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One way to address the leaking pipeline toward STEM-related careers (i.e., science, technology, engineering, and mathemat-
ics) is to intervene on students’ STEM motivation in school. However, a neglected question in intervention research is how
such interventions affect motivation in subjects not targeted by the intervention. This question was addressed through data
from a cluster-randomized study in which a value intervention was successfully implemented in 82 ninth-grade math class-
rooms. Side effects on value, self-concept, and effort in German as students’ native language and English as a foreign lan-
guage were assessed 6 weeks and 5 months after the intervention. Negative effects on value for German, but not for English,
were found 5 months after the intervention. The theoretical and educational implications of such effects are discussed.
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IN many Western countries, concerns have been raised about
a lack of young people choosing careers in science, technol-
ogy, engineering, and mathematics (STEM; e.g., National
Science Board, 2007). Important precursors of career choices
are high school students’ motivational beliefs about their
expectancies and values for different subjects (Eccles et al.,
1983; for a review, see Wang & Degol, 2013). One possible
way to address the leaking pipeline toward STEM careers at
an early stage is thus to foster motivation for related sub-
jects, such as math, in high school. Researchers have recently
developed a number of successful motivational interven-
tions in STEM (for an overview, see Karabenick & Urdan,
2014). Some of these draw on expectancy-value theory
(Eccles et al., 1983) and aim at helping students understand
the value of STEM courses. Previous studies have shown
that value interventions can be effective in promoting moti-
vation and performance in STEM courses as well as STEM
course choices (Harackiewicz, Rozek, Hulleman, & Hyde,
2012; Hulleman, Godes, Hendricks, & Harackiewicz, 2010;
Hulleman & Harackiewicz, 2009).
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However, intervening on student motivation in the class-
room means intervening in a complex system, which might
bring side effects with it. While implementation science
calls for regularly assessing side effects of interventions (see
Moher, Schulz, & Altman, 2001), intervention research in
the area of motivation has so far neglected potential side
effects. Particularly, previous intervention studies in STEM
did not examine potential effects on motivation in non-
STEM areas. Students’ expectancies and values are highly
domain specific (Bong, 2001). Students tend to see them-
selves as either mathematically or verbally oriented, irre-
spective of whether their achievement in these domains
differs substantially (Marsh & Hau, 2004). Academic
choices, in turn, are influenced by intraindividual hierar-
chies in motivational beliefs: The probability that a student
intends to pursue a career in STEM increases not only with
his or her motivation in STEM becoming higher but also
with his or her motivation in other domains becoming lower
(Chow, Eccles, & Salmela-Aro, 2012; Eccles, 2009; Parker
et al., 2012). What happens to these motivational patterns
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when motivation in one domain is fostered through interven-
tions? Expectancy-value theory (Eccles et al., 1983) and
dimensional comparison theory (Mdller & Marsh, 2013)
implicitly assume that increased motivation in one domain
can have negative effects on dissimilar domains.
Interventions targeting STEM motivation are a possibility to
investigate this assumption experimentally. In this study, we
examine possible negative side effects of a value interven-
tion in mathematics classrooms on students’ motivation for
their native language and a foreign language.

Student Motivation and Dimensional Comparisons

According to expectancy-value theory (Eccles et al.,
1983), academic choices, such as choosing a university
major, are made on the basis of two beliefs: (a) the expec-
tancy that one can succeed in a task and (b) the value that
one attaches to a task. Expectancies are closely related to
academic self-concepts, referring to students’ evaluation of
their abilities in a given domain (Bong & Skaalvik, 2003;
Eccles & Wigfield, 2002). Task value comprises several
components: attainment value or the personal importance to
do well, intrinsic value or enjoyment, utility value or the use-
fulness for personal goals, and cost or the perceived negative
aspects of engaging in a task. Previous research has found
high correlations among these components, and many stud-
ies collapsed the positive value aspects into a single scale
(Trautwein et al., 2013). Furthermore, expectancies and val-
ues have been found to be closely related, and this associa-
tion increases with students’ age (Wigfield, Tonks, & Klauda,
2009). An extensive line of research demonstrates that
expectancies and values are indeed important predictors for
achievement-related behaviors, such as effort, as well as for
academic choices (for reviews, see Wang & Degol, 2013;
Wigfield et al., 2009).

Expectancies and values are developed through experi-
ences with different domains in the school context. These
experiences provide students with a set of possible compari-
sons, including other students’ achievement, but also com-
parisons among domains. Dimensional comparison theory
(Moller & Marsh, 2013) focuses on comparisons among
domains. It assumes that individuals compare their ability in
one domain with their ability in another domain (e.g., “How
good am I in English compared with math?”’). Reasons why
students engage in such dimensional comparisons may
include self-evaluation in terms of knowing one’s strengths
and weaknesses, as well as self-enhancement, which can be
achieved through upward comparisons with a more favorable
domain (Méller & Husemann, 2006; Moller & Marsh, 2013).
In educational psychology, research has mainly investigated
dimensional comparisons in the context of self-concept.
Much of this research was based on the internal/external
frame-of-reference model (Marsh, 1986), which describes
the association between self-concept and achievement in

different domains, particularly math and verbal domains.
Supporting this model, path-analytic studies have found that
achievement in one domain (e.g., math) can have negative
effects on self-concept in another domain (e.g., English;
Marsh & Hau, 2004; Moller, Pohlmann, Koller, & Marsh,
2009). Such contrast effects have mainly been supported for
comparisons between math and the native language but also
for other comparisons between numerical (e.g., physics) and
verbal domains (e.g., foreign language; Marsh et al., 2015).
These contrast effects seem to depend on students’ beliefs
about the dissimilarity of these subjects, with stronger con-
trast effects being found for students who believe math and
verbal abilities to be inversely related (Moller, Streblow, &
Pohlmann, 2006). Beyond self-concept, effects of dimen-
sional comparisons were found on interest (Schurtz, Pfost,
Nagengast, & Artelt, 2014) and enjoyment (Goetz, Frenzel,
Hall, & Pekrun, 2008). Whereas there is extensive evidence
on the role of dimensional comparisons stemming from cor-
relational research, there are fewer experimental studies,
which do, however, support the assumptions of dimensional
comparison theory (see Meyer, 1982; Moller & Kéller, 2001;
Pohlmann & Méller, 2009, Study 3).

Dimensional comparisons also play a crucial role in
expectancy-value theory. Academic choices are supposed to
be informed by intraindividual hierarchies of expectancies
and values (Eccles, 2009). Recent research has addressed
this assumption showing that choices (e.g., beginning a
math- vs. verbal-intensive major) are affected not only by
expectancies and values in the target domain but also by
expectancies and values in other domains (Chow et al.,
2012; Nagy et al., 2008; Nagy, Trautwein, Baumert, Koéller,
& Garrett, 2006; Parker et al., 2012). Eccles (2009) proposed
that such intraindividual hierarchies result from individuals
comparing their performance and the effort they need to suc-
ceed across domains. Put simply, students have limited time
and energy and cannot engage in all subjects to the same
extent. The lower their expectancies and values in one sub-
ject compared with other subjects, the lower the probability
that they will put much effort into engaging in this particular
subject (Trautwein & Liidtke, 2007). Expectancy-value the-
ory thus assumes not only expectancies but also values to be
affected by dimensional comparison processes. When these
results are transferred to intervention research, it could be
that highlighting the value of one subject can lead to changes
in students’ hierarchies of importance and increase the sub-
jective costs of engaging in another subject. Given the find-
ings on dimensional comparisons, we propose that
motivational interventions in STEM can have adverse effects
on motivation in verbal domains.

Value Interventions

One intervention approach that has been applied to foster
STEM motivation is value interventions (Harackiewicz,



Tibbetts, Canning, & Hyde, 2014). Drawing on expectancy-
value theory (Eccles et al., 1983), these interventions try to
foster domain-specific motivation by targeting one compo-
nent of task value: utility value. Through stimulating the per-
ceived relevance of the learning material for students’ lives,
these interventions ultimately aim at reinforcing their inter-
est and engagement in the STEM domain (Harackiewicz
et al., 2014). In line with this assumption, value interven-
tions have been found to foster not only utility value but also
interest and course choices (Harackiewicz et al., 2012;
Hulleman et al., 2010; Hulleman & Harackiewicz, 2009).
Other motivational outcomes, such as expectancies and
effort, have not been regularly considered. However, when
learning a math technique in the laboratory, Western stu-
dents who received information on its short-term usefulness
benefited in terms of not only their interest for this technique
but also their effort and perceived competence (Shechter,
Durik, Miyamoto, & Harackiewicz, 2011). Different strate-
gies have been used to foster perceived relevance to date,
which—among others—differ in that students were either
presented with arguments for the relevance of the learning
material or encouraged to generate arguments for its rele-
vance themselves. It is still unclear which intervention strat-
egies are most effective in fostering student motivation. This
also seems to depend on students’ characteristics: Whereas
students with high initial motivation tended to benefit most
from information on the relevance of the learning material,
students with lower initial motivation tended to benefit more
from being encouraged to self-generate utility arguments
(Durik, Hulleman, & Harackiewicz, 2015).

Present Investigation

In the present investigation, we test whether a motiva-
tional intervention in math had negative side effects on moti-
vation for verbal subjects using data from a large
cluster-randomized trial conducted in ninth-grade class-
rooms in Germany (see Brisson et al., 2016; Gaspard, Dicke,
Flunger, Brisson, et al., 2015). Motivation in math was cho-
sen as the target of the intervention, as high school math
courses are one important prerequisite for future careers in
STEM fields. In this intervention study, 82 classrooms were
randomly assigned to one of two intervention conditions or
a waiting control group. Drawing on expectancy-value the-
ory, the intervention consisted of a 90-minute session in a
math classroom focusing on the value of math for students’
lives. Students in the two intervention conditions were first
presented with information on the relevance of mathematics
and afterward worked on different kinds of relevance-induc-
ing tasks, which differed in the extent to which arguments
had to be self-generated. Students in the quotations condi-
tion evaluated interview quotations describing the useful-
ness of math, whereas students in the text condition wrote an
essay on the relevance of math. Whereas both intervention
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conditions were shown to positively affect utility value, the
quotations condition additionally showed positive effects on
attainment and intrinsic value, as well as on self-concept and
achievement (Brisson et al., 2016; Gaspard, Dicke, Flunger,
Brisson, et al., 2015).

Here, we test effects of this intervention on the patterns of
motivation across several domains. Our major aim was to
explore intervention effects on motivation in German as stu-
dents’ native language and English as students’ first foreign
language. As a means of comparison, we also report the
respective effects on motivation in math as the target domain.
To examine the breadth of intervention effects, we consider
effects the most proximal outcome, value, and two more dis-
tal outcomes, self-concept and effort. Given the literature on
dimensional comparisons, we expected any side effects on
motivation in verbal subjects to be negative. Because side
effects rely on dimensional comparison processes and
because effects across domains are typically smaller than
effects within domains (Méller et al., 2009), we expected to
find the following pattern of results. First, in comparing inter-
ventions, stronger side effects were expected for interven-
tions that show stronger effects on motivation in the target
subject. With respect to our study, the quotations condition
was shown to be more successful in promoting motivation in
math (Brisson et al., 2016; Gaspard, Dicke, Flunger, Brisson,
etal., 2015) and therefore was expected to also show stronger
side effects. Second, regarding different outcomes, stronger
side effects should be found for those motivational variables
that are more effectively promoted in the target subject.
Whereas the intervention directly targeted students’ value
beliefs, there is only some first evidence that value interven-
tions can also be effective in fostering students’ expectancy-
related beliefs and effort (Brisson et al., 2016; Shechter et al.,
2011). Therefore, in line with the focus of the intervention,
stronger side effects were expected for value beliefs as com-
pared with self-concept and effort. Third, regarding different
subjects, contrast effects are typically found for students’
native language, whereas there is less evidence for foreign
languages (Moller & Marsh, 2013). We therefore expected
German to be the main target of dimensional comparison pro-
cesses. Also, given the nature of the intervention, the per-
ceived relevance of these subjects might be important.
Students in Germany tend to perceive German as less rele-
vant than English for their current and future lives (see Goetz
etal., 2014), and this might lead to more negative side effects
for German as compared with English.

Method
Sample

Data were collected in 82 ninth-grade classes in 25 aca-
demic track schools in the German state of Baden-
Wiirttemberg. The sample size was based on a power
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analysis for a multisite cluster-randomized trial aiming at
an acceptable power (B >.70) to detect intervention effects
(6 =0.20) when comparing a single intervention condition
with the control condition (for more details, see Gaspard,
Dicke, Flunger, Brisson, et al., 2015). A total of 1,978 stu-
dents with active parental consent participated in the
study, corresponding to a 96% participation rate. For the
current study, 62 students in the two intervention condi-
tions were excluded, as they were absent during the inter-
vention. Data analyses were thus based on a sample of
1,916 students (age at the beginning of the study: M =
14.62, SD = 0.47; 53.5% female). The study consisted of
three waves of data collection from September 2012 to
March 2013. Students were administered questionnaires
by trained research assistants before the intervention (pre-
test = T1), 6 weeks after the intervention (posttest = T2),
and 5 months after the intervention (follow-up = T3).

Value Intervention in Math

Before the first data collection, within each school, the
participating teachers (n = 73) and their classes (n = 82) were
randomly assigned to one of two intervention conditions or
a waiting control condition. For teachers participating with
two classes (n = 9), both classes were assigned to the same
experimental condition to avoid diffusion effects. This
assignment resulted in unequal class sample sizes for differ-
ent conditions (quotations condition: 25 classes; text condi-
tion: 30 classes; waiting control condition: 27 classes).

Students in the intervention conditions received a 90-min-
ute standardized value intervention led by five trained
researchers. The intervention consisted of a psychoeduca-
tional presentation on the relevance of math for the whole
class and tasks for individual students. The psychoeduca-
tional presentation had two main components. First, research
results on the importance of effort and self-concept for math
achievement were presented. Students were also told about
frame-of-reference effects (i.e., effects of social compari-
sons in the classroom) and the benefits of relying on tempo-
ral instead of social comparisons. This first part aimed at
inoculating students against potential negative effects of
highlighting the importance of a subject. These might occur
if students judge their own achievement in this subject as
low and are therefore threatened by information on its
importance (cf., Durik, Shechter, Noh, Rozek, &
Harackiewicz, 2015). Second, students were provided with
various examples of the relevance of math for future educa-
tion, career opportunities, and leisure time activities. This
presentation was identical for both intervention conditions.
After this presentation, students worked on individual tasks,
which differed between the two conditions. In the quotations
condition, students were asked to read quotations of young
adults describing situations in which math was useful to
them and to evaluate these quotations based on their

personal relevance. In the text condition, students were
asked to make a list of arguments for the personal relevance
of math to their current and future lives and to write an essay
explaining these arguments. Thus, in both conditions, the
students had to apply the relevance of mathematics to their
lives, whereas the two conditions differed in the specific
structure of the task and the extent to which arguments had
to be self-generated.

Additionally, each intervention group received two booster
tasks that were embedded into a homework diary, which was
filled out by all classes for 4 weeks after the intervention. The
first booster task, in which students were asked to reproduce
what they remembered from their individual tasks, was filled
out 1 week after the intervention. The second booster task was
filled out 2 weeks after the intervention and resembled the
individual tasks assigned to the students during the interven-
tion lesson (for more details on the intervention, see Gaspard,
Dicke, Flunger, Brisson, et al., 2015). Classes in the waiting
control condition also filled out homework diaries, but these
did not include any booster tasks. Students in the waiting con-
trol condition received the intervention that was shown to be
more successful after the last wave of data collection.

The intervention focused only on the subject of math. No
explicit comparisons between the importance of math and
other subjects were made during the intervention. All the
intervention materials referred to the relevance of math.
Students were told that this session was delivered in math
classrooms because math is a subject that is often experi-
enced as difficult and useless. If students asked questions
referring to other subjects (e.g., “What about the relevance
of other subjects?”), the researcher conducting the interven-
tion said that other subjects were relevant as well but that the
focus of this lesson was on the relevance of math.

Measures

We assessed value beliefs, self-concept, and effort for
math, German, and English with parallel scales (i.e., the
wording was identical except for the subject name). All
items are reported in the online supplement. As a response
format, a 4-point Likert scale ranging from completely dis-
agree to completely agree was used for all items.

Value beliefs. Value beliefs were assessed with four items
for each subject. The items tapped different value aspects:
attainment value, intrinsic value, and utility value. The
scales for German and English were constructed with a sub-
set of items out of a larger questionnaire assessing value
beliefs in math (Gaspard, Dicke, Flunger, Schreier, et al.,
2015). According to preliminary factor analyses, we
excluded one item assessing cost (“[Subject] is a real burden
to me.”). All resulting scales exhibited good internal consis-
tency (a at T1, T2, T3, respectively: math = .77, .78, .77;
German = .85, .85, .86; English = .83, .84, .84).



Self-concept. Self-concept was assessed with four items. All
items were well validated stemming from previous German
large-scale studies (e.g., Trautwein, Liidtke, Kéller, & Bau-
mert, 2006). The internal consistency of this scale was good
for all subjects at all measurement waves (a at T1, T2, T3,
respectively: math = .93, .92, .92; German = .89, .89, .90;
English = .90, .90, .91).

Effort. Effort in the subjects math, German, and English
was assessed with four items for each subject (adapted from
Trautwein, Liidtke, Roberts, Schnyder, & Niggli, 2009). The
scale showed good internal consistency for all subjects (o at
T1, T2, T3, respectively: math = .80, .84, .86; German = .88,
.89, .89; English = .85, .87, .88).

As a prerequisite for our analyses, we conducted tests of
measurement invariance across time, subjects, and interven-
tion conditions in several steps (see Tables S1-S3 in the
supplemental material for more details). Specifically, we
tested invariance of factor loadings (strict measurement
invariance) and invariance of item intercepts (strong mea-
surement invariance) to compare differences in latent means
(Widaman & Reise, 1997). In the first step, we conducted
tests of measurement invariance for value, self-concept, and
effort across the three time points. As the analyses suggested
that strong measurement invariance across time was accept-
able for all three constructs, we used these models constrain-
ing factor loadings and intercepts to be equal across time for
further tests of measurement invariance across subjects and
intervention conditions. For the tests across subjects, a
model with equal intercepts (in addition to factor loadings)
was not tenable for value. We therefore assessed partial
strong measurement invariance (Steenkamp & Baumgartner,
2009) by freely estimating the intercept for one item (assess-
ing utility value). As this model yielded an acceptable fit,
partial strong measurement invariance was defensible for
value. For effort and self-concept, the tests of measurement
invariance across subjects did not suggest any problem. The
tests across intervention conditions indicated that strong
measurement invariance could be accepted for all three con-
structs. Comparability of latent means across time, subjects,
and intervention conditions was therefore established.

Statistical Analyses

Multilevel structural equation modeling. Given the multi-
level structure of the data, we used multilevel structural
equation modeling with Mplus 7 (Muthén & Muthén, 1998—
2012) to examine the effects of the intervention on students’
value beliefs, self-concept, and effort. Multilevel structural
equation modeling (Mehta & Neale, 2005) combines the
advantages of multilevel analyses, which take the nesting of
students in classrooms into account (Raudenbush & Bryk,
2002), and latent variable modeling, which controls for mea-
surement error (Bollen, 1989). An additional advantage of
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structural equation modeling is its flexibility; for instance, it
allows explicit modeling of the measurement properties that
were established according to prior confirmatory factor
analyses.

Multilevel structural equation analyses were carried out
separately for the latent constructs value, self-concept, and
effort at the posttest and follow-up (for the estimated model,
see Figure 1). We combined all three subjects into one model
for each construct and time point.' In line with the recom-
mendations for the evaluation of cluster randomized trials
(Raudenbush, 1997), the respective pretest constructs in all
three subjects were included as control variables at the stu-
dent level as well as the class level. The effects at both levels
were freely estimated to account for contextual effects
(Marsh et al., 2009). The indicators of the latent constructs at
the student level were group-mean centered, and manifest
aggregation was used for the class-level indicators (Marsh
et al., 2009). Factor loadings were set to be equal across lev-
els to ensure a common metric at student and class levels
(Marsh et al., 2009). Additionally, the factor loadings and
item intercepts were constrained to be the same across time
and subjects (with the exception of one value item, for which
the intercept was freely estimated across subjects; see
above). To assess effects of the intervention, we regressed
the latent constructs at the posttest/follow-up on two class-
level dummy variables that indicated the intervention condi-
tions (quotations, text) with the control condition as a
reference group.

To obtain standardized effect sizes (for effect sizes in
multilevel models, see Marsh et al., 2009; Tymms, 2004),
the raw coefficients of intervention effects were divided by
the total variance of the outcome variables out of null mod-
els (i.e., allowing all variables to correlate instead of estimat-
ing path coefficients). These effect sizes thus represent the
adjusted difference between the intervention conditions and
the control condition in the outcome variable in total stan-
dard deviations.

Missing data. Due to the absence of students at single-
measurement waves and nonresponse to single items, miss-
ing data ranged from 5.4% to 12.6% for the indicators of
the focal motivational constructs. All analyses were con-
ducted with full information maximum likelihood estima-
tion (Graham, 2009) implemented in Mplus. To make the
assumption of missing at random more plausible (see
Enders, 2010), a nonverbal cognitive ability score, gender,
previous math grades, and achievement data for math at T'1
were used as auxiliary variables. To incorporate these aux-
iliary variables in our model, we used a saturated correlates
model (Graham, 2003) correlating these variables with one
another as well as with the manifest predictor variables
(i.e., the dummy variables for the intervention condition)
and the residuals of the indicator variables for all latent
constructs at both levels.



™~ //
T L =
> My ‘-..‘7\?’{ \ r/ \’\/ o Mz e
~  Math T1 }\ ;( Math T2 |
- ~—
—ef My L AN P /k 4 Mg e
N N VAN N
o ~— NN / — .
Ma \\ . / 7 * Mas
\ N
— >/
Gy N o Gz e
~ A \ ~
. ~ 2N hY N —

» G e N \ ,/ / N M Gap
— /:(German T1 | { German T2 L{ —_—
— Gy /E\ AN FARN - TTM G [
AN AN AN ~

S S / N ~— < N
—l Gy A A /\(\ \ e Gy be—
: / \X/ \
S N Eis je—
¥ Ein ;o RN s
~N VN
—+ By e \Pd ™ 2=
il xj\Engnsn n/r;:( English T2 ](/

e o [ T En
Bl g N N
ar Bl

Student level
Class level
condition |
\
N\
Text \ A
condition f~ Y\ \\
" L
Y} N
" WY AN M

—

— .

zl=zl=
" ] =
|

\ -\ _
N~ ~ \ SN
M e \\ \1\\ Y {
== 7 MathT1 L Math T2 |
- % |
My & \ \\\ \ .‘\ \ / —

w&é@i? :

Gy & AR A
N ~ ™ F \
=N AN AT
41 \ \ \ 2
// \:)'\// N\ \‘\l\
2\ P:!
(//// \\\ ‘\S‘,,f T "’
L \\ Vi \( Ez
A English T1 ) English T2 V
{ SN 1/ \'\k / ~ ~ ke
£ L N

FIGURE 1. Multilevel structural equation modeling to estimate
intervention effects on value, self-concept, and effort in math,
German, and English. Covariances between predictor variables at
both levels as well as between residual variances of identical item
stems at the within level are not depicted. The model additionally
included auxiliary variables, which were correlated with the
dummy variables indicating the two intervention conditions and
the residuals of the indicator variables for all latent constructs at
both levels.

Results
Descriptive Statistics and Randomization Check

Descriptive statistics for all scales are displayed in Table 1.
Several aspects can be observed by inspecting the means.
First, students in all conditions reported relatively high lev-
els of value, self-concept, and effort in English as compared
with math and German. Second, mean levels were relatively

stable across the three measurements. In the control condi-
tion, which can be seen as a comparison standard, the moti-
vation for math tended to decrease; motivation for German
tended to increase; and motivation for English remained
relatively high.

Correlations among value, self-concept, and effort in all
subjects from a confirmatory factor analysis with the pretest
data are presented in Table 2. The confirmatory factor analy-
sis supported the separability of the three constructs across
the three subjects (x* = 2663.12, df = 513, comparative fit
index = .940, Tucker-Lewis index = .926, root mean square
error of approximation = .048, standardized root mean
square residual = .051). Several aspects can be noted with
regard to the correlation pattern. First, value, self-concept,
and effort within one subject showed moderate to high inter-
correlations. Second, value, self-concept, and effort between
German and English showed low to moderate intercorrela-
tions. Third, value and self-concept between math and the
verbal domains tended to be negatively correlated. Fourth,
the correlation pattern for effort indicated a lower degree of
domain specificity with moderate positive intercorrelations
among all three subjects.

To test if there were any differences among the three
experimental conditions before the intervention, we speci-
fied multilevel, multigroup models (with each experimental
condition as a group) for initial value, self-concept, and
effort in math, German, and English as well as for the auxil-
iary variables (i.e., cognitive abilities, gender composition,
math grades, math achievement test; see Table S4 in the
Supplemental Material for details). We conducted omnibus
tests comparing the means of the three groups by Wald
tests (using the “model test” command in Mplus), which are
asymptotically equivalent to likelihood ratio tests (cf.
Bollen, 1989). We found no significant differences among
the groups prior to the intervention, neither for the focal con-
structs (all p’s > .620) nor for the auxiliary variables (all p’s
> .125).

Intervention Effects on Value, Self-Concept, and Effort
in Math, German, and English

Effects of the two intervention conditions as compared
with the control condition were assessed on value, self-con-
cept, and effort in math, German, and English at posttest and
follow-up (see Table 3 for effect sizes and Table S5 in the
Supplemental Material for the complete models, including
the effects of pretest variables). In these analyses, we con-
trolled for the respective construct at the pretest in all three
subjects to achieve more precise estimates of the interven-
tion effects (Raudenbush, 1997). Effects on value and self-
concept in math as the target subject of the intervention have
already been reported by Gaspard, Dicke, Flunger, Brisson,
et al. (2015) and Brisson et al. (2016). For value, previous
analyses used a more differentiated measure with subscales



TABLE 1

Descriptive Statistics for All Study Variables by Intervention Condition

Quotations Condition

Text Condition

Control Condition

Variable M SD ICC M SD ICC M SD ICC
Math
Value T1 2.68 0.64 .02 2.65 0.62 .07 2.61 0.60 .07
Value T2 2.74 0.63 .04 2.61 0.64 .07 2.55 0.64 .05
Value T3 2.75 0.61 .03 2.67 0.61 .08 2.58 0.61 .07
Self-concept T1 2.71 0.84 .02 2.68 0.86 .04 2.61 0.86 .04
Self-concept T2 2.75 0.84 .02 2.68 0.84 .05 2.59 0.84 .06
Self-concept T3 2.80 0.79 .01 2.75 0.79 .05 2.67 0.79 .05
Effort T1 2.78 0.59 .05 2.77 0.62 .01 2.78 0.61 .03
Effort T2 2.79 0.65 .07 2.73 0.67 .03 2.75 0.69 .02
Effort T3 2.71 0.68 .05 2.70 0.71 .04 2.68 0.69 .04
German
Value T1 2.76 0.73 .08 2.73 0.71 .06 2.78 0.69 .04
Value T2 2.81 0.75 .10 2.81 0.75 .06 2.87 0.72 .05
Value T3 2.79 0.73 .07 2.87 0.74 .07 291 0.72 .07
Self-concept T1 2.96 0.75 .08 3.01 0.72 .07 2.99 0.73 .03
Self-concept T2 2.95 0.77 .09 3.02 0.73 .06 3.02 0.73 .02
Self-concept T3 291 0.78 .07 3.03 0.73 .08 3.00 0.73 .02
Effort T1 2.78 0.67 .06 2.81 0.64 .04 2.82 0.65 .06
Effort T2 2.83 0.71 .06 2.83 0.72 .04 2.85 0.70 .03
Effort T3 2.80 0.69 .06 2.84 0.73 .07 2.90 0.70 .04
English
Value T1 3.35 0.57 .08 3.34 0.61 .06 3.33 0.58 .05
Value T2 3.37 0.58 .06 3.30 0.66 .04 3.33 0.61 .04
Value T3 3.38 0.60 .07 3.35 0.61 .06 3.31 0.62 .05
Self-concept T1 3.16 0.73 .04 3.14 0.70 .03 3.13 0.74 .07
Self-concept T2 3.17 0.70 .03 3.10 0.76 .02 3.12 0.72 .08
Self-concept T3 3.20 0.72 .04 3.13 0.73 .04 3.12 0.73 .06
Effort T1 3.06 0.61 .03 3.09 0.63 .06 3.13 0.60 .06
Effort T2 3.13 0.63 .03 3.09 0.69 .04 3.09 0.66 .06
Effort T3 3.06 0.65 .01 3.09 0.69 .06 3.08 0.69 .10

Note. Due to the absence of students at single-measurement waves and nonresponse to single items, the sample sizes for the scales range from 509 to 530 in
the quotations condition, 619 to 680 in the text condition, and 550 to 609 in the control condition. ICC = intraclass correlation coefficient; T1 = pretest; T2

= posttest; T3 = follow-up.

for different value components. Here, the results on math as
the target subject of the intervention are reported as a com-
parison to effects on German and English using parallel
scales. All effects of the two intervention conditions reported
in the text are standardized effect sizes with respect to the
total variance of the outcome variable.

For value at the posttest, students in classes in the quota-
tions condition reported higher math value when compared
with students in classes in the control condition, controlling
for their initial value in math, German, and English, f = .28, p
<.001, 95% confidence interval (95% CI) [0.15, 0.41]. The
quotations condition did not show a significant effect on
German (p = .104) or English (p = .940) value at the posttest.
At the follow-up, we still observed a positive effect of the

quotations condition on math value, f = .26, p <.001, 95% CI
[0.12, 0.39]. In addition, we found that students in classes in
the quotations condition reported lower German value than
students in classes in the control condition while controlling
for students’ initial values in all three subjects, p = —.18, p =
.004, 95% CI [-0.30, —0.06]. No significant effect of the quo-
tations condition was found on English value (p =.090) at the
follow-up. The text condition did not have any significant
effect on students’ value beliefs at the posttest (all p’s > .077)
and the follow-up (all p’s > .117). The effects of the two inter-
vention conditions on students’ value beliefs are further dis-
played in Figure 2.

For self-concept, students in classes in the quotations
condition reported higher math self-concept when compared



TABLE 2

Correlations Between Study Variables at T1: Corrected for Measurement Error

Variable 1 2 3 4 5 6 7 8 9
1. Math value —

2. Math self-concept 9™ —

3. Math effort 547 287 —

4. German value —-.06 -27" a7 —

5. German self-concept 25" -27" .02 73 —

6. German effort 08" 13" 46" a7 49" —

7. English value -.10" -22" 097" 317 307 23 —

8. English self-concept 13" —-18"™ 07" 217 31 A7 86" —

9. English effort .05 13" 447 307 197 56" 667" 53" —

Note. Bivariate correlations from confirmatory factor analyses using pretest data are presented. Correlation pattern at T2 and T3 are comparable. T1 = pretest;

T2 = posttest; T3 = follow-up.
*p<.05."p<.01.""p<.001.

TABLE 3

Effects of the Intervention Conditions as Compared With the Control Condition

Quotations Condition

Text Condition

Posttest Follow-Up Posttest Follow-Up

Outcome § p 95% CI B p 95% CI B p 95% CI B p 95% CI
Value

Math 0.28 <.001 [0.15,0.41] 0.26 <.001 [0.12,0.39] 0.05 .513 [-0.09,0.18] 0.14 .062 [-0.01,0.28]

German -0.08 .104 [-0.19,0.02] -0.18 .004 [-0.30,—0.06] —0.07 .187 [-0.17,0.03] -0.02 .782 [-0.15,0.11]

English  0.00 .940 [-0.10,0.11] 0.12 .090 [-0.02,0.26] —0.08 .077 [-0.18,0.01] 0.10 .117 [-0.02,0.22]
Self-concept

Math 0.10  .049 [0.00, 0.20] 0.07 .180 [-0.04,0.17] 0.04 .446 [-0.06,0.13] 0.03 .510 [-0.06,0.12]

German -0.06 .285 [0.16,0.05] -0.09 .165 [-0.21,0.04] -0.03 .530 [-0.11,0.06] 0.02 .748 [-0.11,0.15]

English  0.06 .185 [0.03,0.16] 0.10 .065 [-0.01,0.21] —0.03 .560 [-0.12,0.06] 0.02 .780 [-0.10,0.13]
Effort

Math 0.13  .054 [0.00,0.27] 0.07 .293 [-0.06,0.21] 0.01 .830 [-0.11,0.13] 0.04 .561 [-0.08,0.16]

German 0.00 978 [-0.09,0.09] -0.11 .109 [-0.24,0.02] -0.03 .525 [-0.13,0.07] -0.07 .366 [-0.21,0.08]

English  0.13  .009 [0.03,0.24] 0.07 285 [-0.06,0.21] 0.03 .604 [-0.08,0.13] 0.08 .240 [-0.05,0.21]

Note. Regression coefficients represent effect sizes at the classroom level that are standardized according to the total variance of the outcome variable. The
respective constructs for math, German, and English at the pretest were included as covariates on the student level as well as the classroom level. CI = con-

fidence interval.

with students in classes in the control condition at the post-
test, controlling for their pretest self-concept in math,
German, and English, B = .10, p =.049, 95% CI [0.00, 0.20].
The quotations condition did not show a significant effect on
German (p = .285) or English (p = .185) self-concept at the
posttest. No significant effects of the quotations condition on
self-concept were found at the follow-up (p > .065). In line
with the results for value, the text condition did not show
any significant effect on students’ domain-specific self-con-
cepts at the posttest or the follow-up (all p’s > .446).

For effort, students in the quotations condition did not
report higher effort in math than that of students in the

control condition at the posttest (p = .054). In line with this,
no effects of the quotations condition were observed for
German effort (p = .978) at the posttest. However, at the
posttest, students in the quotations condition reported higher
effort in English versus students in the control condition, § =
13, p =.009, 95% CI [0.04, 0.24]. At the follow-up, no
effects of the quotations condition on students’ effort were
observed (all p’s > .109). Again, we found no effect of the
text condition on effort in any subject, neither at the posttest
(all p’s > .525) nor at the follow-up (all p’s > .240).

We also examined whether the intervention effects varied
depending on student gender or initial motivation. As our model
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FIGURE 2. Effects of the intervention conditions (as compared
with the control condition) on value at (a) the posttest and (b) the
Sfollow-up. Error bars represent 95% confidence intervals.

was already rather complex (i.e., multilevel analyses including
multiple constructs), we could not investigate moderation
effects using this same model. Instead, we used univariate anal-
yses examining one subject at a time, with the respective pretest
construct being used as a covariate, and we did not include any
auxiliary variables. In line with the results reported by Gaspard,
Dicke, Flunger, Brisson, et al. (2015), we found that the inter-
vention conditions showed larger effects on math motivation
for females than for males. Specifically, we found significant
interaction effects between the text condition and gender on
math value and self-concept at both the posttest and the follow-
up and one significant interaction between the quotations con-
dition and gender on math self-concept at the posttest. However,
side effects in German and English did not vary by student gen-
der. When examining whether intervention effects varied
according to the initial level of the respective construct in math,
German, or English, we only found one significant interaction
effect (i.e., the effect of the text condition on English self-con-
cept varied according to initial self-concept in English) for a
total of 108 interaction effects being tested. The main effects of
the intervention, however, were robust in these analyses.

Discussion

Within a cluster-randomized study aiming at fostering
motivation in math, we addressed the important question of
how motivational interventions in one subject affect

Side Effects of Motivational Interventions?

motivational patterns across subjects. Based on the literature
on dimensional comparisons, side effects were assessed in
the verbal domain. The intervention condition that was suc-
cessful in fostering math value showed negative effects on
value for students’ native language (i.e., German) 5 months
after the intervention. No effects were found on value in
English. Whereas this effect pattern was observed for value
as the focal construct of the intervention, the effects did not
generalize to students’ self-concepts and effort.

Side Effects of Motivational Interventions

Whereas we found only one significant negative effect on
motivation in the verbal domain (i.e., German value at the
follow-up), the pattern of findings over conditions, con-
structs, and subjects was generally in line with our expecta-
tions. First, this side effect was found for the quotations
condition, which was also effective in fostering math value.
The text condition, however, did not significantly promote
students’ value beliefs in math. This is partly in line with the
results reported before (Gaspard, Dicke, Flunger, Brisson,
et al., 2015): Whereas the text condition did show effects on
utility value, no effects were found for the other value com-
ponents. In this article, we looked only at a composite value
measure and did not find significant effects of the text condi-
tion. It is still not entirely clear which intervention strategies
are most effective in promoting value beliefs, and this prob-
ably also depends on the characteristics of the specific sam-
ple (Durik, Hulleman, et al., 2015). In this specific case, it
seems that evaluating quotations from potential role models
was a task that fitted better to the needs and preferences of
ninth-grade students than writing an essay about the rele-
vance of a subject. With respect to side effects on German
motivation, it seems worthwhile to consider the nature of the
relevance-inducing  tasks that students completed.
Specifically, writing an essay is a task that is typically done
in language arts classes. One might therefore think that such
a task yields stronger effects for students who value lan-
guage arts in general. Our results, however, did not support
this hypothesis.

Second, we found positive main effects as well as nega-
tive side effects for the focal construct of the intervention
(i.e., value). We did not, however, find the same effects for
self-concept and effort. We found a positive effect of the
quotations condition on only math self-concept at the post-
test, which, however, did not sustain until the follow-up.
Whereas effects of this short intervention on students’ value
beliefs were found 5 months after the intervention, it is pos-
sible that the effects of the intervention on students’ value
beliefs would need to be stronger to also find long-term
effects on students’ self-concept and effort in these subjects,
and this would probably also increase the likelihood to find
side effects for self-concept and effort. Against our expecta-
tions, we found a positive side effect of the quotations
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condition on effort in English at the posttest, which could,
however, no longer be found at the follow-up. One notice-
able finding, which might contribute to this effect, is that
students’ reported effort seemed to be less domain specific,
as it showed positive correlations across the three subjects
(for similar results, see Trautwein, Liidtke, Schnyder, &
Niggli, 2006). This varying domain specificity of different
motivational variables warrants future investigation.

Third, we examined side effects for two verbal subjects
and found negative side effects for only one of them (i.e.,
German). In the literature, most support has been found for
dimensional comparisons between math and students’ native
language (Moller & Marsh, 2013). Students in our study
generally reported high value for English. The intervention
aimed at triggering reflections on the relevance of the cur-
rent learning material for future careers. In Germany, English
is generally perceived as highly relevant for almost every
career, including math-intensive fields, and students’ knowl-
edge about this might have buffered negative effects on
English value. By comparison, the curriculum in German in
secondary school is highly focused on literature, and stu-
dents might therefore perceive its relevance as more limited
(for students’ perceptions of domain characteristics, see
Goetz et al., 2014).

Fourth, when the negative effect of the quotations condi-
tion on German value as compared with the control condi-
tion was interpreted, the development over the course of the
school year yields valuable information. Mean levels of
German value observed in the different groups suggest that
German value in the control condition increased from pretest
to follow-up. This development might be affected by a num-
ber of factors inherent in the school context (e.g., timing of
holidays, examinations, and content variations) as well as by
factors pertaining to the study context that tapped all condi-
tions (i.e., repeated questionnaire distribution within mathe-
matics lessons). German value as reported in the quotations
condition thus showed only a negative development as com-
pared with this “natural” development. These negative
effects on German value were found only at the follow-up,
whereas effects on math were already found at the posttest.
Dimensional comparison processes thus seem to rely on
changes in motivation in the targeted domain occurring prior
to spillover effects on other domains.

Theoretical Implications

Intervention studies that experimentally manipulate moti-
vation in one domain and assess effects on nontargeted
domains are one way to examine the role of dimensional
comparisons in the school context. In addition to self-con-
cept, where dimensional comparison effects have been
extensively supported (Marsh & Hau, 2004; Moller et al.,
2009), our study examined side effects on task value, which
might be affected by similar dimensional comparison
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processes (see also Nagy et al., 2006; Nagy et al., 2008).
This is in line with the assumptions of expectancy-value
theory discussing the role of individual hierarchies for the
value attached to different choice options (Eccles, 2009).
Our results further suggest that contrast effects between
math and the verbal domain depend on the specific subject.
It is possible that such contrast effects are stronger for lan-
guage arts than for foreign languages. However, the nature
of the experimental manipulation, which focused on stimu-
lating relevance reflections in this specific case, might also
be important here.

Future research seems necessary to shed further light on
the mechanisms that are behind side effects of motivational
interventions. To do so, it would be necessary to collect
more process-related measures focusing on dimensional
comparisons. Qualitative analyses of students’ responses to
the intervention tasks might be one way to achieve such data
(cf., Hulleman & Cordray, 2009). However, as students were
explicitly instructed to focus on the relevance of math, these
responses seem not to be helpful in the present study.
Introspective studies using diary methods have found that
students engage in dimensional comparisons in everyday
life (Moller & Husemann, 2006), and similar approaches
could also be used within intervention research.

Educational Implications

Our results have implications for education in general as
well as for educational interventions in particular. Regarding
the practical implications, the side effects found in our study
would be judged as small when we apply conventional stan-
dards (Cohen, 1988). However, the intervention consisted of a
90-minute session in math classrooms and two short booster
tasks. Compared with the cumulative effects of regular class-
room experiences, this is a minimal intervention. Most notably,
however, the intervention focused only on math. From this per-
spective, any side effect being found on motivation in nontar-
geted subjects can therefore be judged as quite meaningful.
When transferring these results to the regular classroom set-
ting, it seems also reasonable to assume that classroom experi-
ences in one subject might affect student motivation in another
subject (see Dietrich, Dicke, Kracke, & Noack, 2015, for first
evidence of such effects with respect to teacher behavior). If
students perceive one teacher as very good in connecting the
learning material to their lives, this might have not only a posi-
tive impact on the value that they attach to this particular sub-
ject (see Wang, 2012) but also a negative impact on the value
that they attach to another subject, where making connections
is stimulated less frequently through the teacher.

Side effects as assessed in our study also have implica-
tions for further development of motivational interventions.
At first sight, adverse effects of motivational interventions
are troubling. However, if the ultimate goal of STEM inter-
ventions is to engage students in STEM, such effects might



be a risk that not only needs to be accepted but can actually
help foster STEM engagement and career choices. As posi-
tive effects on math motivation as well as negative effects on
verbal motivation positively affect intraindividual compari-
sons between math and verbal domains, these side effects
could increase the likelihood for students to pursue math-
related careers (cf. Parker et al., 2012). Future research using
longer follow-up designs should assess such potential effects
on later career choices.

Ethical considerations, however, seem to speak against
diminishing motivation in one subject as a means to foster
motivation for another subject. Given the role of students’
value beliefs for student engagement and choices in the
respective domains (Wigfield et al., 2009), value interven-
tions in one particular subject can also be understood as push-
ing students into one direction or pulling them away from
another. Researchers developing motivational interventions
should therefore carefully consider side effects and seek for
possibilities to foster motivation and engagement across sub-
jects. One way to achieve this could be by developing broader
interventions that stimulate the perceived relevance of vari-
ous school subjects or school in general (for a similar inter-
vention strategy, see Woolley, Rose, Orthner, Akos, &
Jones-Sanpei, 2013). Alternatively, one could try to imple-
ment an inoculation strategy against side effects. As contrast
effects seem to depend on students’ beliefs about the associa-
tion between mathematical and verbal abilities (Mdller et al.,
2006), targeting these beliefs would be one possible strategy.
To do so, one way to go might be to present research results
about the associations typically being found between mathe-
matical and verbal achievement, on one hand, and mathemat-
ics and verbal self-concepts, on the other.

Limitations

Our study is the first to address side effects of motiva-
tional interventions on motivation in nontargeted domains. It
raises a number of questions that future research should seek
to address. When the results of our study are interpreted, the
following limitations should be kept in mind. First, whereas
we used parallel scales across subjects to directly compare
the results, we had only short self-report scales available for
the verbal subjects. This seems to be especially disadvanta-
geous for the value scale. In a previous study using the same
data (Gaspard, Dicke, Flunger, Brisson, et al., 2015), inter-
vention effects were differentiated with stronger effects for
math utility value than for attainment and intrinsic value. We
were, however, not able to assess the same differential
effects for German and English value. Also, we did not have
any data on students’ achievement or actual behavior in
those subjects. Future research would need to take measures
of students’ behavior, achievement, and long-term choices
into account to assess whether changes in value beliefs also
result in behavioral change.

Side Effects of Motivational Interventions?

Second, we included two verbal domains that we thought of
as the most important candidates for side effects and found nega-
tive effects for students’ native language. To further examine
which domains are affected through spillover effects and how,
future research including a broader range of domains is needed.
Depending on the similarity of domains, positive side effects via
assimilation processes are also possible (Moller & Marsh, 2013).
For the case of motivational interventions in the STEM domain,
assimilation effects are plausible between math and sciences
where such effects for students’ self-concept have been reported
in path-analytic studies (Jansen, Schroeders, Liidtke, & Marsh,
2015; Marsh et al., 2015). However, the existence of such posi-
tive side effects might again depend on the content of the inter-
vention and how students perceive these different subjects.

Third, our study is the first to address side effects of motiva-
tional interventions. Whereas we found some evidence of such
side effects that was in line with our expectations, these side
effects were limited to German value at the follow-up. This calls
for replication in other intervention studies with adequate power
to detect such effects. Although we tested our hypotheses in a
large-scale intervention study, the sample size for this study was
determined according to a power analysis for testing the main
intervention effects. To examine side effects in intervention
research, which would be expected to be smaller than the main
intervention effects (cf., Moller et al., 2009), an even larger sam-
ple might be needed to achieve an adequate power. Although
intervention studies in the field bring many advantages with
them, interventions in the field often show smaller effects than
interventions in the laboratory due to variations in the imple-
mentation and the context (Hulleman & Cordray, 2009) and
therefore require large sample sizes to be able to achieve realistic
estimates of effects (cf. Gelman & Carlin, 2014).

Appendix

Items Used to Assess Value, Self-Concept, and Effort

Value

1. It is important to me to be good at math/German/
English.

2. It is important to me to know a lot of math/German/
English.

3. TIlike doing math/German/English.

4. Math/German/English is useful to me.

Self-concept

1. T just have no talent for math/German/English.
(reverse scored)

2. T am good at math/German/English.

3. Math/German/English just isn’t my thing. (reverse
scored)

4. Math/German/English comes naturally to me.
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Effort

I really work hard in math/German/English.

I am very industrious in math/German/English.

I give my best in math/German/English.

I work very thoroughly on all math/German/English
assignments and homework.

el
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Note

1. We additionally conducted analyses assessing intervention
effects on all outcomes using univariate models that included only
the pretest value in the respective subject as a covariate instead of
all three subjects. The pattern of results was very similar to that
reported here: There was no substantial difference in the size of
the intervention effects found, and the significance of the effects
did not change.
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