computer and software for word processing, literature 
management, and calculations”.

For measuring joyous exploration and emotional tension handling, adapted sub 
scales from the five-dimensional curiosity scale by Kashdan et al. (2018) were used. 
Five items for each scale had to be answered on a six-point Likert scale (ranging 
from 1 = “is not true at all” to 6 = “is entirely true”) which resulted in good reliability 
in the posttests (α for joyous exploration = .87 and for emotional tension handling 
with the “deprivation sensitivity” subscale = .92). Items like “I view challenging sit-
uations at the university as an opportunity to grow and learn” or “I enjoy learning 
about subjects in science that are unfamiliar to me” were used for measuring joyous 
exploration. Items such as “I can spend hours on a single scientific problem because 
I just can’t rest without knowing the answer” or “It frustrates me not having all the 
information I need for a research project” were used for emotional tension handling. 

From a measurement validity perspective, it was expected that knowledge ac-
quisition should correlate positively with learning supporting processes like the 
application of social research skills and the use of scientific tools. Joyous explo-
ration should represent a motivational trigger element in knowledge acquisition, 
and emotional tension handling an emotional one in undergraduate students (e.g., 
Mega, Ronconi, & De Beni, 2014). In our study, we found significant correlations 
between all of these variables supporting the assumption of good validity of related 
measurements (see the posttest results in Table 1; r > .45; p < .001). 

Pretest-bias or pre- and posttest differences in correlations. However, these correla-
tions were only as expected in the posttest. Within the pretest, most of the correla-
tions were non-significant (see the pretest results in Table 1). At first sight, we attri-
bute these differences between pre- and posttest on the state- and not trait-character 
of the measurements indicating unstable and learnable personality characteristics. 
In a next step and considering validity and possible biases, we will try to statistically 
analyze in more detail mediation processes.
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Data Analysis

Data was analyzed using IBM SPSS 25. Repeated measures analyses of variance 
(ANOVA) and a regression analysis were employed for computing statistics. ANO-
VAs with the factors time (pre- vs. posttest vs. follow up) and group (intervention 
vs. control group) were computed to test the expected increase in knowledge acqui-
sition and related variables. We set the Alpha-level for all statistical analyses at p < 
.05. As an indicator of effect size, we used partial eta square (η2p) which are consid-
ered as large at > .14 (Lipsey, 1990, p. 58). For final mediation analysis, LISREL 8.8 
was employed (Jöreskog & Sörbom, 1993).

Results
Pre-, post-, and follow up-test means, standard deviations, and results of repeated 
measures analyses of variance are illustrated in Table 2.

Overall and on a descriptive level, mean comparisons on post- and follow up-
tests showed no fully consistent effect patterns. Means in the intervention group 
increased over time for social research skills, use of scientific tools, joyous explora-
tion, and emotional tension handling. Also, within this group, means increased for 
knowledge acquisition from pre- to posttest, but decreased from post- to follow up-
test. There were different patterns within the control groups: Means for knowledge 
acquisition increased over time, but means for social research skills, use of scientific 
tools, joyous exploration, and emotional tension handling decreased. 

ANOVAs revealed highly significant and strong changes over time for partici-
pants on the variables of knowledge acquisition (F(2, 68) = 15.57, p = .000, η2p = .31) 
and social research skills (F(2, 66) = 15.24, p = .000, η2p = .32). Three further signifi-
cant and moderate changes over time occurred regarding use of scientific tools (F(2, 
68) = 3.05, p = .054, η2p = .08), joyous exploration (F(2, 68) = 4.13, p = .020, η2p = .11), 
and emotional tension handling (F(2, 68) = 7.45, p = .001, η2p = .18). 

However, there was a strong interaction effect of group and time on knowl-
edge acquisition (F(2, 68) = 9.09, p = .000, η2p = .21) indicating a higher increase of 
knowledge acquisition in the intervention than in the control group. Further inter-
action effects showed a strong increase of social research skills (F(2, 66) = 29.28, p 
= .000, η2p = .47), use of scientific tools (F(2, 68) = 11.00, p = .002, η2p = .24), joyous 
exploration (F(2, 68) = 37.09, p = .000, η2p = .52), and emotional tension handling 
(F(2, 68) = 22.49, p = .000, η2p = .40) in the intervention group. In contrast, there 
was a decrease or stabilization in the control group.

As results in the control group were not as positive as expected, we used all five 
variables from pretests in order to explore posttest results. Overall, regression analy-
sis showed a non-significant model fit (F(5, 11) = 2.23, p = 0.125). All pretest variables 
had no significant effects on knowledge acquisition (t < -1.63), except the results of 
the pretest on knowledge acquisition (B = .70, t = 2.72, p = .020).
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Mediation analyses and posttest results as based on hot cognitions. Results of a 
mediation analysis are depicted in Figure 1. Path analysis with LISREL (based on 
the correlation matrix of the posttest results from Table 1) showed a significant but 
not perfect fit to the data (χ2 = 9.34, df = 5, p = .096, RMSEA = .15, GFI = .91; for all 
beta weights (B): t > 3.53; no modification indices). Testing a path model revealed 
that the use of scientific tools had a significant effect on joyous exploration (B = .36) 
and on knowledge acquisition (B = .68). Emotional tension handling was related to 
joyous exploration (B = .61) which affected social research skills (B = .74). All these 
relationships are plausible from a theoretical perspective and allow to conclude that 
the intervention successfully produced significant learning-related processes. 

These processes might also explain, why pretest results were different from 
posttest results: During the pretest, none of the given processes were active or trig-
gered. Therefore, related variables could be on a low level, but also the relation-
ships between variables might be different. During and after the experiment, the 
variables and relationships were activated and “hot”. Before and during the pretest, 
these variables and relationships were not activated and “cold”. Thagard (2006, p. 3) 
used the concept of “emotional cognition” for classifying “hot thought” as a “think-
ing that is influenced by emotional factors such as particular emotions, moods, or 
motivations”. The results of the mediation analysis showed that during or at the 
end of the intervention processes were activated which influenced posttest results. 
In the pretest situation, such processes were not activated as no intervention was 
implemented at the point of time. It might be concluded that such active processes 
change the level and the direction of correlations between variables in the posttest 
in comparison to the pretest. As evidence for this interpretation, in Table 1 can be 
seen that there are many significant correlations between variables in the posttest, 
but many zero-correlations in the pretest.

.68 

.74 

.53 .36 

.61 

Scientific tools 

Tension handling Joyous exploration Social research skills 

Knowledge acquisition 

2 = 9.34; df = 5; p = .096; RMSEA = 0.15; GFI = .91 

Fig. 1: Mediation analysis on posttest results (n = 40).

Discussions and Implications
In this study, we explored whether self-assessment in combination with reflective 
writing would improve knowledge acquisition, research skills, and the related mo-
tivational and emotional processes of undergraduate students. Our results were 
positive as we found an expected increase of knowledge acquisition, social research 
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skills, use of scientific tools, joyous exploration, and emotional tension handling 
within the intervention group. Within the control group, we found a decrease or sta-
bilization of these variables. Further analyses revealed that knowledge acquisition 
in the control group was influenced by prior-knowledge. In both groups, the use of 
scientific tools had an impact on knowledge acquisition, whereas social research 
skills were affected by joyous exploration which itself was influenced by emotional 
tension handling and the use of scientific tools. Overall, our study delivers evidence 
for the positive effects of self-assessment and reflective writing for undergraduate 
learning and related motivational and emotional processes. 

According to our results, using self-assessment with guidance and reflective 
writing in combination established an effective multidimensional learning support 
which focuses on cognitive as well as motivational and emotional aspects in learn-
ing simultaneously. Such a multidimensional support corresponds with approaches 
on multiple goals (e.g., learning goals, performance goals, and social reinforcement 
goals) which undergraduates try to acquire during courses (Valle et al., 2003). A 
learning support which addresses multiple goals (mainly cognitive goals for self-as-
sessment and non-cognitive goals in reflective writing) covers more individual 
needs and related development areas than instructional devices which are focusing 
on single goals. Such a focus on multidimensional aspects seems to be important for 
learning, as undergraduates’ goals and related skills as well as motivational-affec-
tive characteristics (e.g., confidence) vary considerably in time and among different 
clusters of students (e.g., Putwain & Sander, 2016).

An important but unexpected finding was that learning was limited in the con-
trol group without self-assessment and expressive writing. Further analysis revealed 
that prior-knowledge was a crucial factor. Fostering prior-knowledge in courses can 
be effectively done by “flipped classroom” activities. In such activities, students have 
to complete preparatory work before attending courses in order to process contents 
at a deeper level (O’Flaherty & Phillips, 2015). In the past, the flipped classrooms 
model of instruction was not only related to cognitive learning but also to moti-
vational and social-emotional processes (e.g., Yilmaz, 2017). Therefore, it could be 
expected for future research that flipped classroom activities could improve joyous 
exploration and tension handling within a non-intervention scenario. 

The statistical and practical significance of the results from an experimental in-
tervention depends on the conditions realized within the control groups. In our 
control group, we found limited learning and even a decrease in motivational and 
emotional variables. However, as we tested, overall teaching effectiveness and pre-
test skills did not differ between control and intervention groups. An explanation 
for missing effects on motivational and emotional variables might be that tradi-
tional courses like our control group do mainly focus on fostering subject-specific 
knowledge and skills, but not on non-cognitive aspects. Within our groups, we did 
not consider approaches on the motivational (e.g., the ARCS-model from Keller, 
2010) or emotional (e.g., the FEASP-approach from Astleitner, 2000) design of in-
struction, although such approaches could effectively be integrated in undergrad-
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uate courses (e.g., Kim & Keller, 2008). In future undergraduate courses, instruc-
tional strategies from such approaches should be implemented, because especially 
courses on research methods or statistics were found to suffer from motivational 
and emotional problems like dropout or fear (e.g., Hedges, 2017). 

Limitations

Our study was limited in several ways. From a research design perspective, the small 
sample size might reduce the power of statistical tests and internal validity could 
suffer from the lack of randomization. However, our results showed strong effects of 
the intervention which reduces sample sizes for each group needed to attain good 
power (Lipsey, 1990, p. 143). We had a quasi-experimental design without random-
ization, but we used manipulation checks, control for bias, and multiple tests to get 
information on possible validity threats. From a measurement perspective, we had 
acceptable reliability and validity coefficients. 

The problem of pretest bias. Nonetheless, there were large differences between 
correlations of variables on the pre- and posttest. Pretests were taken about six 
weeks after the start of the semester, so that certain levels and variabilities of these 
variables should have been realized. That should allow the finding of conclusive 
correlations between variables as indicators of validity. This was however not the 
case in our study. The problem of unstable or changing validity coefficients is well 
known in social science (e.g., Tisak & Tisak, 1996), but so far, we do not have con-
clusive explanations for this finding. The results of our mediation analyses revealed 
that significant learning-related processes were activated by the intervention. We 
speculated that these processes were not active in the pretest situation. However, 
future attempts using such or similar measurements might reflect theoretical and 
methodological conceptions from Roe (2014) on temporal perspectives in validity 
research.

Astleitner (2018b) suggested several general approaches to explore such prob-
lems or bias in measurements: 

• First, from a theoretical perspective, it could be beneficial to focus in more detail 
and based on micro-theories on the relevant variables. Here, especially impor-
tant is, how participants react on the questions or tasks for measurement and 
what cognitive and other processes are activated. Another possibility is to con-
sider theories which describe and explain the stepwise time-based development 
or building of the relevant variables. Finally, it could be helpful to find and apply 
theories which are capable of explaining different measurement errors. For ex-
ample, in relation to our study, it has theoretically been explained why the cor-
relations between variables changed dramatically within a few weeks period. An 
exemplary theoretical explanation could be on “cascading effects” (Patterson, 
Forgatch, and DeGarmo, 2010) following educational interventions. 
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• Second, it is obvious, also in our study, that measurements change from situa-
tion to situation. Here, there are moments in time, when changes occur more 
frequently in comparison to less sensible moments. In validation studies, such 
change-sensitive situations must be identified. Also, the importance of quali-
ty criteria for measurements changes over time. For researchers, reliability and 
validity are always important, but for participants also other criteria like use-
fulness, or fairness might be important. Finally, measurements are at different 
situations differently close to participants. In controlled laboratory situations, 
measurement experiences are different from reality or highly individual intro-
spective experiences. In respect to our study, it could be helpful in future re-
search activities to learn more about the stability or situational variability of such 
measurements in learning-related situations. A possible research strategy might, 
for example, be to establish a series of additional repeated measurements. An ex-
emplary option for further research might, for example, be to focus on situation 
specificity and typical or maximum performance (Patry, 2011).

• Third, another possibility to reduce bias might be not only to measure the rel-
evant variables, but also variables which are, in some way, related to these vari-
ables. Having such networks of variables allows to test rival hypotheses. Such 
tests could deliver information on processes and variables which were not in the 
original focus, are hidden, might be dark-sided, or represent secondary causes. 
For example, one might assume that self-efficacy or autonomy are important 
variables in relation to the motivation of teachers (e.g., Martinek, Hofmann, & 
Müller, 2018). Others might think, that these variables are less important and 
outdated, because teachers often have experiences which lead to situations in 
which they do not significantly develop self-efficacy or autonomy due to the high 
dynamics and complexities in modern life and classroom management (e.g., 
Brouwers & Tomic, 2000). What could count more for teacher’s motivation and 
related measurement attempts is about “survival skills” (in conflict resolution, 
coping with failures, or managing ill-structured learning environments) which 
are, on the one hand, related to self-efficacy or autonomy in the classroom (e.g., 
Le Maistre & Paré, 2010). On the other hand, such skills are action-, practice-, 
or training-orientated what could be much more helpful for teacher’s motiva-
tion and related measurements as well as interventions than traditional concepts 
which are attitude-, theory-, and personality-orientated. In relation to our study, 
also more action-, practice-, or training-orientated measurement approaches 
could lead to more context-sensitive and therefore more valid measurements. 

• Fourth, another widely overlooked issue in measurement and a source for bias 
is about the polarity or bi-polarity of variables (e.g., Kubzansky, Kubzansky, & 
Maselko, 2004). This issue concerns questions like, for example, are optimism 
and pessimism separate constructs or do they represent extreme positive and 
negative bipolar opposites of the same variable? Answers on such questions play 
also an important role in the type of measurement scale. For example, Sedlmei-
er (2006) found that having unipolar versus bipolar scales strongly influenced 
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participants’ ratings and answers. In relation to our study, future research could 
apply measurements in which important variables are measured as bipolar op-
posites in comparison to bipolar scales. 

Implications for Practice

The findings of this study suggest that higher education activities for undergraduate 
students should focus more often on the combinations of different learning support 
approaches. We integrated self-assessment with guidance and reflective writing and 
established, according to our data, an effective learning environment. Within such 
an environment, cognitive, motivational and emotional aspects of learning were 
handled simultaneously realizing a multidimensional support of learning. Howev-
er, for undergraduate learning, a multidimensional support should not produce an 
excessive demand on students. Therefore, it is important to acquire more knowledge 
on conditions when multidimensional support is beneficial or not. Decisions on 
multidimensional support of learning must become part of approaches on class-
room management in undergraduate learning and related university teacher ed-
ucation. We can find classroom management as an important issue in the field of 
teacher education (e.g., Voss, Wagner, Klusmann, Trautwein, & Kunter, 2017). This 
is rarely the case in other fields of higher education or of instructional design cours-
es for college teachers. For example, Seeman (2010) related classroom management 
to preventing disruptive behaviour in college classrooms but not to strategies on 
decisions about multidimensional learning support. As long as there are no multidi-
mensional approaches on instruction and learning in higher education, a viable way 
could be to combine, as we did, strategies from different cognitive, motivational, 
and emotional approaches into course sequences at the same time. In future prac-
tical course developments, effective mechanisms of how to adapt such strategies to 
different learning situations or learner characteristics have to be developed (e.g., 
Parsons et al., 2018). 
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7.  Instructional Sensitivity as a Prerequisite for 
Determining the Effectiveness of Interventions in 
Educational Research
Alexander Naumann, Stephanie Musow & Michaela Katstaller

Abstract: Student achievement has become a major criterion for evaluating the 
effectiveness of schooling and teaching. However, valid interpretation and use 
of test scores in educational contexts require more detailed information about 
the degree to which the applied test instruments are appropriate to evaluate the 
intended educational and interventional effects. Instructional sensitivity is the 
psychometric property of tests or single items to capture effects of classroom in-
struction. Although instructional sensitivity is a prerequisite for valid inferences 
on teaching effectiveness, sensitivity is rather assumed than verified in practice. 
The aim of this chapter is to improve the understanding of instructional sensi-
tivity and its measurement in educational intervention research. Specifically, it 
first provides an overview of the theoretical framework and relevance of instruc-
tional sensitivity. Then, different approaches of measuring instructional sensi-
tivity are outlined and procedures of implementing instructional sensitivity in 
educational intervention studies are introduced and contrasted with each other. 
Finally, the role of time spans is discussed and modelling change for short-time 
and long-time effects in pretest-posttest-follow-up designs is addressed.

Introduction
This chapter aims at embedding instructional sensitivity in the scientific discourse 
of educational intervention research. Educational intervention research is expected 
to provide evidence-based insights into the effectiveness of educational measures 
(e.g., Hascher & Schmitz, 2010). However, evidence-based insights necessitate the 
availability of instructionally sensitive test instruments for drawing valid conclu-
sions on the effectiveness of educational interventions in schools, higher education, 
or out-of-school learning activities. Yet, fulfilling such methodological require-
ments like instructional sensitivity may be challenging in a practice-oriented field 
like educational intervention research. To foster the methodological foundation of 
educational intervention studies, we will address the following three issues: (a) the 
theoretical background and relevance of instructional sensitivity, (b) its measure-
ment, and (c) ways of practical implementation in educational intervention studies. 
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Throughout the chapter, we will discuss particularities of intervention studies with 
respect to instructional sensitivity.

Theoretical Background and Relevance of Instructional Sensitivity
While instructional sensitivity received little attention in European countries un-
til recently (Deutscher & Winther, 2018; Naumann, Musow, Aichele, Hochweber, 
& Hartig, 2019a), the concept has been discussed in the U.S. since the mid-1960s 
(e.g., Cox & Vargas, 1966). Back then, researchers argued whether traditional item 
statistics like item difficulty or discrimination were appropriate for selecting items 
in criterion-referenced testing (e.g., Kosecoff & Klein, 1974). However, the concept 
has been exposed to essential changes since then. By the end of the 1970s, the main 
focus shifted from item selection in criterion-referenced testing to issues of validity 
and test fairness in educational assessments (e.g., Linn & Harnisch, 1981). Essential-
ly, there were two concepts of instructional sensitivity, namely instructional validity 
and instructional bias. Instructional validity referred to the question to what de-
gree classroom instruction contributes to students’ test scores (e.g., Schmidt, Porter, 
Schwille, Floden, & Freeman, 1983). In contrast, instructional bias referred to dif-
ferential item functioning for students when they were exposed to different kinds 
of schooling (e.g., Linn & Harnisch, 1981). Both were seen as essential for drawing 
inferences on instruction (e.g., Burstein, 1989; Linn, 1983), and consequently, both 
strands merged in the concept of instructional sensitivity (D’Agostino, Welsh, & 
Corson, 2007). In 2010, Polikoff defined instructional sensitivity as the psychomet-
ric capacity of a test or a single test item of capturing effects of teaching. That is, 
instructional sensitivity (a) can be seen as a necessary prerequisite for valid test use 
and interpretation if tests are used for drawing inferences on teaching (Burstein, 
1989; Popham, 2007) and (b) can be quantified as a psychometric property of an 
assessment (Polikoff, 2010). While some researchers have expressed their prefer-
ences on whether assessments should be sensitive to the content or to the quality 
of teaching (e.g., Popham, 2007), today’s understanding of instructional sensitivity 
equally encompasses both aspects of teaching (D’Agostino et al., 2007).

In line with the current Standards for Educational and Psychological Testing 
(AERA, APA, & NCME, 2014), instructional sensitivity can be seen as a necessary 
validity aspect when detecting effects of schooling and teaching. Already in the 
1980s, Airasian and Madaus (1983) emphasized the role of instructional sensitivity 
as an important aspect of construct validity. More specifically, instructional sensi-
tivity was seen as a necessary, though not sufficient requirement for consequential 
validity (Messick, 1989). Following today’s argument-based approach to validity 
(Kane, 2013), the evaluation of instructional sensitivity provides empirical evidence 
for a valid use and interpretation of test scores. Unlike other validity aspects such 
as content or curricular validity aiming at the linkage of tests and items and the in-
tended curriculum, instructional sensitivity refers to the alignment of assessments 
with the implemented curriculum (Naumann et al., 2019a). Nevertheless, in con-
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trast to the U.S., where discussions of instructional sensitivity have mainly focused 
on accountability issues (e.g., Popham, 2007), the European discussion puts more 
emphasis on instructional sensitivity as a central validity aspect in research on ed-
ucational effectiveness (Naumann, Rieser, Musow, Hochweber, & Hartig, 2019b).

In educational effectiveness research, measures of students’ achievement and 
competencies are the most widespread criteria for evaluating whether or not teach-
ing has been effective (Klieme, 2019). The usual strategy is to use student test scores 
as dependent variable in (multilevel) regression analyses (Marsh et al., 2012). Ap-
plying this strategy requires that the test in principle needs to be instructionally 
sensitive, that is, capable of capturing effects of teaching. Otherwise, if instructional 
sensitivity is unclear when evaluating teaching effectiveness, a lack of effects might 
be either due to ineffective teaching or insensitive assessments (Naumann, Hochwe-
ber, & Hartig, 2014; Naumann, Hochweber, & Klieme, 2016). Accordingly, instruc-
tional sensitivity needs to be ensured during test development prior to the main ef-
fectiveness studies as both explanations remain inextricably confounded otherwise 
(Naumann et al., 2019a). That is, studies on educational effectiveness have to rely on 
instruments that are instructionally sensitive to check the degree to which teaching 
is effective (see right-hand side of Figure 1). However, instructional sensitivity of-
tentimes is rather assumed than actually investigated empirically (D’Agostino et al., 
2007; Naumann et al., 2016).

Two recent studies emphasize practical consequences for inferences on teach-
ing effectiveness stemming from a varying degree of instructional sensitivity. First, 
Grossman, Cohen, Ronfeldt and Brown (2014) found that tests that operationalize 
the same construct such as students’ achievement in English language arts may show 
a different extent of instructional sensitivity. Consequently, the test matters whether 

Training and teaching

Tests and test items

Research on training and teaching 
effectiveness

Research question: Is the 
intervention effective?

Evaluation of instructional sensitivity

Research question: Is the test or test 
item capable of capturing 

intervention effects?

Fig. 1: Relationship of the evaluation of instructional sensitivity and research on educa-
tion and teaching effectiveness.
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or not certain aspects of teaching are identified to be effective. Second, Naumann 
and colleagues (2019b) illustrated that a test’s instructional sensitivity varies con-
cordantly with the degree of its items’ instructional sensitivity. Their results suggest 
that even slight changes in a test’s composition may lead to different conclusions on 
teaching effectiveness even when the sampled items originate from the same item 
pool. Taken together, both studies provide empirical evidence that the associations 
of test scores and the construct(s) of interest, and thus the effect sizes, in an educa-
tional effectiveness study depend on the assessment’s instructional sensitivity.

The previous considerations correspond to educational intervention research. 
Students’ test scores are also a major criterion for assessing an intervention’s success 
(Hascher & Schmitz, 2010). Accordingly, only if a test and its items are instruction-
ally sensitive, intervention effects – or the lack thereof – can be validly interpreted. 
Thus, instructional sensitivity may be seen as an essential validity criterion for eval-
uating an educational intervention to ensure that results are validly interpretable 
with respect to the intervention’s effectiveness. Similar to educational effectiveness 
research, validly detecting the intervention’s effectiveness depends on the extent to 
which (1) the test itself, (2) the intended intervention concept or programme, and (3) 
the implemented intervention concept or programme are aligned with each other 
(Naumann et al., 2019b). Figure 2 depicts the relationship of these three elements as 
a triad, with each of its sides describing the alignment between two out of the three 
elements (adapted from Anderson, 2002; Naumann et al., 2019a; Pellegrino, 2002).

A particularity of intervention studies is that both the intended and thus also the 
implemented curriculum may differ between experimental and control group. The 

Intended intervention
concept or programme

TestImplemented intervention
concept or programme

Instructional 
sensitivity

Fig. 2: Ratio of intended intervention concept or programme, implemented intervention 
concept or programme and test (adapted from Naumann et al., 2019a).
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degree depends on the overall intervention concept. While in some interventions 
the content may differ completely between experimental and control group (e.g., 
uninstructed vs. instructed students), there may be an overlap in the intervention 
content across groups (e.g., same content, but different teaching method; Decristan 
et al., 2015a). Accordingly, the alignment of intended and implemented intervention 
concept or programme can either be seen as indicating instructional alignment or 
treatment adherence within each of the intervention or control conditions, respec-
tively. Treatment adherence is necessary for valid test score interpretation to avoid 
that the causes of potential effects remain unclear.

Analogously, the alignment of test and intended intervention concept or pro-
gramme provides arguments for content validity (Hartig, Frey, & Jude, 2012). Em-
pirical evidence for content validity may be given, for instance, by content recon-
ciliation of the test material and formal documents of the intervention concept or 
programme (Naumann et al., 2019b). If the degree of content validity differs sub-
stantially between the experimental and control conditions, valid interpretation of 
results may be impaired, for example, due to a lack of test fairness. Finally, the actual 
implemented intervention concept or programme is crucial for the intervention’s 
contribution to students’ performance on the test. Accordingly, the alignment of the 
test and the implemented intervention concept or programme is of special interest, 
that is, instructional sensitivity. Only if the test is capable of capturing potential 
intervention effects, results can be validly interpreted. Yet, while the test has to be 
sensitive to the intervention, it should not favor the intervention conditions com-
pared to the control group. Thus, researchers are required to investigate instruction-
al sensitivity prior to the intervention, for example, in an intervention’s pilot study. 
To provide an understanding of how to achieve this requirement in practice, we will 
first provide an overview on the measurement of instructional sensitivity hereafter 
and then propose ways of implementation in educational interventions.

Measuring Instructional Sensitivity
In the course of the last decades, different approaches have been developed to pro-
foundly evaluate instructional sensitivity: (1) item statistics (e.g., Cox & Vargas, 
1966; Linn & Harnisch, 1981; Robitzsch, 2009), (2) approaches relating test scores 
and item responses to instructional measures (e.g., Ing, 2018; Muthén et al., 1995; 
Ruiz-Primo et al., 2012), and (3) expert ratings (Chen, 2012; Popham, 2007; Popham 
& Ryan, 2012). Although expert ratings on instructional sensitivity appear beneficial 
due to economic reasons, they have not been sufficiently evaluated yet. Thus, we 
will focus on approaches based on actual student tests and item response data in the 
following section and discuss expert ratings later.

As mentioned before, evaluation of instructional sensitivity should take place 
prior to the main study to prevent confounding of effectiveness and sensitivity. 
When evaluating instructional sensitivity, the underlying assumption is that teach-
ing is effective to check whether an instrument is sensitive or not (left-hand side of 
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Figure 1). That is, instructional sensitivity can be seen as a relational concept that 
describes the psychometric capacity of a test or a single item of capturing effects of 
classroom instruction under the condition that teaching is effective (Naumann et 
al., 2019b).

There are different procedures available for empirical investigation of instruc-
tional sensitivity. These procedures can be classified based upon (a) whether they 
address absolute or relative sensitivity (Naumann, Hartig, & Hochweber, 2017) and 
(b) their perspective on instructional sensitivity (Naumann et al., 2016). In the fol-
lowing, we will give a brief overview of the resulting framework for measuring in-
structional sensitivity and how it relates to commonly applied research designs in 
educational intervention studies.

The Framework for Measuring Instructional Sensitivity

When evaluating the instructional sensitivity of test items, we can distinguish two 
kinds of sensitivity measures: absolute and relative measures (Naumann et al., 2017). 
Absolute measures capture an item’s overall sensitivity, while relative measures 
capture the degree to which an item’s sensitivity deviates from the test’s sensitivity. 
Absolute and relative sensitivity can be evaluated from each of the three perspec-
tives on instructional sensitivity within the framework. In educational intervention 
practice, however, absolute measures are usually of more interest.

The three perspectives relate to different variance sources which function as the 
basis for the investigation of instructional sensitivity (see left-hand side of Figure 3). 
Naumann and colleagues (2016) label these perspectives (a) the Time Points-Per-
spective, (b) the Groups-Perspective, and (c) the Time Points- and Groups-Per-
spective. Each perspective relates to a specific research design that targets the same 
variance source in the evaluation of the intervention effectiveness (right-hand side 
of Figure 3).

Time Points-Perspective. The Time Points-Perspective refers to the capacity of 
a test or an item of differentiating students’ learning progress at different points 
in time. For example, scores of instructionally sensitive tests are expected to in-
crease over time (Baker, 1994). Also, items are expected to get easier over time (Cox 
& Vargas, 1966). More precisely: An item is considered to be instructionally sen-
sitive, if there is a change in item difficulty between a pretest and a posttest. To 
investigate instructional sensitivity following a Time Points-Perspective, the Pre-
test-Posttest-Difference Index (PPDI; Cox & Vargas, 1966) is the most widespread 
approach. PPDI quantifies instructional sensitivity simply as the difference in item 
difficulty between posttest and the pretest. With regard to educational intervention 
studies, the research design underlying this perspective is a one group pre-posttest 
design.

Groups-Perspective. A second perspective is the groups-perspective (Naumann 
et al., 2016). This perspective refers to the sensitivity aspect that students should 
show different performances due to their learning group allocation. To investigate 
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the instructional sensitivity from a Groups-Perspective, analyses of the variation 
of test scores or item difficulty across groups can be carried out (e.g., Naumann et 
al., 2017). In educational intervention studies, the research design corresponding to 
this perspective is a cross-sectional Ex-Post-Facto design. Therefore, assessments 
in intervention studies are instructionally sensitive, if students’ performances in 
the experimental group significantly differ from the students’ performances in the 
control group.

Time Points and Groups-Perspective. The third perspective refers to the interac-
tion of measurement occasions and learning group membership. Thus, it is called 
the Time Points and Groups-Perspective (Naumann et al., 2016). The Time Points 
and Groups-Perspective utilizes information about the group-specific change in test 
scores or item difficulty respectively. When taking on this perspective, it is optional 
whether change is modelled as change scores or via covariance-analytic approaches 
(Naumann et al., 2019b). Accordingly, instructional sensitivity can, for example, be 
assessed using a longitudinal multilevel Item Response Theory model (LMLIRT; 
Naumann et al., 2017) or regression of test scores on teaching characteristics while 
adjusting for prior learning prerequisites (e.g., Polikoff, 2016). In the context of 
educational intervention studies, the underlying research design corresponds 
to a pretest-posttest design with a control group. Based on the Time Points- and 
Groups-Perspective, instruments can be considered as instructionally sensitive in 
two ways: A test’s or an item’s (a) global sensitivity describes the average change 
in item difficulty or test scores across learning groups between measurement oc-
casions, while (b) differential sensitivity indicates the variance of group-specific 
change in item difficulty or test scores, respectively (Naumann et al., 2016). The 

 

Perspectives

Time Points
Change in item difficulty 
across time points of 
measurement

Group Membership 
Differences in item 
difficulty for each learning 
group

Interaction
Between group membership 
and time points

Intervention Study Designs

One Group Pre-Posttest Design 
Pretest  Treatment  Posttest

Ex-Post-Facto Design 
Pretest  Test

0      Test

Pre-Posttest Design with a 
Control Group 
Pretest  Treatment  Posttest
Pretest  0  Posttest

Fig. 3: Three perspectives to evaluate instructional sensitivity and different intervention 
study designs (Naumann et al., 2016, 2017).
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two facets play specific roles in educational intervention studies. The higher the 
global sensitivity, the higher effect sizes from pretest to posttest can be found in the 
evaluation of the intervention. If tests or items are capable of differentiating learning 
progress between the treatment groups, we find indication of differential sensitivity. 
The higher the instrument’s differential sensitivity, the better its capacity to detect 
specific intervention effects in comparison to the control condition.

Overall, we would like to emphasize that the perspective on instructional sen-
sitivity should fit the research design that is used to evaluate the effectiveness of 
the intervention. That is, if a test or an item is sensitive from one perspective, it is 
not necessarily sensitive from another perspective (Naumann et al., 2014). For this 
reason, it is important to carefully decide whether the analyses are based on Time 
Points, Groups, or Time Points and Groups-Perspective, respectively. With regard 
to educational intervention studies, (quasi-)experimental pre-posttest designs with 
a control group oftentimes are regarded as the gold standard. Therefore, in the fol-
lowing, we will focus on a Time Points and Groups-Perspective to point out ways of 
ensuring instructional sensitivity in educational intervention studies.

Implementation in Educational Intervention Studies
There are various ways of implementing and ensuring instructional sensitivity in 
educational intervention studies. The easiest way is to use instruments whose in-
structional sensitivity has been proven in previous studies (Naumann et al., 2019a). 
However, a major requirement is that the current study needs to be similar to the 
research question(s) and the research design of the previous studies. This implies 
that the new study needs to be comparable with respect to (a) the target population, 
(b) the intended curriculum, and (c) the assessment design. Otherwise, if previ-
ous studies targeted students with learning opportunities differing from those in 
the current study or provided evidence for instructional sensitivity from a different 
perspective, it may be hard to assume that the instruments will as well be sensitive 
in the current study.

A second way of ensuring instructional sensitivity is resorting to expert ratings 
(Popham, 2007; Popham & Ryan, 2012). Expert ratings on instructional sensitivity 
are beneficial as they are comparably easy to implement. In principle, expert ratings 
do not need any empirical student test data or item responses. For this reason, ex-
pert ratings appear as a very economical method. However, there are currently only 
few empirical studies on expert ratings concerning instructional sensitivity (e.g., 
Chen, 2012; Musow, Naumann, Ruiz-Primo, Hartig, & Hochweber, 2019b). On the 
one hand, studies found that experts tend to classify more items as sensitive than 
statistical approaches (Chen, 2012; Musow, Naumann, Hochweber, & Hartig, 2019a; 
Musow et al., 2019b); on the other hand, recent work by Musow and colleagues 
(2019a; 2019b) indicates that raters and statistics may coincide depending on the 
kind of rating and the group of experts recruited. In summary, further research is 
needed before making a final recommendation.
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Lastly, educational interventions may conduct pilot studies for ensuring instruc-
tional sensitivity of instruments. Ensuring instructional sensitivity in the context of 
pilot studies appears beneficial when no instruments whose instructional sensitivity 
has already been proven are available, and when the aim is to validate instructional 
sensitivity empirically. Ideally, pilot studies are conducted in samples with similar 
or at least comparable learning opportunities as the sample of the main study. Then, 
the aforementioned statistical methods can be applied to the item response data for 
determining instruments’ instructional sensitivity.

In many scenarios, however, sample sizes and/or expertise in elaborate statisti-
cal methods may not be sufficient for implementing sophisticated approaches like 
the aforementioned LMLIRT model. While the LMLIRT model is metho dologically 
sound, its implementation lacks user-friendliness as it requires advanced knowl-
edge in Bayesian estimation and corresponding software packages. Thus, in the 
following, we will provide a screening procedure that is easy to implement and 
still allows for the evaluation of instructional sensitivity from a Time Points and 
Groups-Perspective.

A Screening Procedure for Instructional Sensitivity

Our screening procedure follows comparable methodological principles as the 
two versions of the LMLIRT model. While the LMLIRT model either utilizes (a) 
estimates of group-specific change in IRT item difficulty parameters or (b) base-
line-adjusted posttest IRT item parameters as a basis for measuring global and 
differential sensitivity (Naumann et al., 2019b), the proposed screening procedure 
resorts to Classical Test Theory (CTT) item difficulties. Compared to the latent 
variable models, the main drawbacks are that the proposed sensitivity measures 
are purely descriptive, covariance structures between measurement occasions are 
neglected, and that CTT item difficulties are prone to measurement error. In other 
words, the observed CTT item difficulties capture an item’s true difficulty plus – to 
some degree – measurement error (e.g., Rost, 2004). The practical advantage is that 
CTT item difficulties are easy to compute using standard software and applicable in 
many scenarios that are common to educational intervention studies. Analogous 
to the LMLIRT model, we will provide two versions of our screening procedure, 
one suitable for the change-score approach and the other one appropriate for the 
covariance-analytical approach. The choice of the approach depends on how change 
will be modelled in the main study. Both versions essentially require three steps for 
evaluating instructional sensitivity from a Time Points and Groups-Perspective.

Change-Score Approach. The change-score approach requires repeated measure-
ments of the same item. When following the change-score approach, the first step 
is to calculate CTT item difficulties separately for the treatment and the control 
condition at pretest and posttest, respectively. If there is a hierarchical data struc-
ture with multiple learning groups (e.g., classes) within each condition, we calcu-
late item difficulties for each learning group. Second, we compute the difference in 
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item difficulty between pretest and posttest for each learning group. Conceptually, 
this corresponds to group-specific PPDI values. Finally, mean and variation of the 
group-specific change in item difficulty serve as indicators for absolute global and 
differential sensitivity. Mean values may range from –1 to 1, with zero indicating that 
an item is not globally sensitive. Similarly, the higher the variation in group-specific 
change in item difficulty, the higher the item’s differential sensitivity. In the simplest 
case, when there is only one treatment and one control group, we use the difference 
in PPDI between the two groups as a measure of differential sensitivity.

Covariance-Analytical Approach. The covariance-analytical approach does not 
require repeated measurements of the same item, yet, it also does not preclude them. 
When following the covariance-analytical approach, the first step is to calculate CTT 
item difficulties at posttest separately for the treatment and the control condition. If 
there is a hierarchical data structure with multiple learning groups (e.g., classes) with-
in each condition, we calculate item difficulties for each learning group. Second, we 
regress the group-specific posttest item difficulties on covariates that account for prior 
learning prerequisites, for example, prior achievement. Then, the residual variance in 
group-specific item difficulty serves as an indicator for an item’s differential sensitivity. 
If residual variance is near zero, the item under investigation can be considered as 
not differentially sensitive. In the simplest case, when there is only one treatment and 
one control group, we use the difference in item difficulty between the two groups as 
a measure of differential sensitivity. In contrast to the change-score approach, there is 
no measure of global sensitivity (cf. Naumann et al., 2019b).

Illustrative Data Example. For illustration of the proposed methods, we use data 
from the study “Individual support and adaptive learning environments in primary 
school” (IGEL; Decristan et al., 2015b). IGEL was a quasi-experimental interven-
tion study in grade-level three of German primary school science education. More 
specifically, IGEL was a cluster-randomized controlled trial using a pretest-posttest-
follow-up assessment design. Participation was voluntary. First, all participating 
teachers were trained in the content area of floating and sinking. Then, teachers 
were assigned to the treatment conditions or the control condition, respectively. 
Randomization was carried out at the school level. Teachers within the treatment 
conditions received training in one of three adaptive teaching methods, that is, for-
mative assessment, peer-learning, or scaffolding. Teachers within the control con-
dition received training in parental counseling, which was not expected to show 
effects on students in the course of the IGEL intervention. After training, teachers 
implemented the teaching methods in a pre-structured curriculum on floating and 
sinking in class. The curriculum was adapted from an empirically evaluated pri-
mary school inquiry-based science education unit (Hardy, Jonen, Möller, & Stern, 
2006; Möller, Jonen, Hardy, & Stern, 2002). It consisted of two consecutive teaching 
units with five lessons each. The first teaching unit was devoted to the concept of 
density, while the second one was devoted to the concepts of buoyancy force and 
displacement. All classes were checked for adherence to the intended curriculum 
(Adl-Amini, Decristan, Hondrich, & Hardy, 2014). For detailed results regard-
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ing the IGEL intervention, see Decristan and colleagues (2015a, 2015b) as well as 
 Hondrich, Hertel, Adl-Amini and Klieme (2016). Our exemplary analyses focus on 
data from the first teaching unit, as the assessments framing that teaching unit have 
been extensively investigated for their global and differential instructional sensitiv-
ity before, using both the change-score and the covariance-analytic versions of the 
LMLIRT model (see Naumann et al., 2019b).

The data used for analyses comprises about 1045 students in 54 classes (Mage = 8.8 
years, SDage = 0.5, 50% female) who participated in the pre- and posttests of students’ 
conceptual understanding of floating and sinking. Students’ conceptual under-
standing served as the main outcome for judging the interventions’ effectiveness in 
fostering students’ learning. Corresponding assessments took place with an average 
time lag of three weeks between pretest and posttest. The tests were administered in 
classroom-wide assessments by trained personnel. To ensure students’ understand-
ing of the tasks, each task was read aloud and visualized using projectors. Then, 
students had the opportunity to respond to the task. The pretest comprised sixteen 
items while the posttest consisted of thirteen items, with seven items in common 
to both measurement occasions. The items were either adapted from previous work 
done by Hardy and colleagues (2006, 2010), the German TIMSS 2007 science as-
sessment (Bos et al., 2008), or self-constructed. All items were (re)worded to be 
appropriate for grade level three. Response formats comprised multiple-choice and 
open-ended tasks. Scoring followed previous research on students’ conceptual un-
derstanding of floating and sinking (Hardy et al., 2006; Kleickmann et al., 2010). All 
items fit the partial-credit model (PCM; Masters, 1982). 

For our analyses, we split polytomous items into separate dichotomous step 
indicators. Analyses were carried out using R 3.6.1 (R Core Team, 2019). Mar-
kov-Chain-Monte Carlo sampling for the LMLIRT models was conducted via RStan 
(Stan Development Team, 2019) in a Bayesian framework using vague priors. For 
details on the technical implementation of the LMLIRT models, see Naumann and 
colleagues (2017, 2019b). In the covariance-analytic approaches, we adjusted sen-
sitivity measures for students’ prior achievement and students’ cognitive abilities.

In the change-score approach, calculated group-specific change in CTT item 
difficulty is highly correlated with latent LMLIRT change estimates, with Pearson 
correlation ranging from –.95 to –.65 across items (Mean r = –.88). Table 1 shows 
results for items’ global and differential sensitivity obtained from the change-score 
CTT procedure and the change-score LMLIRT model. While the LMLIRT mod-
el identifies all repeatedly-administered items as globally sensitive with Bayesian 
Credible Intervals not comprising zero, the CTT approach seems to identify the 
items as less globally sensitive. For example, the second step indicator within item 13 
appears comparably insensitive. One reason for this finding is that item 13 was very 
difficult at both measurement occasions, which cannot be captured by the CTT ap-
proach in an adequate way. With respect to differential sensitivity, the CTT change-
score approach indicates at least some variation in change across groups, while the 
LMLIRT model identifies more items as differentially sensitive.
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Results for the covariance-analytic approach are shown in Table 2. Baseline-ad-
justed measures of group-specific posttest CTT item difficulty are highly correlated 
with latent LMLIRT baseline-adjusted estimates, with Pearson correlation ranging 
from .97 to .79 across items (Mean r = .93). Similar to the scenario using change-
scores, the CTT approach suggests fewer items to be differentially sensitive com-
pared to the LMLIRT model.

In summary, results support the use of both CTT screening procedures for ap-
proximating items’ global and differential sensitivity. When comparing LMLIRT 
and CTT measures of global and differential sensitivity, one has to keep in mind 
that the measures obtained from the different approaches have different metrics. 
In the CTT approaches, global sensitivity is expressed in terms of average change 
between pretest and posttest across groups in the proportion of students who get 
an item correct, while differential sensitivity describes the degree these proportions 
vary across groups, expressed in standard deviations. In both cases, the underlying 
metric is percent correct. In contrast, the LMLIRT models provide measures on a 
logit scale, with variation across groups expressed as variance. Accordingly, the val-
ues from the CTT approaches may appear lower than or even different from those 
from the LMLIRT models, especially for very easy and very difficult items as they 
are usually more prone to measurement error. 

When screening for instructional sensitivity, we generally recommend exclud-
ing such items for which CTT sensitivity measures take on the value zero. However, 
we do not recommend only selecting items with high global and differential sen-
sitivity values. Depending on the item content, we also recommend considering 
items with lower sensitivity indices if these items capture hard-to-learn facets of the 
achievement construct. Nevertheless, we would like to emphasize that the screening 
procedures may help avoiding the selection of insensitive items, yet they are not 
ideal for a deeper analysis of the extent of an item’s sensitivity.

The Role of Time Spans and how Change is Modelled

Usually when planning an intervention, the question arises whether and to what 
extent effects are to be expected during a specific period of time. When evaluating 
instructional sensitivity, a similar question arises: How sensitive are the items in a 
specific time span? In addition, if data from more than two measurement points 
are available, there is more than one option to conceptualize change values. To 
date, there is only little knowledge on the role of time and the ways of modelling it 
when measuring instructional sensitivity. Yet, when planning an intervention, time 
plays an important role with regard to the expectation on its effectiveness (Kauffeld, 
2010). That is, researchers usually have hypotheses on what intervention effects are 
expected in which period of time. Consequently, instruments’ sensitivity must fit 
the time span that is covered by the intervention programme.

In addition, pretest-posttest-follow-up design utilize multiple measurement oc-
casions, each associated with specific expectations on effect sizes. When dealing 
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with multiple measurement occasions, there are multiple ways of conceptualizing 
change values. For example, Steyer, Eid, and Schwenkmezger (1997) distinguish two 
types of change values in latent variable models: The change values type I imply that 
values are calculated with reference to the initial value, that is, in a pretest-posttest-
follow-up design, the pretest serves as reference. In contrast, change values type II 
quantify change relative to the nearest measurement points. While Naumann and 
colleagues’ (2017) LMLIRT model is capable of providing both types of measures 
for group-specific change, the practical implications of the choice of type I and/or 
type II change values and their appropriateness in different contexts of evaluating 
instructional sensitivity have not been discussed yet.

To illustrate possible practical implications when modelling change values in 
educational intervention studies, three prototypical examples with information on 
the students’ performance development of the experimental and control groups are 
depicted in Figure 4 (adapted from Kauffeld, 2010). In Figure 4, diagram a shows 
the condition “sensitive items capture effects of the ideal type of intervention”, dia-
gram b represents the condition “sensitive items capture effects of a successful in-
tervention”, and diagram c shows the condition “sensitive items capture effects of a 
successful intervention with later development”. These three diagrams in Figure 4 
underline that depending on the type of change values (type I or type II) chosen, the 
change values vary differently. Accordingly, it is important to specify whether we are 
interested in the sensitivity of test items for short-time effects (pretest – posttest) or 
for long-time effects (pretest – follow-up test, posttest – follow-up test). We thus 
recommend checking sensitivity of the pretest, posttest and/or follow-up accord-
ingly.

Tab. 1: Change-score Approach: Item sensitivity results for repeatedly-administered  
IGEL-items

LMLIRT model CTT Screening Procedure
Global  

Sensitivity
Differential  
Sensitivity

Global  
Sensitivity

Differential  
Sensitivity

Ite
m

C
at M (SD) 95% BCI M (SD)

 2 2.1 –4.01 (.16) [–4.33, –3.70] .11 (.12) 0.64 0.13
 3 3.1 –3.86 (.15) [–4.16, –3.57] .06 (.08) 0.65 0.13
 4 4.1 –1.83 (.16) [–2.15, –1.51] .51 (.21) 0.30 0.20

4.2 –1.62 (.27) [–2.13, –1.07] .52 (.41) 0.13 0.13
 5 5.1 –0.99 (.16) [–1.30, –0.67] .55 (.26) 0.17 0.19
 6 6.1 –0.98 (.14) [–1.25, –0.70] .37 (.20) 0.18 0.17
 9 9.1 –2.80 (.14) [–3.08, –2.53] .15 (.15) 0.50 0.15
13 13.1 –1.94 (.25) [–2.42, –1.45] .55 (.33) 0.17 0.15

13.2 –1.82 (.42) [–2.65, –1.01] .62 (.50) 0.06 0.08
Note. M = posterior mean; SD = standard deviation of the posterior mean; BCI = Bayesian 
credible interval; Cat = score category.
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Concluding Remarks
In the present chapter, we first provided a brief overview on the concept of instruc-
tional sensitivity and then pointed out differences and communalities in its role 
in educational effectiveness research and educational intervention studies. After 
presenting common ways of measuring instructional sensitivity, we proposed a 
screening procedure based on CTT that allows for approximating the absolute in-
structional sensitivity of single items in situations where more complex approaches 
are not feasible, for example, when sample sizes are small. Finally, we discussed the 
role of time lapses in the context of instructional sensitivity. We are confident that 
the ideas presented in this book chapter help fostering the valid use and interpre-
tation of test scores in the context of educational intervention studies. Again, we 
would like to point out that the screening procedures presented in this chapter can 

Tab. 2: Covariance-Analytical Approach: Item sensitivity results for all IGEL-items
LMLIRT Model CTT Screening Procedure

Differential Sensitivity Differential Sensitivity
Item Cat M (SD)

 1  1.1 0.43 (0.14) 0.18
 1.2 0.62 (0.20) 0.16

 2  2.1 0.21 (0.13) 0.13
 3  3.1 0.07 (0.07) 0.10
 4  4.1 0.34 (0.12) 0.18

 4.2 1.19 (0.43) 0.14
 5  5.1 0.62 (0.21) 0.18
6  6.1 0.54 (0.19) 0.18

 6.2 1.37 (0.56) 0.11
 7  7.1 0.28 (0.11) 0.16

 7.2 0.28 (0.16) 0.12
 8  8.1 0.40 (0.17) 0.16
 9  9.1 0.24 (0.14) 0.11

 9.2 0.74 (0.29) 0.12
10 10.1 0.26 (0.13) 0.13
11 11.1 0.20 (0.10) 0.13
12 12.1 1.24 (0.40) 0.14

12.2 1.95 (0.73) 0.12
13 13.1 0.75 (0.28) 0.14

13.2 0.93 (0.43) 0.08
Note. M = posterior mean; SD = standard deviation of the posterior mean; BCI = Bayesian 
credible interval; Cat = score category.
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only help preventing insensitivity. They cannot fully replace a deeper analysis of 
instructional sensitivity.

Sensitivity of instruments to change due to treatments is regularly discussed 
in various domains like psychology or medicine (e.g., Benoy et al., 2019; Hays & 
Hadorn, 1992). Similar to these domains, sensitivity to teaching is oftentimes ne-
glected in educational intervention studies, compromising the validity of inferences 
drawn from test scores (cf. Burstein, 1989; D’Agostino et al., 2007). In education-
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Fig. 4: Ways how sensitive items capture effects of a successful intervention: (a) ideal type 
of intervention, (b) successful intervention, and (c) with delayed effect (adapted 
from Kauffeld, 2010).
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al intervention studies, researchers need to make sure that instruments used for 
measuring the outcome criteria are capable of detecting potential intervention ef-
fects. Hence, measures of instructional sensitivity establish links between student 
responses and the inferential target and thus serve as validity evidence (cf. AERA 
et al., 2014; Naumann et al., 2019b). More specifically, information on instructional 
sensitivity supports (a) the evidence model in evidence-centered design (e.g., Mis-
levy & Haertel, 2006) or (b) the instructional and inferential facets within Pellegri-
no, DiBello and Goldman’s (2016) validity framework, respectively. Accordingly, 
without sufficient information on instructional sensitivity, there is no argument 
supporting a specific instrument’s use for measuring the intervention’s outcome cri-
teria. Consequently, instructional sensitivity is a necessary prerequisite for the valid 
use and interpretation of test scores in educational effectiveness research, as well as 
in educational intervention studies.

Following the psychometric framework by Naumann and colleagues (2017), ab-
solute measures of instructional sensitivity essentially address the reliability of item 
responses or test scores on the level of learning groups (e.g., classes or schools) with 
respect to differences between (a) the learning environments students are exposed 
to (i.e. their learning groups or intervention conditions) or (b) the different stages 
of learning (i.e. time points of measurement), respectively. However, researchers 
should not be guided solely by the degree of sensitivity when designing a test, as 
otherwise effect sizes may increase as a function of item sensitivity (see Naumann 
et al., 2019b). As a result, inferences on teaching or intervention effectiveness may 
become invalid if the resulting test is not representative for the underlying task uni-
verse. That is, researchers need to clarify which test (Grossman et al., 2014) or which 
configuration(s) of items (Naumann et al., 2019b) is representative for the desired 
construct and provides the desired level of instructional sensitivity.

The previous considerations notwithstanding, item selection is not trivial even 
when information on instructional sensitivity is available. Despite van der Linden’s 
(1981) request for validating instructional sensitivity measures, valid use and inter-
pretation of measures with respect to teaching is still unclear for most of the item 
sensitivity statistics presented by Polikoff (2010). At best, statistics try approximat-
ing influences of learning environments students are exposed to on item responses 
by using classroom-membership as grouping variable when estimating item pa-
rameters (e.g., Robitzsch, 2009). At least partly, the LMLIRT model overcomes this 
issue as Naumann and colleagues (2019b) were able to provide empirical evidence 
supporting LMLIRT differential sensitivity measures validity.

Still, it appears hard to define upfront which specific teaching aspect(s) a single 
item can detect and which not (see also Ing, 2018). Ideally, items represent learnable 
leaps from one level of sophistication to the next level of sophistication within a 
domain. As such, they should be sensitive to adequate teaching of content and skills. 
Yet, while there are strong requests on what tests and items should not be sensitive 
to (e.g., inherited ability or SES; Popham, 2007), there is no consensus on which 
specific teaching aspects instruments should be able to capture (Polikoff, 2010). In 
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our view, the answer to this question largely depends on the purpose(s) of the as-
sessment and the desired test score interpretation. For example, a test that serves as 
a criterion for judging whether or not a specific facet of teaching quality is effective 
should be sensitive to the quality of teaching. In educational effectiveness studies 
that resort to natural variation within a population, tests oftentimes serve for multi-
ple purposes at the same time. Then, operationalizing instructional sensitivity may 
become all the more complex the more purposes have to be fulfilled, as each intend-
ed test score interpretation requires fitting validity evidence in the form of a proof 
of sensitivity (cf. Kane, 2013). Nevertheless, in the case of educational intervention 
studies, the purpose of the assessment can usually be expected to be clearly defined. 
Accordingly, tests should at least be sensitive to those teaching/intervention charac-
teristics whose effectiveness intervention studies are about to judge.
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8.  How Can Test-taking Motivation Be Theoretically 
Understood and Measured in Educational 
Intervention Research?
Michaela Katstaller & Gabriela Gniewosz

Abstract: In educational intervention studies, which are usually based on a pre-
test-posttest design (plus follow-up under certain conditions), performance tests 
are used to investigate whether the intended change in students’ performance is 
achieved. However, the results in such tests can only represent the students’ ac-
tual performance or change in their actual performance, if the students are will-
ing to give their best in the test. Consequently, the so-called “real” performance 
or rather the change in students’ performance tends to be underestimated. It is 
particularly problematic for theoretical and practical implications, if the test re-
sults are the basis for stakeholders, for instance, to make decisions on curricular 
changes in schools and universities. Particularly in low-stakes tests, which are 
mostly used in educational intervention studies, it is suggested to profoundly 
investigate students’ test-taking motivation, its direct and indirect influencing 
factors, its methodological approach, and its practical implications. The aim of 
this chapter is to improve the understanding of test-taking motivation in ed-
ucational intervention research. Specifically, it firstly provides an overview of 
the construct of test-taking motivation from various theoretical perspectives. 
Secondly, proximal as well as distal factors that may be related to interindividual 
differences in test-taking motivation will be presented. Thirdly, methodological-
ly relevant issues such as typical measurement material, the question of “change” 
and the role of experiments are addressed. Finally, practical suggestions for ed-
ucational intervention studies are made.

Theoretical Framework of Test-Taking Motivation in Educational 
Intervention Research
Motivation is a theoretical concept that is utilized to explain human behaviour. It 
explains individuals’ motives to react and fulfill their needs (Elliot, Dweck, & Yea-
ger, 2017; Jacot, Raemdonck, & Frenay, 2015). Motivation-oriented terms such as 
achievement motivation, test-taking motivation, intrinsic and extrinsic motivation 
are not theoretically distinct from each other and are therefore often used simul-
taneously in the context of educational intervention research (Rheinberg, 2006). 
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According to Skinner, Kindermann, Connell and Wellborn (2009, p. 225) motiva-
tion is defined as the “psychological processes that underlie the energy (vigor, in-
tensity, arousal), purpose (initiation, direction, channeling, choice), and durability 
(persistence, maintenance, endurance, sustenance) of human activity”. A challenge 
in educational intervention studies is that, compared to high-stakes tests (e.g., in 
admission tests for a study), educational intervention studies are mainly low-stakes 
tests which initially have no direct consequences for the test-takers, unless they do 
not pass or score badly (Penk & Schipolowski, 2015). The students only complete 
a task successfully if they are willing to do so (Rheinberg, 2006) and only the task 
or the test-situation itself can motivate the students to do their best. Therefore, the 
distinction between domain- and situation-specific motivation (Elliot et al., 2017) 
seems to be particularly relevant for educational intervention studies: Domain- 
specific motivation refers to an individual’s motivation within a certain domain such 
as a certain subject, while situation-specific motivation relates to the motivation in a 
specific situation such as test-taking situations in which students participate during 
their school or academic career. It is assumed that domain- and situation-specific 
motivation are interrelated with each other. This chapter particularly focuses on 
the students’ willingness and engagement to give their best in a situation-specif-
ic test-taking situation. It is important to keep in mind that not every effort in a 
test-taking situation originates in test-taking motivation. If students lack knowledge 
in their test performance in educational intervention studies, for example, it can 
be partially compensated with their general intelligence. In contrast, a low level of 
test-taking motivation can hardly be compensated (Baumert & Demmrich, 2001; 
Wang, Haertel, & Walberg, 1993). 

In contrast to other personality traits such as conscientiousness, for instance, the 
test-taking motivation of a person is a more dynamic characteristic across situations 
and measurement points and is affected – among other aspects such as a person’s 
interest in the intervention’s topic – by previous experiences. Wise and DeMars 
(2005) state that test-taking motivation refers to the engagement and the effort a 
person is willing to show to achieve the optimum result in a test-taking situation. 
They emphasize that a broader understanding of test-taking motivation has been 
established including motivational components such as effort, interest, utility, value, 
and importance. Baumert and Demmrich (2001, p. 441) define test-taking motiva-
tion as the “engagement to work on test tasks and to invest effort and perseverance 
in this project”. Thus, test-taking motivation is an important issue in educational 
intervention research, when it comes to measuring the effectiveness of students’ 
learning outcomes.

As motivation is a rather complex construct, there are several motivation the-
ories that address different motivational aspects. Early theoretical approaches to 
motivation such as Wilhelm Wundt’s or William James’ understood motivation as 
“willing” or “volition” and used methods to explore humans’ inner action like desire 
and natural qualities (Pintrich & Schunk, 2002, p. 21). Later theoretical approach-
es such as Skinners’ theory of operant conditioning (1938) or the drive reduction 
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theory and human behavior (Hull, 1943) were mainly behaviorally oriented and 
motivation was considered to be a function of observable events or stimuli from 
the environment excluding thoughts and feelings (Pintrich & Schunk, 2002, p. 26). 
Current theoretical frameworks are process-oriented approaches that are able to 
positively contribute to students’ learning outcomes such as the self-determination 
theory (e.g., Vansteenkiste, Lens, & Deci, 2006), the ARCS model (attention, rele-
vance, confidence, and satisfaction, Keller, 2008), the social cognitive theory (e.g., 
Wentzel & Wigfield, 2009), and the expectancy-value theory (Eccles & Wigfield, 
2002; Eccles, 2005; Wigfield & Eccles, 2000). The latter seems to be most suitable for 
investigating students’ test-taking motivation in educational intervention research, 
as it is assumed that there is a relationship between the amount of effort put into 
a task and the performance that can be achieved from the effort. More specifically, 
the expectancy-value theory proposes that motivation comprises an individual’s 
cognitions that drive actions, and depends on individual, social and contextual fac-
tors. Although this theoretical framework is mostly used to explain domain-specific 
motivation, it can also be appropriately applied to situation-specific test-taking mo-
tivation (see Figure 1; right hand side): Test-taking motivation is specified by the 
extent to which students attribute meaning and value to the intervention study (or 
test-situation within the intervention study) which they are expected to take part 
in with their greatest effort. More precisely, the expectancy component refers to the 
students’ beliefs about how well they will perform on the forthcoming tasks (“Can 
I do this task?”) and is closely related to Bandura’s self-efficacy concept (Wigfield 
& Eccles, 2000). It is usually divided into ability beliefs and expectancies for success. 
However, the ability beliefs are understood to be the students’ general beliefs about 
their competencies in a specific domain and therefore affect the test-taking moti-
vation rather indirectly. Here it becomes clear that domain- and situation-specific 
motivation are interrelated, due to the fact that the items per se represent a specific 
content. In contrast, students’ expectancies of success conceive students’ perception 
of their likelihood of succeeding in a specific upcoming task and relate to students’ 
test-taking motivation in a narrower sense (Wigfield & Eccles, 2000). The value 
component refers to the extent to which a student values a task (“Why should I do 
this task?”) and comprises the attainment value (importance of doing well in a task), 
the interest value (interest in the task’s content), the utility value (usefulness of a task 
for individual goals), and the relative cost (perceived negative aspects of engaging 
in the task). It is proposed that the four value subcomponents affect the students’ 
test-taking motivation, which can act as a potential source of construct-irrelevant 
variance (Asseburg & Frey, 2013). High test anxiety, for instance, is a factor that 
might impair students’ direct performance (Eum & Rice, 2011). It is characterized by 
cognitive indicators such as the comparison of self-performance with that of peers, 
considerations for the consequences of test failure, low confidence in performance, 
and excessive worries of being tested (Brown & Hirschfeld, 2008; Cheng, Klinger, 
Fox, & Doe, 2014; Liu, 2008; Putwain, Connors, Woods, & Nicholson, 2012). From 
this perspective, test anxiety in educational intervention studies may bias the even-



174  Michaela Katstaller & Gabriela Gniewosz

tual results even in low-stakes tests when the tests become objectively challenging 
for students (Elkhafaifi, 2005; Larsen-Freeman, 2001; Ellis, 1997; Meece, Glienke, & 
Burg, 2006).

Both components are necessary to predict not only students’ test performance, 
but also the effort that a student actually puts into the test as well as the persistence 
a student is willing to invest to overcome more difficult (and frustrating) tasks. 
Although research findings indicate that students’ expectancies better predict stu-
dents’ test performance, persistence and effort than students’ values (Schunk, Pin-
trich, & Meece, 2010), the study of Penk and Schipolowski (2015) is the first study 
that focuses on both the expectancy- and value-components of the expectancy-val-
ue theory and test-taking motivation in a large-scale assessment study of German 
ninth-graders. It is recommended that both components are to be considered in 
prospective educational intervention studies in order to investigate changes in stu-
dents’ test-taking motivation and the effects on their test performance in the pretest, 
posttest, and follow-up test respectively. 

Proximal and Distal Factors of Students’ Test-Taking Motivation in 
Educational Intervention Research
Lack of examinees’ test-taking motivation can have an impact on the reliability and 
validity (e.g., increase in construct-irrelevant variance) of the inferences that are 
drawn from test scores (DeMars, Bashkov, & Socha, 2013). Thus, proximal and distal 
factors of students’ test-taking motivation must be taken into account when inter-
preting the achieved test results, especially in low-stakes tests, to avoid an under- or 

Fig. 1: The expectancy-value theory in the context of test-taking motivation in education-
al intervention research (adapted from Eccles & Wigfield, 2002; Wigfield & Eccles, 
2000).
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overestimation of students’ test performance (Cole, Bergin, & Whittaker, 2008; 
Eklöf, 2007; Lazowski & Hulleman, 2015; Schiel, 1996; Sundre & Kitsantas, 2004). 
Our focus is to synthesize findings of those proximal and distal factors that seem to 
be highly relevant for developing educational intervention programmes. 

Proximal factors are considered to be factors that have a direct effect on the stu-
dents’ test-taking motivation or are related to their individual affective conditions. 
In general, the consequences of test results in high-stakes versus low-stakes tests on 
students’ grades or their admission for a study or profession is an important factor 
that may influence the test-taking motivation of students. The disadvantage of low-
stakes tests is that students tend to attribute less importance to tests that do not have 
negative consequences for them. Thus, they tend to show less willingness to exert 
themselves in low-stakes test-taking situations (Eklöf & Knekta, 2017). Interestingly, 
it is not only the question about the actual, but also about negatively perceived con-
sequences while taking a test. If a student does not care about grading in a subject, 
for instance, he or she will hardly meet the need for conscientiousness and effort in 
a test-taking situation. Hence, negative perceptions include subjective beliefs about 
testing that are irrelevant to the students (Brown & Hirschfeld, 2008).

Additionally, the test environment is often underestimated in test-taking situa-
tions, but it seems to be highly relevant, especially in low-stakes tests, if students’ 
performances vary throughout a whole test-taking situation (Penk & Richter, 2017). 
However, a test-situation may comprise different situational information such as 
given cues (e.g., physical stimuli or objects), classes (e.g., classified by a date, type) 
or situational emotions such as “stressful” or “boring” (Rauthmann, Sherman, & 
Funder, 2015). As test rooms usually have an unalterable format, it is proposed to 
ensure a friendly atmosphere by providing a good indoor climate and sufficient 
lighting (Petermann & Macha, 2005). Previous research shows that students have 
both negative and positive perceptions of the “character” of an assessment (Knekta 
& Sundström, 2019) due to situational aspects such as the friendliness of the test 
administrator(s) or individual motivational aspects such as their wellbeing. This 
may help participants avoid situationally negative feelings like stress, anger, pres-
sure, and boredom (Putwain, 2009).

Research shows that the perceived benefit can be increased by giving motiva-
tionally supportive test instructions and by enhancing students’ self-relevance of 
their test-results (Finn, 2015). Motivationally supportive instructions aim at explain-
ing the usefulness of taking part in the test by clarifying the purpose, the goals and 
the required contribution of the test-takers at the very beginning as well as outlin-
ing the anticipated consequences of the test results for their school or educational 
institution. Self-relevance may be enhanced, for instance, by issuing a certificate to 
confirm a student’s test performance. Providing feedback on students’ test results 
is another approach to improve students’ self-relevance because it helps them get a 
clue about their current skills in the tested content area. Although it seems to be rea-
sonable to suppose that feedback increases the perceived benefits and subsequently 
positively affects students’ willingness to try their best, there are only a few studies 
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that show empirical evidence for this assumption (Baumert & Demmrich, 2001; 
Finn, 2015; Wise & DeMars, 2005, 2010). Additionally, the format of the feedback 
such as task-specific feedback versus overall feedback or individual score versus 
the achieved ranking position in relation to a certain group as well as the extent to 
which the given feedback is considered to be fair and transparent has an effect on 
students’ test-taking motivation and their test performance. Thus, it is sometimes 
advisable not to give formative feedback to avoid any confounding effects on the 
students’ test performance. 

Furthermore, offering incentives such as free meals, gift cards or a discount for 
books can motivate students to sign up for a (voluntary) test. More relevant for stu-
dents’ test-taking motivation are performance-based incentives for the purpose of 
motivating students to exert themselves (Baumert & Demmrich, 2001; Finn, 2015). 
Typical incentives are prizes to be won, public recognition, financial rewards for an 
outstanding performance on the overall test result or for each correctly answered 
task. Despite of the fact that such incentives can be quite cost-intensive, some stud-
ies hint that examinees score somewhat better when the test has a strong person-
al incentive for them (DeMars, Bashov, & Socha, 2013; Sundre & Kitsantas, 2004; 
 Terry, Mills, & Sollosy, 2008). 

Moreover, the characteristics of the test and/or its tasks have shown to affect the 
students’ test-taking motivation. While both highly and lowly motivated students 
perform well in moderately difficult items, only highly motivated students score 
well on difficult tasks. Thus, the more difficult the items are, the more students’ 
test-taking motivation decreases as more time is needed to work on the tasks (As-
seburg & Frey, 2013; DeMars, 2000; Wise & DeMars, 2005, 2010). Consequently, 
research findings indicate that assessment tasks should be designed with 50% mod-
erate task difficulty (Astleitner, 2006; Pintrich & Schunk, 2002). Additionally, tasks 
with more text instruction are associated with lower levels of test-taking motivation 
than multiple-choice items (DeMars, 2000).

Barry, Horst, Finney, Brown and Kopp (2010) have found that the amount of 
mental taxation to correctly answer a cognitively-demanding task may lead to low 
expectancies, low value associated with the task (see also Eccles et al., 1983), and 
may result in low test-taking motivation.

Distal factors are those factors that are indirectly related to students’ test-taking 
motivation, usually via proximal aspects. Not only attitudes held by the test- takers, 
but also attitudes expressed by test administrators, teachers and other students may 
indirectly influence students’ willingness or ability to show a high level of effort 
and – therefore – test-taking motivation (Lau, Jones, Andersson, & Markle, 2009; 
Putwain et al., 2012). Therefore, it is useful to look for administrators who have 
a positive attitude towards the participants, the organizing institution as well as 
the intervention programme. According to Lau and colleagues (2009), certain be-
haviour patterns can positively influence motivation before or during the test sit-
uation. Depending on the test-taking situation or test design, it is recommended 
to (a) warmly welcome participants before the test starts, (b) have them introduce 
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themselves, (c) convey a positive attitude in tone and behaviour, (d) show respect 
towards the participants, and (e) encourage participants to continue working hard 
if declining efforts are observed (if allowed).

Effects that are attributed to gender roles are frequently investigated in the con-
text of test-taking motivation and test performance. Gender, or rather the gender 
reported by the students, is a proxy for a variety of differences between male and 
female test-takers. DeMars, Bashkov and Socha (2013) investigated gender differ-
ences in test-taking situations at university. The results show that male students 
are less likely to exert even the minimal effort to show up for an assigned testing 
session than female students. Not attending test sessions indicates extremely low 
levels of test-taking motivation. As gender may affect the psychometric properties 
of psychological measures such as test-taking motivation (Memetovic, Ratner, & 
Richardson, 2014), it is suggested to conduct tests of group-level measurement in-
variance before comparing scores between groups.

Another rather stable factor of the test-taking motivation is the personality of the 
students themselves. Although there is no extensive research on the link between 
personality measures and test-taking motivation, a few studies have confirmed that 
personality dimensions, especially with regard to the Big-Five personality traits, are 
related to test-taking motivation (Ackerman & Kanfer, 2009; Barry et al., 2010). 
Komarraju and Karau (2005), for instance, identified in their study that the Big-
Five personality traits, especially conscientiousness, extraversion and openness, 
are the main sources of students’ test-taking motivation (e.g., Colquitt, LePine, & 
Noe, 2000; Judge & Ilies, 2002; Kanfer, Ackerman, & Heggestad, 1996; Komarraju & 
Karau, 2005). Thus, the Big-Five personality traits seem to play an essential role in 
guiding the students’ test-taking motivation in a certain direction (Ross, Rausch, & 
Canada, 2003). Participants who are conscientious, extroverted, and open are very 
likely to show stamina and persistence to (successfully) complete a test. However, 
it should be noted that these are small to medium (indirect) correlations between 
personality traits and test-taking motivation. In addition, it is not yet clear whether 
only individual traits (e.g., “only” conscientiousness) or the interaction of differ-
ent traits (e.g., in terms of personality types) have a strong influence on students’ 
test-taking motivation.

To sum up, a number of different direct and indirect factors appear to influ-
ence students’ test-taking motivation in educational intervention research. Cer-
tainly, a number of other proximal and distal factors are also possible, so that the 
aspects presented here represent only the most important and noteworthy factors in 
 educational intervention studies. However, a deeper understanding of these factors 
helps to better understand and interpret students’ test performance. In recent years, 
several methods have been proposed to increase students’ willingness to show their 
best, not only in high-stakes, but also in low-stakes tests. Thus, it is worthwhile to 
take a methodological look at the possibilities and limitations associated with mea-
suring test-taking motivation.
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Measuring Students’ Test-Taking Motivation
If students are not motivated to do their best, they often do not achieve the maxi-
mum of their possible test performance. Knekta and Eklöf (2015) state that a lack 
of test-taking motivation often threats the validity of test scores. Consequently, stu-
dents’ low test-taking motivation may lead to construct-irrelevant variance in the 
test scores and, therefore, the pretests, posttests, and follow-up tests in educational 
intervention studies may not only measure the actual knowledge or competence of 
the test-takers, but rather the students’ lack of test-taking motivation. This aspect 
is of particular interest in surveys (e.g., performance measurements) in educational 
intervention contexts, as these tests do not usually contain any direct consequenc-
es or feedback and are relatively unimportant to the participants themselves. For 
other stakeholders such as teachers, university lecturers and scientists, however, the 
conclusions drawn from the results in the pretests, posttests, and follow-up tests 
can be of central relevance, especially when the question of the “effectiveness” of 
educational intervention study comes into play (Sundre & Kitsantas, 2004; Wise & 
DeMars, 2005).

For measuring test-taking motivation, different methods such as self-reports, 
observations, interviews and item response time measures have been used (Wise 
& Smith, 2016). So far, the most widely used indicator of test-taking motivation is 
self-report measuring (DeMars et al., 2013). Self-reports typically capture a wider 
range of examinees’ motivation, and thus, the relationship between scores on such 
measures and test performance has often been studied. The literature search for 
questionnaires on test-taking motivation shows that two widely used instruments 
are the student option survey (SOS) (Thelk, Sundre, Horst, & Finney, 2009) and the 
online motivation questionnaire (OMQ) elaborated by Boekaerts (2002). Although 
most of these and other measurement instruments (e.g., Baumert & Demmrich, 
2001; Butler & Adams, 2007) are based on assumptions of the expectancy-value 
theory, none of these questionnaires contain all expectancy, value, utility, and cost 
aspects according to the theory. More precisely, some of them include items that 
relate to students’ expectancies (e.g., O’Neil, Abedi, Miyoshi, & Mastergeorge, 2005; 
Penk & Schipolowski, 2015), some questionnaires focus on the value aspect with 
items that refer to importance (e.g., Eklöf & Nyroos, 2013; Thelk et al., 2009), and 
only some of the available survey instruments operationalize the aspect of utility 
(O’Neil et al., 2005; Penk & Schipolowski, 2015). Another questionnaire to measure 
test-taking motivation is the questionnaire of current motivation (QCM) developed 
by Rheinberg, Vollmeyer and Burns (2001). With the use of this questionnaire, 
 Freund, Kuhn and Holling 2011 investigated test-taking motivation of university 
and secondary school students who performed an abstract reasoning test. The ex-
pectancy component was captured by the subscale “probability of success”, and the 
value component was measured by the subscales “challenge”, “interest”, and “anxi-
ety”. All test-taking motivation-related predictors explained 14% of the variance in 
the students’ test performance.
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In some studies (e.g., Baumert & Demmrich, 2001; Thelk et al. 2009) students’ 
test-taking motivation was assessed after performing the achievement test. In the 
previously mentioned study, Freund and colleagues (2011) investigated test-taking 
motivation before the students’ test completion. With regard to educational interven-
tion studies, it is recommended to measure test-taking motivation measurements in 
the pre- and posttest (and follow-up test respectively) before, during and after the 
test-taking situation (Frey, Hartig, & Moosgrugger, 2009). This approach should 
ensure quantifying a person’s motivational condition in a test-taking situation based 
on the interaction of person- and situation-centered characteristics. Additionally, 
this procedure allows analyzing both the effect of students’ test-taking motivation 
on their test performance and the effect of students’ perceived test performance on 
their test-taking motivation (Sanchez, Truxillo, & Bauer, 2000).

Even though self-reported questionnaires currently represent the central meth-
od for assessing test-taking motivation in educational intervention research, their 
validity is critically discussed due to their sensitivity to impression management 
tactics and self-deception (e.g., Donovan, Dwight, & Hurtz, 2003; Ortner & van de 
Vijver, 2015; Schmitt, Hofmann, Gschwendtner, Gerstenberg, & Zinkernagel, 2015; 
Viswesvaran & Ones, 1999). The use of behavioral indicators (e.g., observational 
instruments, response-time measures) is a possible alternative or complement to 
subjective tests. The idea of these more objective measures was initially proposed by 
James McKeen Cattell in 1890 with his set of mental tests. Based on this  approach of 
personality assessment, it is assumed that heterogeneous data sources are needed to 
collect person-related data (e.g., motivation and other personality aspects) includ-
ing self-report data (Q-data), life indicators (L-data) often derived from observer 
reports, and objective performance or tests (T-data) (Cattell, 1890; Cattell, 1946; 
Cattell & Kline, 1977). Compared to gathering subjective data, objective data are 
mostly collected in a highly standardized test-situation. The scores are not based 
on self-ratings with regard to the construct of interest, and the aims of the tests 
are masked or not apparently identifiable (Ortner & Proyer, 2018). However, not 
all constructs seem to be comparably addressed by these non-subjective methods 
(L- and T-data). For example, interpersonal behaviour and social variables (e.g., in-
trinsic motivation, extraversion) are reported to be difficult to assess by standardized 
objective tests (Pawlik, 2006). Additionally, the variety of objective tests in design 
and scoring does not allow comparing findings easily with the use of psychometric 
properties of one test to the other (Ortner & Schmitt, 2014).

Concluding Remarks for Prospective Educational  
Intervention Research
With the specific focus on educational intervention research, we have learned that 
test-taking motivation can be a key factor for improving students’ learning out-



180  Michaela Katstaller & Gabriela Gniewosz

comes. Therefore, helping students develop optimal test-taking motivation is an 
important goal, both conceptually and empirically (Lazowski & Hullemann, 2015). 

As already discussed in the theoretical overview, test-taking motivation can be 
viewed from different theoretical perspectives. Up to now, there is no comprehen-
sive theoretical framework that brings together different research traditions and 
– in addition to the expectation and value components discussed here – includes 
additionally more learned, but “dispositional-like” and therefore stable motives rel-
evant to explain individual differences in students’ test-taking behaviour (e.g., seek 
success vs. fear failure, seek for control vs. loss of control; see Neyer & Asendorf, 
2018; Pintrich & Schunk, 2002). A further under-specified aspect is the role differ-
ent emotions of test-takers in test-taking situations apart from the value component 
“costs” play. Human emotions influence interests, effort and performance. Research 
shows that both positive and negative emotions matter to a range of academic out-
comes (e.g., Izard, Stark, Trentacosta, & Schultz, 2008; Pekrun, Frenzel, Goetz, & 
Perry, 2007; Pekrun & Linnenbrink-Garcia, 2014). However, research has neglected 
when and why emotions are associated with students’ test performance in educa-
tional intervention research.

The need for profound scientific research on test-taking motivation in educa-
tional intervention research is evident. It is recommended that prospective stud-
ies have both a theoretical and an applied perspective on the relationship between 
test-taking motivation and test achievement as well as test-taking motivation and 
other variables such as students’ interest in the topic of the educational intervention 
study, students’ test-taking emotions and students’ response time effort that may be 
related to a change in students’ performance between pretest, posttest and follow-up 
test. Differences between intervention and control group(s) such as gender, ethnical 
and social differences are also worthy of systemic investigation. Yet, empirical inves-
tigations on students’ test-taking motivation have only explored parts of the Eccles 
and Wigfield’s expectancy-value model yet (Eklöf, 2007; Eklöf & Knekta, 2017). For 
comprehensive theories such as the expectancy value theory, however, it is often 
not feasible to simultaneously investigate all components of the theoretical frame-
work in a single educational intervention study. Students’ test-taking motivation 
to do well in a test is most likely not only determined by the characteristics of the 
test-taking situation or the test(s) to be taken, but also by the students’ goal orienta-
tions, their achievement history in school and at university as well as their personal 
reasons for performing in one way or another. Thus, many important aspects of the 
expectancy-value model and their relation to students’ motivational dispositions in 
test-taking situations remain to be profoundly studied in educational intervention 
research (e.g., Covington, 2000; Deci, Koestner & Ryan, 1999; Eccles & Wigfield, 
2002).

As far as practical implications to enhance students’ test-taking motivation are 
concerned, the following aspects seem to be of particular relevance to increase, ad-
just or control the effects of test-taking motivation: Measures to enhance students’ 
test-taking motivation should be taken into account in educational intervention 
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research studies because of the potential effects of students’ test motivation on the 
validity of test scores. Firstly, test administrators who accompany the test-taking 
situations in a study may play an important role in students’ test-taking motivation 
(Putwain et al., 2012; Wise & Smith, 2016). Thus, it is recommended to not only ask 
the test-takers, but also the test administrators about their motivational attitudes 
towards the intervention study. Secondly, any result indicating low test-taking moti-
vation questions the potential impact of low test-taking motivation on students’ test 
score validity. Thus, computer- or tablet-based tests should be used to monitor stu-
dents’ response time effort. Filtering students by their response time effort is a useful 
corrective action for subsequent analyses (Swerdzewski, Harmes, & Finney, 2009) 
that researchers and practitioners can take to address the problem of students’ non-
test-taking motivation in educational intervention studies (Wise, 2009). However, 
this requires a valid way of determining a threshold of what constitutes very low 
test-taking motivation. Thirdly, there is the idea of monetary rewards to students for 
improved test scores between two measurement points (pretest – posttest, posttest 
– follow-up test) on the class or course level. Fourthly, an advisable way to enhance 
the stakes of the test is to establish a positive and permissive test environment by 
avoiding an emphasis on competition between the intervention and the control 
group (Lau et al., 2009; Putwain et al., 2012). Being one of the last to finish the test 
is often perceived negatively by the students. To overcome this feeling of pressure, 
the test administrators could provide a recommended time frame for completion 
of the pretest, posttest or follow-up test. Fifthly, the purpose of low-stakes tests and 
the intended use of students’ test results should always be clearly explained at the 
beginning of the intervention study (Sessoms & Finney, 2015) because it is assumed 
that the perception of control in a test-taking situation fosters students’ test-taking 
motivation (Ryan & Deci, 2000) and raises students’ positive attitudes towards a test 
(Urdan & Schoenfelder, 2006). Lastly, although there is little empirical evidence that 
feedback increases students’ test taking motivation (Wise & Smith, 2016; see how-
ever Cole et al., 2008), it is recommended to enhance the perceived utility in taking 
part in an educational intervention study by giving feedback about the strengths 
and weaknesses and what specific content area they are advised to work on (Finn, 
2015; Wise & DeMars, 2005, 2010). Additionally, it could be emphasized that partic-
ipating in the study offers a great opportunity to practice the tested content.

To sum up, schools and universities should provide test-taking environments in 
educational intervention research in which these scientific and practical suggestions 
are directly implemented to foster students’ test-taking motivation during educa-
tional intervention assessments and improve current methodological approaches 
to measure and model test-taking motivation. It does not only enhance the validity 
and interpretability of students’ test performance, but also optimizes the testing con-
ditions to profoundly evaluate the effectiveness of educational intervention studies.
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