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Abstract Why do some students benefit from interventions and others do not? By
investigating the antecedents and effects of students’ responsiveness to a classroom-
based motivation intervention, the current study aims to shed light on the intervention
processes that make educational interventions in real-life settings work. Using data
from a cluster-randomized controlled experiment with 1916 ninth-grade students,
students’ responsiveness to two written intervention activities about the personal
relevance of mathematics (evaluating quotations or writing a text) was assessed.
Based on the hypothesized theory of change, 1280 student essays were coded on
three indicators of responsiveness (positive arguments, personal connections, in-
depth reflections) which were combined into a continuous index. Linear regression
analyses showed that students’ conscientiousness, gender, math-related motivation,
and achievement predicted the responsiveness index. This research highlights the
importance of investigating intervention processes in order to optimize the theories
and designs of classroom interventions

Keywords Classroom intervention - Motivation - Mathematics - Relevance
intervention - Student responsiveness - Utility-value intervention

Wer hiilt sich an die Anweisungen — und macht es einen Unterschied?
Determinanten und Wirkungen der Reaktion von Schiiler*innen auf
eine Motivationsintervention im Klassenzimmer

Zusammenfassung Warum profitieren einige Schiiler*innen von Interventionen und
andere nicht? Die vorliegende Studie untersucht die Determinanten und Wirkungen
der Reaktionen von Schiiler*innen auf eine Motivationsintervention im Klassenzim-
mer. Ziel ist es, die Prozesse zu beleuchten, mit denen psychologische Interventionen
in der Praxis funktionieren. Anhand von Daten aus einem randomisiert-kontrollier-
ten Experiment zur personlichen Relevanz der Mathematik mit 1916 Neuntkliss-
ler*innen wurde erfasst, wie gut sich die Schiiler*innen an die Anweisungen von
zwei schriftlichen Interventionsaufgaben (Bewertung von Zitaten oder Verfassen ei-
nes Textes) gehalten hatten. Basierend auf der angenommenen Wirkungsweise der
Intervention wurden 1280 Schiileraufsitze auf die Bearbeitungsqualitét hin kodiert.
Die drei Qualititsindikatoren (positive Argumente, personlicher Bezug, Reflexions-
tiefe) wurden zu einem kontinuierlichen Index zusammengefasst. Lineare Regressi-
onsanalysen zeigten, dass die Gewissenhaftigkeit, das Geschlecht, die Motivation in
Mathematik und die Schiilerleistung den Qualititsindex vorhersagten. Diese Studie
zeigt, wie wichtig es ist, Interventionsprozesse zu untersuchen, um Theorien und
Designs von Interventionen im Klassenzimmer zu optimieren.

Schliisselworter Intervention - Klassenzimmer - Mathematik - Motivation -
Niitzlichkeitsintervention - Relevanzintervention - Schiilerreaktion
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1 Introduction

Experimental studies in real-life classroom settings are valuable to advance psy-
chological theories in education and to find ways to improve instructional practice
(e.g., Shadish et al. 2002). However, researchers or teachers may deliver classroom-
based interventions as intended, but the students may not do what they are expected
to do. For example, in order to trigger changes in students’ personal beliefs and
thereby affect students’ academic behavior or achievement, individual writing as-
signments for students (e.g., Yeager and Walton 2011) are a common intervention
tool. Yet, if students do not stick to the instructions of such intervention tasks, the
processes initiating the targeted change in students’ beliefs, also called intervention
processes (Murrah et al. 2017), may not unfold. Assessing the extent to which stu-
dents complete the intervention activities as intended (student responsiveness, Dane
and Schneider 1998), and analyzing its effect on the target psychological process is
therefore essential to unravel how educational interventions work (e.g., Nelson et al.
2012)—and why they sometimes do not work (e.g., Husman et al. 2017; Karabenick
et al. 2017). In other words, studying student responsiveness helps to draw the de-
sired theoretical and practical implications from educational experiments.

Having students write about the personal relevance of a task or subject is an
effective intervention strategy to improve students’ academic motivation and behav-
ior (for reviews, see Durik et al. 2015; Rosenzweig and Wigfield 2016). Such so-
called relevance interventions were found to foster students’ utility value beliefs as
the most proximal outcome, which in turn also boosted students’ interest, effort,
and test scores (Hulleman et al. 2010). The intervention processes that instigate the
target psychological processes of relevance interventions yet remain unclear: How
do students have to complete the writing activity so that changes in their utility
value beliefs will be triggered? To tackle this question, students’ responsiveness to
the intervention activities needs to be systematically defined, assessed, and related
to the target psychological process, utility value beliefs. In addition, identifying the
features of highly and lowly responsive students or classrooms, respectively, helps
to unravel if certain students stick less to the instructions than others and to opti-
mize the intervention materials accordingly. The current study addresses these gaps
in research by using data from the intervention study “Motivation in Mathematics”
(MoMa), which was shown to foster students’ value and competence beliefs, effort,
and achievement in mathematics—particularly for females (Gaspard et al. 2015a;
Brisson et al. 2017). By analyzing students’ essays on the relevance of mathematics
written during the classroom intervention, the current study aims at: (a) providing
a theory of change to assess and combine the core elements of students’ responsive-
ness to the intervention activities, and (b) exploring individual student characteristics
and classroom perceptions as predictors of student responsiveness.
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2 Theoretical Background
2.1 Theoretical Background and Effectiveness of Relevance Interventions

Based in expectancy-value theory (Eccles et al. 1983; Eccles and Wigfield 2002),
relevance interventions aim at improving academic outcomes by raising students’
beliefs about the utility value of an academic task or subject, that is its perceived
usefulness to a student’s current or future goals. Numerous correlational studies have
shown that students who perceive the learning contents as highly useful feature high
levels of interest and attainment values, self-efficacy beliefs and ability perceptions,
as well as effort (for overviews, see e.g., Roeser et al. 2000; Wigfield et al. 2017,
for correlations in the current sample, see Brisson et al. 2017; Gaspard et al. 2015a).
Accordingly, fostering students’ utility value beliefs in targeted interventions may
lead to positive effects on other important academic outcomes.

Like other social-psychological interventions in education, relevance interven-
tions typically rely on the assumption that a change in students’ personal beliefs
can be caused through individual writing exercises (cf., Yeager and Walton 2011).
Such writing tasks are supposed to trigger students’ reflection about relevance and to
enable the personalization of relevance-related messages provided during the inter-
vention (Lazowski and Hulleman 2016). They may require students, for example, to
write an essay about the personal relevance of a self-chosen topic from their science
class (e.g., Hulleman and Harackiewicz 2009).

The effectiveness of relevance interventions is typically estimated in comparison
to a control group of students who either performed an unrelated writing task (e.g.,
Hulleman and Harackiewicz 2009) or who did not do any assignment. Overall, rel-
evance interventions using writing exercises have been shown to promote students’
utility value beliefs as its most proximal outcome as well as more distal outcomes
including students’ competence beliefs, interest, effort, and achievement in subjects
like mathematics, physics, biology, and psychology (Hulleman and Harackiewicz
2009; Hulleman et al. 2010, study 2, 2017, study 2; Gaspard et al. 2015a; Harack-
iewicz et al. 2016; Brisson et al. 2017). The MoMa relevance interventions, which
are the focus of the present study, fostered students’ utility value beliefs as well as
students’ intrinsic and attainment value beliefs, academic self-concept, homework-
related self-efficacy, teacher-rated effort, and achievement in mathematics until up
to five months after the intervention (Gaspard et al. 2015a; Brisson et al. 2017).
The quotations condition, in which students answered questions on the personal
relevance of interview statements about mathematical skills, had stronger effects on
all outcomes than the conventional text condition. Furthermore, the text condition
promoted girls’ value beliefs more than boys’ (Gaspard et al. 2015a).

Prior studies about the processes leading to intervention effects have shown that
utility value beliefs mediate intervention effects on more distal outcomes, for ex-
ample interest and achievement (Hulleman et al. 2010). Yet, not much is known
about the processes through which a change in students’ beliefs about the utility
of a task or subject is triggered. Experimental studies have revealed links between
the length and contents of students’ essays written during the intervention and in-
tervention effects on students’ utility value beliefs (Hulleman and Cordray 2009;
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Harackiewicz et al. 2016; Hulleman et al. 2017). However, to identify the processes
that contribute to the effects of classroom-based relevance interventions, the role of
students’ intervention responsiveness in manipulating students’ utility value beliefs
must be studied more systematically (cf., Nelson et al. 2012).

2.2 Student Responsiveness in Relevance Interventions
2.2.1 Intervention and psychological processes

Sometimes classified as one aspect of intervention fidelity (i.e., the extent to which
an intervention is implemented as designed), student responsiveness describes the
extent to which students are engaged in the intervention activities (Dane and Schnei-
der 1998). Such responses from the participants can be classified as intervention
processes. Intervention processes are assumed to induce psychological processes,
the most proximal outcomes of an intervention, which in turn instigate more distal
outcomes (Murrah et al. 2017). This chain of processes leading to intervention ef-
fects is also called an intervention theory of change (or change model; Nelson et al.
2012). An increase in utility value beliefs represents the target psychological process
in relevance interventions, which initiates further intervention effects: These value
beliefs lead students to become more interested and engaged in learning, and attain
better learning outcomes (cf., study by Hulleman et al. 2010).

2.2.2 Core elements of student responsiveness

Asking students to write about the relevance of a learning matter is typically the
most basic instruction of individual tasks used in relevance interventions (cf., Durik
et al. 2015). Using relevance arguments is thus assumed to be the first and most
important core element students have to respond to so that the writing task will have
a positive effect on their value beliefs. In addition, as utility value beliefs are high
if students consider academic tasks or subjects useful for personal, not impersonal,
goals (Eccles et al. 1983), students are instructed to connect the relevance arguments
to their personal lives. Making personal connections thus constitutes the second core
element of students’ responsiveness to the writing activity (see also Hulleman et al.
2017). Furthermore, relevance interventions are assumed to be effective when the
students are strongly cognitively engaged in the writing activity (Harackiewicz et
al. 2016). Accordingly, students who reformulate relevance information provided
during an intervention in their own words or who transfer it to personally important
contexts in their writings may learn about relevance in a more sustained way than
students who merely reproduce previously encountered relevance arguments without
much reflection. Using in-depth reflections may thus represent the third core element
of student responsiveness.

2.2.3 Empirical studies on student responsiveness

Hulleman and Cordray (2009) provided some initial evidence of the importance
of students’ responsiveness to classroom-based relevance intervention tasks. They
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investigated why a relevance intervention during which students wrote about the
personal relevance of science topics was less effective in high-school classrooms
than a similar intervention in the laboratory. Analyses on the content of students’
essays produced during the intervention showed that students in the classroom failed
to make high quality, personal connections to the learning material in their essays,
resulting in decreased relative intervention strength compared to the laboratory ex-
periment.

In a second study, Harackiewicz et al. (2016) examined students’ responsiveness
within an online relevance intervention at university. For first-generation underrep-
resented minority (FG-URM) students, course achievement improved after writing
about the personal relevance of concepts from their biology class. As FG-URM
students wrote longer essays and used more words indicative of social processes
and of cognitive involvement than students not belonging to this group, the authors
concluded that these aspects contributed to the success of the intervention for FG-
URM students.

Going beyond descriptive analyses, Nagengast et al. (2018) used the measure of
student responsiveness developed in the current paper to compare the effects of the
MoMa interventions obtained from complier-average causal effects (CACE) mod-
els, which take into account student responsiveness (e.g., Sagarin et al. 2014), with
those obtained from intent-to-treat (ITT) analyses, which are only based on students’
group assignment (i.e., experimental vs. control group; e.g., Boruch 1997). Using
various outcomes like students’ math-related motivational beliefs and achievement,
the authors not only found the estimates obtained from CACE models to be greater
than those calculated with ITT analyses but also detected further effects when look-
ing at responsive and nonresponsive students separately. Interestingly, the CACE
estimates differed more from the ITT estimates in the text condition than in the
quotations condition, hinting at a higher importance of the responsiveness measure
in the text condition than in the quotations condition. For example, the text condition
fostered students’ math-related utility value beliefs only when students were highly
responsive to the intervention whereas in the quotations condition positive effects
on utility value were observed for both responsive and nonresponsive students. Stu-
dents’ responsiveness was also found to partially explain differential effects favoring
girls over boys (cf., Gaspard et al. 2015a).

These initial studies notwithstanding, further research based on a theory of change
(see Nelson et al. 2012) that guides the assessment of core elements of students’
responsiveness to relevance interventions is needed. In addition, it is unclear which
student and classroom characteristics drive responsiveness to instructions in rele-
vance interventions. We will address these questions using data from the MoMa
intervention study (Gaspard et al. 2015a; Brisson et al. 2017).

2.3 Potential Predictors of Student Responsiveness
2.3.1 Stable student characteristics and domain-specific motivation

Several research studies found secondary school students’ cognitive abilities, consci-
entiousness, and domain-specific motivation (e.g., self-concept, homework-related
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self-efficacy, and value beliefs related to mathematics) to be positively associated
with homework compliance in diverse school subjects (e.g., Trautwein et al. 2006;
Trautwein and Liidtke 2009). Because the writing tasks of the MoMa interventions
were completed in a similar manner as typical homework tasks—which are guided
but not necessarily controlled by the teacher (e.g., Cooper 1989)—these variables
might also predict students’ responsiveness to written intervention activities. In ad-
dition, as girls seem to be particularly compliant with homework in language-related
subjects (Trautwein et al. 2009), which often include coherent text writing based
on reasoning, girls might also respond better to intervention activities that resemble
such tasks (like the text condition in MoMa) than boys.

2.3.2 Academic achievement

Numerous studies have found high positive correlations between students’ academic
achievement and their task engagement (for reviews, see e.g., Reschly and Christen-
son 2012; Fredricks et al. 2004). Although achievement is sometimes considered an
outcome of high task engagement, the relationship is probably reciprocal: Students
tend to engage in subjects they are good at (e.g., Eccles and Wigfield, 2002; Finn and
Zimmer 2012). This is why particularly high achievers might get involved in writing
activities completed during relevance interventions and thus feature high levels of
responsiveness. Accordingly, Harackiewicz et al. (2016) found positive links be-
tween students’ achievement and the number of words and of personal connections
in their relevance essays.

2.3.3 Classroom perceptions

One important influence on students’ academic engagement in the classroom are
peers—especially in teenage years (for reviews, see e.g., Fredricks et al. 2004; Ju-
vonen et al. 2012). More precisely, perceived classmates’ math-related value beliefs
have been found to positively correlate with students’ interest, value beliefs, and
positive emotions in math class (e.g., Frenzel et al. 2007, 2010; Schreier et al.
2014). Furthermore, a good classroom structure as indicated by a high disciplinary
climate is known to positively correlate with time on task and task involvement (for
reviews, see e.g., Fredricks et al. 2004; Reschly and Christenson 2012). If students
perceive their classmates to highly value a subject and the disciplinary climate to be
high—in short, the classroom atmosphere to be good—they might also be ready to
work on in-class intervention tasks in a concentrated and thorough way.

2.4 Aims of the Current Study

The current study presents a theoretical framework to assess students’ responsive-
ness to written tasks completed during an intervention about the relevance of math-
ematics (evaluating quotations or writing a text; MoMa study). By investigating the
antecedents of student responsiveness and taking into account results from causal
analyses based on the current responsiveness measure (Nagengast et al. 2018) fur-
ther insights into the mechanisms contributing to differences in the effectiveness of
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the two MoMa intervention approaches are to be gained. This research can serve
as a blueprint for in-depth investigations on the role of students’ intervention re-
sponsiveness for the effectiveness of classroom experiments (e.g., Shnabel et al.
2013).

Based on the assumed theory of change (cf., Nelson et al. 2012; see Methods),
students’ essays written during the 90-minute relevance intervention in the classroom
were coded on three core elements of students’ responsiveness: relevance arguments,
personal connections, and in-depth reflections, which were combined into an index.
In contrast to prior research on relevance interventions (Hulleman and Cordray
2009; Harackiewicz et al. 2016; Hulleman et al. 2017), the assessment of students’
responsiveness in the current study was guided by a previously determined theory
of change.

Two research questions were addressed. First, how did students comply with the
core elements of the writing tasks completed during the MoMa relevance inter-
ventions? Second, which individual student characteristics and classroom percep-
tions predicted students’ responsiveness to the writing tasks? We expected students’
gender, cognitive ability, conscientiousness, math-related achievement and motiva-
tion (self-concept, homework-related self-efficacy, intrinsic value, utility value), and
classroom perceptions (classmates’ math-related value beliefs, disruptions in math
class) to be associated with students’ intervention responsiveness in both conditions.
However, as the writing tasks of the MoMa interventions consisted of either writing
short comments on quotations or producing an essay-like coherent text, the two con-
ditions might appeal to different types of students. For example, girls might respond
better to the text condition than boys but not to the quotations condition.

3 Method
3.1 Sample and Procedure

Data were collected as part of the cluster-randomized field experiment “Motivation
in Mathematics” (MoMa) with 82 ninth-grade classes in 25 German academic track
schools (“Gymnasium”). A total of 1978 students with active parental consent par-
ticipated in the study (participation rate: 96.0%). Sixty-two students absent during
the intervention were excluded from the current study, yielding a total sample of
1916 students (Myg.=14.62, SD=0.47; 53.5% female).

The design of the MoMa intervention study is presented in Fig. 1. In the beginning
of the study, teachers and their classes were randomly assigned within each school
to either one of two intervention conditions, “quotations” (25 classes, 561 students;
52.8% female) or “text” (30 classes, 720 students; 52.4% female), or to the waiting

T1 Intervention T2 T3
Pretest Post-test Follow-up-test
»
10/2012 11/2012 12/2012 01/2013 02/2013 03/2013

Fig. 1 Design of the MoMa intervention study
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control group (27 classes, 635 students; 55.6% female). Afterwards, students took
part in three data collections from autumn 2012 to spring 2013: Students in the
experimental conditions completed questionnaires before the intervention as well
as six weeks and five months after the intervention (see Fig. 1). Students in the
waiting control group completed the same questionnaires at the same time points
but did not receive any intervention before the last data collection. All 82 classes
fully completed all waves of data collections.

Data on students’ responsiveness were obtained by coding a total of 1280 es-
says produced during the interventions in class. Data on students’ gender and math
achievement at the beginning of the school year were provided by the teachers. Stu-
dents’ cognitive abilities, conscientiousness, math-related motivation, and classroom
perceptions were measured at the pretest.

3.2 The MoMa Relevance Interventions

After the first data collection, students in both experimental groups took part in a 90-
minute standardized intervention in the classroom about the relevance of mathemat-
ics led by trained researchers. The interventions started with a psychoeducational
presentation, of which the first part served to reinforce students’ competence beliefs.
In the second part, students were provided with various examples of the utility of
mathematics for future education, career opportunities, and leisure time activities.
Right after the presentation, students completed an individual writing assignment
differing by condition. Based on theories postulating that students can learn from
persons they identify with (e.g., Bandura 1977; Markus and Nurius 1986; Oyser-
man and Destin 2010), students in the quotations condition were asked to provide
short answers to several questions about the personal relevance of six interview
statements from young adults describing everyday situations in which they needed
mathematics. Students in the text condition were asked to collect arguments for the
personal relevance of mathematics to their current and future lives and to then write
a coherent text on their notes (see Online Supplement, Part A).

Researchers collected students’ handwritten essays and recorded the actual pro-
cedure in the minutes at the end of the intervention. Overall, the implementation
of the interventions seemed highly standardized: All students in the experimental
groups had the occasion to complete the writing assignment during the in-class in-
tervention session. Deviations from the standard procedure occurred in only two out
of 55 classes (both in the text condition): In one class, the initial presentation had to
be held without any projector due to technical problems; in the other class, students
did not work quietly on their individual writing tasks.

Students in classes in the waiting control condition did not watch any presentation
or complete any individual writing tasks. However, they received the on average
more powerful intervention, namely evaluating quotations (e.g., Brisson et al. 2017)
after the last measurement point.
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Core elements of students’ responsiveness to the Proximal Distal
writing task completed during the 90-minute outcome of the outcomes of the
intervention in class intervention intervention
( ) ( ) ( \
(a) Relevance (b) Personal connections Perceived Academic motiv-
arguments ':II}' ) — relevance ation, behavior,
(c) In-depth reflections and leaming
\_ J \_ _J \. J
) m— @) Self-references \
first person pronouns
@) Worce e e ) | Gty v | St
relevant, useful, .;:]:. (c) Generating new rele- —\ Vtility value :> eliefs, interest,
important, etc. vance arguments or beliefs effort, achieve-
\ ) reformulating previously ment etc.

k heard/ read ones

J

Fig. 2 Theory of change (above) and operational model (below) depicting the hypothesized processes
underlying the effectiveness of the MoMa relevance interventions

3.3 Assessing Student Responsiveness

To produce the responsiveness data, we followed a five-step procedure suggested
by Nelson et al. (2012). We first defined the core elements of the theory of change
and then set up an operational model which specifies how these elements are op-
erationalized in the intervention activities—in the current study, in the contents of
students’ essays (step 1). Responsiveness data were then produced by coding the
extent to which the elements of the operational model had been executed in the
essays as intended (step 2). After determining the reliability and validity of the re-
sponsiveness data (step 3), various indicators were combined into an index which
took into account their assumed theoretical importance in affecting the intervention
outcome (step 4). Finally, the index was analyzed by relating it to the target psycho-
logical process, students’ utility values beliefs (Nagengast et al. 2018), as well as to
predictors (step 5). The first four steps are described in more detail in the following.

3.3.1 Step 1: intervention models

The theory of change and the operational model of the MoMa interventions are
presented in Fig. 2. As shown in the theory of change, we specified the intervention
processes as (a) describing arguments about the usefulness of mathematics (rel-
evance arguments), which (b) relate to the individual (personal connections) and
which (c) are not reproductions of previously presented arguments (in-depth reflec-
tions). Writing about the usefulness of the learning matter—the essential element of
relevance interventions (cf., Durik et al. 2015)—was considered a prerequisite for
initiating the desired change and was thus considered more important than the other
two components in the theory of change.

The operational model (see Fig. 2) was developed assuming that the intervention
components were realized in the use of certain key words or types of words in stu-
dents’ essays (see e.g., Pennebaker et al. 2003; Harackiewicz et al. 2016). Relevance
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Table 1 Coding Values and Reliabilities of the Indicators of Students’ Responsiveness to the Intervention

Tasks
Indicator Value Kmean

1 2 3 Quot Text
Relevance Only negative <50% of all argu- >50% of all argu- .66 81
arguments arguments (against ments are positive ments are positive

the utility of math) (for the utility of (for the utility of

math) math)

Personal Only other-refer- <50% of all 250% of all .53 .81
connections ences and/or imper- personal refer- personal refer-

sonal references, ences are self- ences are self-

e.g., they, one, he, references, e.g., I, references, e.g., I,

his, it, anyone me, my me, my
In-depth Only arguments <50% of all argu- >50% of all argu- .64 71
reflections from the presenta- ments were new, ments were new,

tion

reformulated or

reformulated or

and/or the quotes® transferred (i.e.,
not directly copied
from the presenta-

tion/quotes?)

transferred (i.e.,
not directly copied
from the presenta-
tion/quotes?)

4in the quotations condition only
Kkmean Weighted Cohen’s kappa coefficient (Cohen 1968), Quot quotations condition, 7ext text condition

CLINNT3

arguments are reflected in words such as “useful”, “relevant”, “important”, and the
like. Personal connections materialize in the use of self-references (i.e., first person
pronouns, Tausczik and Pennebaker 2010). A high degree of reflection is represented
by describing relevance arguments that go beyond the ones presented in the initial
part of the intervention. In line with the theory of change, we assumed that only
if students use words indicative of the usefulness of mathematics during the inter-
vention activity, the intervention can trigger an increase in the target psychological
process, students’ math-related utility value beliefs.

3.3.2 Steps 2 and 3: coding values, coding procedure, and reliability measures

As indicated in the intervention models, students participating in the MoMa study
were supposed to adhere to the three indicators of responsiveness, which are pre-
sented in Table 1 along with their coding values and reliabilities. All indicators
were coded with the values 1 (low responsiveness), 2 (medium responsiveness),
and 3 (high responsiveness). The coding values reflect proportions of (a) positive
vs. negative relevance arguments for relevance arguments, (b) self-references vs.
other-references for personal connections, and (c) relevance arguments which have
been newly generated or reformulated from the intervention material vs. arguments
which have been reproduced from the intervention material for in-depth reflections
(see Table 1).

Six trained students coded the essays on the indicators of responsiveness using
a coding manual (for examples of coded essays, see Online Supplement, Part A).
At first, each coder independently coded a randomly chosen set of 10 essays per
condition. Intercoder agreement was determined by calculating weighted Cohen’s
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kappa, which is applicable to ratings using ordinal categories and measures the pro-
portion of weighted agreement corrected by chance (Cohen 1968). Mean weighted
Cohen’s ¥ was moderate to almost perfect depending on the coding category and
condition (Landis and Koch 1977). The coders discussed remaining inconsistencies
and agreed on one common value for each essay and coding category. Subsequently,
the rest of the essays except a random set of 20 essays per condition was distributed
randomly within condition among the coders and coded only once. Four of the coders
each coded 244 essays individually and two of the coders each coded 122 essays
individually. After half of the individual codings, the randomly chosen 40 essays
were coded by all of the coders independently. Intercoder agreements calculated
from the second set of multiple-coded essays were substantial to almost perfect for
all categories and conditions (see Table 1)—excepting “personal connections” in the
quotations condition, for which agreement remained moderate (Landis and Koch
1977). Finally, the second half of the randomly distributed essays was coded by the
coders individually.

3.3.3 Step 4: combining the indicators of responsiveness into one index

The three indicators were combined into an index with a scale ranging from 1 (low-
est responsiveness) to 11 (highest responsiveness). Guided by the theory of change
which considers writing about the usefulness of mathematics a prerequisite for the
intervention to have positive effects (see Fig. 2), students’ score on the index was
most dependent on their scores on “relevance arguments”. Students with the lowest
score on “relevance arguments”, who had written nonsense or about the uselessness
of mathematics, received the lowest value on the responsiveness index (the value
of 1); their scores on the other two indicators, “personal connections” and “in-depth
reflections”, were neglected. Students with a medium score on “relevance argu-
ments”, who had partly argued for the utility of mathematics, received a medium
value on the index between 2 and 6, depending on their scores on “personal con-
nections” and “in-depth reflections”: the higher their sum, the higher their score
on the index. Similarly, students with the highest score on “relevance arguments”,
who had mainly argued for the utility of mathematics, received a high value on the
index between 7 and 11, depending on their scores on “personal connections” and
“in-depth reflections” (see also Fig. 4 in the Results).

3.4 Assessing Potential Predictors of Student Responsiveness
3.4.1 Stable student characteristics

Information on students’ gender (0=female, 1=male) was provided by the teach-
ers. Students’ cognitive ability scores were obtained from a figural cognitive ability
test (Heller and Perleth 2000) with 25 items (Cronbach’s a=0.79). Students’ con-
scientiousness was assessed with a German version of the NEO-FFI (Borkenau
and Ostendorf 1991) in a questionnaire with a 4-point-Likert type scale ranging
from 1 (totally disagree) to 4 (totally agree). The scale consisted of eleven items
(e.g., “I am a productive person who always gets the job done.”, a.=0.80).
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3.4.2 Math achievement

Teachers provided students’ results from a curriculum-based standardized math test
in the state of Baden-Wiirttemberg taken at the beginning of Grade 9.

3.4.3 Initial math-related motivation

Students’ math-related competence beliefs were assessed with two scales that were
adapted from previous studies (Trautwein and Koller 2003; Schwanzer et al. 2005).
Math-related self-concept was measured with five items (e.g., “I am good at math.”,
a=0.93). Homework-related self-efficacy in mathematics was measured with four
items (e.g., “When I try hard, I can solve my math homework correctly.”, a.=0.76).
Students’ math-related intrinsic value beliefs (four items, e.g., “I like doing math.”,
0.=0.93) and math-related utility value beliefs (twelve items, e.g., “I will often need
math in my life.”, a=0.84) were measured using a newly developed value instrument
by Gaspard et al. (2015b). All items were answered on a four-point Likert type scale
ranging from 1 (totally disagree) to 4 (totally agree).

3.4.4 Classroom perceptions

The scale measuring students’ perception of classmates’ math-related value beliefs
consisted of five items (e.g., “Most students in my class consider math an important
subject.”’, a=0.75). Students’ perceived disruptions in math class scale contained
three items (e.g., “Our math lessons are often disrupted.”, a=0.88). The scales
were taken or adapted from previous studies (e.g., Baumert et al. 2009). All items
were answered on a four-point Likert type scale ranging from 1 (fotally disagree)
to 4 (totally agree).

Table 2 Numbers, Means, Standard Deviations, and Intraclass Correlation Coefficients of All Variables
under Investigation

Quotations Text

N M SD Icc N M SD Icc
Intervention responsiveness
Responsiveness index 544 8.25 2.27 .06 712 8.58 243 .07
Predictors
Cognitive ability 519 19.96 4.00 .04 681 19.99 4.22 .05
Conscientiousness 518 2.90 0.44 .05 682 291 0.43 .02
Math test score 517 48.67 16.49 .08 676 49.85 18.19 21
Math self-concept 515 2.76 0.79 .03 678 2.74 0.81 .04
Math homework self-efficacy 427 2.80 0.62 .03 599 2.72 0.62 .05
Math intrinsic value 515 2.31 0.84 .04 675 2.29 0.86 .09
Math utility value 517 2.56 0.49 .05 680 2.52 0.47 .07
Classmates’ math valuing 505 1.98 0.57 24 669 1.96 0.57 25
Disruptions in math class 486 2.33 0.73 .29 652 2.35 0.77 40

N number, M mean, SD standard deviation, /CC intraclass correlation coefficient relating to the amount of
variance explained by differences between classes
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3.5 Statistical Analyses
3.5.1 Descriptive statistics

The means, standard deviations, and intraclass correlation coefficients for the re-
sponsiveness index, students’ individual characteristics and classroom perceptions
are presented per condition in Table 2. The intercorrelations between these variables
are accessible in the Online Supplement (Part B).

3.5.2 Regression analyses

The association of students’ individual characteristics and classroom perceptions
with students’ intervention responsiveness was analyzed by running regression mod-
els in Mplus 7 (Muthén and Muthén 1998-2012). For each intervention condition, the
responsiveness index was regressed on individual student characteristics and class-
room perceptions as predictors simultaneously to compare their predictive strength.
Standard errors were corrected to account for the nesting of students within classes
by using design-based correction of standard errors and test statistics (see McNeish
et al. 2017, for a justification of this approach). Before running the analyses, all
continuous (but not dichotomous) variables were standardized.

3.5.3 Missing data

In the quotations condition, missing data (see also Table 2) amounted to 3.0% for the
responsiveness index and ranged from 7.5 to 23.9% for the predictors (i.e., individual
student characteristics and classroom perceptions). In the text condition, missing
values amounted to 1.1% for the responsiveness index and ranged from 5.3 to
16.8% for the predictors. The full information maximum likelihood (FIML) method
was used in all analyses (e.g., Graham 2009).

O Quotations
30% OText
20%
o% == o1 H 1 :
Non- 1 2 3 1 2 3 1 2 3
sense | Relevance | Personal | In-depth
arguments connections reflections

Fig. 3 Frequencies of students’ values on the indicators of responsiveness per condition

@ Springer



Who sticks to the instructions—and does it matter? Antecedents and effects of students’... 135

35%
30%
25%
20%
15%

10% O Quotations
o dl 0l 0
! 0
Student responsiveness index I 1 2 3 4 5 6 7 8 9 10 11
Score on relevance arguments 1 2 2 2 2 3 3 3 3 3
Score on personal connections all | 141 | 142 | 2+2 | 243 141 | 142 | 242 | 243 | 3+3
+ score on in-depth reflections 2+1 | 143 | 3+2 2+1 | 143 | 3+2
3+1 3+1

Examples

All students scoring
1 on relevance as
well as students
producing nonsense
writings received an
index value of 1

Students scoring 2 on

relevance received an
index value of 4 when
they scored, e.g.,

1 on connections and

3 on reflections (1+3)

Students scoring 3 on

relevance received an
index value of 8 when
they scored, e.g.,

1 on connections and

2 on reflections (1+2)

Students scoring 3 on
relevance received an
index value of 11 only
when they scored

3 on connections and
3 on reflections (3+3)

Fig. 4 Frequencies of students’ values on the responsiveness index (and respective scores on the indica-
tors of responsiveness) per condition

4 Results
4.1 Students’ Responsiveness to the Writing Tasks about Relevance

The frequency distributions of the three indicators of responsiveness are presented
in Fig. 3. A very small amount of students produced nonsense writings. Results on
“relevance arguments” show that in both conditions the majority of students wrote
mostly or only about the relevance of mathematics, rather than about its uselessness.
Concerning “personal connections”, most students in the quotations condition used
more other-references than self-references. In the text condition, most students used
at least the same number of self-references as other-references. As for “in-depth
reflections”, about one third of the students in the quotations condition did not use
any new relevance arguments in their writings. In the text condition, the majority of
students used at least one new relevance argument in their essays.

Combing all indicators, the frequency distributions of the responsiveness index
are presented in Fig. 4. In both the quotations and the text condition, the frequency
distributions were skewed to the left indicating overall high levels of responsiveness
to the writing task: Only a few students in both conditions received values between 1
and 7 on the responsiveness index, whereas most students received values between 8
and 11. The medians were the value of 9 in the quotations condition and the value
of 10 in the text condition.
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Table 3 Predicting Intervention Responsiveness from Students’ Individual Characteristics and Classroom
Perceptions

Quotations Text

B (SE) p B (SE) p
Basic studentcharacteristics
Gender (1 =male) -0.07 (0.08) 401 -0.29 (0.10) .003
Cognitive ability 0.02 (0.03) .593 0.04 (0.04) 381
Conscientiousness 0.09 (0.05) .050 0.09 (0.04) .014
Math achievement
Test score 0.18 (0.06) .001 0.06 (0.04) .143
Math motivation
Self-concept -0.15 (0.10) 136 -0.03 (0.05) .642
Homework self-efficacy 0.05 (0.06) 440 0.07 (0.05) 179
Intrinsic value 0.14 (0.07) .050 0.09 (0.06) 116
Utility value 0.07 (0.05) 216 0.14 (0.04) .000
Classroom perceptions
Classmates’ math valuing 0.06 (0.04) .206 0.06 (0.04) .161
Disruptions in math class -0.03 (0.06) .648 -0.05 (0.04) 154

4.2 Individual Characteristics and Classroom Perceptions Predicting
Responsiveness

Results concerning the prediction of students’ responsiveness to the writing tasks
through students’ individual characteristics and classroom perceptions are shown
in Table 3. Comparing the relative predictive strength of all predictors, students’
conscientiousness was a statistically significant predictor of the responsiveness in-
dex in both conditions (quotations: $=0.09, p=.050; text: 5=0.09, p=.014). In
the quotations condition, students’ math achievement (f=0.18, p=.001) and math-
related intrinsic value (5=0.14, p=.050) predicted the responsiveness index pos-
itively, indicating that high-achievers and students who were highly intrinsically
motivated for math responded to the quotations assignments significantly better than
low-achievers and students with low intrinsic value beliefs of math. In the text
condition, students’ gender (f=-0.29, p=.003) emerged as the strongest predictor
of students’ responsiveness to the relevance essays when controlling for all other
predictors, indicating that females were more responsive than males. Furthermore,
students with high initial utility value beliefs of math had significantly higher values
on the responsiveness index (f=0.14, p<.001) than students with low initial math-
related utility value. Students’ cognitive ability and classroom perceptions were not
associated with students’ responsiveness in either of the two conditions, controlling
for all other predictors.
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5 Discussion

Although writing tasks are a common tool used in psychological interventions to
change students’ personal beliefs (Yeager and Walton 2011), comprehensive studies
assessing if intervention processes are related to psychological processes in ways
that support the theory of change are missing. In this study, we sought to fill that
gap in the literature by investigating whether students did what they were asked to
do during the intervention and what student characteristics predicted responsiveness.
We found highly conscientious students, girls, high achievers, and students with high
math-related motivation to be most responsive to written intervention tasks about
the relevance of mathematics.

5.1 The Logic of Relevance Interventions: Different Tasks, Different
Intervention Processes

Prior analyses of the MoMa dataset have shown that evaluating quotations about
the relevance of mathematics led to stronger effects on students’ math-related mo-
tivation, effort, and achievement than writing a text about the personal relevance of
mathematics, and that girls benefited more than boys from the text condition (Gas-
pard et al. 2015a; Brisson et al. 2017). The current study introduced a systematically
derived theoretical framework for assessing and analyzing responsiveness that can be
used to investigate the intervention processes leading to changes in students’ utility
value beliefs and to overall differences in the effectiveness of the two conditions (cf.,
complier-average causal effects analyses by Nagengast et al. 2018). Based on the
assumed theory of change, students’ responsiveness to the MoMa intervention tasks
was assessed by coding the degree of positive argumentation, personal connections,
and in-depth reflections about relevance in students’ essays (e.g., Eccles et al. 1983).
For theoretical reasons, the codings were combined into an overall responsiveness
index by giving a stronger weight to the degree of positive argumentation than to
the other two indicators (cf., recommendations by Nelson et al. 2012).

Overall responsiveness was similarly high in both conditions, indicating that
student responsiveness per se cannot explain the differences in the strength of the
two intervention approaches. Interestingly, linear regression analyses investigating
the relation of students’ individual characteristics and classroom perceptions with
responsiveness revealed that the different conditions appealed to different kinds of
students. The current results thus imply that different intervention processes are at
work in the two conditions. This assumption is reinforced when considering that
Nagengast et al. (2018) found that interventions effects on math-related utility value
compared to controls differed more strongly between responsive and nonresponsive
students in the text condition than in the quotations condition.

5.1.1 Writing a text about relevance: new insights through analyzing responsiveness
In the text condition, students with high initial utility value beliefs, girls, and highly

conscientious students had the highest levels of responsiveness to the relevance
task, holding other individual and classroom characteristics constant. Nagengast
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et al. (2018) found positive effects of the text condition on students’ motivational
beliefs for responsive but not for nonresponsive students, whose perceived utility of
mathematics could not be fostered. Which insights do these findings provide into the
processes that make the text condition trigger a change in students’ motivation—or
not?

First, freely writing an essay about the relevance of mathematics without getting
ideas from situations described by young adults seemed to be a very difficult task
for students with low initial utility value beliefs. As a consequence, the intervention
effects might pertain to positive and negative self-reinforcing processes (Yeager and
Walton 2011): Students who initially had high value beliefs possibly had several
ideas about the usefulness of mathematics and writing them down might have rein-
forced their positive beliefs. In contrast, students with low initial math utility value
might have found it hard to come up with a lot of utility arguments and therefore
have (partially) argued against the relevance of mathematics, resulting in no or even
negative intervention effects.

Second, boys might have liked the text writing task less than girls and thus
responded less well to the task. Indeed, boys comply less with activities done in
language subjects (e.g., Trautwein et al. 2009), and writing a coherent text based
on reasoning resembles such typical tasks more than reading quotations and then
reflecting on their personal relevance by answering questions. The current results
in fact indicate that girls’ high degrees of intervention responsiveness might have
contributed to the gender effects found in the text condition (for more detailed
analyses, see Nagengast et al. 2018).

Finally, the text condition promoted students’ utility value beliefs to a lesser
degree than the quotations condition (Gaspard et al. 2015a). The current findings
might also be interpreted in a way that the effectiveness of the MoMa interventions
might have resulted from an interaction of students’ responsiveness to the writing
task and their reaction to the initial presentation of the utility of mathematics. In the
text condition, the positive effect of the presentation might have been undermined by
the rather difficult subsequent task of having to write the essays. Only students who
responded well to the writing assignment might have benefitted from the positive
effect of the presentation. In other words, it might be necessary for the writing
task to be easy enough for all students so that the input on relevance given in the
presentation can unfold its full potential on the students.

5.1.2 Evaluating quotations about relevance: extending the intervention models

Conscientious students, high achievers, and students with high math-related intrinsic
value beliefs responded best to the quotations-based writing assignment, controlling
for all other individual and classroom characteristics. The quotations condition might
have appealed to other types of students than the text condition for several reasons.
First, reading and evaluating the personal importance of relevance quotations about
mathematics required students to make judgments based on their own standards and
those defined by the task, which represent deep-level cognitive processes (Krathwohl
2002). Fundamental math-related knowledge might have been helpful to respond
well to this task, especially when interviewees mentioned quite specific math top-
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ics in their descriptions (see sample quotations in the Online Supplement, Part A).
Second, interest in the subject matter has been found to support increased atten-
tion, cognitive processing, and persistence on reading tasks (e.g., Schiefele 2009).
Students who perceived mathematics to be intrinsically enjoyable might have been
more susceptible to learning about particular situations in which they could apply
math skills, leading to more engagement, and more success in performing the deep-
level cognitive processes required in the task.

Considering that math-related utility value beliefs of both responsive and nonre-
sponsive students were fostered through the quotations task (Nagengast et al. 2018),
more in-depth analyses of responsiveness are needed to fully explain the processes
leading to a change in students’ motivational beliefs through the quotations task. In
fact, students who read the quotations were provided more relevance information
than students in the text condition. The criterion “reading the quotations” might thus
also have contributed to the strength of this approach. Furthermore, as deep-level
cognitive processes were needed to perform the quotations-based task (cf., Krath-
wohl 2002), a more complex measure going beyond the novelty of the relevance
arguments might be needed to fully capture the degree of “in-depth reflections”.
Last but not least, the degree of “personal connections” might need to be measured
in more detail by taking into account students’ the degree of identification and
emotional closeness with the interviewees.

5.2 Paving the Way for Relevance Interventions to Enter Educational Practice

Throughout secondary school, students’ motivational beliefs are declining—in par-
ticular their utility value beliefs (e.g., Jacobs et al. 2002; Gaspard et al. 2017).
Relevance interventions have yet been shown to be a powerful tool to halt this de-
crease in motivation and thereby support students’ academic interests, behavior, and
achievement in real-life classroom settings (for an overview, see e.g., Rosenzweig
and Wigfield 2016). The current results show which students are most likely to be
nonresponsive to the writing activities. Future research should use these findings
to investigate ways to enhance students’ intervention responsiveness, to optimize
the designs of relevance interventions, and thereby pave their way for entering ed-
ucational practice. Interviewing students who are lower in responsiveness might be
useful in exploring reasons of students’ negative reactions to intervention activities.
If the assignment was not intelligible enough for them, providing more scaffolding
in the instructions might be helpful. If the intervention activity was not attractive to
students, changes to the instructions that reduce reactance need to be developed and
tested.

5.3 Advancing Research on Psychological Interventions in Education

Many field-based psychological interventions in education, even if brief in nature,
can be effective in raising important academic outcomes (Lazowski and Hulleman
2016). The demand for expertise to successfully adapt such interventions to diverse
educational contexts is thus growing—otherwise, it is difficult to replicate their ef-
fects (e.g., Yeager and Walton 2011). Indeed, in educational settings, the source of
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the effectiveness or non-effectiveness of interventions may be blurred by the num-
ber of factors which cannot be kept constant across classrooms (Weiss et al. 2014).
Using theoretically sound research designs is therefore crucial to deal with unobserv-
able variations across classrooms (e.g., Rubin 1974). Variation across classrooms in
program implementation, in contrast, can be made at least partially observable, for
example by measuring participants’ reaction to the intervention.

The current study showed that assessing indicators of student responsiveness and
analyzing their antecedents and effects is helpful to provide an empirical account on
the role of core intervention elements in contributing to the effectiveness of field-
based interventions. Such an empirical understanding of the intervention processes
underlying a change in target psychological processes is essential to advance psy-
chological theorizing and to enhance the “psychological precision” (Walton 2014,
p- 74) of classroom interventions. Intervention responsiveness needs to be researched
within diverse learning contexts in order to enable an evidence-based adaptation of
specific intervention components to specific educational settings. In addition, studies
on intervention responsiveness can help to inform researchers and educators about
any potential risks associated with participants’ nonresponsiveness to a certain in-
tervention program. Responsiveness studies should thus not be an exception, but the
rule to go along with any experimental research in the field.

5.4 Limitations and Suggestions for Future Research

As to all research studies, several limitations apply to the current investigation
pertaining to, for example, the specific sample investigated in the current study. To
ensure generalizability, the current results need to be replicated with other samples
including students in other education systems as well as German students in non-
academic track schools (e.g., vocational track schools). Depending on the focus of
the education system or school track, the contents of the intervention material would
probably have to be adapted.

Second, to enable a comparison between the two relevance intervention condi-
tions, the same intervention models and, therefore, the same indicators were used to
assess students’ responsiveness to the different writing tasks. However, the coding
categories did not seem to be equally straightforward in both conditions, as reliabil-
ity measures were lower in the quotations condition than in the text condition. Future
studies could investigate the importance of other indicators of responsiveness such as
students’ identification with the interviewees or cognitive engagement in relevance
interventions, for example, by combining different media such as reading versus
hearing quotations with computerized tasks or think-aloud methods (Ericsson and
Simon 1980).

Third, while a comprehensive amount of variables was investigated as predic-
tors of responsiveness, no information was available on students’ literacy in reading
and writing—skills required by both intervention tasks. Future researchers should
investigate the impact of students’ reading and writing competencies on students’
responsiveness to intervention tasks requiring these skills. As girls typically outper-
form boys in reading and writing skills (e.g., Reilly et al. 2019), such research might
also help to shed light on the question whether the gender effects in students’ respon-
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siveness to and the effectiveness of the text condition is ruled out when controlling
for students’ literacy in reading and writing.

Finally, the individual writing tasks constituted the core element of the MoMa
relevance interventions and thus were in the focus of the current investigation on
student responsiveness. Nevertheless, students’ experiences during the introductory
psychoeducational presentation such as their cognitive engagement while learning
about diverse examples for the utility of math might also have affected the interven-
tion effects. Students’ experiences during such a pre-writing part of the intervention
could be taken into account in future research, for example, by using experience
sampling methods (Rosenzweig and Wigfield 2016) or observational methods (cf.,
Fredricks et al. 2004).

6 Conclusion

Relevance interventions show a huge potential to raise important learning outcomes
(Durik et al. 2015). The results of the present study on student responsiveness imply
that when designing written relevance intervention tasks aimed for implementation
in real-life educational settings, is it important to consider that individual student
characteristics such as conscientiousness, gender, and domain-specific motivation
may determine how well the students follow the instructions of the assignments.
Responsiveness in turn affects the strength of the intervention effects (Nagengast
et al. 2018)—in the current interventions especially in the text condition, an ap-
proach used in numerous other relevance intervention programs (e.g., Hulleman and
Harackiewicz 2009). Adapting the intervention material to the needs of students who
are most likely to be nonresponsive should thus be the goal of future research stud-
ies. Using this knowledge to further improve the theories and designs of relevance
interventions might help to eventually pave the way for relevance interventions to
enter educational practice at a larger scale.
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