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Abstract

Self-regulatory abilities have been shown to be closely linked to academic success. There are a variety of measurement tools to assess self-reg-
ulated learning in pupils and students. Crucially, preschool age marks a sensible period for the maturation of self-regulated learning (SRL) and
related abilities such as executive-control functions (EF). This is why the development of a direct instrument that fits the special characteristics
of this age cohort is important. An adapted version of Zimmermann’s (2000) process model may serve as a theoretical basis. This pilot study
intends to develop and evaluate a direct, quantitative measurement tool to assess SRL in an ‘online manner’. The measurement tool was tested
in 183 preschoolers of German kindergartens. After a detailed item analysis, reliability was estimated and concurrent validity was examined.
Statistical analysis indicates a satisfactory reliability for the measurement tool as a whole. Additionally, validity is supported by (small) significant
overall correlations with the external measure as well as EF measure. Nevertheless, the need for the optimization of the instrument is clear and
the study has important implications for further research. In general, the results demonstrate that it is both plausible and possible to assess

SRL in preschoolers directly at child level
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Introduction

Self-regulated learning (SRL), that is, the ability to learn
through the autonomous and self-directed application of
strategies, is crucial for dealing with the fast-moving challeng-
es and demands of everyday life (Brunstein & Sporer, 2010).
Given the undeniable link of such self-regulatory, strategic
skills to academic success (e.g. McClelland, Acock, Piccinin,
Rhea, & Stallings, 2013), self-regulated learning has been
examined primarily in students (e.g. Dorrenbacher, Russer,
& Perels, 2018, Fadlelmula, Cakiroglu, & Sungur, 2015; Sch-
nell, Ringeisen, Raufelder, & Rohrmann, 2015) and (under-)
graduates (e.g. Mega, Ronconi, & De Beni, 2014; Tabuenca,
Kalz, Drachsler, & Specht, 2015, Leidinger & Perels, 2012).
However, from a developmental perspective, it seems es-
sential to expand the research focus to earlier stages of the
lifespan, too: importantly, preschool age has been shown
to mark the sensitive period for the maturation of SRL and
closely related abilities, such as the development of execu-
tive control functions (EF; Hofmann, Schmeichel, & Baddeley,
2012; Lockl & Schneider, 2007; Zelazo, 2015). However, the
assessment of SRL, or EF, respectively, in preschool age re-
quires specific measurement tools that match the particular
characteristics of this age group (Hoyle & Dent, 2018), e.g. the
restricted reading abilities or limited memory capacity (Van
Den Broek, Kendeou, Lousberg, & Visser, 2011). Kindergarten
teacher ratings have become established for these age rang-
es (Howse, Lange, Farran, & Boyles, 2003). The sole applica-
tion of such external ratings has to be been deemed critical
due to the missing possibility for countervalidation. There is,
however, a lack of instruments that measure SRL directly at
the child level. Hence, the aims of the present study are (1)
to take the first steps towards the development of an instru-
ment for the direct and quantitative (online-) assessment of
SRL in preschoolers at the child level and (2) to evaluate its
psychometric quality.

Self-Regulated Learning at Preschool Age

SRL (precursor) skills at preschool age ('Preschool age' de-
scribes the age span between 5 and 6 when German children
generally attend their last year of kindergarten) predict SRL
abilities in later life (e.g. McClelland et al., 2013), which im-
plies that early limitations in SRL may amplify poor learn-ing
control in adulthood. Hence, given the predictive power of
SRL competencies for later ‘life success’, it seems worthwhile
to start early in life with the measurement and instruction
of stra-tegic, self-regulated activities (Montroy, Bowles, Skib-
be, Mcclelland, & Morrison, 2016). Moreover, considering
the high correlations with other fluid intellectual abilities
(Brydges, Reid, Fox, & Anderson, 2012), well-developed SRL
(precursor) skills as well as practiced EF may also foster cog-
nitive development in general. Preschool age in particular
represents a sen-sitive period for cognitive maturation: there
appears to be a general shift from emotion-driven regula-
tion to a more cognitive regulation where complex learning
processes like SRL can be built upon (Zelazo, 2015). Moreo-
ver, a qualitative shift from an external regulation to a more
internally guided self-regulation style can be observed (see
Montroy et al., 2016). In this age range, SRL is also closely
related to core developmental tasks, such as good habits and
adequate peer behaviour (McClelland, Morrison, & Holmes,
2000). Thus, SRL helps to reduce im-pulsive behaviour and
allows for ‘thinking before acting'(Eisenberg et al., 2005),
both support-ing the development of social appropriateness
that may be particularly important in educational settings.
In summary, self-regulation (precursor) skills seem to be a
hallmark for everyday-functioning in the age group of pre-
schoolers (Bronson, 2000; Kochanska, Coy, & Murray, 2001).

SRL in general can be defined from two different perspec-
tives: Putting an emphasis on the temporal dimension, SRL
is regarded as a dynamic cycle of different learning stages
(Zimmerman, 2000). From a structural perspective, SRL is as-
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sumed to be composed of a set of cognitive, metacognitive
and motivational learning strategies that can be applied with-
in this dynamic learning cycle. Regarding the latter structural
dimension of SRL, it has to be consid-ered that at preschool
age, the cognitive system is still poorly differentiated (Brydges
et al., 2012; Shing, Diamond, & Davidson, 2010), implying that
the unity of SRL components or strategies disproportionately
may outweigh the diversity of strategies. Consequently, SRL at
preschool age may be defined more sharply on the temporal
axis than on the structural axis, which should be considered
when constructing a measurement tool for preschoolers.

Theoretical Considerations Regarding Self-Regulated Learning in
Preschool Age

In the present study, we rely on the social-cognitive frame-
work of SRL by Zimmerman (2000) that emphasizes the
temporal, dynamic character of SRL. In this framework, SRL
is defined as ‘self-generated thoughts, feelings, and actions
that are planned and cyclically adapted to the attainment of
personal goals’ (Zimmerman 2000, p.14). According to Zim-
merman (2000), throughout the SRL process, a multitude of
strategies can be applied. However, given the primacy of the
temporal compared to the structural (strategy-related) dimen-
sion of SRL in preschoolers (see previous section), we propose
an adapted version of the framework with a focus on the tem-
poral differentiation and a looser, more parsimonious differ-
entiation of SRL strategies within the SRL process than in the
Zimmerman model (2000; see figure 1). When selecting rele-
vant SRL strategies, the state of development of children at
preschool age was considered: (a) Children of that age group
are capable of goal setting and adjustment of thinking and
acting towards goals (Blaye & Chevalier, 2011; Hendry, Jones,
& Charman, 2016), which represent important skills concern-
ing the forethought phase and the performance phase of SRL;
(b) Furthermore, preschoolers already show inhibitory control
(Carlson, 2005; Lewis, Reeve, Kelly, & Johnson, 2017), and at-
tention focusing skills (Bronson, 2000; Lewis et al., 2017) which
are relevant abilities, especially for the performance phase; (c)
preschoolers can reflect their own learning process (Zelazo,
2015) which is essential for the self reflection phase of SRL.

Executive Functioning at Preschool Age

Preschool age is simultaneously the critical period for the
maturation of another class of basic cognitive skills, namely
EF such as shifting, updating or inhibition (Erb, Moher, Song, &
Sobel, 2017; Shaul & Schwartz, 2014). Such EF enable individu-
als to perform higher level cognitive operations, such as plan-
ning, problemsolving and target-oriented acting (Miyake et al.,
2000) and can be thus considered comparable to SRL skills
(Perry, Hutchinson, Yee, & Maatta, 2018; see also the next sec-
tion for a discussion of the relationship of both concepts). For
the assessment of EF in preschoolers, in contrast to the as-
sessment of SRL, there already exists a considerable number
of quantitative, direct measurement tools (Ackerman & Fried-
man-Krauss, 2017). A common instrument to measure higher
level EF is the well-established Tower of London Test (ToL Test,
Shallice, 1982) that has also been successfully administered to
preschoolers (Byrd, Van Der Veen, McNamara, & Berg, 2004)

and has proven to be a useful instrument to capture interin-
dividual differences in children (Raizner, Song, & Levin, 2002).
The Tol Test consists of reconstructing target configurations
with the aid of coloured balls by considering a predetermined
number of action steps (also see method section).

The Relationship Between Self-Regulated Learning and Executive
Functioning

Higher level EF shows some conceptual overlap with SRL, both
having a heterogeneous structure, and encompassing a wide
and diffuse range of interrelated, yet unique abilities (Jurado
& Rosselli, 2007; C. C. Ponitz, McClelland, Matthews, & Mor-
rison, 2009). However, the precise nature of the relationship
among both constructs remains elusive so far (e.g. Hofmann,
Schmeichel, & Baddeley, 2012). Some authors argue that SRL
can be interchangea-bly with EF (Gaskins, Satlow, Presseey, &
Meltzer, 2007), while some argue that SRL can be considered
as a superordinate construct, including executive basis oper-
ations (Barkley, 2001). In a recent review by Hofmann et al.
(2012), EF has been subdivided into a set of subcompo-nents,
including (a) working memory operations, (b) behavioural in-
hibition and (c) task-switching, that are directly related to a
number of self-regulatory mechanisms, such as (a) the active
representation of self-regulatory goals, (b) the active inhibition
of ‘mindless’ behaviour, and (c) self-regulatory goal shifting
and balancing. Lockl and Schneider (2007) consider the de-
velopment of EF as a precondition for the emergence of SRL
abilities.

Given the undoubtedly close relationship between both con-
structs, of whatever nature, and the greater availability of di-
rect measurement tools for higher level EF for preschoolers
(such as the Tol test, Shallice, 1982), such EF tasks seem well
suited as a criterion, against which a newly developed SRL
measure tool needs to prove itself.

Previous Attempts to Measure Self-Regulation In Preschoolers

There are at least four general challenges associated with
the direct measurement of SRL in preschoolers: (a) their re-
stricted reading and writing skills, (b) their fragile memory for
past events which may impede retrospective recall of strategy
knowledge (Maylor & Logie, 2010), (c) misjudgements of their
own performance (Schneider & Buttner, 2008), and (d) a low
test compliance for standard instructions (Stephenson & Han-
ley, 2010).

Previous attempts to measure self-regulation in preschoolers
can be classified into two major approaches: offline and on-
line measures (e.g. Winnie & Perry, 2005). Regarding offline
methods that assess SRL before or after a learning activity,
structured interviews seem feasible for the special age cohort
of preschoolers, yet they need to be applied in child-appropri-
ate ways due to the restricted language proficiency, the low
test compliance in preschoolers and the lack of metacognitive
abilities that enable them to verbalize their own learning pro-
cess (Whitebread et al., 2009). A rare example of a success-
ful application of such a structured interview is the study by
Perels, Merget-Kullmann, Wende, Schmitz and Buchbinder

—  break/self-motivation
—  dealing with deflectors

— monitoring
performance
/ phase \
— using prior knowledge forethought self reflection — causal attribution
—  definition of goals — reflection
- self-efficacy Phase phase
-—

Figure 1. Zimmerman's (2000) process model of SRL, adapted for preschoolers
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(2009). They provided preschoolers with interviews embed-
ded into a puppet show to enhance the children’s treatment
compliance. However, preschoolers’ tendency to overesti-
mate the abilities they are asked about limits the results of
the interviews (Schneider & Blttner, 2008). Another useful
measurement method seem to be external assessment as
rated by trained kindergarten teachers (Howse et al., 2003).
External rating scales that are frequently used include the
Child Behavior Rating Scale (Bronson, 1994), the Strengths
and Difficulties Questionnaire (Goodman, 1997), or the
CHILD-Checklist (Whitebread et al., 2009). However, there is
a lack of reliable self-assessment in pre-schoolers to allow
for a cross-validation of these indirect measures.

A useful online measure of SRL at preschool age are think-
aloud protocols. It has been shown that four year old chil-
dren are already capable of articulating their own thoughts
when viewing a picture book (Paris & Paris, 2003; Tompkins,
Guo, & Justice, 2013). However, a relevant disadvantage of
thinking aloud methods as a measure of SRL is the high de-
mand on productive language skills and metacognitive skills.
Another measurement tool is observational inventories, in-
cluding the Bronson'’s Social and Task Skills Profile (Bronson,
1994), the C.Ind.Le Coding Framework (Whitebread et. al.,
2009) and the SRL observation tool using the Train Track
Task (Bryce & Whitebread, 2012). However, a disadvantage
of behavioural observation is that learning strategies that
are known implicitly but not demonstrated during obser-va-
tion may not be captured, thus underestimating children’s
strategy knowledge (Landmann, Perels, Otto, Schnick-Voll-
mer, & Schmitz, 2009).

In the present study, we aimed to develop a measurement
tool that counteracts these disadvantages of established in-
struments. The online character of our tool may limit bias
due to the insufficient self-estimation skills of children at
that age, allows for direct measurement on child level, re-
quires little productive language skills, captures a set of SRL
learning strategies which are considered important for pre-
schoolers, and provides quantitatively interpretable data
based on a standardized evaluation protocol. The measure-
ment tool should be evaluable by realizing cross-validation
against an external SRL measurement tool and a direct EF
measure-ment tool.

The Present Study: Development, Evaluation and Conceptual
Alignment of a Direct, Quantitative SRL ‘Online’ Measurement
Tool for Preschoolers

To summarize we aimed to develop an SRL online test
procedure for preschoolers that meets the following crite-
ria: First, the temporal SRL dimension should be focused.
Second, we aimed to develop a quantitative rather than a
qualitative tool to allow for clear interpretability and compa-
rability. Third, the tool should address the children directly
(i.e. online measure-ment), thus requiring some adaptions
to the particular needs of this age group. Fourth, our tool
should be cross-validated against established instruments
from a familiar domain of research that already provides
adequate quantitative online measurement tools for pre-
schoolers, namely research on EF.

Our developed SRL test procedure was inspired by the di-
rect and quantitative test of metacognition for first graders
used in the German National Educational Panel Study that
meets most of these criteria (Lockl, Handel, Haberkorn, &
Weinert, 2016). Metacognition (to-gether with cognition and
motivation) represents a core component of SRL (Boekarts,
1999) and describes the availability of ‘meta-information’
about many different types of cognitive processes. Simi-
larly, knowledge about SRL means specific ‘meta-informa-
tion" about learning processes. Lockl et al. (2016) present-
ed groups of first graders orally with twenty child-oriented
everyday problem scenarios involving different settings and
characters. Each scenario required the selection between
three more or less strategic response options to solve the

presented problem. This test of metacognition is tailoring
towards the particular needs of the age group of first grad-
ers may still present some disadvantages for preschool age:
First, the test of metacognition only focuses on the metacog-
nitive component of self-regulation, and does not specifical-
ly address the temporal, processual character of self-reg-
ulated learning that is of primary interest in preschoolers.
Second, the asymmetric reply format may allow for error of
central tendency, which seems especially harmful in five to
six preschoolers with a large degree of decision uncertainty
(Hembacher & Ghetti, 2014). Third, alternating protagonists
could lead to excessive demands on preschoolers with re-
gard to their only partially developed ability to grasp per-
spectives (Gamannossi & Pinto, 2014). For the development
of our instrument, we aimed to adapt the test of metacogni-
tion to the specific needs of preschoolers.

Research Questions

This study examines whether our newly developed SRL
measurement tool is a reliable and valid instrument to
measure self-regulated learning in preschoolers. It address-
es the following research questions:

1. Does the application of a newly developed SRL
measurement tool yield data indicating a sufficient
reliability when regarding (a) the tool as a whole and
(b) three theoretically based subscales (along the
timeline of the self-regulated learning process)?

2. Can scores from the newly developed SRL meas-
urement tool be considered valid indicators of
preschoolers’ SRL abilities when using two kinds
of cross-validation strategies, namely (a) ‘near
cross-validation”: comparison with the results of a
SRL measurement tool that is rated externally and
(b) far cross-validation”: comparison with the perfor-
mance in a EF measurement tool that is also applied
at child-level?

Method
Participants

For this study, 183 preschoolers were recruited from 11 kin-
dergartens in Germany. Nineteen children had to be exclud-
ed from the analysis, either because they refused to under-
go the testing procedure (n=17) or due to excessive missing
data (n=2). Hence, the final sample for analysis consisted of
164 children (51.5 % male and 47.3% female; mean age: 5.9,
age range: 4.9 - 6.7). All parents gave their written consent
for the participation of their children in the study, in accord-
ance with national law and the protocols approved by the
local ethics committee. All children had normal or corrected
to normal vision, no hearing impairment and no history of
any neurological diseases. Based on parents' statements,
none of the children had a known learning disability or suf-
fered from developmental delay.

Procedure and Design

The testing procedure consisted of two sessions and was
conducted in separate, quiet rooms in kindergarten build-
ings. All tests were conducted by competent test adminis-
trators which underwent training sessions and adhered to a
standardized test manual. On average, the test session took
18.4 minutes. The relevant instruments were embedded in
a series of tasks. The order of task presentation was always
the same: At first, the SRL measurement tool for preschool-
ers was administered; subsequently, children worked on
an EF test (Tower of London Test; Shallice, 1982). Each child
was tested individually with two administrators present.
As a thank you for their participation, children received a
child-friendly certificate of attendance after they had com-
pleted all tasks.
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An external assessment of preschoolers” SRL ability in the
form of a questionnaire was given to the kindergarten teach-
ers at a first informative meeting in the run-up of the testing
procedure and recollected at the day of the first testing ses-
sion.

Measures

Self-regulated learning in preschoolers (SRL measure tool
for preschoolers). The present study applied this newly de-
veloped direct and quantitative test tool to investigate SRL in
preschool children.

Cover story, structure of measurement tool and items

The testing script revolves around a background story in which
a fictional protagonist called Lennie the Lion is confronted
with everyday problems and tries to solve them using various
strategies. The story is partly based on the cover story of an
earlier study of Perels (2009). Children are instructed to assist
Lennie in ‘real time' in planning, performing and reflecting a
chosen way of proceeding according to a predefined overar-
ching goal (i.e. finding a present for his friend Ellie the duck on
the occasion of her first day in school). Hence, the narrative
is about different problem scenarios within the story’s frame-
work, throughout which the protagonist evolves and develops
solution strategies in a step-wise fashion. The measurement
tool captures the following SRL strategies: planning, using pri-
or knowledge, dealing with deflectors, self-efficacy, monitor-
ing, breaks and self-motivation, reflection and causal attribu-
tion (see figure 1, Zimmerman, 2000). Children are instructed
to rate the usefulness of Lennie’s proposed solution strate-
gies to master the problem scenarios, similarly to Lockl et al.
(2016). Children should rate the usefulness, in a dichotomous
response format, as ‘not very beneficial’ or ‘highly beneficial’
to the objectives of the protagonist (‘Do you think Lennie’s
idea is a good/bad idea or a bad/ good idea’? in varying order)
by tapping a happy or an unhappy face (child oriented display
format of response scale). Highly beneficial solution strategies
represent one amongst eight SRL strategies (i.e. ‘SRL+' items)
supposed to be relevant for preschool age (c. figure 1, adapt-
ed version of Zimmerman s [2000] process model of SRL). In
contrast, less beneficial solution strategies represent non-SRL
strategies (i.e. 'SRL- ‘items). The number of SRL (+) and SRL
(-) was counterbalanced across the test procedure, and items
were presented in randomized order. An example problem
scenario for the SRL strategy planning (forethought phase)
with two corresponding items is shown in Figure 2. Further
example problem scenarios can be found in appendix A.

In sum, the measurement tool consists of 24 items. A total
score was calculated by following the signal detection theory
(Swets, 1996): +1 point for hits [Hits= Child taps happy face in

SRL (+) item] and corrects rejections [Correct rejections= Child
taps unhappy face in SRL (-) item] in each case and -1 point
for misses [Misses= child taps unhappy face in SRL (+) items]
and false [False alarm= child taps happy face in SRL (-) item]
alarms. This procedure should prevent distortions caused by
guessing or systematic response bias (Coe, Waring, Hedges,
& Arther, 2012). The total score ranges from -24 (exclusively
misses and false alarms) to +24 (exclusively hits and correct
rejections).

Age-appropriateness

In consideration of preschoolers’ lacking reading abilities, the
scenarios and proposed solution strategies were presented
orally by the test leaders. To improve understanding, children
could follow the explanations by looking at coloured drawings.
In contrast to Lockl et al. (2016), a dichotomous response for-
mat (happy vs. unhappy face) was ap-plied to prevent the er-
ror of central tendency. The protagonist and the scenarios are
designed in a way that should foster self-identification with
the cover story to enhance treatment motiva-tion.

Test construction process

Initially, the first version of the measurement tool to as-sess
SRL in preschoolers was structured differently, since it con-
sisted of a smaller number of problem scenarios with a higher
number of corresponding items (two SRL (+) items and two
SRL (-) items). The following SRL strategies were captured:
planning, using prior knowledge, dealing with deflectors,
self-efficacy, monitoring, breaks and self-motivation and re-
flection. The aim of the construction process was a preferably
balanced measurement tool with a solid theoretical founda-
tion. Consequently, the number of SRL (+) and SRL (-) items
was balanced as well as the total number of items represent-
ing each learning strategy. The temporal dimen-sion of SRL
was considered (c. Zimmerman, 2000). The relevant learning
strategies were embedded in this structure and build on each
other, leading towards an overarching goal.

Before the presented study, a pilot study was conducted with
a smaller sample of N=15 preschoolers of two German kinder-
gartens who agreed on request to participate. These children
were between 5 and 6 years old. The analyses of the data of
this pilot study led to the following modifications which result-
ed in the used, modified test tool: First, three SRL (+) items,
which were used to capture the SRL strategies of planning,
dealing with deflectors and reflection, showed ceiling effects.
A further three items showed poor discriminatory power.
These were constructed to measure the SRL strategies of plan-
ning (SRL (+) item) and monitoring (SRL (+) and SRL (-) item).
Second, the data indicated that children were not able to keep
the initial scenario in mind when four response alternatives

Lennie's friend Ellie the duck is coming to

school seon and Lennie wants to give her

something special. But what would she be
happy about? Lennie thinks.

F1 How can Lennie find a great gift for Ellie?

1a Lennie paints all the ideas he can think of
Then he can circle around the best idea

1b Lennie likes building blocks himself. That's
why he wants to give Ellie building blocks.
Although Ellie rarely plays with building blocks.

Figure 2. Zimmerman's (2000) process model of SRL, adapted for preschoolers
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were presented. Consequently, the number of response
alternatives was reduced from four to two responses (one
SRL + and one SRL - for each scenario). Third, answering
texts were shortened and a linguistic revision was made
with the help of a team of experts consisting of educational
scientists and psychologists, in order to ameliorate the un-
derstanding. As a consequence of the pilot study, changes
at the structural and single item level were made and led to
the final instrument (see section Cover story, structure of
measurement tool and items).

Synthesis

In summary, different elements were useful to build the
final SRL meas-ure tool presented in this study. First, Zim-
merman's (2000) model of SRL served as theoretical base.
Second, the adapted story used in Perels (2009) served as
cover story. Third, the child-appropriate presentation of
SRL problem scenarios and corresponding response was
inspired by Lockl et al. (2016). Fourth, the test evaluation is
based on the signal detection theory of Swets (1996). Fifth,
the results of our pilot study influenced item selection, num-
ber of responses and linguistic elaboration of the final SRL
measure tool.

External rating-scale of self-regulated learning (SRL rating scale)

The SRL rating scale is an external assessment of SRL in pre-
schoolers, filled out by their kindergarten teachers as ex-
perts. On the one hand, the item pool consists of a selection
of items used in two previous studies examining SRL in chil-
dren, namely studies by Otto (2007) and Merget-Kullmann
and Wende (2004). On the other hand, it consists of items
from two established measurement tools: the Children's
Independent Learning Development (CHILD 3-5) checklist
(Whitebread et al., 2009) and the Child behavioural ratings
scale (Rowley, 2015). Item selection is based on con-tent
considerations and the results from item analysis of a for-
mer version of the SRL rating scale, used in Venitz & Perels
(2018). All items of the composed measurement tool were
rated on a Four Point Likert scale that ranges from 1 (never)
to 4 (always). The questionnaire, which is structurally relat-
ed to the SRL measure tool for preschoolers, contains 35
items, which are grouped into eight subscales operational-

Executive functioning (TolL Test)

We used a modified version of the ToL Test (Shallice, 1982), a
well-known and valid neuropsychological test of satisfactory
to high reliability with a= .78 (Tuche & Lange, 2004), used
to measure EF, in particular test takers’ planning ability and
problem solving ability. The version we used in this study
was shortened from 20 to 10 items because the examined
age cohort was of a younger age than the target group of
the original ToL Test. One example problem and ten prob-
lems (or items) were administered. For each item, a stimulus
card with a target configuration was presented to the child.
Children were asked to rearrange three different-coloured
balls on three bars in different sizes so that the target con-
figuration turns out. The number of ball movements was
predefined, so the child has to make a plan before starting
the action. The range of total performance ranges from 0 to
10 points (1= Problem solved correctly in compliance with
the specified number of ball move-ments, 0= Problem not
solved).

Statistical Procedure

The internal consistency of the SRL measure tool for pre-
schoolers was estimated with the Kuder-Richardson formu-
la which can be regarded as an antecedent of Cronbach'’s
alpha and is used to deal with dichotomous data. Concur-
rent validity was estimated by correlating (a) an indicator of
an external measurement tool of the domain of SRL; that
is, scores of the SRL external rating scale, and (b) an indica-
tor of a measurement tool of the related domain of EF that
is also applied on the child level; that is, performance and
planning time in the ToL Test.

Results

Sample Test Results

The descriptive data of the SRL variables and the EF variable
are shown in Table 2. Data is based on the analytic sample

of N=164.

Table 2. Descriptive data of SRL variable and EF variable

izing SRL learning strategies. The structure and relia-bilities MED) Min Max
of the SRL rating scale are shown in Table 1. SRL measure tool for pre- 6.6 (5.2) 6 19
schoolers? T
Table 1. Structure and reliabilities of the SRL rating scale SRL rating scale® 85.5(10.1) 61 106
Phase Scale N Cronbifhr;s Tol Test¢ 6.9 (1.9) 0 10
pha 9measuring range: -24 to 24, "measuring range: 35 to 140, ‘measuring range: 0 to 10
Deﬁni'tion of goals & 7 87
Forethought phase  planning ) Item Analysis
(e.g. 'in a difficult - -
task, the child Using prior knowledge 2 77 ) o o ) )
considers exactly Planning & Table 3 {Ilustrates the descriptive item statistics, including
how it wants to organisation 3 .62 |t_em d|ff|cu|ty_ of the SRL measure tool for preschooler;._ In
proceed.’) eight SRL (+) items (1a, 3a, 4b, 6b, 7a, 9a, 10b,11a) ceiling
Self-efficacy 7 -85 effects (P> 80) were found, whereas one SRL (-) item (11b)
Breaks & self-moti- N showed floor effect (P< 20). Therefore, those items were
vation ! dropped for further analysis.
Performance phase -
(e.g. The cg'ild Keeping up 4 8 When analysing the discriminatory power of the fifteen re-
tcfarl_rt?g:;,)'s' Dealing with deflec- 5 5o maining items, four SRL + items showed a low (negative)
' tors item-scale-correlations (2b: r= -.09, 5a: r= -.14, 8b: r= -.16,
Monitoring 3 .70 12b: r=-.15).
Self reflection . . . -
phase Both types of items - those items with ceiling/ground effects
and those items with low discriminatory power - would im-
(e.g. The childcan  Reflection 3 73 pair the reliability and consequently the validity of the SRL
talk about how measurement tool. In sum, all 12 SRL (+) items and one SRL
something was . (-) item were removed from further analysis. Consequent-
done or learned.) ly, further analyses are based exclusively on the remaining
Overall scale Self-regulated learning 35 .78 11 SRL (-) items. Nevertheless, all SRL strategies are still

N: Number of items, *Breaks and self-motivation is only represented by one item

captured by the measurement tool, which also means that
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items from all SRL phases (forethought phase, performance
phase, reflection phase) were preserved.

Reliability Analysis

The internal consistency of the final SRL measurement tool for
preschoolers (including 11 items) was a= .72. The corrected
item-total correlations varied between r,= .17 and r,= .55 (see
table 3) with an average of r,= .35. The internal consistency
of the three theoretically plausible subscales representing the
three phases of learning (each comprising four items) was
a= .42 for forethought phase of SRL, a=. 58 for performance
phase of SRL and a=. 40 for self-reflection phase of SRL.

‘Near Cross-Validation’ Using an External Srl Measurement Tool

The Pearson correlation coefficient between the total score
of the SRL measurement tool for preschoolers and the SRL
rating scale (M= 98.10, SD= 17.29) was r=.20 and reached sig-
nificance at the .05 level (p=.03). Because of insufficient relia-
bilities of the assumed subscales (phases of learning) in the
SRL measurement tool, further analysis on subscale level was
not conducted. Based on theoretical assumptions, correlation
coefficients between the single items of the SRL measure tool
for preschoolers and the corresponding reliable subscales of
the SRL rating scale were calculated and are shown in Table 5.

‘Far Cross-Validation’ Using an EF Measurement Tool Applied At
Child-Level

The Pearson correlation coefficient between the total score of

the SRL measurement tool for pre-schoolers and the perfor-
mance in the ToL Test (M= 6.81, SD=1.90) was r=.18 (p=.018).

Table 3. Descriptive item statistics and item difficulty

Discussion

The aim of this study was to initialize the development and
evaluation of a direct, quantitative (online-) measurement tool
of SRL for preschoolers by considering the cognitive and lin-
guistic development status of children at this age. This topic
has been subject to little research to date. For this reason,
we intended to expand the repertoire of existing SRL meth-
od-ology for the preschool age ranges (Sporer & Brunstein,
2006). The SRL measurement tool presented in this study is
a time-efficient, child-friendly instrument that was developed
for ap-plication in field settings such as kindergartens. The re-
sults reported in this paper indicate ini-tial empirical support
for the psychometric quality of the instrument, yet may also
especially indicate possibilities for optimization.

The Reliability Analysis

Statistical analysis indicated a satisfactory reliability of the
overall scale of the SRL measurement tool for preschoolers af-
ter the initially constructed instrument had undergone some
changes. Importantly, the SRL (-) items proved to be of appro-
priate item difficulty in contrast to the SRL (+) items, where
many items suffered from ceiling effects. A possible explana-
tion could be response biases in the form of acquiescence phe-
nomena (Coe, Waring, Hedges & Arther, 2012) which describes
children’s tendency to agree with the test leader or protago-
nist of a cover story. For instance, Cleveland, Quas, and Lyon
(2016) demonstrated children’s sensitivity for acquiescence in
interviews at preschool age. Even though we intended to re-
duce distortions by adequate formulations of test instruction
(‘Do you think Lennie s idea is a good/bad idea or a bad/ good
idea? in varying order) we, presumably, could not counteract
the sensitivity for response bias in this age group. Evaluating

Item Phase Learning strategy Content Mean Sd Po
1a Using prior knowledge SRL (+) .76 .66 88.0
1b SRL () .02 1 51.0
2a Planning SRL (-) -.56 .83 22.0
2b SRL (+) .52 .86 76.0
3a SRL (+) .81 .60 90.5
3b SRL (-) .27 .97 63.5
4a Self-efficacy SRL (-) .15 .99 57.5
4b SRL (+) .79 .61 89.5
5a Breaks/self-motivation SRL (+) .58 .82 79.0
Sb SRL (-) -.53 .85 235
6a Breaks/self-motivation SRL () .24 .98 62.0
6b SRL (+) .81 .59 90.5
7a Breaks/self-motivation SRL (+) .68 73 84.0
7b SRL (-) -.38 .93 31.0
8a Dealing with deflectors SRL (-) -.19 .99 40.5
8b SRL (+) .59 .81 79.5
9a Monitoring SRL (+) .75 .67 87.5
9b SRL (-) -.03 1 48.5
10a Reflection SRL (-) -43 91 28.5
10b SRL (+) .81 .59 90.5
11a Reflection SRL (+) .76 .66 88.0
11b SRL () -.66 75 17.0
12a forethought phase Attribution SRL () 37 .93 68.5
12b SRL (+) .51 .86 75.5

P (8= Xty / X X, *100
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Table 4. /tem total correlations of the 11 items considered in reliability analysis

Iltem  Self-regulated learning strategy with wording item I,
b using prior knowledge SRL (-), ‘Lenn!e Iike's bpilding blocks himself. That”s why he intends to give Ellie building 38
blocks. Although Ellie rarely plays with building blocks.’
2a planning SRL (-), ‘Lennie says, “I "Il get right to it. It "s much faster without a craft book! 16
3b pIanning SRL (-), ‘Lennie rashly takes everything out of the craft cupboard. It does not matter whether he needs all 1
those things.’
4a (s)ill‘—’efﬁcacy SRL (-), ‘Lennie thinks he s not even starting to make the school cone. He is not very good at cutting 28
5b breaks SRL (-), ‘Lennie does not take a break. He "s tired, but without a break it does not take so long.’ .30
6a self-motivation SRL (-), ‘Lennie says to himself, “I"m fed up! | just have to keep going.” .39
7b self-motivation SRL (-), ‘Lennie could give crayons to Ellie. Then he does not have to continue tinkering.’ .38
8a ?ealing With deflectqrs SRL’(—), ‘Lennie says: “Let”s go! I "m going to play along with you!” Playing football is more 54
un than doing handicrafts.
9% monitoring SRL () ‘Lennie tells hinjself: “I'don”t know if | do it exactly as it is said in the craft book.” It takes far too 33
long to look it up in the craft book!
10a reﬂection SRL (-), ‘Lennie does not check whether his school cone looks correct. He puts the school cone aside 40
quickly and walks away to play.’
12a causal attribution SRL (-), ‘Lennie believes he is the reason - he s just not good at doing handicrafts.’ 34
Table 5. Correlation coefficients between subscale of the SRL rating scale and single items of the developed measure tool
SRL rating scale SRL measure tool for preschoolers Validation
Subscale Content of item Correl'aFion
Coefficient
Using prior knowledge 1b Lennie wants to give Ellie building blocks although she rarely plays with those. 24"
Definition of goals & planning  3b It”s much faster without a craft book. 28"
Planning & organisation 2a Lennie takes all materials, no matter if they are useful. .02
Self-efficacy 4a Lennie refuses to start with work because he is not good at cutting out. -.02
Breaks and self-motivation 5b Lennie does not take a break because it would take too long. -.09
Keeping up 6a Lennie ignores that he loses interest in doing handicrafts. .20"
Keeping up 7b Lennie thinks about another kind of present for his friend. .10
Dealing with deflectors 8a While working, Lennie decides to play football. -2
Monitoring 9b Lennie does not want to check if he proceeds correctly. .06
Reflection 10a Lennie does not check the result of his work. 217
---b 12a Lennie blames himself.

“p=.001, "p< .05, °subscale not reliable (see section ‘measures’), no corresponding subscale in SRL rating

items as ‘highly beneficial’ (or ‘good idea’) could explain the
ceiling effects in specifically those SRL (+) items, where ‘high-
ly beneficial’ is the correct answer and consequently rated
as a hit. Potentially, the SRL (-) items, which showed a good
item difficulty, were able to counteract response biases and,
additionally, made greater demands on children - they need
to inhibit an automatic response tendency such as ‘agree-
ing'. Probably, SRL (-) items represent a type of item that is
more differentiating and appropriate to explore SRL on the
child level with the kind of measure tool we used.

Contrary to our assumptions, the reliability of subscales,
also on the time axis based on Zimmerman'’s (2000) pro-
cess model of SRL (forethought phase, performance phase,
self reflection phase), was limited in our preschool sample.
The specific developmental status of the exam-ined age co-
hort may serve as an explanation. To be precise, there are
two possible explanations as to why the application of our
measurement tool might have failed to yield the expected
subscale structure: (a) The sensitive period of preschool age
is characterized by critical cognitive maturation processes
that enable individuals to regulate their thinking and be-
havior (Montroy et al., 2016; Zelazo, 2015). Potentially, our
tested children might, however, have just started to apply
particular learning strategies which may have crossed the
sequential order as assumed in the SRL process model. The
integration into a holistic learning process could then evolve
at a later point in time. Consequently, the process model of

SRL (Zimmerman, 2000) would not be as easily applicable as
in other age groups such as, for example, students (Leiding-
er & Perels, 2012) or university students (Dérrenbdcher &
Perels, 2016; Schmitz, Klug, & Schmidt, 2011). (b) The as-
sumption that the use of intuitive learning strategies does
not fit the process model (Zimmerman, 2000) does not nec-
essarily render preschoolers unable to integrate the learn-
ing strategies into a holistic process. Rather, they may be in
need of special support through programmes with a focus
on SRL. Training studies in combination with multi-method-
ological measurement of change are essential to test this
hypothesis and may shed more light on the developmental
progress of SRL in preschoolers.

The Validity Analysis Using ‘Near and Far Cross Validation’

Results of the validity analysis, using two established instru-
ments with good psychometric quality as criterions, suggest
that the newly constructed tool as a whole seems to meas-
ure SRL-like abilities: Both the total scores of a structural-
ly similar external measure and the structurally dissimilar
EF measure show significant correlations with the newly
developed test. Additionally, analyses on the single item
level gathered more information on the validity of our in-
strument: In sum, four items (1b /using prior knowledge,
3b/planning, 6a/self-motivation and 10a/reflection) showed
significant correlations with the corresponding sub-scales
of the external rating scale. This demonstrates that the at-
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tempt to cover different SRL-relevant learning strategies may
have been successful and supports the idea that the particular
SRL strategies - possibly without support - evolve in a more
independent manner than as-sumed in the SRL process model
(Zimmerman, 2000). In this context, it might be of interest to
examine particular learning strategies more deeply by using
a larger item pool with the aim to (a) replicate our findings
that certain SRL strategies (using prior knowledge, planning,
self-motivation and reflection) are indeed already measurable
on the child level and (b) ameliorate problem scenarios and
corresponding items to operationalize the particular SRL strat-
egies of our SRL measurement tool for preschoolers.

Limitations and Outlook

Naturally, there are limiting factors and unanswered questions
regarding this study. First, the test results on the child level are
based on only one measurement point. Consequently, the re-
sults possibly represent a ‘snapshot’ which may be influenced
by the way children felt on the day of testing as well as outside
factors such as, for example, interruptions while playing for
the purpose of testing. Contrary to the direct measure of SRL,
the indirect measure via external ratings by the kindergar-
ten teachers is based on many observation moments in the
every-day life of kindergarten. In future research, assessing
the constructs of interest on at least two occasions would be
useful. Second, properties of the kindergarten teachers limit
the results: (a) the external ratings are subject to the response
behaviour of the respective kindergarten teacher which filled
out the questionnaire; (b) even though kindergarten teachers
were introduced to the topic of SRL in the run-up to the filling
out of the questionnaire, their knowledge after this instruc-
tion was not systematically examined, so a different degree
of expertise and sensitivity to the detection of SRL abilities is
conceivable; and (c) the time period during which the kinder-
garten teachers attended the respective child was not record-
ed, but could assumedly have influenced the validity of the
rating. Third, the age range of the examined preschoolers is
approximately two years because the status of ‘preschoolers’
was chosen as the inclusion criterion instead of the numerical
age. This procedure may have resulted in a loss of information
concerning interindividual developmental differences and
corresponding SRL abilities in the wide age range. Therefore,
future research in the field of SRL in preschoolers should re-
strict the age range.

Summary and Practical Implications

In summary, the present findings indicate that it seems both
plausible and possible to assess SRL online at the child level
in an objective and quantitative manner. Further research is
needed (a) to make valid statements about the fit of the un-
derlying theoretical model that was considered in our test
construction process, (b) to justify an appropriate selection
of SRL strat-egies that are already measurable at preschool
age (intuitively or after SRL intervention programs) via direct
measurement, and (c) to optimize test instructions and item
construction with regard to difficulties that may arise from the
particular response behaviour in preschool children.

The further development of the SRL test tools is important for
the realisation of adapted educational tasks in kindergartens
which do not dispose of a structured, well-defined curriculum
for the preschool year (as it is the case in Germany). A prefer-
ably simple and standardized applicability of such a tool is im-
portant to allow a) the execution by external trainers visiting
kindergarten in the context of intervention programs as well
as b) the execution by kindergarten teachers. An uncompli-
cated application with no need of special equipment and less
spatial conditions (only a quiet room to test children one by
one) should allow for usage in kindergarten setting. Direct SRL
assessment tools of high psychometric quality are a necessary
precondition to develop and empirically verify programmes
aiming to promote SRL in intervention settings (Hoyle & Dent,
2018). In this context, the usage of an SRL test tool as a perfor-
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mance measure before and after an SRL interventions is think-
able. Furthermore, a SRL test tool allows to track progress in
SRL through repeated measurement (formative assessment).

Finally, the overarching goal to do research on early SRL as-
sessment in preschool children is to facilitate the transition
from kindergarten to primary school. The assessment and
promotion of basic skill such SRL represents an important pil-
lar due to the documented association between SRL with both
academic and life success (e.g. Eisenberg et al., 2005; McClel-
land et al., 2013).
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Appendix A

Example problem scenarios of the SRL measure tool for preschoolers (performance phase and self-reflection

phase)

An example problem scenario for the learning strategy 'breaks and self-motivation' (perfor-mance phase of SRL, Figure
A1) and an example scenario for the learning strategy 'reflection’ (self-reflection phase of SRL, Figure A2) are listed below.
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Lennie sits down at the craft table and makes the

school cone.

But phew, that takes a long time!

F5 How can Lennie manage to finish the school

cone?

5a Lennie takes a little break and takes a deep
breath. Then he continues thinking.

5b Lennie does not take a break. He's tired, but
without a break it does not take so long

Figure A1. Example problem scenario (F5) with corresponding SRL (+) item (5a), SRL (-) item (5b) in dichotomous response

format (happy vs. unhappy face)
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Finally, Lennie made it. The school cone for his
friend is ready!

F10 What is Lennie going to do next?

10a Lennie doesn't check if his school cone looks
right. He quickly puts it aside and goes to play.

10b Lennie compares his school cone to the
school cone in the handcraft book: both school
cones look similar. That's why he thinks he
made his school cone right.

Figure A1. Example problem scenario (F5) with corresponding SRL (+) item (5a), SRL (-) item (5b) in dichotomous response
format (happy vs. unhappy face)
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